EVALUATION OF DECOUPLING OF GDP, ENERGY, AND
CO2 EMISSIONS IN EU-15

Yerbolat Kakimov, Bachelor of Science in Chemistry
Submitted in fulfillment of the requirements

for the degree of Master of Science
in Chemical and Materials Engineering

IN| NAZARBAYEV
&J UNIVERSITY

School of Engineering and Digital Sciences
Department of Chemical and Materials Engineering

Nazarbayev University

53 Kabanbay Batyr Avenue,
Nur-Sultan, Kazakhstan, 010000

Supervisor: Dr. Stavros Poulopoulos

April 2021



DECLARATION

I hereby, declare that this manuscript, entitled “Evaluation of Decoupling of GDP, Energy, and
CO2 Emissions in EU-15", is the result of my own work except for quotations and citations
which have been duly acknowledged.

| also declare that, to the best of my knowledge and belief, it has not been previously or
concurrently submitted, in whole or in part, for any other degree or diploma at Nazarbayev

University or any other national or international institution.

Name: Yerbolat Kakimov
Date: 11.04.2021



Abstract

Global warming, which is a consequence of the rapid increase of CO2 emissions, has
attracted the world’s attention. Usually, the growth of economy occurs in parallel with the
increase in energy demand, which in turn would lead to the high levels of GHG emissions.
Decoupling provides reduction of environmental pressure without deterioration of economic
growth of a country. In this study, decoupling relationship between GDP and CO, emissions
from public electricity and heat generation sector was investigated for EU-15 for the period
from 1990 to 2014. The decoupling assessment was performed by using two methods: the Tapio
decoupling elasticity method and OECD decoupling factor method. Based on results of both of
those methods the decoupling states were defined. The results demonstrate that the decoupling
states between GDP and CO; emission intensity (CO2 emissions from public energy and heat
production sector) fluctuated to a significant extent during the entire study period 1990-2014
for EU-15. Thus, no clear patterns for decoupling states were observed. Nevertheless, almost
in all countries strong and weak decoupling were mostly occurred between GDP and CO:
emission intensity. In comparisons, the Tapio results represented more comprehensive picture

of decoupling relationship between chosen indicators compared to the OECD method.

Under the Kyoto Protocol, EU-15 countries were committed to reduce their GHGs
emissions to 8% below the 1990 levels between 2008 and 2012. According to EEA, total EU-
28+Iceland emissions were below 1990 levels in 2014. It has been found that Austria, Denmark,
Luxembourg and Spain produced significantly higher levels of emissions than their initial
targets committed under the first commitment period 2008-2012 of Kyoto Protocol respect to
1990 levels. However, this tend to be not correlate with decoupling performance of countries
in a specific sector. Among all countries of EU-15, only in Luxemburg the GDP strongly
decoupled from CO, emissions from public energy and heat production sector for almost the
entire period 1990-2014, although Luxemburg did not reach its emission reduction target.
According to results, the decoupling states tend to be dictated by the rate of change of GDP and
CO2 emission intensity, which in turn depend on different factors. It was found that in general,
decreasing the use of solid and liquid fuels, transition to nuclear power, shifting to more
efficient technologies and growing shares of renewable energy sources in public electricity and
heat production would promote decoupling of GDP from CO emission intensity in EU-15

member countries. Furthermore, our investigation has shown that the 2008-2009 global



financial crisis had affected the economy and public energy and heat production sector of
countries. As a result, the decoupling states of countries switched to strong negative decoupling
state, which is the least desired state, during the crisis period and after it. Many researchers
found that the population growth can significantly increase CO2 emissions in a country. Since
significant population increase had not been observed for the period of our study in EU-15,
effect of this factor can be considered less significant, except for France and Spain. Because the
human population remained fairly stable during 1990-2014 for almost all EU-15 member
countries. In the future, decoupling analysis should be combined with the decomposition

technique to confirm which factors has significant effect on decoupling trends.
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Chapter 1- Introduction

1.1 The origin of research problem

The development of economy in many countries has been accompanied by an increasing
pressure on the environment, which in some aspects has escalated into a global threat.
Specifically, the human impact on the greenhouse effect may lead to a global change with an
unprecedent negative effect on life on Earth. The primary reason for this undesired consequence
is that human activities are based on increased energy consumption, which is supplied mainly
through the combustion of fossil fuels that inevitable result in the release of increased amounts
of greenhouse gases (GHGs) in the atmosphere. This leads in turn to climate change, which
needs to be addressed in an economically feasible and environmentally safe way [1],[2].
According to data reported by the International Energy Agency (IEA), CO. emissions have
significantly increased from 20 516.0 Mt to 33 513.3 Mt globally during 1990-2018 (Figure
1.1) [3]. Among GHGs, the effect of CO> gas on global warming is the most important one as
its share in total anthropogenic GHGs emissions is the highest and estimated to be 76% (38+3.8
GtCO2eq/yr, in 2010) [4]. Compared to the pre-industrial revolution period (1750-1850), the
global average surface temperature has increased by 1.3 degree Celsius [5],[6]. This causes
accumulation of extra heat in the Earth. In its turn, this extra heat changes seasonal temperature
extremes in all regions of the planet. As a result, global warming poses a variety of challenges
such as sea ice melting, behavior of living organisms begins to change in order to adapt to new
circumstances of surrounding environment [7], [8]. The distinctive example of the consequence
of global warming is a collapse of the coral reef ecosystems [9]. Coral reefs play an important
role in the ecosystem of the Earth as they are main producers of the atmospheric oxygen [10].
Also, they provide habitat for fishes and other organisms in the ocean, and by this way coral
reefs maintain the biodiversity in oceans [11]. However, an increase in sea temperature due to
the global warming was correlated with decline in biological productivity of coral reefs [12].
Wilkinson [13] made prediction that if the current trend of global warming continue, coral reefs
will be lost and their recovery may take approximately 20-40 years. But the consequences of
global warming are still not fully understood because of its tremendous and long-lasting nature.
To avoid further adverse effects of global warming, it is urgent to effectively control and reduce

CO- emissions.
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Figure 1.1. Total CO, emissions, World 1990-2018 [3].

Human development has resulted in an increased demand for energy [14],[15]. Energy
IS a key resource that is required to satisfy all kinds of human needs. Thus, energy production
and consumption simultaneously account for high rate of CO, emissions [16], [17]. For
instance, over 80 % of GHGs are generated from energy sector in Annex | Parties (the countries
adopted the United Nations Framework Convention on Climate Change, list of countries here
[18]), which means that energy sector is the major contributor of CO2 emission. The main
sources of energy in many countries are still fossil fuels such as natural gas, oil and coal, which
generate enormous amounts of CO after combustion processes [19]. The inefficient use of
energy is another challenge that needs to be addressed. Specifically, the inefficient use of energy
also causes increased CO2 emissions. For that reason, many countries turn their attention to the
energy-related CO2 emissions and enhancing ability to obtain energy from sources that do not
produce CO> emissions. It is necessary to highlight the importance of integrating renewable
energy sources into the energy sector. The increase in the share of renewable energy sources in
the energy production will have a positive effect on the environment in terms of CO, emissions
[20],[21]. In fact, the ability of a country to maintain the level of CO- in the atmosphere by
increasing the use of renewable energy sources is restricted by its economy. Because the
generation of energy from renewable sources is currently expensive due to the complexity of

technologies implemented there [22],[23].

Throughout time, most researchers have highlighted that economic growth is the main

driving force of the rise in the atmospheric CO2 concentration [24],[25],[26]. Thus, different
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methods have been utilized to analyze the relationship between economic growth (in terms of
GDP) and environmental pressure such as CO:> emissions, energy consumptions, SO>
emissions, GHGs emissions, etc. [27],[28],[29]. Decoupling analysis is a commonly used
technique to monitor the relation between the economic growth and environmental pressure of
acountry. The term decoupling was firstly used by the Organization for Economic Co-operation
Development (OECD) in 2002 to explore the relationship between economic growth and
consumption of energy [30]. Decoupling analysis assigns the decoupling state for relationship
between economic growth and environmental pressure. The decoupling state (e.g. strong
decoupling, weak decoupling, etc.) can be found by using methods such as Tapio and the OECD
[31],[32]. Basically, environmental policies and measurements are relied on the results of
decoupling analysis, which can be considered as an important tool in the substantial efforts for
the mitigation of CO2 emissions [18],[22].

Many countries and organizations adopted a series of actions and ways to combat global
warming and climate change consequences on the environment. Countries obligating
themselves to utilize those actions and ways through the sustainable development. The term
“sustainable development” has various interpretations depending on the context of use, society
and field [33], [34]. In our case, the definition proposed by Atkinson [35] is more applicable
which states that sustainable development is an increase in per capita GDP, which is economic
growth, without sacrificing natural resources. OECD is one of the leaders in cutting CO-
emissions. The share of OECD countries in the global CO2 emissions decreased 16% during
the period 2001-2015 [31]. However, the level of global emissions of COz is still high, which
is a challenging issue. Therefore, cooperative efforts at the global scale is needed to address the
issue of climate change. It is important to strengthen our efforts to achieve the CO2 emission
targets set. One of the efforts to reach those targets was the Kyoto Protocol which was an
international agreement aimed to stabilize concentration of GHGs in the atmosphere in order to
prevent side effects of global warming. EU-15 (Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden, United
Kingdom) is still highly dependent on fossil fuels, which are extensively used as the main
source of energy [36], [37]. In 2008 the largest contributor of EU-15 GHGs emissions was
energy sector (60%) [38]. The share of fossil fuel-based thermal plants decreased from 57% in
1990 to 44% in 2017 in the EU [39]. Therefore, the EU-15 countries are trying to address the

problem of how to realize sustainable development in low carbon pattern.
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1.2 Thesis aims and objectives

The objectives of this thesis work are: (1) to calculate decoupling indexes (OECD
method) and decoupling elasticities (Tapio method) for EU-15 countries (Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands,
Portugal, Spain, Sweden, United Kingdom.) for the relationship between CO, emission
intensity and GDP for the period 1990-2014; (2) evaluate the decoupling states between GDP
and CO» emission intensity for each of 15 countries of EU over the period 1990 to 2014; (3) to
carry out comparative analysis of advantages and disadvantages of the OECD method and the

Tapio method for decoupling analysis.

Firstly, decoupling factor and decoupling elasticity values were calculated by using
OECD method and the Tapio method, respectively. Then, based on resulting outputs of OECD
and Tapio methods the decoupling states were identified. Finally, these two decoupling analysis

methods were compared.

Chapter 2- Literature Review

2.1 Background to relationship between energy and environment

The unsustainable growth of economy has led to the deterioration of the quality of
environment globally. The past few decades, the international community made some efforts to
address an increase in global temperature which is happening mainly due to the accumulation
of greenhouse gases (GHGs) in atmosphere. In terms of technological progresses as the efforts
to mitigate CO2 emissions, countries are attempting to design manufacturing units and
processes that emit less CO2 emissions [40]. For example, Benhelal et al. [41] analyzed global
strategies and potentials to reduce CO. emissions produced during the cement production,
because the cement industry is responsible for 5-7% of global CO. emissions. He highlighted
that the most efficient alternative is the dry process with calciner, which can show up to 20%
mitigation of CO2 emissions in the processes. According to authors [41], there are still economic
and technical challenges that challenge the wide-spread implementation of the dry process with
calciner. Moreover, in order to reach the desired emission reduction targets, countries have

been practicing different policies and regulations through adaptation and mitigation strategies
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[42]. As for international collaborations and agreements, the United Nations Framework
Convention on Climate Change (UNFCCC), which entered into force on 21 March 1994, is an
international environmental agreement addressing global warming and contributing to the
formation of subsequent environmental agreements such as the Kyoto Protocol and Paris
Agreement [43]. Paris Agreement entered into force on 4 November 2016 and is targeting limit
the increase of global average temperature to 1.5 degrees Celsius [44]. The Kyoto Protocol is a
set of obligations to stabilize the atmospheric concentration of GHGs in the period 2008-2012
(the first commitment period), which came into effect on 16 February 2005 [45]. According to
the first commitment period of the Kyoto Protocol [45], EU-15 countries were targeting to
reduce GHGs emissions by 8% compared to 1990 levels. As a result, EU-28+Iceland as an
aggregate reduced GHG emissions by 24% first commitment period of Kyoto Protocol [46].
The European Union Emissions Trading System (EU ETS) is a policy instrument to meet the
targets established by the Kyoto Protocol [47]. EU ETS regulates the amount of emissions
produced by installations (e.g. factories, power stations and other installations). It has four
phases: phase | (2005-2007), phase Il (2008-2012), phase 111 (2013-2020) and phase IV (2021-
2030). The maximum amount of GHG emissions is called allowance, which can be auctioned
off or traded among participants of EU ETS [47]. However, governments are forced to make
less aggressive policies in a such way that their policies should not deplete economic growth of
a country as it is also closely linked to society. Otherwise, they have to compensate the
economic loss which is challenging process. Thus, there is a triangle of environment, society
and economy, which are strongly interconnected with each other. Even there are discussions
about delaying the reduction targets until there will be technical advances that will bring the
GHGs emissions levels back down, even to unexpected levels (“overshoot” strategy) [48]. By
the way, the achieving environmental targets may be possible by breakthroughs in decoupling
trends in economic growth and environmental indicators such as GHGs emissions. The
Intergovernmental Panel on Climate Change (IPCC) has confirmed that CO2 is the main
contributor of global GHG emissions [4]. Thus, CO2 emission is mainly used environmental
indicator among researchers. In addition, international energy agency (IEA) estimated that
41.7% of the global CO> emissions were produced from electricity and heat generation sector
in 2018 [49]. Between 2008 and 2018, the share of electricity and heat generation sector in CO>
emissions were almost stable (41% in 2008) [49]. Therefore, an indicator related to energy
production can be an optimal option for the study. Furthermore, it is essential to identify
whether chosen indicator moves into a desired direction or not. It can be evaluated by

performing decoupling analysis which shows relationship between economic growth and
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environmental pressure in our case. Decoupling is quantified by comparing the economic
activity with environmental pressure, resource use and environmental impacts [50]. Decoupling
of economic growth from environmental pressures is the most perforable state that happens
when less environmental emissions are produced at the same time with economic development.
As the development continues, environmental policies are not only tool to achieve less harmful
pathway of growth of economy. Investments in sustainable technologies is another option to
destruct link between economic growth and environmental pressure. Nevertheless, it seems to
be that the final result is more important despite the way of achievements in the reduction of

CO> emissions.

2.2 Methodology

2.2.1 Studies on decoupling methods

Decoupling is the breaking or de-linking of economic growth from increasing
environmental indicators. The concept of decoupling is first introduced by Organization for
Economic Cooperation and Development (OECD). According to OECD, decoupling is
breaking the relationship between environmental pressure and economic growth, and can be
divided into absolute and relative decoupling [50]. Special indicators are used to measure
decoupling in which the environmental pressure serves as the numerator and the driving force
is the denominator. Decoupling indicators convey the message about the change of relationship
between environmental pressure and economic growth over time. OECD explores thirty-one
sets of decoupling indicators associated with the majority of environmental issues. Some
decoupling indicators can be further decomposed into several variables in order to efficiently
identify any minor changes in environmental pressures [50]. In fact, the empirical results of
decoupling analysis directly depend on the chosen indicator of environmental stress. Hence,
indicators expand the decoupling analysis’ application area. For example, it is possible to
perform per sectoral decoupling analysis (e.g. industry, agriculture, transportation, etc.). Zhao
et al. [51] pointed out that economic growth and carbon emissions of industry, agriculture,
construction, transport, service and residential sectors were still at the coupling state in China.
They came to this after performing decoupling analysis by using the OECD decoupling factor
method. Thus, the OECD decoupling model is easy to handle and flexible in application. The

decoupling model of OECD can therefore be expressed as:



17

_ 1. (BP/DF). (2.1)
(EP/DF),

where Ds is the decoupling factor and can be any value within the range (-co; 1]; EP indicates

environmental pressure; DF indicates driving force.

The OECD decoupling factor method was utilized by Lu and Lin et al. [52] to study
decoupling of GDP from road energy demand and CO> emissions in Taiwan, Germany, Japan
and South Korea. They found that increase in road energy demand was consistent with
increased CO2 emissions from transportation sector which resulted in coupling of these

indicators with economic growth.

To express the different aspects of the term “decoupling”, many concepts have been
used in research works. De-linking is a widely used synonym of decoupling regardless of the
context [53],[54]. It was applied to estimate the relationship between economic growth and
environmental stress in most important industrialized and developing countries. In addition, re-
linking term was firstly demonstrated in 1970 by Bruyn & Opschoor [54] in the same meaning

as coupling.

Decoupling theory was further developed by Tapio [55], and the model developed is
now widely used as the Tapio model. This method is the most widely used method among
researchers to study decoupling process. Tapio used the decoupling elasticity in order to analyze
the link between the transport volume growth and economic growth in the EU countries and
Finland between 1970 and 2001. The GDP elasticity of transport CO2 was introduced (Eq. 2.2):

GDP elasticity of transport = —=-22 (2.2)
%AGDP
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where %AGDP and %\ACO- are decoupling indicators of economic growth and transport CO>

emissions, respectively.

AVOL

Expansive negative Expansive coupling
decoupling AGDP=0
AGDF=0 AVOL=0
Strong negative Dﬂf\"OILW'D_ o - 2%AVOL/ %AGDP =0.8-1.2
decoupling %AVOL/ %AGDP=1.2
AGDP=0
AVOL=0
9%AVOL / %AGDP <0
Weak detonplillﬂ
AGDP=0
AVOL=0
%AVOL/ %AGDP=0-0.8
Weak negative AGDP
decoupling
AGDP=<0
AVOL=0
2%AVOL/ %AGDP =0-0.8
Strong decoupling
AGDP=0
Recessive AVOL=0
decoupling 2%AVOL / %AGDP <0
AGDP=0
Recessive couplin AVOL=0
STV 00 T J T4 .}
AGDBLD PUDE % AVOL/ %AGDP =172
AVOL=0

%AVOL/ %AGDP =0.8-1.2

Figure 2.1: The degrees of coupling and decoupling of transport volume growth
(DVOL) from economic growth (DGDP). Adapted from ref. [55]

Tapio model has eight possible states of decoupling as shown in Figure 2.1: coupling
(0.8 < elasticity < 1.2), weak decoupling (0 < elasticity < 0.8), strong decoupling (elasticity <
0), recessive decoupling (elasticity < 1.2), expansive negative decoupling (elasticity > 1.2);
strong negative decoupling (elasticity < 0) occurs when GDP decreases and traffic volume
increases, while weak negative decoupling (elasticity > 1.2) occurs when both of GDP and
traffic volume decreases. Liu et al. [56] studied decoupling relationship between energy related
carbon emissions from manufacturing sectors and economic growth in China. They applied
Tapio’s decoupling elasticity method in order to evaluate decoupling state between energy
related carbon emissions from manufacturing sectors and economic growth. Wang and Su [61]
adopted the Tapio decoupling elasticity method (Eq. 2.3) to assess decoupling relationship
between economic growth and carbon emissions in 192 countries. The results showed that
developed countries improved their decoupling states from weak decoupling to strong
decoupling between 2000 and 2014. As for developing countries, they did not show significant

decoupling process between economic growth and carbon emissions.

DE = v = AC02/C02q (2.3)
AGDP/GDP,
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In addition to the above two common methods, there is third type of decoupling method,
which is called as the IGT X decoupling model. Initially, this method was introduced by Lu and
Mao [57] as the IPAT model. However, IPAT model was not able to distinguish the difference
between absolute and relative decoupling. The improved version of this model was developed
by Wu et al. [58] to perform decoupling analysis of world economic growth and CO> emissions.
The proposed decoupling model for computing the decoupling index is

le = GXTxX (2.4)
where le denotes the waste emission, G the GDP, T the waste emission per unit of GDP, and X
the waste discharge rate. Wu et al. [58] used this model to derive the decoupling index and

after several mathematical manipulations the expression of the decoupling index is

De—t_e:tge X (l+g) (25)

" tek
where te = the average annual rate of decline in waste emission per unit of GDP; tex = the critical

value when k = 0; g = the GDP annual growth rate for the time period of interest.

The IGTX decoupling model was utilized by Lu et al. [59] to investigate decoupling
relationship between energy use and SO, emissions in the U.S. and China in 2000-2007. They

found slightly more decoupling cases in the U.S. than China.

2.2.2 Comparison of the three decoupling models

The OECD decoupling index method is comfortable to apply for analysis due to its
simplicity. There are only two variables: environmental pressure and driving force. Thus, less
data is required to perform decoupling analysis. However, there are several shortcomings of
this method; for example, sometimes it cannot distinguish between absolute decoupling state
and relative decoupling state. Zhao et al. [60] reported that the OECD decoupling index method
has less accurate precision. It can only roughly reveal the decoupling between the
environmental pressure and the economic growth. This argument was consistent with the results
of the Spearman’s rank correlation coefficient when the decoupling effect results of OECD,
IGTX, and Tapio model were compared [58]. The OECD method showed a decoupling state
between the two variables of interest almost in all cases while the rest two methods showed
different decoupling states compared to the OECD model, and described them with a higher
degree of correlation, which means that their results coincide with each other (IGTX and the
Tapio methods) [58].
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The Tapio model demonstrates more comprehensive decoupling states compared to
OECD model because of availability of several decoupling states. Wu et al. [58] observed that
the overall decoupling index calculated by using the IGTX decoupling model reveals greater
uncertainty compared to the Tapio model. The reason for that is that the IGTX decoupling
model uses the average rate of decline in CO2 emissions intensity. However, for developing
countries the amount of total CO2 emissions does not fluctuate significantly and it is almost
stable. This causes uncertainties in the outputs of decoupling indexes computed by the IGTX
decoupling model. Therefore, long-term analyses are most preferred for the IGTX model.
Nevertheless, the Tapio model has an advantage of being not restricted by the duration of the
research period of interest. Thus, based on the literature review above it was decided to choose
the OECD decoupling factor method and the Tapio model for decoupling analysis due to their

simplicity in application and ease of understanding.

2.2.3 Studies on decomposition methods

Decomposition is a powerful tool to break down the influencing factors of CO:
emissions. There are two popular decomposition techniques: the index decomposition analysis
(IDA) and the structural decomposition analysis (SDA) [61]. Both of techniques have additive
and multiplicative decomposition framework. Su et al. [61] conducted a comprehensive study
comparing IDA and SDA methods. They reported that IDA is frequently used to explore the
driving factors of energy use and its emissions. As far as SDA is concerned, it is used to study
changes in energy consumption and emissions. Basically, the SDA is applied to examine the
whole economy rather than its sectoral aspects. In the case of SDA, both whole economy and
a specific sectoral decomposition analyses can be performed. Furthermore, IDA requires less
data compared to SDA, which makes it a more applicable technigue in decomposition analysis.
The logarithmic mean Divisia index (LMDI) decomposition technique is an extensively used
technique among IDA scholars [61],[62],[63],[64]. This technique can effectively help to
explore the driving factors of CO2 emissions. The number of studies that have used LMDI for
the decomposition of CO>2 emissions has rapidly grown [65],[26],[66],[67]. One prominent
advantage of the LMDI over other decomposition methods, such as the arithmetic mean Divisia
Index (AMDI), is that it can handle residuals and able to solve “zero value” problems in the
data [62]. Additive and multiplicative decomposition frameworks exist for the LMDI method.
Chen et al. [31] applied the additive LMDI decomposition method to analyze CO, emissions in

OECD from base year to report year. Their equation for LMDI decomposition is
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AC = ACcFr + ACre + ACgc + ACsp + ACpp + ACp (2.6)

each variable is indicated in Table 2.

Table 2.1. Description of variables [31].

Variable Definition

ACcr changes in CO2 emissions due to changes in
CO: intensity of fossil energy

ACre changes in CO, emissions

caused by changes in energy consumption structure

ACec changes in CO2 emissions caused by changes in energy
intensity

ACcp changes in CO, emissions owing to changes in per capita
GDP

ACpp changes in CO2 emissions caused by changes in

population distribution

ACp represents changes in CO2 emissions

caused by changes in the size of population

As shown in Eq. 2.6, the change in CO. emissions in OECD was decomposed into six
variables. The authors concluded that the energy intensity and per capita GDP are major
contributors for changes in CO2 emissions in OECD, while the population distribution has
negligible effect. Zhang and Da [62] utilized the LMDI method to decompose energy related
CO:2 emissions in China. They found four main driving forces of changes in CO, emissions:
economic growth, energy intensity, industrial structure and final energy consumption structure.
As a result, the values of economic growth factor almost kept increasing over the period and

was proved as the main reason for the increase of CO2 emissions during1996-2010 in China.

Decomposition technique results reveal changes in CO2 emissions in a more detailed
form. Consequently, many scholars have combined the decomposition technique with
decoupling analysis in order to get a more realistic overview of the link between economic

growth and environmental pressures. This decoupling model constructed on the basis of



22

decomposition analysis is attracting the research interest of many scholars and is known as the
extended decoupling model. For example, Zhang and Da [62] combined their decomposition
results with decoupling analysis and introduced the total decoupling index (DY), which is

defined as follows:

t_ AF

- ACtgdp = Dtei + Dtis + DtCS (27)

where AF' represents the total inhibiting effect on CO, emissions, which is calculated as

follows:

AFt = ACt'ACtgdp = ACtei + ACtis + Aths (28)

They defined three possible states for decoupling: absolute decoupling (D' > 1), relative
decoupling (1 > D'> 0) and no decoupling (D' < 0). The results of decoupling analysis showed
that there is a relative decoupling between China’s economic growth and CO2 emissions during
1996 — 2010. The absolute decoupling states were observed in 1997, 2000 and 2001. The results
were consistent with the real situation observed during these years. For example, China’s
government has shut down enterprises with low efficiency and with high emissions due to the
Asian financial crisis and food disaster [68]. It should be noted that the combination of
decomposition with decoupling analysis provide opportunity to observe the effect from changes
of each driving force on decoupling state and to quantify the contribution of each factor to

decoupling process.

Wang and Su [63] also used an integrated method of decoupling analysis and LMDI
decomposition technique to examine the decoupling relationship between carbon emissions and
economic growth in 192 countries [63]. The Kaya identity (Eq. 2.9) has been a key function in
their integrated decoupling system. As it is a framework for LMDI decomposition technique
under which the factors affecting CO> emissions are decomposed [69]. Consequently, they
decomposed CO> emissions into four driving factors: population growth (ACp), economic
growth level (ACy), the energy intensity (ACe) and the carbon intensity (ACs) (Eg. 2.10). Asa
result, their decoupling elasticity expression consists of Tapio model, LMDI and Kaya identity
and can be expressed as in Eq 11. Authors concluded that the reduction of energy intensity is

the most significant factor that promotes decoupling in most of the developing countries. Zhao
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et al. [60] employed a similar extended decoupling method to evaluate to what extent economic
growth is decoupled from CO> emissions in China’s five economic sectors. The results show
that all sectors were at the weak decoupling state between 1992 and 2012. Lu et al. [52] applied
the average Divisia index approach to decompose CO2 emissions from highway transportation
into five factors: emission coefficient, vehicle fuel intensity, vehicle ownership, population
intensity and economic growth. Furthermore, authors used the decoupling index method
proposed by OECD to evaluate decoupling of energy consumption and CO, emissions from

GDP for each country.

CE:Px@xixg:pxgxexf (29)
P GDP E
AC = ACp + ACq + ACe + AC (2.10)

where P = population, E = energy consumption, g = the per-capita GDP, e = the energy intensity

of GDP, f = the carbon intensity.

ACE/ACEy _ (ACEp+ACEg+ACEe+ACEf)/CEy (2_11)

DE =
AGDP/AGDP, AGDP /AGDP,

AGDP/AGDP,

= Dp+ Dg+ De+ Df

where Dy is population decoupling elasticity; Dy denotes affluence level decoupling elasticity,

D. denotes energy intensity decoupling elasticity and Ds represents carbon intensity decoupling
elasticity. The methods discussed are summarized in Table 2.2.

From results of the literature presented above we can notice that the population change,
economic growth and energy intensity and energy use are the main drivers of CO2 emissions.
These observations would be beneficial to explain the decoupling states in a country during the
discussion of obtained results. Nevertheless, in this study we did not performed decomposition

of CO, emissions because it is not within the scope of our focus.

Table 2.2. Literature review on decomposition

Authors Area Period Decomposition | Decomposion result | Refe
method (driving forces) rence
Liu et al. China 1996-2012 | LMDI Production scale (ACy), [56]
additive infrastructure (ACs), energy
intensity  (ACi), fuel mix
(ACy), carbon
emissions coefficient (ACe)




Madaleno
and Moutinho

Moutinho et
al.

Lu et al.

EU

EU-15

Taiwan,
Germany,
Japan and
South
Korea

1990-2014

1995-2010

1990-2002
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LMDI

Additive and

multiplicative

LMDI
additive

Average Divisia

Index

Carbon emission relative to
the fossil fuel consumption
(Cly), fossil fuel
consumption relative to the
total energy consumption
(EMY), energy intensity
(El'), imports of total oil
products intensity (EPY%),
total petroleum products
(PPY%), population (P)

carbon

intensity (CI Effect),

fossil fuel energy component
(EM Effect), energy
Intensity (EG Effect), the
average renewable capacity
productivity (GC Effect),
capacity of renewable (Cap
Ren) energy per

capita (CP Effect), the
changes

in population (P Effect)

emission coefficient,

vehicle fuel intensity, vehicle
ownership, population
intensity and  economic
growth

[70]

[19]

[52]

2.3 Decoupling Analysis: EU-15

In this section, the results of the literature review on decoupling analysis in relation with

EU-15 countries were discussed. EU-15 countries have high ambitions to reduce CO:>

emissions. As it was stated before (in Chapter 1), EU-15 countries were targeting to reduce

GHGs emissions by 8% compared to 1990 levels in accordance with the Kyoto Protocol [45].

To redistribute the reduction target among 15 countries European Union members signed The

Burden-Sharing Agreement (BSA) (Table 2.3) [71]. This agreement was formulated by

considering the ability of each member of EU-15 to reach the emission targets relying on

importance of equity and cost-efficiency. In EU, leaders endorsed more severe targets than the

Kyoto in the EU climate and energy package [72].
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Table 2.3. GHG emission reduction targets 2008-2012 per each EU-15 countries according
to the Burden-Sharing Agreement and Kyoto Protocol [38],[46].

Countries Change 1990-2014 Targets
Austria -3.2% -13%
Belgium -22% -7.5%
Denmark -27.6% -21%
Finland -17.1% 0%
France -16.3% 0%
Germany -27.8% -21%
Greece -3.3% +25%
Ireland +3.7% +13%
Italy -19.8% -6.5%
Luxembourg -16.3% -28%
Netherlands -15.8% -6%
Portugal +6.5% +27%
Spain +15% +15%
Sweden -24.4% +4%
United Kingdom -34.3% -12.5%
EU-15 -8%

According to this package, EU countries should by 2020: (1) reduce greenhouse gas emissions
by 20% (from 1990 levels); (2) increase the share of share of renewables in EU energy
consumption by 20%; (3) improve energy efficiency by 20 % [73]. Therefore, to achieve CO-
mitigation EU-15 countries are integrating energy efficient technologies, are changing structure
towards using renewable energy sources and are implementing relevant environmental policies
[72]. According to European Environment Agency (EEA) European environment — State and
outlook 2010 report [37], in 2008 EU-15 showed 6.9% reduction in GHGs emissions compared
to 1990 levels. In 2009 they further reduced their GHGs emissions by 13% compared to base-
year levels [37]. EU-15 had met its target at the end of the first commitment period of the
Kypoto protocol. In 2016, EEA reported that CO. emissions from electricity and heat
production decreased by 25 % in EU-28+Iceland between 1990 and 2014 [74]. This statistic
includes emission reduction data of new joined members of the EU. Although, it is still not
clear that whether it was reached through decoupling of economic growth from CO2 emissions
produced from electricity and heat production.

Vehmas et al. [53] performed empirical studies on EU-15 countries for the period of

1973-1999. For that purpose, de-linking and re-linking methods with two different indicators
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were used: total primary energy supply (TPES) and carbon dioxide emissions from fuel
combustion (CO.). Vehmas et al. [53] observed a strong de-linking in the EU-15 countries
during the years 1973-1999. Naqvi and Zwickl [75] analyzed the decoupling trends in eighteen
EU countries during 1995-2008 with five pollution indicators such as CO2, SOx, NOx, NHs,
PM10 and Energy use. They used the OECD decoupling method and performed it for sub-
periods (1995-2001 and 2001-2008) not for year-by-year. Six broad economic sectors have
been chosen as research area, namely, electricity, manufacturing, transport, agriculture,
services, and other. The results of the study show that CO> and energy use had a weak
decoupling in the electricity sector during 1995-2008. Almost all eighteen EU countries have
small decoupling of CO. from economic growth in all sectors except for the electricity sector
during the whole period. In general, decoupling factors are heterogenous across EU countries.
Some countries are showing absolute decoupling in specific sectors while others are showing
negative decoupling. Furthermore, switching from absolute decoupling to negative decoupling
or in a opposite direction were observed for some EU countries depending on time, sector and
environmental indicator. Sanye-Mengual et al. [76] identified decoupling of the environmental
impacts of EU-28 consumption from the economic growth along the period 2005-2014. The
decoupling trends were relatively alternated between weak decoupling and negative
decoupling. Diakoulaki and Mandaraka [77] investigated decoupling of industrial growth from
CO. emissions in the EU manufacturing sector. For that they calculated decoupling index in a
different way from the OECD decoupling index method. The results showed that 7 countries of
EU out of 14 had been reached decoupling of industrial growth from CO2 emissions to some

extent.

According to Madaleno et al. [70], the driving forces of change in CO, emissions by
using the LMDI method in EU-28 were decomposed for two periods: 1990-2004 and 2005—
2014. The result of decomposition with driving factors is illustrated in Table 2.2. Authors
highlighted that there was progressive increase in CO2 emissions in EU-15 group before the
implementation of the Kyoto Protocol. After the first (2005-2012) and second (2012-2014)
commitment periods of the Kyoto Protocol there were huge decreases in CO2 emissions in EU-
15. This implies the effectiveness of the Kyoto Protocol to reach desired effects in the reduction
of CO2 emissions. However, Diakoulaki and Mandaraka [77] argued that the Kyoto Protocol
has not significantly accelerated the reduction of CO2 emissions in the post Kyoto period in
EU-15. In another study done by Madaleno and Moutinho [36], the CO. emissions were
decomposed into six effects by LMDI: (1) the changes in the CO2 emissions compared to the
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import of petroleum products (denoted by CI effect), (2) the changes in the import dependency
of petroleum products compared to total energy consumption (denoted by ID effect), (3) the
change in energy intensity effect (denoted by EI effect), (4) changes in the economic structure
effect (denoted by ES effect), (5) the changes in income compared to the population change
(denoted by Ipc effect) and (6) the change in population size (denoted by Pp effect). Further,
the Tapio method and LMDI jointly used in this article in order to evaluate decoupling process
and estimate the impacts of those effects. The highest contributing effect to the change in CO>
is carbon intensity (CI effect) of petroleum products. In fact, an increase in Cl effect would
cause an increase in CO, emissions. This result is consistent with other works that have been
described before [78],[79]. From 2008 to 2009, the share of the renewable energy sources
increased, and the final energy consumption decreased. This had a minor positive impact on the
reduction of CO2 emissions in EU-15. The reason is that positive changes in these two effects
are not enough to compensate remaining negative effects. Therefore, authors came to the
conclusion that the population growth effect and the economic growth effect were still the main
contributors to the negative change in CO2 emissions in EU-15. It should be noted that there
was no case in which the increase in economic growth and decrease in CO2 emissions happened
simultaneously. Majority of researchers came to the same observation. Liaskas et al. [80] have
used Park’s method to identify the factors influencing changes in industrial CO2 emissions in
EU. Decomposition revealed that the total output, the share of each branch to the total output,
the energy intensity and the fuel share in each industrial branch were the main driving forces of

changes in industrial CO2 emissions.

Continuous improvements in the carbon intensity are believed to reduce the overall CO>
emissions. The promotion of renewable sources of energy are crucial to reduce the levels of
CO2 emissions and needs special attentions. Moutinho et al. [19] argued that without accounting
the effects of renewable energies the effects of drivers of CO2 emissions would be higher than
their actual values. Thus, they added the average renewable capacity productivity (GC effect)
and the renewable energy per capita (CP effect) terms into the decomposition expression. Most
and Fichtner [23] presented a model-based approach to determine optimal conditions and asses
market penetration of future options for generation of electricity with integration of renewable
energy sources for EU-15. The obtained results showed that increasing the share of renewable
sources of energy in electricity generation sector would decrease the marginal costs of CO>
reduction. According to their forecast, the marginal costs of CO2 reduction in EU-15 will

decrease by 30% in 2030 in accordance with promotion of renewable energy sources.
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Furthermore, Chovancovéa and Vavrek [81] assessed the decoupling relationship between GDP
and renewable energy sources (RES) which are used for energy production in EU-28 for the
time period 2008 and 2016. They used the following formula to quantitatively asses this

relationship:

DI RES = 2RES 3)

AGDP

where DI RES - the decoupling index of RES; ARES - the change of RES during the study
period; AGDP — the change of GDP during the study period.

Results showed that 25 out of 28 countries had positive DI values, which signal absolute
coupling. However, authors claim that this shows the willingness of countries to reach
sustainable development. Thus, it is important to refer to the renewable energy sources during

the discussion of decoupling states.

In summary, previous studies mainly were focused on decoupling between economic
growth and different environmental indicators for EU-15. As the public electricity and heat
generation sector is the main contributor of CO2 emissions in EU-15 [46], there is still lack of
studies about decoupling process between economic growth and CO, emissions from public
electricity and heat generation sector. Thus, this thesis work focuses on performance of EU-15
member countries in decoupling of economic growth from CO. emissions from public

electricity and heat during the period from 1990 to 2014.

Chapter 3- Methodology and Data

3.1 Data and variables

This study covers the first 15 countries entering the European Union: Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands,

Portugal, Spain, Sweden, United Kingdom.

The study uses data for GDP and CO, emission intensity from the IEA World Energy
Balances database for the period from 1960 to 2014 [82]. GDP was used as the variable
indicating economic growth. It is defined as the Gross Domestic Product (GDPPPP) at market
constant prices of the year 2010. PPPs means purchasing power parities, which is defined by

database reporters as “These data have been scaled up/down to the price levels of 2010 and then
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converted to US dollars using the yearly average 2010 purchasing power parities (PPPs)” [83].
CO2 emission intensity, which is 1g of CO2 per kWh of electricity (gCO2 per kwh), was used
as an environmental indicator. It is calculated as the ratio of CO2 emissions generated during
the production of public energy and heat related to electricity production, and the output of

produced electricity and heat [84].

3.2 Methods

In this study, the OECD decoupling factor method and the Tapio decoupling method are
mainly used to analyze the decoupling relationship between environmental indicator (CO>
emission) and economic growth (GDP).

2.2.1 The OECD decoupling factor method

This method was introduced by OECD and is defined as the ratio between value of
environmental pressure (e.g. t CO2 emission intensity) and economic driving force (e.g. GDP)
at the time period from base year 0 to reporting year t [14]. Possible decoupling states described
in Table 3.1.

_ 1 (EP/DF), 34
D=1 (EP/DF)o 34)

Table 3.1 Decoupling states by OECD decoupling factor [14].

Decoupling states AGDP AC Decoupling factor (D)
Absolute decoupling (0; +o0) (-00;0] (05 +o0)
Relative decoupling <0 and <AC (0; +o0)
Non decoupling (-o0; 0)
Perfect decoupling 1

2.2.2 The Tapio decoupling elasticity method

The Tapio decoupling elasticity method adopted by Wang and Su [63] was applied in

this work to study the decoupling relationship between economic growth and carbon emissions.

The decoupling elasticity (DE, also denoted as y) is measured by Eq (3.2):
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DE=y= AC02/C02q (3.5)
AGDP/GDP,

ACO2 = CO2¢) - CO2() (3.3)

AGDP = GDP, - GDP(g) (3.4)

where A denotes the change of variable (CO2 or GDP) from base year 0 to year t (Eq. 3.3., Eq.
3.4). Eight decoupling states of the Tapio decoupling elasticity were shown in Table 3.1. It is
necessary to mention that the optimal decoupling state is strong decoupling among other states.

However, strong negative decoupling is considered as the least expected decoupling state.

Table 3.2: Eight decoupling states of the Tapio decoupling elasticity [63].

Decoupling states AC/C AGDP/GDP Decoupling elasticity values (y)
Negative decoupling
Expansive negative decoupling >0 >0 y>12
Strong negative decoupling >0 <0 y<0
Weak negative decoupling <0 <0 0<y<038
Decoupling
Weak decoupling >0 >0 0<y<038
Strong decoupling <0 >0 y<0
Recessive decoupling <0 <0 y>1.2
Coupling
Expansive coupling >0 >0 08<y<1l2
Recessive coupling <0 <0 08<y<12

Chapter 4- Results and Discussion

EU -15 countries were divided into 3 main groups based on individual reduction targets
according to the Kyoto Protocol. Group | countries had high reduction target values ranging
between -28% and -12.5%. They are: Austria (-13%), Denmark (-21%), Germany (-21%),
Luxembourg (-28%), United Kingdom (-12.5%). Group Il countries had moderate reduction
target values ranging between -7.5% and 0%. They are: Belgium (-7.5%), Finland (0%), France
(0%), Italy (-6.5%), Netherlands (-6%). Group Il countries had mild reduction target values
ranging between +4% and +27%. They are: Greece (+25%), Ireland (+13%), Portugal (27%),
Spain (+15%), Sweden (+4%).
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Note: All discussions of results of decoupling analysis in subsections 4.1, 4.2, 4.3 are based on
the Tapio decoupling elasticity method. The results of OECD method were also demonstrated

in tables but does not included in the discussions within those subsections.

4.1 Decoupling analysis in Group | countries: Austria, Denmark, Germany,
Luxembourg, United Kingdom.

Table 4.1 shows the decoupling states between GDP and CO2 emission intensity for
Austria, Denmark, Germany, Luxembourg, United Kingdom during the period from 1990 to
2014. The decoupling analysis of individual countries are shown in Tables 4.1-4.10. According
to results, there were heterogeneity of decoupling states ranging from strong negative
decoupling (the worst decoupling state) to strong decoupling (the most desired decoupling

state).

Decoupling analysis for GDP and CO2 emission intensity shows that strong decoupling
state was observed for all five countries. The highest number of strong decoupling state was
observed for Luxemburg (75%, Figure 4.8), then for Germany (61%, Figure 4.6). United
Kingdom and Austria showed strong decoupling of GDP from CO; emission intensity 58%
(Figure 4.10) and 59% (Figure 4.2) respectively. Regarding to Denmark, only 32% (Figure 4.4)
of cases were strong decoupling during the studying period. Strong negative decoupling states
were observed rarely in Group | members except United Kingdom. It is important to emphasize
that Germany and United Kingdom were accounted for 45% of the total reduction of GHG
emissions in EU level during the first commitment period of Kyoto Protocol. But at the same
time they were the largest emitters of GHGs within the EU aggregate during the period from
1990 to 2014 [46]. Germany’s breakthroughs in GHG emissions reduction were attributed to
lowering of the carbon intensity of fossil fuels and increasing the share of renewable energy
[85]. They came to a low carbon intensity by switching the type of fuel from coal to gas[46].
Annual European Union greenhouse gas inventory 1990-2014 and inventory report 2016 noted
that the high GHGs reduction capacity of United Kingdom was mainly due to liberalization of
energy market and changing fuel type from oil and coal to gas [86]. Other factors such as
improvements in combined-cycle gas turbines contributed to lowering the emissions [87].
Many scholars agreed that the change in population (population effect) has significant impact
on CO2 emissions [78],[88]. The human population remained fairly stable during 1990-2014 in
Group | countries. It seems that its effect on decoupling performance of those countries is
negligible.
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In the literature, it was found that many studies focus on the effect of population on CO-
emissions. Lin et al. [89] found that the increase in population was one of the main primary
drivers for the increase in CO2 emissions in their study on decoupling of GDP from CO>
emissions in South Africa (SA) for the period of 1990 to 2014. Madaleno and Moutinho [36]
concluded that the population growth and economy growth still led to increase in CO2 emissions
in EU-15 in the period 1995-2014. From Figure 4.14a, it can be noticed that the population almost
unchanged for Group | countries for the entire period. Thus, its effect on decoupling tend to be

insignificant.

The 2007-2009 Global Financial Crisis (GFC) caused sharpest drop in economic
activities of the world economy [90]. From Table 4.1 we can see that the impact of GFC can be
observed for all members of Group | for the period 2008-2009. In this period their decoupling
states were deteriorated to weak negative decoupling in Austria; strong negative decoupling in
Denmark and Luxemburg; weak negative decoupling in Germany; and recessive decoupling in
United Kingdom (Table 4.1). In its turn, this compelled the drivers of CO2 emission to grow
faster in many countries. Then, the decoupling state in all countries was improved to weak and

strong decoupling states in successive years.

Table 4.1. Decoupling states for CO> emission intensity and GDP Group |

Austria Denmark Germany Luxemburg United Kingdom
Time Tapio OECD Tapio OECD Tapio OECD Tapio OECD Tapio OECD

1990-1991 Expansive coup. Non-decoupling Expansive neg. dec. Non-decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling Recessive dec. 0
1991-1992 Strong neg. dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling
1992-1993 Strong neg. dec. Non-decoupling Recessive dec. 0 Weak neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1993-1994 Weak dec Non-decoupling Weak dec Relative decoupling Strong dec Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1994-1995 Weak dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1995-1996 Weak dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1996-1997 Strong neg. dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1997-1998 Strong neg. dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1998-1999 Strong neg. dec Relative decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling
1999-2000 Strong neg. dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Expansive neg. dec. Non-decoupling
2000-2001 Weak dec Non-decoupling Strong dec Absolute decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Expansive coup. Relative decoupling
2001-2002 | Expansive neg. dec. Non-decoupling Strong dec Absolute decoupling #DIV/O! Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2002-2003 Weak dec. Non-decoupling Expansive neg. dec. Non-decoupling Recessive dec. 0 Strong dec. Absolute decoupling Expansive neg. dec. Non-decoupling
2003-2004 Strong neg. dec Absolute decoupling Strong dec, Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Weak dec. Relative decoupling
2004-2005 Strong neg. dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2005-2006 Strong neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Expansive neg. dec. Non-decoupling
2006-2007 Strong neg. dec Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling
2007-2008 Strong neg. dec. Absolute decoupling Recessive dec. 0 Strong dec. Absolute decoupling Recessive dec. 0 Recessive dec. 0
2008-2009 Weak neg. dec Non-decoupling Strong neg. dec. Non-decoupling Weak neg. dec. Non-decoupling Strong neg. dec. Non-decoupling Recessive dec. 0
2009-2010 Weak dec Non-decoupling Strong dec Absolute decoupling Strong dec Absolute decoupling Strong dec. Absolute decoupling Weak dec. Relative decoupling
2010-2011 Weak dec. Absolute decoupling Strong dec. Absolute decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2011-2012 Strong neg. dec Absolute decoupling Recessive dec. 0 Expansive neg. dec. Non-decoupling Weak neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling
2012-2013 Strong neg. dec. Non-decoupling Strong neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2013-2014 Strong neg. dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
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Generally, Austria producing lower emissions compared to other members of group I in
the production of electricity and heat. The global financial crisis had an adverse impact on
economy of Austria. Its CO, emission intensity has increased during 2009 and 2011 compared
to pre-crisis period (Figure 4.1). Therefore, in post-crises period from 2009 till 2011, we see
expansive negative decoupling state between GDP and CO> emission intensity (Table 4.2).
After 2011, the decoupling conditions were improved from expansive negative decoupling state
to strong decoupling state. From Table 4.2 we can observe significant decline in CO2 emission
intensity during 2011-2012, which resulted in strong decoupling of GDP from CO, emission
intensity. The possible reason for this improvement might be amendments to the Green
Electricity Act that implemented in 2002 in order to increase the share of renewable energy
sources for the production of electricity [91]. Despite the fluctuations in CO2 emission intensity
trend (Figure4.1), Austria decreased its CO2 emissions from public electricity and heat
production sector during 1990-2014. However, Austria did not meet its Kyoto target (-13%) to
reduce GHGs compared to 1990 levels (Table 2.3). Emissions from transport increased by 60
% from 1990 and 2010 in Austria. Hence, this can affect total GHGs emissions per capita in

Austria, because transport sector is the second large contributor of GHGs after energy use [91].
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Figure 4.1. GDP and CO2 emission intensity in Austria for 1990-2014.
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Figure 4.1a. Group I countries population during 1990-2014 [82].

Table 4.2. Decoupling analysis results for GDP and CO; emission intensity Austria between
1990-2014

Time ACO,/CO, AGDP/GDP v Decoup(l%p;;p%)ndition b, Decou;zl(i)nlgcclg)ndition
1990-1991 0,031 0,034 0,892 Expansive coup. 0,004 Relative decoupling
1991-1992 -0,219 0,021 -10,454 Strong dec. 0,235 Absolute decoupling
1992-1993 -0,067 0,005 -12,676 Strong dec. 0,072 Absolute decoupling
1993-1994 0,097 0,024 4,040 Expansive neg. dec. -0,071 Non-decoupling
1994-1995 0,048 0,027 1,816 Expansive neg. dec. -0,021 Non-decoupling
1995-1996 0,103 0,024 4,287 Expansive neg. dec. -0,077 Non-decoupling
1996-1997 -0,019 0,022 -0,846 Strong dec. 0,040 Absolute decoupling
1997-1998 -0,109 0,036 -3,056 Strong dec. 0,139 Absolute decoupling
1998-1999 -0,068 0,036 -1,893 Strong dec. 0,100 Absolute decoupling
1999-2000 -0,079 0,034 -2,357 Strong dec. 0,109 Absolute decoupling
2000-2001 0,121 0,013 8,970 Expansive neg. dec. -0,106 Non-decoupling
2001-2002 0,005 0,017 0,314 Weak dec. 0,011 Relative decoupling
2002-2003 0,242 0,008 31,974 Expansive neg. dec. -0,233 Non-decoupling
2003-2004 -0,048 0,027 -1,776 Strong dec. 0,073 Absolute decoupling
2004-2005 -0,033 0,021 -1,536 Strong dec. 0,053 Absolute decoupling
2005-2006 -0,005 0,034 -0,155 Strong dec. 0,037 Absolute decoupling
2006-2007 -0,059 0,036 -1,626 Strong dec. 0,092 Absolute decoupling
2007-2008 -0,086 0,015 -5,564 Strong dec. 0,100 Absolute decoupling
2008-2009 -0,127 -0,038 3,334 Recessive dec. 0,092 0
2009-2010 0,190 0,019 9,857 Expansive neg. dec. -0,167 Non-decoupling
2010-2011 0,087 0,028 3,113 Expansive neg. dec. -0,058 Non-decoupling
2011-2012 -0,228 0,008 -30,169 Strong dec. 0,234 Absolute decoupling
2012-2013 -0,017 0,003 -5,199 Strong dec. 0,020 Absolute decoupling

2013-2014 -0,084 0,004 -23,866 Strong dec. 0,087 Absolute decoupling
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Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = strong decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.2. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Austria

Denmark was one of the countries that overachieved reduction targets by the 2008-2012
Kyoto Protocol (Table 2.3). The least percentage (32%) of occurrence of strong decoupling
state corresponded to Denmark (Figure 4.4). From Table 4.3 we can see that there were
expansive negative and even strong negative decoupling states (2008-2009, 2012-2013). The
GDP remained strongly decoupled from CO- emission intensity during the period from 1996 to
2002. In general, from Figure 4.3 we can notice that Denmark reduced CO2 emission intensity
significantly from 681.6 gCO. per kWh t to 234.46 gCO; per kWh during the whole period of
study. According to Ecologic Institute’s report [91], GHGs emission from energy supply sector
decreased by 24% for 1990-2011. This improvement in reduction came from combination of
factors such as switching from coal to natural gas and increasing share of renewable energy
[91]. The 2008-2009 global financial crisis also caused severe downtown in economy of
Denmark which affected decoupling states between GDP and CO; emission intensity. However,
they immediately improved decoupling states to strong decoupling state after 2008-2009 (Table
4.3). The improvement might be result of fiscal consolidation measures committed by

government [92].
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Figure 4.3. GDP and CO; emission intensity in Denmark for 1990-2014.

Table 4.3. Decoupling analysis results for GDP and CO. emission intensity Denmark between
1990-2014

Time ACO,/CO, AGDP/GDP v Decoup(l_ilpagp(i;())ndition o Decourzl(i)nEgCCDo)ndition
1990-1991 0,029 0,013 2,217 Expansive neg. dec. -0,016 Non-decoupling
1991-1992 -0,041 0,020 -2,102 Strong dec. 0,060 Absolute decoupling
1992-1993 -0,051 -0,001 58,461 Recessive dec. 0,050 0
1993-1994 0,002 0,055 0,033 Weak dec. 0,051 Relative decoupling
1994-1995 -0,068 0,031 -2,221 Strong dec. 0,096 Absolute decoupling
1995-1996 0,046 0,029 1,583 Expansive neg. dec. -0,016 Non-decoupling
1996-1997 -0,092 0,033 -2,814 Strong dec. 0,120 Absolute decoupling
1997-1998 -0,075 0,022 -3,367 Strong dec. 0,095 Absolute decoupling
1998-1999 -0,077 0,029 -2,630 Strong dec. 0,104 Absolute decoupling
1999-2000 -0,065 0,037 -1,734 Strong dec. 0,099 Absolute decoupling
2000-2001 -0,011 0,008 -1,349 Strong dec. 0,019 Absolute decoupling
2001-2002 -0,011 0,005 -2,271 Strong dec. 0,015 Absolute decoupling
2002-2003 0,089 0,004 22,999 Expansive neg. dec. -0,085 Non-decoupling
2003-2004 -0,150 0,026 -5,696 Strong dec. 0,172 Absolute decoupling
2004-2005 -0,086 0,024 -3,513 Strong dec. 0,107 Absolute decoupling
2005-2006 0,246 0,038 6,472 Expansive neg. dec. -0,200 Non-decoupling
2006-2007 -0,074 0,008 -9,012 Strong dec. 0,082 Absolute decoupling
2007-2008 -0,064 -0,007 8,915 Recessive dec. 0,057 0
2008-2009 0,001 -0,051 -0,021 Strong neg. dec. -0,055 Non-decoupling
2009-2010 -0,103 0,016 -6,322 Strong dec. 0,117 Absolute decoupling
2010-2011 -0,122 0,012 -10,599 Strong dec. 0,132 Absolute decoupling
2011-2012 -0,186 -0,007 28,493 Recessive dec. 0,180 0
2012-2013 0,158 -0,005 -32,324 Strong neg. dec. -0,164 Non-decoupling

2013-2014 -0,152 0,011 -13,899 Strong dec. 0,161 Absolute decoupling
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Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Stron?:dec. = stron}; decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.4. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Denmark

In general, to some extent GDP was decoupled from CO2 produced by public electricity
and heat production in Germany (Table 4.4). At the beginning of the period Germany’s
economy weakly decoupled from CO2 emissions from public electricity and heat production
[93]. German reunification might have effect on decoupling state between 1990 and 1991.
Despite of being the largest GHGs emitter, Germany overachieved its target -27.8% reduction
while its target was -21% respect to 1990 level (Table 2.3). Running national climate strategies
and policies (e.g. energy or CO, taxation) contributed to reach the emission reduction targets
[93]. From Figure 4.5 we can notice that Germany had the largest GDP compared to other
members of Group | between 1990-2014, which could have positive effect on its decoupling
performance. The sharp decrease (-0.064) in CO2 emission intensity from 2007 to 2008 was
observed in Germany, while the rate of change for GDP increased. Both of those changes
resulted in strong decoupling state. This was consistent with the changes in energy sector of
Germany occurred in this period. According to Annual European Union greenhouse gas
inventory 1990-2008 and inventory report 2010 [74], the main reason for the sharp decrease in
CO- emissions from public electricity and heat production was the extension of nuclear power
use for electricity production. However, CO2 emissions from public electricity and heat
production were increased by 1.6% from 2011 to 2012. This happened mainly due to the
operation of new lignite-fired power plants and an increase in the number of coal based power
plants [94]. Consequently, those happened changes deteriorated decoupling state to expansive
negative decoupling in 2011-2013 (Table 4.4).
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Figure 4.5. GDP and CO; emission intensity in Germany for 1990-2014.

Table 4.4. Decoupling analysis results for CO2 emission intensity and GDP Germany between
1990-2014

Time ACO,/CO, AGDP/GDP v Decoup(l_ilpagp(i;())ndition b, Decourzl(i)nEgCCDo)ndition
1990-1991 0,026 0,051 0,500 Weak dec. 0,024 Relative decoupling
1991-1992 -0,030 0,019 -1,539 Strong dec. 0,048 Absolute decoupling
1992-1993 -0,003 -0,010 0,271 Weak neg. dec. -0,007 Non-decoupling
1993-1994 -0,006 0,025 -0,227 Strong dec. 0,029 Absolute decoupling
1994-1995 -0,025 0,017 -1,461 Strong dec. 0,042 Absolute decoupling
1995-1996 -0,004 0,008 -0,499 Strong dec. 0,012 Absolute decoupling
1996-1997 -0,035 0,018 -1,867 Strong dec. 0,052 Absolute decoupling
1997-1998 -0,013 0,020 -0,633 Strong dec. 0,032 Absolute decoupling
1998-1999 -0,041 0,020 -2,052 Strong dec. 0,059 Absolute decoupling
1999-2000 -0,009 0,030 -0,300 Strong dec. 0,037 Absolute decoupling
2000-2001 0,035 0,017 2,085 Expansive neg. dec. -0,018 Non-decoupling
2001-2002 0,001 0,000 #DIV/0! #DIV/0! -0,001 Non-decoupling
2002-2003 -0,064 -0,007 9,078 Recessive dec. 0,058 0
2003-2004 -0,026 0,012 -2,240 Strong dec. 0,037 Absolute decoupling
2004-2005 -0,011 0,007 -1,534 Strong dec. 0,018 Absolute decoupling
2005-2006 -0,011 0,037 -0,303 Strong dec. 0,046 Absolute decoupling
2006-2007 0,044 0,033 1,335 Expansive neg. dec. -0,011 Non-decoupling
2007-2008 -0,064 0,011 -5,958 Strong dec. 0,075 Absolute decoupling
2008-2009 -0,017 -0,056 0,301 Weak neg. dec. -0,042 Non-decoupling
2009-2010 -0,012 0,041 -0,284 Strong dec. 0,050 Absolute decoupling
2010-2011 0,017 0,037 0,463 Weak dec. 0,019 Relative decoupling
2011-2012 0,006 0,004 1,374 Expansive neg. dec. -0,002 Non-decoupling
2012-2013 0,006 0,003 2,102 Expansive neg. dec. -0,003 Non-decoupling

2013-2014 -0,031 0,016 -1,931 Strong dec. 0,046 Absolute decoupling
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Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = stron}; decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.6. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Germany

Despite a very low GDP values compared to Germany, Luxemburg’s public
electricity and heat production sector significantly reduced CO2 emissions between 1990 and
2014 (Figure 4.7). This resulted in strong decoupling of GDP from CO2 emission intensity
with 75% of occurrence. Luxemburg was only country which showed decoupling (strong,
weak and recessive decoupling) for a long time. GDP decoupled from CO; emissions from
public energy and heat production sector for almost the entire period from 1990 to 2014. At
the end of first commitment period of Kyoto Protocol, Luxemburg decreased its GHGs
emissions by 16.3% [46]. However, its reduction target according to the Burden Sharing
Agreement (Table 2.3) was 28% reduction of GHGs compared to 1990 levels. This might be
due to the transport sector which was responsible for more than half of total GHG emissions
and in which GHG emissions almost tripled during 1990-2011[39]. Nevertheless, from 1990
to 2007 the GDP have grown at faster rate in Luxemburg while its CO> emissions was
declined showing strong decoupling (75%) of economic growth from CO2 emissions, except
1998-1999. (Table 4.5, Figure 4.8). For 1998-1999, the rate of growth of CO, emission
intensity was higher than GDP’s rate of growth accounting for expansive negative decoupling
state. Closure of coal based electricity generation plants in 1997 and opening of natural gas-
driven power plants were main reasons for the significant reductions in CO during 1990-
1998 [93]. The possible reason for keeping strong decoupling state for a long time between
CO2 and GDP was significant decrease in energy use (-64%) during 1990-2011. Also, an
increase in renewable energy share % of primary energy supply by around 4% during the
period from 2000 to 2010 might be positively influenced on emissions [95].
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Figure 4.7. GDP and CO; emission intensity in Luxemburg for 1990-2014.

Table 4.5. Decoupling analysis results for CO2 emission intensity and GDP Luxemburg
between 1990-2014

Time ACO,/CO, AGDP/GDP Y Decoup(IiTn:p%mdition b, Decoungnlgcclg)ndition
1990-1991 -0,046 0,086 -0,532 Strong dec. 0,122 Absolute decoupling
1991-1992 0,003 0,018 0,141 Weak dec. 0,015 Relative decoupling
1992-1993 -0,006 0,042 -0,132 Strong dec. 0,046 Absolute decoupling
1993-1994 -0,086 0,038 -2,265 Strong dec. 0,120 Absolute decoupling
1994-1995 -0,227 0,015 -15,571 Strong dec. 0,238 Absolute decoupling
1995-1996 -0,103 0,015 -6,805 Strong dec. 0,117 Absolute decoupling
1996-1997 -0,335 0,059 -5,672 Strong dec. 0,372 Absolute decoupling
1997-1998 -0,608 0,065 -9,369 Strong dec. 0,632 Absolute decoupling
1998-1999 0,138 0,084 1,642 Expansive neg. dec. -0,050 Non-decoupling
1999-2000 -0,057 0,085 -0,668 Strong dec. 0,130 Absolute decoupling
2000-2001 -0,084 0,021 -3,957 Strong dec. 0,104 Absolute decoupling
2001-2002 -0,099 0,036 -2,749 Strong dec. 0,131 Absolute decoupling
2002-2003 -0,087 0,014 -6,152 Strong dec. 0,100 Absolute decoupling
2003-2004 -0,008 0,044 -0,173 Strong dec. 0,049 Absolute decoupling
2004-2005 -0,011 0,032 -0,341 Strong dec. 0,042 Absolute decoupling
2005-2006 -0,005 0,051 -0,095 Strong dec. 0,053 Absolute decoupling
2006-2007 0,003 0,084 0,035 Weak dec. 0,075 Relative decoupling
2007-2008 -0,024 -0,008 2,934 Recessive dec. 0,016 0

2008-2009 0,023 -0,054 -0,423 Strong neg. dec. -0,081 Non-decoupling
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2009-2010 -0,009 0,057 -0,152 Strong dec. 0,062 Absolute decoupling
2010-2011 -0,005 0,026 -0,186 Strong dec. 0,030 Absolute decoupling
2011-2012 -0,006 -0,008 0,697 Weak neg. dec. -0,003 Non-decoupling

2012-2013 -0,092 0,044 -2,106 Strong dec. 0,130 Absolute decoupling
2013-2014 -0,009 0,041 -0,210 Strong dec. 0,047 Absolute decoupling

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = strong decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.8. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Luxemburg

Comparing GDP values among Group | countries, United Kingdom was second
country with highest GDP values for the period 1990-2014 (Figure 4.9). During this period,
GDP increased in parallel with decrease in CO2 emissions from public electricity and heat
production sector. Furthermore, United Kingdom was one of the countries that showed
largest absolute reduction during 1990-2008 [93]. From 1991 to 2000, GDP of United
Kingdom strongly decoupled from CO2 emission intensity (Table 4.6). United Kingdom
emitted lower GHG emissions (-34.5%) than the level committed under the Kyoto Protocol
(-12.5%) (Table 2.3). Several factors might have impact to reach overachievement as this.
According to Annual European Union greenhouse gas inventory 1990-2014 and inventory
report 2016 [46], the primary reason for that was liberalization of energy market and
switching of power plants from coal and oil to natural gas and biomass. Between 2000 and
2008 the emissions from electricity production sector increased due to closure of some
nuclear power stations [93]. Therefore, we see expansive negative decoupling and weak
decoupling states for GDP and CO- emission intensity for this period. Then, from the period
2007-2008 to 2009-2009 the recessive decoupling state was observed between GDP and CO-

emission intensity which means growth rate of both indicators were negative (Table 4.6).
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Figure 4.9. GDP and COz emission intensity in United Kingdom for 1990-2014.

Table 4.6. Decoupling analysis results for CO2 emission intensity and GDP United Kingdom
between 1990-2014

Time ACO,/CO, AGDP/GDP . Decoup(l?spiccij()mdition o Decou;zgngcclg)ndition
1990-1991 -0,016 -0,012 1,311 Recessive dec. 0,004 0
1991-1992 -0,008 0,004 -1,849 Strong dec. 0,013 Absolute decoupling
1992-1993 -0,115 0,026 -4,345 Strong dec. 0,138 Absolute decoupling
1993-1994 -0,054 0,040 -1,342 Strong dec. 0,091 Absolute decoupling
1994-1995 -0,040 0,049 -0,817 Strong dec. 0,085 Absolute decoupling
1995-1996 -0,023 0,027 -0,865 Strong dec. 0,048 Absolute decoupling
1996-1997 -0,067 0,031 -2,151 Strong dec. 0,095 Absolute decoupling
1997-1998 -0,011 0,034 -0,313 Strong dec. 0,043 Absolute decoupling
1998-1999 -0,060 0,031 -1,935 Strong dec. 0,089 Absolute decoupling
1999-2000 0,052 0,038 1,378 Expansive neg. dec. -0,014 Non-decoupling
2000-2001 0,027 0,028 0,985 Expansive coup. 0,000 Relative decoupling
2001-2002 -0,031 0,025 -1,225 Strong dec. 0,054 Absolute decoupling
2002-2003 0,046 0,033 1,387 Expansive neg. dec. -0,012 Non-decoupling
2003-2004 0,004 0,025 0,174 Weak dec. 0,020 Relative decoupling
2004-2005 -0,002 0,030 -0,063 Strong dec. 0,031 Absolute decoupling
2005-2006 0,048 0,027 1,787 Expansive neg. dec. -0,020 Non-decoupling
2006-2007 -0,018 0,026 -0,689 Strong dec. 0,043 Absolute decoupling
2007-2008 -0,034 -0,005 7,289 Recessive dec. 0,029 0
2008-2009 -0,100 -0,042 2,386 Recessive dec. 0,061 0
2009-2010 0,011 0,015 0,706 Weak dec. 0,004 Relative decoupling
2010-2011 -0,022 0,020 -1,106 Strong dec. 0,041 Absolute decoupling

2011-2012 0,105 0,012 8,874 Expansive neg. dec. -0,092 Non-decoupling
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2012-2013 -0,059 0,022 -2,723 Strong dec. 0,079 Absolute decoupling

2013-2014 -0,103 0,029 -3,517 Strong dec. 0,129 Absolute decoupling
Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = strong decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.10. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). United Kingdom

4.2 Decoupling analysis in Group Il countries: Belgium, Finland, France, Italy,
Netherlands.

This group includes countries with less strict reduction targets under Kyoto Protocol.
Their emission reduction targets were ranging between -7.5% and 0%. These relatively less
strict requirements had in a certain degree positive impact on countries to reach their Kyoto
Protocol targets. As a result, all member countries of this group reduced GHGs emission more
than expected (Table 2.3). The decoupling states for these five countries were not uniform
during the entire study period (Table 4.7). The occurrence of strong decoupling state was
highest in Netherland with 63% (Figure 4.20) and lowest was observed for Finland with 46%
(Figure 4.14). According to EEA retrospective GHG trend analysis [93], final energy demand
has been decreasing since 2014 in France, Italy, and Netherlands. This made remarkable
achievements in the reduction in the overall EU GHG emissions. The global crisis had affected
the economy of group Il countries in 2008-2009. As shown in Table 4.7, GDP in France did not
decouple from CO2 emissions from public electricity and heat production sector. The rest four
countries’ GDP recessively decoupled from CO2 emissions during 2008-2009, which means
that the rate of change of economy decreased slower than the rate of change of environmental
pressure. The population in Group Il countries had not changed noticeably during the period of
analysis except France. This implies that the population did not influence the reduction of CO>

and decoupling state.
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Table 4.7. Decoupling states for CO2 emission intensity and GDP Group 11

Belgium Finland France Italy Netherlands
Time Tapio OECD Tapio OECD Tapio OECD Tapio OECD Tapio OECD

1990-1991 Strong dec. Absolute decoupling Weak neg. dec. Non-decoupling Expansive neg. dec Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1991-1992 Strong dec. Absolute decoupling Recessive coup. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1992-1993 Strong neg. dec. Non-decoupling Strong neg. dec. Non-decoupling Recessive dec. 0 Recessive dec. 0 Expansive neg. dec. Non-decoupling
1993-1994 | Expansive neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1994-1995 Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling
1995-1996 Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1996-1997 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1997-1998 Expansive coup. Non-decoupling Weak dec. Relative decoupling | Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1998-1999 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
1999-2000 Weak dec. Relative decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling Weak dec. Relative decoupling Weak dec. Relative decoupling
2000-2001 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling
2001-2002 Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. N i pansive neg. dec. N i Strong dec. Absolute decoupling
2002-2003 Weak dec. Relative decoupling Weak dec. Relative decoupling | Expansive neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling
2003-2004 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2004-2005 Weak dec. Relative decoupling Weak dec. Relative decoupling | Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2005-2006 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2006-2007 Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Weak dec. Relative decoupling
2007-2008 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Recessive dec. 0 Strong dec. Absolute decoupling
2008-2009 Recessive dec. 0 Recessive dec. 0 Strong neg. dec. Non-decoupling Recessive dec. 0 Recessive dec. 0
2009-2010 | Expansive neg. dec. Nol i Expansive coup. Non-decoupling pansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2010-2011 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2011-2012 | Expansive neg. dec. Non-decoupling Strong neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Recessive coup. 0 Strong neg. dec. Non-decoupling
2012-2013 Strong dec. Absolute decoupling Recessive dec. 0 Strong dec. Absolute decoupling Recessive dec. 0 Strong neg. dec. Non-decoupling
2013-2014 | Expansive neg. dec. Non-decoupling Strong neg. dec. Non-decoupling Strong dec. Absolute decoupling Recessive dec. 0 Expansive neg. dec. Non-decoupling

In general, Belgium was a country that overachieved individual reduction target of -7.5
under Kyoto Protocol by reducing to -22% relative to 1990 level. CO2 emissions from public
electricity heat production decreased from 357.56 to 206.84 gCO> per kWh in parallel with
increase in GDP from 292.19 to 441.73 billion 2010 USD between 1990 and 2014 (Figure 4.11).
The period after the global financial crisis showed alternation of expansive negative decoupling
and strong decoupling states (Table 4.8). During this period, increased GDP done at the expense
of increased level of CO, emissions from electricity and heat production sector which led to
expansive negative decoupling state. As Shishlov et al. [109] noticed that one of the factors of
overachievement of the Kyoto Protocol targets was the financial global crises which reduced
GHGs emissions. This tends to be true in case of Belgium. Belgium was a country that were
not able to decrease energy consumption instead it was increased by 6% during 2005 and 2011
[96]. This could be explanation for low reduction of CO2 emissions during this period compared
to 1994-1999 (Figure 4.11). Belgium’s share of renewable in energy gross final energy
consumption was increased by only 2.6% between 2005-2010. Its share in electricity
consumption increased by 6.5% during 2005-2011. To promote renewable energy different
support schemes designed by government. For instance, the scheme called ‘green certificates’

was implemented in Flanders in 2009. This might be possible reason for an increase in
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renewable energy to 5.5% in 2012 [96]. Nevertheless, Belgium’s energy consumption was
highly dependent on fossil fuels during 1990-2014.
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Table 4.8. Decoupling analysis results for CO; and GDP Belgium between 1990-2014

Time ACO,/CO, AGDP/GDP ¥ Decoupling Condition Decoupling
(Tapio) Dy Condition (OECD)
1990-1991 -0,007 0,018 -0,404 Strong dec. 0,025 Absolute decoupling

1991-1992 -0,028 0,015 -1,843 Strong dec. 0,043 Absolute decoupling
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1993-1994

1994-1995

1995-1996

1996-1997

1997-1998

1998-1999

1999-2000

2000-2001

2001-2002

2002-2003

2003-2004

2004-2005

2005-2006

2006-2007

2007-2008

2008-2009

2009-2010

2010-2011

2011-2012

2012-2013

2013-2014

0,043
0,057
-0,019
-0,055
-0,087
0,022
-0,115
0,027
-0,036
-0,019
0,004
-0,024
0,016
-0,047
-0,036
-0,013
-0,158
0,035
-0,112
0,098
-0,086

0,045

-0,010
0,032
0,024
0,016
0,037
0,020
0,036
0,036
0,008
0,018
0,008
0,036
0,021
0,025
0,034
0,007
-0,023
0,027
0,018
0,002
0,000

0,013

-4,452
1,758
-0,799
-3,469
-2,347
1,119
-3,218
0,740
-4,399
-1,055
0,488
-0,665
0,758
-1,892
-1,074
1,741
6,911
1,294
-6,223
64,287

-534,142

3,321
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Figure 4.12. GDP and CO2 emission intensity in Belgium for 1990-2014.
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As for Finland, respect to the Kyoto Protocol its target was keep the level of GHG
emissions at the level of 1990. GHG emissions decreased by 17.1% compared to the 1990 base
year level (Table 2.3). This sharp declining trend was consequence of the shift from oil-based
heating to district and electric heating [97]. Improvements in energy efficiency also contributed
to low carbon patterns. The level of CO2 emission intensity decreased from 354.91 gCO: per
kWh in 1990 to 206.84 gCO- per kWh in 2014 (Figure 4.13). GDP also increased by 27.7% in
parallel with change in CO> emission intensity. During 1997-2008 GDP of country strongly
decoupled from CO> emission intensity, but in some cases, decoupling between them was weak
(Table 4.9). According to EEA analysis [93], Finland showed relatively high level of per capita
GHG emissions. They claim that this happened due to the combination of two factors: the severe
climatic conditions and low energy prices, which led to extensive use of energy. However, Kara
et al. [98] found that emission trading system had increased a price for electricity generation in
Finland because of high dependence of electricity on carbon emitting resources. In addition,
this may delay progresses in more efficient technologies. Because the uncertainties arising from
emission trading system had dropped investments to develop new technologies. These two
possibilities an increase and decrease of electricity generation’s price, could be reason for the
variation of decoupling states between GDP and CO2 emission intensity. A high negative rate
of change (-0.158) in CO2 emission intensity was observed during the global financial crisis in
2008-2009. At the same time GDP also declined with a rate change of -0.083 (Table 4.9).
However, lower the value of the rate change of CO2 emission intensity resulted in recessive

decoupling rather that weak negative decoupling.
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Figure 4.13. GDP and CO2 emission intensity in Finland for 1990-2014.
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Table 4.9. Decoupling analysis results for CO2 and GDP Finland between 1990-2014

T acojco,  acbmGpe  y  DwouninCondion o, oty
1990-1991 -0,007 -0,059 0,125 Weak neg. dec. -0,055 Non-decoupling
1991-1992 -0,028 -0,033 0,848 Recessive coup. -0,005 Non-decoupling
1992-1993 0,043 -0,007 -5,810 Strong neg. dec. -0,051 Non-decoupling
1993-1994 0,057 0,039 1,440 Expansive neg. dec. -0,017 Non-decoupling
1994-1995 -0,019 0,042 -0,453 Strong dec. 0,059 Absolute decoupling
1995-1996 -0,055 0,037 -1,510 Strong dec. 0,089 Absolute decoupling
1996-1997 -0,087 0,062 -1,395 Strong dec. 0,141 Absolute decoupling
1997-1998 0,022 0,054 0,407 Weak dec. 0,031 Relative decoupling
1998-1999 -0,115 0,044 -2,581 Strong dec. 0,152 Absolute decoupling
1999-2000 0,027 0,056 0,477 Weak dec. 0,028 Relative decoupling
2000-2001 -0,036 0,026 -1,383 Strong dec. 0,060 Absolute decoupling
2001-2002 -0,019 0,017 -1,118 Strong dec. 0,035 Absolute decoupling
2002-2003 0,004 0,020 0,190 Weak dec. 0,016 Relative decoupling
2003-2004 -0,024 0,039 -0,616 Strong dec. 0,061 Absolute decoupling
2004-2005 0,016 0,028 0,571 Weak dec. 0,012 Relative decoupling
2005-2006 -0,047 0,041 -1,167 Strong dec. 0,084 Absolute decoupling
2006-2007 -0,036 0,052 -0,704 Strong dec. 0,084 Absolute decoupling
2007-2008 -0,013 0,007 -1,800 Strong dec. 0,020 Absolute decoupling
2008-2009 -0,158 -0,083 1,909 Recessive dec. 0,082 0
2009-2010 0,035 0,030 1,164 Expansive coup. -0,005 Non-decoupling
2010-2011 -0,112 0,026 -4,350 Strong dec. 0,134 Absolute decoupling
2011-2012 0,098 -0,014 -6,825 Strong neg. dec. -0,113 Non-decoupling
2012-2013 -0,086 -0,011 7,680 Recessive dec. 0,075 0
2013-2014 0,045 -0,004 -10,953 Strong neg. dec. -0,049 Non-decoupling

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = stron? decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
c

coupling; Recessive coup. = recessive coupling. For the D¢ca

ulation details see Appendix A.
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Figure 4.14. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Finland

According to Kyoto Protocol targets (Table 2.3), France was obligated to keep its GHG

emissions level unchanged since 1990. Nevertheless, France was able to reduce total COx
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emissions by 16.3% between 1990 and 2014. For France, Kara et al. [98] made estimation that
France will profit from emission trading system by trading allowances as it had large share of
nuclear power in electricity generation. This large share of nuclear energy for power generation
accounted for relatively low CO2 emission from the electricity and heat production sector
during 1990-2014 (Figure 4.15). The share of GHG emissions from the electricity generation
in France formed only 3.2% of total GHG emissions in EU-28+Iceland by the end of study
period [46]. Relatively less variation of decoupling states was observed for France (Figure
4.16). There were only four states of decoupling between economic growth and environmental
pressure. Two of them were recessive decoupling and strong negative decoupling states which
had the equal share of occurrence (4%) between 1990 and 2014. The rest were in the share of
strong decoupling with 50% and expansive negative decoupling state with 42% occurrence.
Based on Table 4.10, it is difficult to see clear trend of decoupling states. The largest increase
(0.390) in the rate of growth of CO2 was observe in 1997-1998 showing expansive negative
decoupling from GDP. The population of France increased by about 10 million during 1990-
2014 (Figure 4.11a). The effect of this might be reason for slow reduction of CO2 emissions
from public electricity and heat generation for the period 1994-2014 after the sharp increase
happened in 1991. A study found that electricity generation from nuclear power during 2010-
2014 had positive impact on economic growth and reduced GHG emissions from electricity
generation in France [99]. This might be reason for strong decoupling relationship between
GDP and CO2 emissions from public electricity and heat production during 2010-2014
excluding 2011-2012 (expansive neg. dec.).
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Table 4.10. Decoupling analysis results for CO2 and GDP France between 1990-2014

Time ACO,ICO, AGDP/GDP ¥ De°°“p('iT”3p%)’”diti°“ b, Conzft‘;gﬁ%"gcm
1990-1991 0,128 0,010 12,317 Expansive neg. dec. -0,116 Non-decoupling
1991-1992 -0,211 0,016 -13,191 Strong dec. 0,223 Absolute decoupling
1992-1993 -0,287 -0,006 46,805 Recessive dec. 0,282 0
1993-1994 -0,040 0,023 -1,721 Strong dec. 0,062 Absolute decoupling
1994-1995 0,128 0,021 6,135 Expansive neg. dec. -0,105 Non-decoupling
1995-1996 0,049 0,014 3,530 Expansive neg. dec. -0,035 Non-decoupling
1996-1997 -0,080 0,023 -3,403 Strong dec. 0,101 Absolute decoupling
1997-1998 0,390 0,036 10,959 Expansive neg. dec. -0,342 Non-decoupling
1998-1999 -0,140 0,034 -4,094 Strong dec. 0,168 Absolute decoupling
1999-2000 -0,101 0,039 -2,596 Strong dec. 0,134 Absolute decoupling
2000-2001 -0,195 0,020 -9,965 Strong dec. 0,210 Absolute decoupling
2001-2002 0,087 0,011 7,755 Expansive neg. dec. -0,075 Non-decoupling
2002-2003 0,048 0,008 5,908 Expansive neg. dec. -0,040 Non-decoupling
2003-2004 -0,034 0,028 -1,212 Strong dec. 0,060 Absolute decoupling
2004-2005 0,180 0,016 11,191 Expansive neg. dec. -0,161 Non-decoupling
2005-2006 -0,074 0,024 -3,099 Strong dec. 0,095 Absolute decoupling
2006-2007 0,045 0,024 1,885 Expansive neg. dec. -0,020 Non-decoupling
2007-2008 -0,096 0,002 -49,400 Strong dec. 0,098 Absolute decoupling
2008-2009 0,085 -0,029 -2,905 Strong neg. dec. -0,118 Non-decoupling
2009-2010 0,042 0,020 2,145 Expansive neg. dec. -0,022 Non-decoupling
2010-2011 -0,225 0,021 -10,818 Strong dec. 0,241 Absolute decoupling
2011-2012 0,062 0,002 33,964 Expansive neg. dec. -0,060 Non-decoupling
2012-2013 -0,028 0,007 -4,337 Strong dec. 0,035 Absolute decoupling
2013-2014 -0,359 0,002 -199,754 Strong dec. 0,361 Absolute decoupling
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Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decouplln% Weak dec.= weak decoupling; Strong dec. = stronf; decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.16. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). France

Italy also overachieved its Kyoto target to hold on CO2 emissions the same level as
in 1990 by 19.8% at the end of the study period. From Figure 4.17 we can see that CO>
emissions from public electricity and heat production fell from 581.5 gCO. per kWh to 330.9
gCO> per kWh. At the same time, GDP of Italy increased 1693.31 to 1967.7 billion 2010
USD. CO2 emission intensity strongly decoupled from GDP in 58% of the cases during the
entire study period. During the period from 1990 to 2002, there were strong decoupling
relationship (at some points recessive and weak) between two indicators of interest except
1994-1995 (Table 4.11). The global financial crisis had negative impact on both of economy
and electricity production sector of Italy. It can be seen from Table 4.11 that during the crisis
period 2007-2009 the rate of change of GDP and CO2 emission intensity were negative.
Italian government highly prioritized the renewable energy to promote energy efficiency
[100]. However, some researcher were skeptical about the renewable energy in this context
[101]. Increased electricity consumption during 1990-2008 might be the driver of GHGs
emissions from electricity production sector. Thus, at some periods of time we observe
fluctuations in CO2 emission intensity resulted in expansive negative decoupling state (Figure
4.17). Looking at Table 4.11, the rate of change of CO2 emission intensity had only negative
values between 2005-2011. This attributed to the increase of proportion of electricity covered

by renewable sources, which increased to 23%, in Italy between 2005-2011.



52

2500

"]

&2000 581.47

o 1693.31

oo

£

S 1500

)

(%]

>

o

-

°1000

~

c

K=l

5500

0
O 04 N O < 1D W~ 0 OO0 O 4 &N N <& 1N O I~N 0 O O
QO OO OO O OO OO OO OO OO OO O O O O O ©O O O O O «
a OO OO OO OO0 OO OO0 OO OO OO O O O O O O O O O o o
~ = o e 1 AN AN AN AN AN AN N NN NN
year

s billion 2010 USD using PPPs e 0CO2 per kWh

Figure 4.17. GDP and CO2 emission intensity in Italy for 1990-2014
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Table 4.11. Decoupling analysis results for CO2and GDP Italy between 1990-2014

gC0o2 per kWh

Time ACO,/CO, AGDP/GDP ¥ Cor%eigi%‘;p(@a@lpio) o Deco“%"g CCDO)“di“O”
1990-1991 -0,046 0,015 -2,985 Strong dec. 0,060 Absolute decoupling
1991-1992 -0,026 0,008 -3,160 Strong dec. 0,034 Absolute decoupling
1992-1993 -0,020 -0,009 2,326 Recessive dec. 0,011 0
1993-1994 -0,016 0,022 -0,761 Strong dec. 0,037 Absolute decoupling
1994-1995 0,058 0,029 1,996 Expansive neg. dec. -0,028 Non-decoupling
1995-1996 -0,039 0,013 -3,056 Strong dec. 0,052 Absolute decoupling
1996-1997 -0,018 0,018 -0,998 Strong dec. 0,036 Absolute decoupling
1997-1998 -0,002 0,016 -0,113 Strong dec. 0,018 Absolute decoupling
1998-1999 -0,036 0,016 -2,308 Strong dec. 0,051 Absolute decoupling
1999-2000 0,005 0,037 0,140 Weak dec. 0,031 Relative decoupling
2000-2001 -0,030 0,018 -1,705 Strong dec. 0,047 Absolute decoupling
2001-2002 0,045 0,003 17,959 Expansive neg. dec. -0,042 Non-decoupling
2002-2003 0,015 0,002 9,600 Expansive neg. dec. -0,013 Non-decoupling
2003-2004 -0,028 0,016 -1,746 Strong dec. 0,043 Absolute decoupling
2004-2005 -0,023 0,009 -2,402 Strong dec. 0,032 Absolute decoupling
2005-2006 -0,013 0,020 -0,648 Strong dec. 0,032 Absolute decoupling
2006-2007 -0,008 0,015 -0,570 Strong dec. 0,023 Absolute decoupling
2007-2008 -0,048 -0,010 4,606 Recessive dec. 0,038 0
2008-2009 -0,093 -0,055 1,692 Recessive dec. 0,040 0
2009-2010 -0,012 0,017 -0,695 Strong dec. 0,029 Absolute decoupling
2010-2011 -0,010 0,006 -1,712 Strong dec. 0,016 Absolute decoupling
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2011-2012 -0,033 -0,028 1,159 Recessive coup. 0,005 0
2012-2013 -0,127 -0,017 7,244 Recessive dec. 0,111 0

2013-2014 -0,035 -0,004 7,815 Recessive dec. 0,030 0

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = stronP decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.18. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Italy

Netherlands was in the list of countries which reduced GHG emissions (-15.8%) more
than they committed to reduce (-6%) under Kyoto Protocol (Table 2.3). In general, to some
extent GDP strongly decoupled from the CO> emission intensity during the entire study period
(Table 4.12). The decrease in CO2 emission intensity during 2005-2011 was attributed to
decrease in energy intensity at a rate of 9% and energy consumption by 3% between 2005-2011
[102]. However, some researchers have argued that a decrease in energy intensity could indicate
improvements in energy sectors. Massimo and Lester [103] performed a stochastic demand
frontier approach for whole economy aggregate for 29 OECD countries from 1978 to 2006.
They concluded that the energy intensity cannot always indicate efficiency improvements in
energy use. The CO. emission from public electricity and heat generation significantly
increased in between 2011 and 2014. In 2014, Netherlands together with Germany and France
emitted 58% of total GHG emissions of the EU-28 + Iceland [46]. This deteriorated decoupling
state between GDP and CO emission intensity to strong negative decoupling for 2011-2013.
The last period (2013-2014) exhibited expansive negative decoupling between GDP and CO>
emission intensity indication of a recovery of emission situation (Table 4.12).
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Figure 4.19. GDP and CO2 emission intensity in Netherlands for 1990-2014.

Table 4.12. Decoupling analysis results for CO2 and GDP Netherlands between 1990-2014

Time ACO,/CO,  AGDP/GDP v Corliﬁ(t:%%p(l?;pio) D¢ Decoupling Condition (OECD)
1990-1991 -0,024 0,024 -0,992 Strong dec. 0,047 Absolute decoupling
1991-1992 -0,016 0,017 -0,945 Strong dec. 0,033 Absolute decoupling
1992-1993 0,032 0,013 2,535 Expansive neg. dec. -0,019 Non-decoupling
1993-1994 -0,020 0,030 -0,689 Strong dec. 0,049 Absolute decoupling
1994-1995 -0,061 0,031 -1,944 Strong dec. 0,089 Absolute decoupling
1995-1996 -0,049 0,036 -1,376 Strong dec. 0,082 Absolute decoupling
1996-1997 -0,009 0,043 -0,204 Strong dec. 0,050 Absolute decoupling
1997-1998 -0,027 0,045 -0,607 Strong dec. 0,070 Absolute decoupling
1998-1999 -0,032 0,051 -0,627 Strong dec. 0,078 Absolute decoupling
1999-2000 0,003 0,042 0,064 Weak dec. 0,038 Relative decoupling
2000-2001 0,030 0,021 1,392 Expansive neg. dec. -0,008 Non-decoupling
2001-2002 -0,014 0,001 -13,943 Strong dec. 0,015 Absolute decoupling
2002-2003 0,008 0,003 2,967 Expansive neg. dec. -0,006 Non-decoupling
2003-2004 -0,033 0,020 -1,619 Strong dec. 0,052 Absolute decoupling
2004-2005 -0,031 0,022 -1,423 Strong dec. 0,051 Absolute decoupling
2005-2006 -0,041 0,035 -1,154 Strong dec. 0,073 Absolute decoupling
2006-2007 0,018 0,037 0,491 Weak dec. 0,018 Relative decoupling
2007-2008 -0,035 0,017 -2,030 Strong dec. 0,051 Absolute decoupling
2008-2009 -0,055 -0,038 1,465 Recessive dec. 0,018 0
2009-2010 -0,015 0,014 -1,074 Strong dec. 0,029 Absolute decoupling
2010-2011 -0,026 0,017 -1,590 Strong dec. 0,042 Absolute decoupling
2011-2012 0,076 -0,011 -7,236 Strong neg. dec. -0,088 Non-decoupling

2012-2013 0,009 -0,005 -1,742 Strong neg. dec. -0,014 Non-decoupling
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2013-2014 0,063 0,010 6,219 Expansive neg. dec. -0,052 Non-decoupling

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = stronlg decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.20. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Netherlands

4.3 Decoupling analysis in Group 111 countries: Greece, Ireland, Portugal, Spain,
Sweden.

Group Il includes countries with mild reduction target values respect to the first
commitment period (2008-2012) Kyoto Protocol ranged between +4% and +27%, namely:
Greece (+25%), Ireland (+13%), Portugal (27%), Spain (+15%), Sweden (+4%). Portugal,
Spain, Sweden showed irregular trend of decrease of CO, emission intensity, except Greece
and Ireland from 1990 to 2014. Sweden emitted the lowest amount of CO: to generate heat and
electricity while the other members produced at least 250 gCO> per kWh in the period between
1990 and 2014 (Figures 4.21, 4.23, 4.25, 4.27, 4.29). For this group member countries financial
crisis also drastically affected their economy and emission reduction performance during 2008-
2009. As a result, we can notice from Table 4.13 that decoupling states changed to recessive
decoupling (Portugal and Spain) even to weak negative decoupling (Greece and Ireland) and
strong negative decoupling states (Sweden). Compared to group I and II countries’ decoupling
trends during post-crisis period (2009-2014), this group countries were not able to completely
recover the strong decoupling relationship between GDP and CO. emission intensity. Also,
from Figure 4.21a we can notice that the population almost did not change from 1990 to 2014
in Group Il countries except Spain. Therefore, the population might be had influence on

decoupling performance only in Spain.

Table 4.13. Decoupling states for CO2 emission intensity and GDP Group 111
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Greece Ireland Portugal Spain Sweden
Time Tapio OECD Tapio OECD Tapio OECD Tapio OECD Tapio OECD

1990-1991 Strong dec. Absolute decoupling Weak dec. Relative decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling Strong neg. dec. Non-decoupling
1991-1992 | Expansive neg. dec. Non-decoupling Weak dec. Relative decoupling | Expansive neg. dec. N i pansive neg. dec. N i Recessive coup. Non-decoupling
1992-1993 Recessive dec. 0 Strong dec. Absolute decoupling Recessive dec 0 Recessive dec. 0 Strong neg. dec. Non-decoupling
1993-1994 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling
1994-1995 Expansive coup. Relative decoupling Strong dec. Absolute decoupling | Expansive neg. dec. N i pansive neg. dec. N i Strong dec. Absolute decoupling
1995-1996 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling
1996-1997 Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling
1997-1998 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling Weak dec. Relative decoupling
1998-1999 Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling
1999-2000 Expansive coup. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling
2000-2001 Weak dec. Relative decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling
2001-2002 Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling
2002-2003 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Recessive dec. 0 Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling
2003-2004 Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Weak dec. Relative decoupling Strong dec. Absolute decoupling
2004-2005 Strong dec. Absolute decoupling Weak dec. Relative decoupling | Expansive neg. dec. Non-decoupling Expansive coup. Relative decoupling Strong dec. Absolute decoupling
2005-2006 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling
2006-2007 Expansive coup. Relative decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling
2007-2008 Recessive dec. 0 Recessive dec. 0 Strong dec. Absolute decoupling Strong dec. Absolute decoupling Strong neg. dec. Non-decoupling
2008-2009 Weak neg. dec. Non-decoupling Weak neg. dec. Non-decoupling Recessive dec. 0 Recessive dec. 0 Strong neg. dec. Non-decoupling
2009-2010 Weak neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute decoupling | Expansive neg. dec. Non-decoupling
2010-2011 Weak neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong neg. dec. Non-decoupling Strong neg. dec. Non-decoupling Strong dec. Absolute decoupling
2011-2012 Weak neg. dec. Non-decoupling Expansive neg. dec. Non-decoupling Strong neg. dec. Non-decoupling Strong neg. dec. Non-decoupling Recessive dec. 0
2012-2013 Recessive dec. 0 Strong dec. Absolute decoupling Recessive dec. 0 Recessive dec. 0 Expansive neg. dec. Non-decoupling
2013-2014 | Expansive neg. dec. Non-decoupling Strong dec. Absolute decoupling Strong dec. Absolute i pansive neg. dec. N i Strong dec. Absolute decoupling

Referring to the Kyoto Protocol, it was allowed to increase GHG emissions for Greece
by 25% compared to the 1990 levels (Table 2.3). Despite of that, Greece overachieved its
reduction target and reduced GHGs emission by 3.3 % during the first commitment period of
the Kyoto Protocol. Beginning from 1995 to 2006, Greece’s economy strongly decoupled from
emissions from public electricity and heat production during almost the entire period, except
1999-2001 (Table 4.14). The level of CO2 emission intensity arising from the production of
public electricity and heat decreased by 33.45% during 1990-2014 (Figure4.21). However, the
GDP had been increasing and had reached a peak in 2007 after which it deceased again. This is
due to the negative impact of financial crises. The recession of Greece’s economy after crisis
lasted till the end of study period (2010-2014) presenting decline in GDP. In this sense, GDP
and CO- emission intensity had weak negative decoupling state from 2008 to 2012. According
to literature [104], the proportion of renewable electricity in Greece raised from 8.9% to 14.6%
between 2005 and 2011. This might be reason for steady decline in CO2 emission intensity
during this period (Figure 4.21). Theodosiou et al. [105] estimated for Greece that 90% of
electricity produced by thermal power plants and the rest 10% belongs to hydroelectric energy
and other renewable energy sources. The main fuel of thermal power plants was lignite (fossil
fuel) which produces huge amount of CO> emissions [105]. From 1999 to 2007, the percentage
of oil-based power generation decreased to 6% [105]. These factors can affect the changes in

CO; emission intensity.
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Figure 4.21. GDP and CO2 emission intensity in Greece for 1990-2014.
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Figure 4.21a. Group 111 countries population during 1990-2014 [82].

Table 4.14. Decoupling analysis results for CO2 emission intensity and GDP Greece between
1990-2014

Time ACO,/CO, AGDP/GDP ¥ Decoup(l_ilpfp%)ndition b, Decoupzl(i)ngCC[;J)ndition
1990-1991 -0,050 0,031 -1,601 Strong dec. 0,078 Absolute decoupling
1991-1992 0,034 0,007 4,843 Expansive neg. dec. -0,027 Non-decoupling
1992-1993 -0,023 -0,016 1,466 Recessive dec. 0,008 0
1993-1994 -0,023 0,020 -1,150 Strong dec. 0,042 Absolute decoupling
1994-1995 0,021 0,021 0,994 Expansive coup. 0,000 Relative decoupling
1995-1996 -0,110 0,029 -3,829 Strong dec. 0,134 Absolute decoupling

1996-1997 -0,023 0,045 -0,523 Strong dec. 0,065 Absolute decoupling
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1997-1998 -0,028 0,039 -0,711 Strong dec. 0,064 Absolute decoupling
1998-1999 -0,023 0,031 -0,747 Strong dec. 0,052 Absolute decoupling
1999-2000 0,050 0,042 1,178 Expansive coup. -0,007 Non-decoupling
2000-2001 0,016 0,038 0,425 Weak dec. 0,021 Relative decoupling
2001-2002 -0,021 0,039 -0,533 Strong dec. 0,058 Absolute decoupling
2002-2003 -0,044 0,058 -0,756 Strong dec. 0,096 Absolute decoupling
2003-2004 -0,002 0,051 -0,032 Strong dec. 0,050 Absolute decoupling
2004-2005 -0,001 0,006 -0,135 Strong dec. 0,007 Absolute decoupling
2005-2006 -0,063 0,057 -1,114 Strong dec. 0,113 Absolute decoupling
2006-2007 0,029 0,033 0,886 Expansive coup. 0,004 Relative decoupling
2007-2008 -0,007 -0,003 2,223 Recessive dec. 0,004 0
2008-2009 -0,029 -0,043 0,677 Weak neg. dec. -0,015 Non-decoupling
2009-2010 -0,009 -0,055 0,171 Weak neg. dec. -0,048 Non-decoupling
2010-2011 -0,016 -0,091 0,179 Weak neg. dec. -0,083 Non-decoupling
2011-2012 -0,032 -0,073 0,436 Weak neg. dec. -0,044 Non-decoupling
2012-2013 -0,066 -0,032 2,060 Recessive dec. 0,035 0
2013-2014 0,032 0,007 4,898 Expansive neg. dec. -0,025 Non-decoupling

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = strong decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.22. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Greece

Ireland met the target under the Kyoto Protocol by which GHGs emissions were
allowed to increase by 13% compared to 1990 levels (Table 2.3). The CO. emission intensity
had downward trend between 1990-2014 (Figure 4.23). At the same time GDP had upward
trend by 2008, then slightly decreased during 2008-2011. After that, it again started to decline
until the end of the period. These changes were consequences of the global financial crisis.
The rapid expansion of Ireland’s economy during the 1990-2006 resulted in an increase in
total GHG emissions per capita [106]. However, this did not influence the emission level of
electricity production sector. The primary reason could be that the agriculture was the largest
emitter of GHGs in Ireland [106]. From Figure 4.24 we can observe that the occurrence
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frequency of strong decoupling is the highest (67%). Thus, we can see that from 1990 to 2007

the decoupling between GDP and CO2 emission intensity was strong (Table 4.15). 11% and

14% declines were observed in the energy intensity and final consumption of Ireland during

2005-2011 [106]. This was contributed to the decrease in emissions from public electricity

and heat generation during 2005-2011.
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Figure 4.23. GDP and CO2 emission intensity in Ireland for 1990-2014.
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Table 4.15. Decoupling analysis results for CO, emission intensity and GDP Ireland
between 1990-2014

Time ACOACO \ ~hp/GDP ¥ Decoupling Decoupling Condition
2 Condition (Tapio) D¢ (OECD)
1990-1991 0,004 0,019 0,191 Weak dec. 0,015 Relative decoupling
1991-1992 0,008 0,033 0,229 Weak dec. 0,025 Relative decoupling
1992-1993 -0,022 0,027 -0,802 Strong dec. 0,047 Absolute decoupling
1993-1994 -0,004 0,058 -0,074 Strong dec. 0,058 Absolute decoupling
1994-1995 -0,005 0,096 -0,048 Strong dec. 0,092 Absolute decoupling
1995-1996 -0,026 0,093 -0,283 Strong dec. 0,109 Absolute decoupling
1996-1997 -0,005 0,112 -0,043 Strong dec. 0,105 Absolute decoupling
1997-1998 -0,005 0,089 -0,051 Strong dec. 0,086 Absolute decoupling
1998-1999 -0,009 0,108 -0,087 Strong dec. 0,106 Absolute decoupling
1999-2000 -0,076 0,102 -0,739 Strong dec. 0,161 Absolute decoupling
2000-2001 0,041 0,058 0,698 Weak dec. 0,017 Relative decoupling
2001-2002 -0,050 0,059 -0,841 Strong dec. 0,103 Absolute decoupling
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2002-2003 -0,057 0,038 -1,494 Strong dec. 0,092 Absolute decoupling
2003-2004 -0,040 0,044 -0,911 Strong dec. 0,081 Absolute decoupling
2004-2005 0,015 0,063 0,239 Weak dec. 0,045 Relative decoupling
2005-2006 -0,082 0,063 -1,304 Strong dec. 0,137 Absolute decoupling
2006-2007 -0,049 0,055 -0,886 Strong dec. 0,099 Absolute decoupling
2007-2008 -0,078 -0,022 3,612 Recessive dec. 0,058 0
2008-2009 -0,042 -0,056 0,747 Weak neg. dec. -0,015 Non-decoupling
2009-2010 0,012 0,004 3,065 Expansive neg. dec. -0,008 Non-decoupling
2010-2011 -0,070 0,026 -2,692 Strong dec. 0,093 Absolute decoupling
2011-2012 0,076 0,002 49,577 Expansive neg. dec. -0,074 Non-decoupling
2012-2013 -0,056 0,014 -3,907 Strong dec. 0,069 Absolute decoupling
2013-2014 -0,023 0,052 -0,438 Strong dec. 0,071 Absolute decoupling

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak
negative decoupling; Weak dec.= weak decoupling; Strong dec. = strong decoupling; Recessive dec. recessive decoupling; Expansive coup.
= expansive coupling; Recessive coup. = recessive coupling. For the D¢ calculation details see Appendix A.
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Figure 4.24. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). lreland

Portugal achieved compliance with GHGs emission reduction target under the
Kyoto Protocol for the period 2008-2012. Under Kyoto Protocol, it was allowed for
Portugal to increase its GHG emissions up to 28% compared to 1990 levels. The GDP of
country rose by 34.4% during the entire study period (Figure 4.25). At the same time, the
CO2 emission intensity had irregular decline trend. Therefore, the decoupling states varying
along with fluctuation in CO2 emission intensities. Strong decoupling relationship was in
38% of cases between GDP and CO; emission intensity. The longest and continuous period
of strong decoupling relationship was between 2005 and 2008 (Table 4.16). After this
period, we can observe the effect of financial crisis which deteriorated the decoupling state
to recessive decoupling. The sharp decline in 2003 in CO2 emission intensity (Figure4.25)

was due to the high portion (31%) of renewable electricity in final electricity consumption.
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This portion was varied in the rest of the study period and reached its peak (46.5%) in

2011[107].

However, for this year results of decoupling analysis showed that the

decoupling state between GDP and CO> emission intensity was strong negative decoupling
(Table 4.16).
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Figure 4.25. GDP and CO2 emission intensity in Portugal for 1990-2014

Table 4.16. Decoupling analysis results for CO2 emission intensity and
between 1990-2014
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Decoupling Condition

ACO,/CO, AGDP/GDP ¥ (Tapio) by (OECD)

1990-1991 0,008 0,044 0,182 Weak dec. 0,034 Relative decoupling
1991-1992 0,194 0,011 17,707 Expansive neg. dec. -0,181 Non-decoupling
1992-1993 -0,123 -0,020 6,020 Recessive dec. 0,105 0
1993-1994 -0,045 0,010 -4,637 Strong dec. 0,054 Absolute decoupling
1994-1995 0,101 0,043 2,353 Expansive neg. dec. -0,056 Non-decoupling
1995-1996 -0,245 0,035 -7,012 Strong dec. 0,271 Absolute decoupling
1996-1997 0,071 0,044 1,601 Expansive neg. dec. -0,025 Non-decoupling
1997-1998 0,020 0,048 0,428 Weak dec. 0,026 Relative decoupling
1998-1999 0,144 0,039 3,705 Expansive neg. dec. -0,101 Non-decoupling
1999-2000 -0,107 0,038 -2,826 Strong dec. 0,140 Absolute decoupling
2000-2001 -0,078 0,019 -4,023 Strong dec. 0,096 Absolute decoupling
2001-2002 0,168 0,008 21,925 Expansive neg. dec. -0,159 Non-decoupling
2002-2003 -0,195 -0,009 20,833 Recessive dec. 0,187 0
2003-2004 0,100 0,018 5,542 Expansive neg. dec. -0,081 Non-decoupling
2004-2005 0,121 0,008 15,735 Expansive neg. dec. -0,112 Non-decoupling
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2005-2006 -0,173 0,016 -11,107 Strong dec. 0,185 Absolute decoupling
2006-2007 -0,082 0,025 -3,298 Strong dec. 0,104 Absolute decoupling
2007-2008 -0,005 0,002 -2,414 Strong dec. 0,007 Absolute decoupling
2008-2009 -0,038 -0,030 1,276 Recessive dec. 0,008 0
2009-2010 -0,328 0,019 -17,260 Strong dec. 0,341 Absolute decoupling
2010-2011 0,190 -0,018 -10,360 Strong neg. dec. -0,212 Non-decoupling
2011-2012 0,202 -0,040 -5,028 Strong neg. dec. -0,253 Non-decoupling
2012-2013 -0,236 -0,011 20,898 Recessive dec. 0,227 0
2013-2014 -0,038 0,009 -4,241 Strong dec. 0,047 Absolute decoupling

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = strong decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.26. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Portugal

In Spain, the GHG emission reached the same reduction level with the upper limit
(+15%) which was assigned by first commitment period of Kyoto Protocol (Table 2.3). In
Spain, electricity consumption and heat production were main drivers of GHG emissions
increase between 1990 and 2008 [93]. In Spain, gradual increase in GDP was occurred
between 1990 and 2008 (Figure 4.27). However, the decline trend of CO2 emission intensity
was not smooth, which resulted in nonuniform distribution of decoupling states during the
entire study period (Table 4.17). Figure 4.28 shows that the negative expansive decoupling
was observed in about one third of total cases during 1990-2014. The proportion of renewable
energy in final consumption of electricity has increased by 67% during 2005-2011[108].
Thus, we can see significant decrease in CO2 emissions from electricity production sector
during 2005-2011. However, there was decoupling relationship between GDP and CO:
emission intensity for that period, but strong negative decoupling happened 2010-2011
implies that there were another factor influencing decoupling states (Table 4.17). Figure
4.21a shows that the population of Spain had been increased by approximately 6 million from
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2000 to 2010. The effect of this increase in population may justify increases in CO2 emissions
after 2010. This observation is in accordance with Moutinho et al. [19], which found that the
highest effect of population on CO. emissions was in Spain among EU-15 member countries.

Thus, relatively large increase in population affected decoupling states after 2010 in Spain.

1800 600.0
1600
Y 1447.78 (0 o
a 1400
a A
£ 1200 400.0 <
a S
a 1000 919.01 x
2 300.0 g
o 800 25519 g
& 600 200.0 &
s
= 400
= 100.0
200
0 0.00
O a4 N O < 1N O~ 0 OO0 O 4 N N < 1N O N0 OO0 O 4 N N <
a OO OO O O OO O OO OO OO O O O O O O O O O O « « o «
a OO OO OO O OO O OO OO OO O O O O O O O O O O o o o o o
= = " e 1 =1 " AN AN AN AN AN AN NN AN AN NN NN N
year

s billion 2010 USD using PPPs s 0CO2 per kWh
Figure 4.27. GDP and CO> emission intensity in Spain for 1990-2014

Table 4.17. Decoupling analysis results for CO emission intensity and GDP Spain between
1990-2014

ACO,/CO  AGDP/GD Decoupling Decoupling

Time 2 P ¥ Condition (Tapio) Dy Condition (OECD)
1990-1991 -0,013 0,025 -0,491 Strong dec. 0,037 Absolute decoupling
1991-1992 0,124 0,009 13,348 Expansive neg. dec. -0,114 Non-decoupling
1992-1993 -0,123 -0,010 11,957 Recessive dec. 0,114 0
1993-1994 -0,013 0,024 -0,537 Strong dec. 0,036 Absolute decoupling
1994-1995 0,104 0,028 3,778 Expansive neg. dec. -0,075 Non-decoupling
1995-1996 -0,211 0,027 -7,893 Strong dec. 0,232 Absolute decoupling
1996-1997 0,096 0,037 2,599 Expansive neg. dec. -0,057 Non-decoupling
1997-1998 -0,028 0,043 -0,640 Strong dec. 0,068 Absolute decoupling
1998-1999 0,166 0,045 3,699 Expansive neg. dec. -0,116 Non-decoupling
1999-2000 -0,027 0,053 -0,507 Strong dec. 0,076 Absolute decoupling
2000-2001 -0,118 0,040 -2,957 Strong dec. 0,152 Absolute decoupling
2001-2002 0,144 0,029 5,007 Expansive neg. dec. -0,112 Non-decoupling
2002-2003 -0,133 0,032 -4,169 Strong dec. 0,160 Absolute decoupling
2003-2004 0,008 0,032 0,254 Weak dec. 0,023 Relative decoupling
2004-2005 0,034 0,037 0,917 Expansive coup. 0,003 Relative decoupling
2005-2006 -0,071 0,042 -1,697 Strong dec. 0,108 Absolute decoupling
2006-2007 0,050 0,038 1,326 Expansive neg. dec. -0,012 Non-decoupling

2007-2008 -0,159 0,011 -14,201 Strong dec. 0,168 Absolute decoupling
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2008-2009 -0,093 -0,036 2,599 Recessive dec. 0,059 0
2009-2010 -0,200 0,000 -1431,6 Strong dec. 0,200 Absolute decoupling
2010-2011 0,236 -0,010 -23,575 Strong neg. dec. -0,248 Non-decoupling
2011-2012 0,045 -0,026 -1,722 Strong neg. dec. -0,073 Non-decoupling
2012-2013 -0,209 -0,017 12,515 Recessive dec. 0,196 0
2013-2014 0,042 0,014 3,115 Expansive neg. dec. -0,028 Non-decoupling

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; Strong dec. = stronP decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
coupling; Recessive coup. = recessive coupling. For the Dscalculation details see Appendix A.
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Figure 4.28. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Spain

As shown in Figure 4.29, in Sweden the emissions from electricity and heat production
were very low during the entire study period. This was attributed to the fact that the share of
nuclear power and hydropower in electricity generation was very high. For example, in 1990s
nuclear power and hydropower formed 90% of electricity generation in Sweden [98]. Sweden
had the largest share of energy from renewable sources in the EU during 2004-2014 [109].
However, the electricity generation were still utilized coal and fossil fuel as a source of energy.
Thus, changes in consumption of electricity caused changes in the level of GHGs emitted from
electricity and power plants. For example, proportion of energy use of industry in Sweden’s
total final energy use was 38% (148.3 TWh) in 2010 [110]. When the energy use in industry
shifted from oil to electricity the use of electricity increased during 1970 to 2010 as expected.
Depending on oil price there were fluctuations in proportion of oil and electricity use which
may be reason for the sharp changes in CO. emission intensities. Finally, a decrease in CO;
emission intensity in 2013-2014 could be due to the mild winter conditions which led to less
electricity consumptions [46]. Thus, we observe strong decoupling state in 2013-2014 (Table
4.18). From Figure 4.30 we can notice that strong decoupling state and expansive negative
decoupling state were detected at the same frequencies with 38% and 33%, respectively.
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Figure 4.29. GDP and CO> emission intensity in Sweden for 1990-2014

Table 4.17. Decoupling analysis results for CO, emission intensity and GDP Sweden between

1990-2014
Time ACO/CO; AGDP/GDP ¥ Cor%eifﬁjip(l'lpgpio) Ds¢ Decoupling Condition (OECD)
1990-1991 0,652 -0,011 -56,817 Strong neg. dec. -0,671 Non-decoupling
1991-1992 -0,011 -0,012 0,926 Recessive coup. -0,001 Non-decoupling
1992-1993 0,083 -0,021 -4,017 Strong neg. dec. -0,106 Non-decoupling
1993-1994 0,222 0,041 5,425 Expansive neg. dec. -0,174 Non-decoupling
1994-1995 -0,136 0,040 -3,387 Strong dec. 0,170 Absolute decoupling
1995-1996 1,161 0,015 76,438 Expansive neg. dec. -1,129 Non-decoupling
1996-1997 -0,434 0,029 -14,971 Strong dec. 0,450 Absolute decoupling
1997-1998 0,028 0,042 0,664 Weak dec. 0,014 Relative decoupling
1998-1999 -0,040 0,045 -0,887 Strong dec. 0,082 Absolute decoupling
1999-2000 -0,164 0,047 -3,471 Strong dec. 0,202 Absolute decoupling
2000-2001 0,023 0,016 1,490 Expansive neg. dec. -0,008 Non-decoupling
2001-2002 0,306 0,021 14,714 Expansive neg. dec. -0,279 Non-decoupling
2002-2003 0,333 0,024 13,992 Expansive neg. dec. -0,302 Non-decoupling
2003-2004 -0,421 0,043 -9,751 Strong dec. 0,445 Absolute decoupling
2004-2005 -0,144 0,028 -5,108 Strong dec. 0,168 Absolute decoupling
2005-2006 0,158 0,047 3,362 Expansive neg. dec. -0,106 Non-decoupling
2006-2007 -0,225 0,034 -6,624 Strong dec. 0,251 Absolute decoupling
2007-2008 0,019 -0,006 -3,452 Strong neg. dec. -0,025 Non-decoupling
2008-2009 0,029 -0,052 -0,556 Strong neg. dec. -0,085 Non-decoupling
2009-2010 0,423 0,060 7,058 Expansive neg. dec. -0,342 Non-decoupling
2010-2011 -0,348 0,027 -13,051 Strong dec. 0,365 Absolute decoupling
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2011-2012 -0,296 -0,003 103,323 Recessive dec. 0,294 0
2012-2013 0,084 0,012 6,783 Expansive neg. dec. -0,071 Non-decoupling
2013-2014 -0,165 0,023 -7,080 Strong dec. 0,184 Absolute decoupling

Notes: Expansive neg. dec. = expansive negative decoupling; Strong. neg. dec.= strong negative decoupling; Weak neg. dec. = weak negative
decoupling; Weak dec.= weak decoupling; tron%dech= Is)tronP decoupling; Recessive dec. recessive decoupling; Expansive coup. = expansive
or the D¢calc

»

coupling; Recessive coup. = recessive coupling. ulation details see Appendix A.
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Figure 4.30. The percentage of each decoupling state by Tapio (left) method and OECD
method (right). Sweden

Table 4.18. total sum of 3 decoupling states

Strong deoupling, ~ Weak decoupling,  Recessive decoupling, Total sum,

% % % %
Sweden 38 4 4 46
Spain 42 4 13 59
Portugal 38 8 17 63
Ireland 67 17 4 88
Greece 46 4 12 62
Netherlands 63 8 4 75
Italy 58 4 21 83
France 50 0 4 54
Finland 46 17 8 71
Belguim 58 13 4 75
United Kingdom 58 8 13 79
Luxemburg 75 9 4 88
Germany 61 9 4 74
Denmark 32 10 11 53
Austria 59 4 4 67

The Tapio decoupling elasticity method subdivides decoupling state further into three
states: strong decoupling, weak decoupling and recessive decoupling. Table 4.18 shows the sum
of percentage of occurrence of those three decoupling states. Based on this table, we can roughly
estimate general state of decoupling between GDP and COz emission intensity for each member
country of the EU-15 aggregate in the period 1990-2014. Luxemburg, Ireland and Italy showed
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above 80% of cases decoupling state. Thus, these three countries were close to desired planned
decrease of CO, emissions.

4.4 Comparison of the Tapio decoupling elasticity method and OECD decoupling factor
method

Firstly, the Tapio method offers eight possible decoupling states: expansive negative
decoupling, strong negative decoupling, weak negative decoupling, weak decoupling, strong
decoupling, recessive decoupling, expansive coupling and recessive coupling. These
decoupling states carry comprehensive information about the current decoupling state between
two indicators. For example, expansive negative decoupling state implies that the rate of change
of both of environmental pressure (ACO2/COz)and economic growth (AGDP/GDP)are higher
than zero, which means both of indicators are increasing. But the ratio of ACO2/CO; to
AGDP/GDP is higher than 1.2, which means numerator (ACO2/CO>) is larger than
denominator(AGDP/GDP).

As for OECD method, only four decoupling states are possible: absolute decoupling,
relative decoupling, non-decoupling and perfect decoupling. The perfect decoupling state
almost impossible to reach. Absolute decoupling and relative decoupling state in OECD
method are equivalent to the strong decoupling and weak decoupling state in the Tapio method,
respectively (e.g. Table 4.2). Expansive negative decoupling and strong negative in OECD
method are equivalent to non-decoupling state in the Tapio method (e.g. Table 4.2). The
recessive decoupling state of the Tapio method does not have analogue in OECD method. Thus,
when there was recessive decoupling between two indicators OECD method shows zero, which
means it couldn’t assign decoupling state (e.g. Table 4.17). Expansive coupling state in the
Tapio method has two possible analogues in OECD method depending on the sign of
decoupling factor value. If decoupling factor is positive, it corresponds to relative decoupling
state in OECD method, otherwise, it is non-decoupling in OECD (e.g. Table 4.14). The same
situation with recessive decoupling state of the Tapio method. Depending on the sign of
decoupling factor it could be non-decoupling state if a sign negative (e.g. Table 4.9), otherwise,
OECD method cannot assign decoupling state (e.g. Table 4.11) for recessive coupling state of

the Tapio method.

In general, availability of different decoupling states in the Tapio method can describe
more detailed picture of not only decoupling relationship, but also the situations happening

during the analyzing period. For example, in Table 4.4 we can see how decoupling state changes
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during the financial crises period and post-crises period. In Table 4.2 we can see that GDP
strongly decoupled from CO2 emissions from public electricity and heat production during pre-
crisis period (2007-2008). During crisis period 2008-2009, the decoupling state deteriorated to
recessive decoupling state, which means financial significantly caused recession of the
economic sector. In subsequent year from 2009 to 2011 the economy begun to recover along
with an increase in emissions from public electricity and heat production sector which is due to
the rapid increase in the activity of industries. Then, from 2011 to 2014 decoupling states were
improved to strong decoupling state. OECD method failed to assign the decoupling state for the
period of financial crisis in a reasonable way. As for post crisis-period, it showed just non-
decoupling state (Table 4.2). In case of OECD method, non-decoupling state could not be
further classified, which was the main reason for why we encountered undefined states fairly
often during the decoupling analysis. Therefore, it is easier to handle the Tapio method than
OECD method. This finding was consistent with Liu et al [56] that the Tapio model easy to
understand and use. Many researchers highlighted predominance of the Tapio method over
OECD method [32], [58].

Nevertheless, there was a case where Tapio decoupling index was not able to assign
decoupling state (Table 4.4, in 2001-2002). The reason might be that the most developed
countries may show nearly stable trends of GDP and CO, emissions. For example, the net
change of GDP in Germany between 2001 and 2002 was zero (Table 4.4). Consequently, as
GDP is in denominator in the formula of the Tapio decoupling elasticity, we could not calculate
the decoupling elasticity because of division by zero is undefined. Therefore, the Tapio method

may not be suitable for short-term analysis where net change of any indicator is zero.
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Chapter 5- Conclusion

To conclude, decoupling elasticities (Tapio method) and factors (OECD) were
calculated to evaluate the decoupling relationship between economic growth in terms of GDP
and environmental pressure in terms of CO. emission intensity for EU-15 countries between
1990 and 2014. Based on calculation results, the decoupling states were assigned for each
period based on describing two methods. Regarding the decoupling states, they highly diverged
during the entire study period, which means that no clear trend of decoupling states was
observed. Therefore, we were not able to give a specific decoupling state for a relationship
between GDP and COz emission intensity for the EU-15 as a group for the entire study period.
Luxemburg was only country which showed decoupling (strong, weak and recessive
decoupling) state for the relationship between GDP and CO2 emissions from public energy and
heat production sector for almost the entire period from 1990 to 2014. In contrast, Luxemburg
did not meet its target under Kyoto Protocol agreement. This implies that sectoral performance
of country in CO- reduction does not depend on total performance of country. Ireland and Italy
were other countries which showed decoupling quite often with more than 80% of the entire
study period. It is difficult to conclude that the EU-15 have reached their aggregate target by
fully decoupling the economic growth from environmental pressure. Nevertheless, strong
decoupling state and weak decoupling state were most prevalent decoupling states between
GDP and CO2 emission intensity for EU-15 countries. Generally, decreasing the use of solid
and liquid fuels, shifting to more efficient technologies and growing shares of renewable energy
sources in public electricity and heat production accounted for decoupling of GDP from CO
emission intensity in EU-15 member countries. We observed that the global financial crisis had
serious effect on economy of countries and their GHG emissions. This resulted in deterioration

of decoupling state to negative decoupling almost in all 15 countries of EU during 2008-20009.

The Kyoto Protocol agreement was the main tool in the reduction of GHG emissions in
EU-15. Furthermore, it served as a basis for consecutive national strategies and policies to cut
GHG emissions within 15 countries of EU-15. The EU-15 targeted to reduce their GHG
emissions by 8 % below 1990 levels during the first commitment period 2008-2012 of Kyoto
Protocol. EU-28+Iceland as an aggregate reduced GHG emission by 24% first commitment
period of Kyoto Protocol. Almost all countries complied with the emission levels set out by the

Kyoto Protocol first commitment period. The countries that emitted higher levels of GHGs than
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committed under the first commitment period 2008-2012 Kyoto Protocol respect to 1990 levels
were Austria, Denmark, Luxembourg and Spain. The possible reason for this might be that the
large amount of emissions of GHGs from transport sector, which did not allow or needed
additional efforts for those three countries to reach their reduction targets under Kyoto Protocol.
The rest countries showed overachievements in GHGs reductions at the end of the first Kyoto
Protocol commitment period. At a broader level, those overachievements contributed to offset

the countries which did not surpassed the reduction commitments.

Generally, it has been found that CO. emissions from public energy and heat production
sectors have been significantly decreasing for the period from 1990 to 2014. The opposite
situation occurred with GDP. Thus, we observed decoupling of GDP from CO_ emission
intensity to some extent. The main factors contributing to GHGs emissions reduction are
climate mitigation, renewable energy or energy efficiency. The countries with higher
percentage of renewable energy (Sweden, Finland and Denmark) had more potential to reduce
CO2 emissions from public electricity and heat production sectors. However, promoting
renewable energy is not always bring to positive outputs. The reason is that extensive use of
renewables can constrict economic growth of a country because of high cost production and
operation. Therefore, for countries with a high share of renewable energy such as Sweden, we
noticed the opposite effect in decoupling states than expected. Other factor that may have minor
effects on CO. emissions level was a weather condition in EU-15. In addition, since the
population had not been changed noticeably during the entire study period its influence on
decoupling was considered as negligible for all countries except France and Spain. All these

factors coming together resulted in nonuniform distribution of decoupling states.

Through the comparisons, results from the Tapio decoupling elasticity method were
more persuasive than the OECD methods’ results. Its higher number of possible decoupling
states provides more detailed picture of decoupling processes in the studying period. As for
OECD method, its evaluation of decoupling states seems less accurate compared to the Tapio

method. Also, OECD method could not assign decoupling states in most cases.

In the future, it will be beneficial if decoupling analysis is performed along with
decomposition of CO2 emissions to determine the main drivers of CO2 emissions in EU-15

which have effects on decoupling trends.
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Figure A.4 The raw data for Finland and calculation results by the Tapio decoupling
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Figure A.8 The raw data for Ireland and calculation results by the Tapio decoupling

elasticity method and OECD decoupling factor.
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Figure A.9 The raw data for Italy and calculation results by the Tapio decoupling elasticity

method and OECD decoupling factor.
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Figure A.10 The raw data for Luxemburg and calculation results by the Tapio decoupling

elasticity method and OECD decoupling factor.
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Figure A.11 The raw data for Netherlands and calculation results by the Tapio decoupling

elasticity method and OECD decoupling factor.
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Figure A.13 The raw data for Spain and calculation results by the Tapio decoupling

elasticity method and OECD decoupling factor.
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COUNTRY: United Kingdom

1990 1991 1992 1993 1994 1995 199 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Total primary energy supply (TPES) (Mtoe) 20592 21293 21217 21432 21599 21635 22568 21931 2215 22206 22295 22376 21883 22258 221,62 22266 21898 21105 20779 1959 20277 18801 19383 1916 179,42

GDP (billion 2010 USD using PPPs) 147579 145754 146406 150279 156328 164018 168394 173613 179475 185061 192091 197389 202312 209062 214265 220685 226559 232418 231333 221636 225049 229488 232194 237209 244184
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Figure A.15 The raw data for United Kingdom and calculation results by the Tapio

decoupling elasticity method and OECD decoupling factor.



