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Abstract

North America, Western Europe, China, and India are today the greatest emitters of carbon
dioxide. This research aims to compare the development of North America and Western Europe
with the Chinese and Indian ones. It is a comparison of the key factors that affects the emissions
of CO2 from fossil fuels. The key factors are the ones proposed by the Kaya identity, a particular
type of decomposition analysis. These are: demographic change, economic growth, energy
intensity, and carbon intensity. The main results of this thesis reveal that the economic growth
of China has been the key driver of its carbon emissions after 2001. The Chinese values are
enormously higher compared with the other zones. In addition, improvement in energy intensity
in developed areas has significantly decreased carbon emissions after 1973. Also in China
energy intensity has been a driver of carbon emissions reduction after 2008. The Indian case is
not comparable with the Chinese one since the impact that the key drivers had on its carbon
emissions is relatively marginal. Lastly, the shift from coal to other fuels has greatly contributed
to carbon emissions reductions in North America and Western Europe since 1870. In China,
this transition has started to contribute since 2008.
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1 Introduction

11 Research problem

The consumption of fossil fuels has become a major problem in the last century. Global
warming is seen as a serious threat to society. The connection between fossil fuels and global
warming comes from the fact that the combustion of coal, oil, and natural gas emits a dramatic
quantity of COz into the atmosphere. What is more, fossil fuels still represent the larger global
share of energy sources (IEA, 2019). Indeed, in 2019, coal, oil and natural gas accounted for
79 per cent of the global energy consumption (IEA, 2019). In particular, coal, the most polluting
fossil fuel, represented 25 per cent of the global share. We are in a global climate emergency
since the CO2 emissions do not seem to decrease. Instead, there is an increasing tendency
according to the Intergovernmental Panel on Climate Change (IPCC) (Masson-Delmotte et al.
2018; Stocker, 2014).

Focusing on carbon emitters with an historical lens, the developed countries have been large
emitters of CO2 (Malanima, 2020). The United States has historically been the uncontested
leader in carbon emissions since the second half of the 19th century, and Western Europe has
followed them (Malanima, 2020). However, it should be noticed that two-thirds of the global
historical CO2 has been emitted after 1980 and 40 per cent after 2000 (IEA, 2019). In this
context, the emerging economies have played a paramount role during recent decades. Their
recent economic development has contributed enormously to the increase in global carbon
emissions. In 2020, the highest share of carbon emissions has been registered in China (30 per
cent), followed by North America (16 per cent), Western Europe (7 per cent), and India (7 per
cent) (IEA, 2019). There is a causal relationship between the economic development of these
areas and the increase in global carbon emission (Andreoni & Galmarini, 2016; Fan et al., 2006;
Guan et al., 2009; Zhang et al., 2009; Ze-yuan & Jiang, 2006).

The relationship between environmental degradation and economic development is well
postulated by the Environmental Kuznets Curve hypothesis (Grossman & Kreuger, 1995).
According to this, the development of a country follows a trajectory that is characterized by
two stages. Firstly, as soon as the country industrializes, there is both a growth in income per
capita and in CO2 emissions. Secondly, as soon as the nation has developed, income per capita
continues to increase, while carbon emissions decline. This decrease in carbon emission is
attributable to the use of greener technologies and the structural change from the industrial
sector to the service one (Stokley, 1998; Stern, 2004). However, the greatest improvement in
energy efficiency have been attributed to improvements within the industrial sector, while the
contribution of the service one has resulted marginal (Henriques & Kander, 2010). Previous



research seems to confirm the existence of a decoupling between environmental degradation
and economic growth in developed countries (Suri & Chapman, 1998; Coondoo, D., & Dinda,
2008). In the same way, there is a broad consensus that emerging economies, like India, are still
at the initial stage of the Environmental Kuznets Curve (EKC), and they have not already
reached the decreasing stage (Tiwari, Shahbaz, & Hye, 2013).

One of the several methodologies used to analyse the relationship between economic
development and environmental degradation is the decomposition technique. It is a
methodology that permits to breaks down an aggregate variable into key factors. The sum of
these key factors therefore results in the aggregate variable. An example of an aggregate
variable, often used in energy studies, could be the amount of CO2 produced by a nation. In this
case, one of the key variables that could determine a change in CO2 emissions could be energy
intensity, such as the relationship between energy consumed to produce economic output. A
type of decomposition is the Logarithmic Mean Divisia Index (LMDI) (Ang, 2004). It is broadly
used because it has three main advantages. Firstly, it leads to clear results without residuals.
Then, the data and calculations required are relatively accessible and simple. Lastly, it permits
great flexibility in choosing in which periods to decompose the aggregate variable. An
interesting type of LMDI decomposition model is the one developed by professor Y. Kaya
(Kaya, 1995). The Kaya identity utilizes paramount variables in environmental studies. Indeed,
it breaks the carbon emissions of an area or nation into demographic changes, energy intensity,
fuel transitions in the energy mix, and economic development, as equation 1 illustrates.

GDP  Energy Tot co2
Populat GDP Energy (Fuels)

e

Income Energy Carbon
Intensity Intensity

CO, = Populat - 1)

There are numerous decomposition studies that utilize the Kaya identity to analyse the causes
of CO2 emissions in the most polluted zones of the planet, such as North America, Western
Europe, China, and India (Fan et al., 2006; Guan et al., 2009; Tavakoli, 2018; Zhang et al.,
2009; Ze-yuan & Jiang, 2006). The general trend seems to confirm that population growth and
economic development have been the main driver of an increase in CO2 emissions. On the
contrary, the decreasing trend is entrusted to the other two variables of the Kaya equation, such
as the improvement in energy efficiency and the transition towards greener fuels.

However, these studies have not compared North America, Western Europe, China, and India
from a historical perspective. Similar research was conducted by Marcucci & Fragkos (2015).
They studied the same area and with the same methodology, but with a future perspective, not



an historical one. The main contribution of this research is to do an historical comparison
between these areas using a recent historical database by Malanima (2020). A Kaya
decomposition analysis of these areas and with this recent database is a complete novelty.

1.2 Research purpose and questions

The following research has the objective to compare in a historical way, between the end of the
19th century until today, the driving forces of the emissions of CO2 by the most pollutant areas
of the planet, such as North America, Western Europe, China, and India. The whole period is
going to be subdivided into six subperiods. These subperiods starts with the most significant
events in the history of these four zones, such as the end of the two World Wars (1918 and
1945), the oil crisis of 1973, the entrance of China into the World Trade Organization in
2001(WTO), and the global financial crisis of 2008. This thesis aims therefore to test the
Environmental Kuznets Curve (ECK) through the decomposition of the carbon emissions of
the four areas between 1870 and 2019.

At this point, this research aims to answer the following research question:

- Towhat extent did the four key factors — namely, (i) demographic change, (ii) economic
growth, (iii) energy intensity, and (iv) carbon intensity — contribute to changes in carbon
emissions, caused by fossil fuels, in North America, Western Europe, China, and India,
from 1870 to 2019?

The expectations of this research are that the two developed areas and the two emerging
economies will confirm the EKC hypothesis. For this reason, we expect North America and
Western Europe to follow the earlier and later stage of the EKC. In particular, the decreasing
trend in carbon emissions is expected to be caused by an improvement in energy intensity, and
changes in the economic and energy structures. On the other side, we expect China and India
to be at the initial stage of the Environmental Kuznets Curve. Their large carbon emissions
would be attributable to their recent economic development.

What is more, in a comparison between the developed and developing countries, we expect that
the economic growth factor will be more relevant for the emerging economies. This is because,
as it has been mentioned before, after 2000, globalization and international trade of emerging
economies have increased enormously, together with carbon emissions. But the economic
growth factor is not the only cause of carbon emissions. Regarding the population variable, we
expect that it should be more relevant for the countries that have the most pollutant lifestyle.
Population growth in developed countries like the United States and Western Europe, is
expected to play a major in carbon emissions.



Moving from the two pollutants key factor, such as economic and population growth, to the
two that could cause a decrease in carbon emissions, we expect the energy intensity variable to
greatly contribute to CO:2 reduction because of the Information and Communication
Technology (ITC) revolution, together with the structural change from the industrial economy
to the service one. Lastly, the transition from coal to other fuels is expected to decrease carbon
emissions and to influence the carbon intensity variable of our model. Even the transition from
coal to other fossil fuels, like oil and natural gas, is expected to greatly decrease carbon
emissions.

Talking about fuels brings us to the limitations of this thesis. This research does not provide the
direct impact of non-fossil fuels. Since energy generated by sources like renewables and nuclear
power contributes to a minimal or even null amount of COg, their impact on CO2 emission
cannot be directly quantified in the decomposition model. The relevant impact of non-fossil
fuels will be calculated, but just indirectly, i.e., as a decrease in fossil-fuels energy consumption
because of a greater use of renewables and nuclear power.

There are also limitations in the availability of the data. Indeed, there is a lack of data on the
Chinese and Indian energy consumption of fossil fuels before 1965. Nevertheless, data on the
CO2 emissions by fossil fuels are available. In this way, it has been possible to do a conversion
between carbon emissions and energy consumption, to have the lacking data. In addition, the
two developing regions did not have a huge amount of fuel combustion before that time. Indeed,
the starting point of the fuel consumption in 1965 was relatively low, as we will see in section
5.

At this point, the outline of the thesis will be organized in the following way. Chapter 2
introduces the Environmental Kuznets Curve hypothesis and the theory concerning the
decomposition method and Kaya identity. In addition, a review of the existing literature on
these topics will be provided. Then, chapter 3 reveals where the data that compose the
decomposition model come from. Subsequently, chapter 4 illustrates the detailed formulas that
compose the adaptation of the Kaya identity. The data used in the model are described in chapter
5, together with the analysis of the decomposition results. These results are discussed in chapter
6, and lastly, the conclusions in chapter 7 summaries the whole research.



2 Theoretical framework

This thesis lies its foundation on the Environmental Kuznets Curve (EKC) hypothesis. It argues
that the relationship between the economic development of a country and the environmental
damage produced is not linear, but it follows an inverted-U shape. A methodology to quantify
the key drivers of environmental harm is the Logarithmic Mean Divisia Index (LMDI)
decomposition analysis. In particular, the Kaya identity is LMDI equation that identifies four
variables as determinants of a change in carbon emissions. These variables are (i) demographic
trends, (ii) income per capita, (iii) energy and (iv) carbon intensity. This section presents the
theory behind the EKC and LMDI studies, together with the main findings of previous research.

21 The Environmental Kuznets Curve

The Environmental Kuznets Curve (EKC) theory studies the relationship between economic
development and environmental damage (Grossman & Kreuger, 1995). As Figure 1 illustrates,
the reverse U-shape relation between economic growth, on the x-axis, and environmental
degradation, on the y- axis, is divided into two stages. At an initial time, societies experience
economic growth at the expense of environmental degradation. This is the time when economies
face their structural change towards industrialization. During this time, income per capita grows
rapidly together with carbon emissions. However, after the peak, this trend changes. According
to the EKC theory, the developed economy continues to increase its income per capita but
emitting less carbon dioxide. Improvements in energy efficiency, thanks to the adoption of more
powerful technology and greener type of fuels, are considered the major contributors to
decreases in CO2 emissions.



Figure 1. The Environmental Kuznets Curve
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Source: Author elaboration on Grossman and Kreuger (1995)

There are exhaustive literature reviews that describe the theory proposed by Grossman and
Kreuger (1995) (Dinda, 2004; Copeland & Taylor, 2004; Kijima, Nishide & Ohyama, 2010;
Stern, 2004). According to these reviews, the main determinants of the EKC are technological
change, environmental regulation, and international trade. The technological effect happens
when an economy develops, and the structural change leads to the adoption of cleaner
technologies (Grossman & Krueger, 1991). Particularly relevant to this topic is the research by
Stokley (1998), according to whom before the peak of the EKC, developing countries adopted
just the most pollutant technologies. On the contrary, after that peak, the use of cleaner
technologies was responsible for decreases in pollution.

Environmental regulations have been considered also a determinant of the EKC. In low-income
countries, it has been proven that political rights, literacy, and civil liberties influence
environmental harm (Torras & Boyce, 1998). Likewise, Panayotou (1997) argues that the role
of institutions is paramount in flattering the environmental degradation of the EKC of low-
income countries.

Also, international trade has been an important determinant in the EKC hypothesis. There are
two schools of thought. One claims that international trade increases the competition between
nations, and this would permit them to use scarce resources more efficiently and to develop or
even import new and cleaner technologies (Stevens, 1995; Helpman, 1998). The other one,
argues that international trade increases the depletion of natural resources. Indeed, numerous
studies confirm the positive relationship between open trade and environmental degradation
(Copeland & Taylor 2001; Schmalensee, Stoker & Judson, 1998). Particularly interesting is the



fining of the research by Kander et al. (2017) according to whom the industrialization of Britain
and Germany between 1970 and 1935 followed a flat or even declining trend in the EKC, if
energy for international trade was not counted.

The main critique of the EKC is that it presents numerous econometric gaps (Jaunky, 2011;
Omiri et al. 2015; Stern et al. 1996). These authors have criticized the unidirectional causality
between income and environmental degradation. They claim that the EKC is econometrically
weak because income should not be considered an exogenous variable. According to these
critics, there should be endogeneity and simultaneity assumptions between the two variables of
the EKC. The absence of these assumptions could bring biased and inconsistency results.
Fortunately, authors have developed new methodologies to solve these econometric issues
(Cole et al. 1997; De Bruyn, 1998).

2.2 LMDI decomposition

One of the main methodologies to measure the factors that influence a change in energy
consumption or carbon emission is the Logarithmic Mean Divisia Index (LMDI)
decomposition. It is an analytical method used to decompose an aggregate variable into
different factors (Ang, 2004). Decomposition studies were historically introduced after the oil
crisis of 1973. During this time there was a necessity to quantify the impact of fuel changes in
the industrial sector. Decomposition studies persist still today, and their focus has shifted
towards sustainability. Their main attempt is to quantify the key driver of energy consumption
and carbon emissions.

There are many types of decomposition methodologies. They could be classified between
structural decomposition analysis (SDA) and Index Decomposition Analysis (IDA). Su and
Ang (2012) provide a literature review of both methods. According to the authors, the IDA
methodology has some advantages compared to the SDA. First, it requires easier mathematical
calculations and fewer data. Then, the IDA methodology is particularly useful when using
energy intensity as a key variable. Energy intensity is the ratio between the energy used to
produce economic output, and it is therefore paramount for EKC studies.

The LMDI methodology belongs to the IDA decomposition group. It has been used in this
research because it allows a perfect decomposition without residuals (Ang, 2004). What is
more, it provides great flexibility in choosing the period of research. To clarify, it permits
finding the key drivers of a variable between specific times. In addition, LMDI decomposition
studies permit to quantify the structural change between sectors or within sectors. However,
this thesis is not going to capture the sectoral structural change, but the variation in the energy-
mix. The LMDI decomposition permits to quantify to what extent a change in the energy mix,
for example from coal to oil or renewables, influences carbon emissions.



I would like to clarify with an example the process of this methodology because it is central to
this thesis. The LMDI method permits quantifying to what extent some key variables could
explain a change in an aggregate variable between flexible periods. Let’s have an example. We
want to investigate an aggregate variable, such as the total energy consumption of a nation,
between two periods, 2000 and 2010. The aggregate variable is decomposed into key variables,
which could be for example (i) the demographic trends, (ii) the type of fuels used, (iii) the
economic development and (iv) the technological improvement. Thanks to the LMDI
methodology we know to what extent these four key variables influenced energy consumption
between 2000 and 2010.

In a mathematical term, the change in the aggregate variable between two periods, T1 and TO,
is the sum of the change of the key variables. More specifically, the formula (2) by Ang (2004)
used in this research is the following:

A AV = AV — AV (2)
= AKVy + AKVy +...+AKVy .

Where the change in the aggregate variable (AV) between a final time T1 and an initial one TO
is equal to the sum of the changes of the key variables at the same time. The formula (3) used
for obtaining the changes of the key variables, such as AKVy , AKVy,, and AKVy_ is the
following:

AVT — Av? KV 3
T o In—=5
—In AV —InAV? KV,

L

AKVXn =

Where i represent a sub-category of the aggregate variable. Using the previous example of the
energy consumption, i could represent the type of fuel consumed. In this way, the total energy
consumed would be the sum of the single fuels consumed. The aggregate variable and the key
variables that | am going to use come from a noted identity in energy studies, called the Kaya
identity.



2.3 The Kaya indentity

The Kaya identity is a LMDI decomposition formula. As equation 4 illustrates, the Kaya
identity decompose the aggregate variable CO2 emissions into demographic, economic and
energetic key factors (Kaya, 1995) .

GDP  Energy co2
Populat GDP  Energy

CO0, = Populat - 4)

PP the per capita gross

Population

the carbon intensity. The Kaya

More specifically, CO2 represents the carbon emission rate,

co,
Energy

domestic product, EZZ% the energy intensity, and

identity was presented in 1989 by the Japanese professor Yoichy Kaya during a
Intergovermental Panel on Climate Change (IPCC) conference. It has been used as the official
parameter of the IPCC 1S92 (Alcamo et al. 1995) and SRES (Nakicenovic et al. 2000) scenario
reports.

Climate change policies tend to focus more on carbon and energy intensity compared to
population and economic growth (Hoffert & Caldeira, 2004). This is because few governments
have historically tried to reduce their population growth and GDP per capita. Even the notorious
one-child policy adopted by China was relatively short in historical perspective, from 1980 to
2016. What is more, no single society wishes to stop its economic growth. For these reasons,
the reductions in CO2 emissions are handled by the other two variables of the Kayan equation,
such as energy and carbon intensity. At this point, let us dwell on each one of these four key
variables, giving a definition and investigating what previous research has to say.

2.3.1 Population

There is a clear causality relationship between demographic variations and carbon emissions.
Indeed, as population increases, it leads to an increment in the energy demand and therefore to
a rise in fossil fuel consumption and CO2 emissions. For this reason, it is necessary to give
particular attention to the population variable and to the internal factors that could modify it,
i.e., ageing, fertility rates and urbanization rates (Tavakoli, 2018).

The scientific revolution, together with the progress of technology and medicine has
dramatically improved the living standard condition of societies, leading to a demographic
transition (Boserup, 1983). This transition is characterized by a shift from high mortality and



natality rates, typical of low-income economies, towards low mortality and natality rates,
typical of the high-income ones (Lutz, 2009). What is more, within this demographic transition
there is an intermediate state characterized by high natality rates and low mortality rates. It is
in this stage that the demographic boom occurs (Mason, 2007).

Previous literature shares different opinions regarding the relationship between population
growth and carbon emissions. According to T. Dietz & E. A. Rosa (1997), there is a unitary
elasticity between population growth and CO2 emissions, meaning that a population change has
proportionally the same effect on carbon emissions. A different view is argued by A. Shi (2003),
according to whom the global elasticity is higher. Particularly, she illustrates that a change of
1% in population provokes a change of 1,42% in CO2 emissions. The author argues that this
higher value is driven by the dramatic difference between developed and developing nations.
Indeed, lower-middle-income countries have an elasticity of 2, meaning that an increase in
population causes a double effect on carbon emissions. On the contrary, high-income countries
have an elasticity of less than one. Therefore, the research by A. Shi (2003) provides support
for the theory by E. Boserup (1983), according to whom technological progress of high-income
societies could lead to population growth with just modest environmental damage.

What is more, it must be mentioned that the relationship between population and environmental
damage should consider the per capita emissions of the areas in consideration. Indeed, although
some countries are among the larger carbon emitters, their emissions per capita could be very
low. This is the case of India, the third greater emitter of greenhouse gas. The Indian rate of
CO:2 emissions per capita was just 2.0 tCO2/person, ranking globally as the 130th emitter (GPC,
2015).

2.3.2 Income

Together with population, economic growth is one of the greatest driving forces of carbon
emissions. Economic growth is measured as Gross Domestic Product (GDP) per capita, which
is the total economic output of a society divided by its inhabitants. To clarify, GDP is the value
of all the domestic production of finished goods and services of a country in a specific time.

There are numerous studies that consider economic growth as the main driver of an increase in
carbon emissions (Andreoni & Galmarini, 2016; Fan et al., 2006; Guan et al., 2009; Zhang et
al., 2009; Ze-yuan & Jiang, 2006). Between them, Fan et al. (2006) argue that there is a
distinction between countries that share different incomes. The authors illustrate that, between
1975 and 2000, the income variable has been much more relevant for the low-income countries
than for the high ones. A possible explanation is that their economic structural chance is at an
initial phase compared to developed nations (Ze-yuan & Jiang, 2006). On the other side, the
developed nation has indeed learned how to reach economic growth with less environmental
damage (Tavakoli 2018).
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What is more, decomposition analysis shows that the manufacturing and export sectors are the
main drivers of emissions in the last three decades (Guan et al., 2009). Emerging economies
are at the initial stage of the structural transition and their industrial expansion is a paramount
step for their development. On the contrary, developed countries are experiencing a structural
transition from the industrial to the service economy. This transition has played an important
role in the carbon emission drop (Okamoto, 2013), and it has influenced the improvements in
energy intensity, that is considered the main driver of a decrease in carbon emissions (Voigt et
al. 2014; Wang, Li & Zhang, 2017; York, Rosa & Dietz, 2003; Zhang et al. 2009).

2.3.3 Energy intensity

Energy intensity is a variable that measures the energy efficiency of a society. It indicates the
amount of energy required to produce monetary output. The desired goal would be to have
small values in this variable because it would indicate an efficient allocation of energy to
generate wealth (Martinez, Ebenhack & Wagner 2019).

Energy intensity is strictly related to the two stages of the Environmental Kuznets Curve, i.e.,
before and after the peak of the inverted U-curve (Tavakoli 2018). Indeed, in the first phase of
the curve, where GDP grows fast together with carbon emissions, energy intensity is high. The
earlier phase of industrialization requires an abundant amount of energy to produce cement for
infrastructures, steel for transportation, and the development of the industrial sector, just to
name a few.

Fortunately, in the second stage of the EKC, energy intensity is a great contributor of CO2
reductions. Two factors, a positive and a negative one, could be the reasons to that (Martinez,
Ebenhack & Wagner 2019). The first one is the fact that (i) technological progress, (ii) the use
of more advanced techniques of energy conversion, and (iii) the efficiency of material
production have a dramatic impact on CO2 reduction. However, according to the authors, a
decrease in energy intensity could be the result of the exportation of industrial activity towards
another zone. The outsourcing of the production of manufacturing products to emerging
economies is the negative side of the decrease in energy intensity variable (Peter et al. 2011).
Indeed, there is broad research confirming the use of dirty technologies by low-income
countries (Stokley, 1998).

LMDI studies confirm that energy intensity is a key variable in mitigating carbon emissions
(Voigt et al. 2014; Wang, Li & Zhang, 2017; York, Rosa & Dietz, 2003; Zhang et al. 2009).
What is more, the effect of the energy intensity varies among countries that share different
income (Dong et al. 2019; Henriques & Kander, 2010; Lima et al. 2017; Marcucci & Fragkos,
2015). Upper-middle countries have the greatest potential to reduce their carbon emissions
thanks to improvements in energy intensity. Nevertheless, also in emerging economies, the
energy intensity variable has been proved to be essential (Lima et al. 2017; Marcucci &
Fragkos, 2015). In a comparison of emerging and developed economies' energy efficiency
between 1971 and 2008, it has been proved that only improvements in energy intensity can
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compensate for the economic and carbon emissions growth (Lima et al. 2017). What is more,
in a future perspective, the authors Marcucci and Fragkos (2015) argue that energy intensity
will be the key variable to moderate carbon emissions in China, India, Europe and the US until
2100.

Focusing on economic sectors it has been illustrated that the manufacturing sector is the main
driver of improvements in the energy intensity variable, and therefore in CO2 emissions
(Henriques & Kander, 2010). The authors compared 10 high-income countries and 3 emerging
economies between 1971 and 2005 and they concluded that the service sector had just a
marginal effect on changes in energy intensity in 7 of the developed countries.

2.3.4 Carbon intensity

Carbon intensity is the ratio between the carbon emissions and the energy or fuels consumed.
It is a variable that depends on the energy mix used by a society. The energy mix constantly
changes because of the availability, economic situation, and environmental rules that a country
needs to adapt and follow (Tevakoli, 2018). Coal is the protagonist of the carbon intensity
because of its high carbon content per unit of energy liberated. Coal represented 25 per cent of
the global energy supply in 2019 and it was responsible for 42 per cent of CO2 emissions (IEA,
2019). An alarming factor is that these values have not decreased since 1990.

There are two ways to reduce the carbon intensity variable (Tevakoli, 2018). These are a change
in the energy mix and a decrease in the energy intensity. Within fossil fuels, a shift from carbon
to other fuels like oil and gas has been proved to improve the carbon intensity of a country
(Tevakoli, 2018). What is more, the use of low or even zero-carbon sources like solar, hydro,
and nuclear power has been proved to provide enormous environmental benefits (Xiaowei &
Gallagher, 2014).

Focusing on the comparison between emerging and developed economies, Tevakoli (2018)
provides a clear picture of the trends of the carbon intensity variable of the 10 top emitters
between 1971 and 2011. According to the author, emerging economies, such as India, China
and Brazil are the countries with the highest value in carbon intensity. On the other hand,
developed nations like the US, or European countries like Germany, experienced a slight and
constant decrease in the carbon intensity variable.

At this point, it is time to introduce the data that compose the variables of our Kaya
decomposition.
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3 Data

Four variables are composing the decomposition dataset. These are (i) the total energy
consumption, (ii) the CO2 emissions from the energy source, (iii) the Gross Domestic Product
(GDP) per capita, and (iv) the population growth. It is a historical dataset collected from
different sources. The first variable, total energy consumption, consists of just primary sources
of energy. Primary sources are types of energy that come from the extraction of natural sources
and that are not yet converted or transported (Bhattacharyya, 2010). They are the input of a
natural source that is inserted into engines. As an example, electricity is not a primary source
of energy. On the contrary, the coal, oil, or renewables, that produced electricity, are considered
the primary source. In this research energy consumption from coal, oil, gas, renewables, and
nuclear power is measured in Mtoe (million tonnes of oil equivalent).

The source where data on energy consumption come from is the historical database gathered
by Malanima (2020). In this database, North America and Western Europe are composed by
many nations. North America includes the United States and Canada. While Western Europe
consists of 16 nations, namely Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Netherland, Norway, Portugal, Spain, Sweden, Switzerland, and the United
Kingdom. When other variables in this thesis refer to North America and Western Europe, they
include the countries mentioned here above. What is more, data on primary energy consumption
could be divided before and after 1965. Indeed, before 1965 there is no availability of data on
China and India. In addition, data after 1965 are more accurate in a national prospect because
they include indirect energy spent to produce traded products sold and consumed abroad. Data
after 1965 are sourced from the BP Statistical Review of World Energy (2021).

Then, the CO2 emissions by the fossil-fuel variable is obtained by the database of the Global
Carbon Project (Le Quéré et al. 2015). Data from this source are perfect for this research since
they offer the carbon emissions divided by nations and by single fuels. The Global Carbon
Project data start in 1959. Prior to this date, this thesis uses data by Andrews and Peters (2021),
which combined a dataset by Marland & Gilfillan and the BR Statistical Review of World
Energy (2021). COz emissions are measured in Mt (million tonnes).

The third variable used, GDP per capita, comes from a combination of four sources. It is
measured in the international dollar at the price of 2017, and it is adjusted for inflation and the
cost of living according to different countries, such as according to purchasing power parity
(PPP). The four sources are the following. After 1990 data are obtained from the World Bank
(2021). Before 1990 data come from a combination of two databases, such as the Maddison
Project Database (Bolt & van Zanden, 2013), and the Penn World Table (Heston, Summers &
Aten, 1998).
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Lastly, the population variable comes from two sources. Before 1950, data are obtained from
the Maddison Project Database (Bolt & van Zanden, 2013). After 1950 they come from the
World Population Prospects (Heilig, 1996). At this point, table 1 reassumes the variables used,
their units of measure, sources, and where to access them.

Table 1. Variables names, units, periods, and sources

Variable Unit Period Source
1870-1965 Malanima (2020)
Energy Mtoe T :
Consumption 1065-2019 BP Statistical Review of

World Energy
Million  1870-1959  Andrews & Peters (2021)

CO2 emission
Tons 1959-2019 Global Carbon Project
Maddison Project Database
GDP per capita US$ PPP  1870-1990 Penn World Table
2017
1990-2018 The World Bank
1870-1950 Maddison Project Database
Population
1050-2019 World Population

Prospects
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4 Methods

The Kaya identity consisted of the four variables described in the previous chapter, here
illustrated in equation 5.

GDP  EnergyTot (CO2

Populat GDP Energy

L )
| | |

Energy Carbon
Income  |nensity  Intensity

CO, = Populat - (5)

This formula could also be written as equation 6 displays. The aggregate variable CO2 was the
sum of the carbon emissions released by three fuels f, such as coal, oil, and natural gas. This
sum consisted of the product of four relations. These were the population P, the GDP (GDP/P),
the energy intensity El (Etot/GDP), and the carbon intensity ClI (CO2f/Etot).

GDP Etot COf (6)

f _ 2

Co, = Co, P- P-GDP-EI[-CI
2 Z Z GDP Etot Z

At this point, what we what is to quantify the change in carbon emissions from a time t0 to a
time t1. As has been pointed out in previous chapters, the periods that this model was going to
use are the most significant years for the history of North America, Western Europe, China, and
India. These were considered to be the end of the two World Wars (1918 and 1945), the oil
crisis (1973), the entrance into the WTO of China (2001), and the financial crisis of 2008. The
results of the equation 7-10 revealed the changes in the four key variables from year t0 to t.

- COE?) pt1
AP = cin( = 7
Z lnCO“ (nCOL i (P“’) ()
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As equation 11 illustrates, the change in CO2 emissions from the period t1 to tO was equal to
the sum of the changes of the four key drivers. Table 2 provides a schema with all the
abbreviations of the variables used in this thesis.

ACO, = COL — COL° = AP + AGDP + AEI + ACI (11)

Table 2. Variables description

Name Description Unit

CO2  Carbon emissions from the consumption of coal, oil, and natural Million Tons
gas

P Population

Etot Energy consumption of primary sources as coal, oil, gas, Mtoe
renewables, and nuclear

Ef Energy consumption of a single fuel at a time Mtoe
El The relation between the amount of energy used to produce Mtoe/US$(2017,
monetary output PPP)
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Cl

The relation between the CO2 emitted by a single fuel, and the Mt/Mtoe
consumption of total energy
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5 Empirical Analysis

5.1 Data description

The starting point of the data analysis is the aggregate variable of the decomposition model,
such as the amounts of CO2 emitted by the consumption of fossil fuels. As Figure 2 illustrates,
there are interesting facts concerning the historical evolution of CO2 emissions in the four zones
(Our World in Data, 2021). The most evident aspect is the exponential rise of the Chinese CO2
emissions from the beginning of the 21st century. Just in a short period of 10 years, China
tripled its carbon dioxide emissions, abruptly becoming the global emitter leader. The
leadership position has historically been held by North America during the entire 20th century.
The North American trend followed a rapid increase after War World 1 until the oil crisis in
1973. After that, the North American emissions had an initial slowdown and then increased
again until the beginning of the 2000s, and then decreased. The Western European trend was
like the North American one. However, after the oil crisis of the 1970s, European emissions did
not increase, but remained constant until the 2000s, and then decreased. The Western European
CO2 are today at the same level as the Indian ones. The South-Asian country has increased its
emission at a constant rate, during the last four decades.
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Figure 2. Total CO2 emissions, tonnes. North America, Western Europe, China, and India,
1820-2018
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The trends in the production of CO:2 represented in Figure 2 are similar to the total energy
consumption represented in Figures 3,4,5 and 6 (Malanima, 2020; BP Satistical , 2021). This is
because fossil fuels have represented the vast majority of the share of energy consumption. The
share of zero-carbon fuels, that is renewables and nuclear power, has been marginal. However,
the trends between CO2 emissions in Figure 2 and the total energy consumption, that is the
edges of the graphs here below, are not specular. This is because different fuels emit different
amounts of carbon dioxide. As Table 3 illustrates, coal emits a greater amount of CO:2 in
comparison to oil and natural gas. The exponential rise in CO2 emissions of China could be
attributable to this since this country has been the greatest consumer of coal since 1987. On the
contrary, the reduction of coal usage by Western Europe since the 1950s in favour of other fuels
could be one of the reasons behind the reduction of CO2 emissions in the last four decades. In
order to explain changes in CO2 emissions the decomposition analysis in this thesis will
describe the role of fuel substitutions in a more precise way.

It is important to note that Figure 5 and Figure 6 illustrate the energy consumption by source in

China and India after 1965, because of lack of data for a previews period. For this reason, the
two figures have been slightly moved to the right of the paper.
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Figure 3. North American fuel composition, 1820-2018
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Figure 4. Western European fuel composition, 1820-2018
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Figure 5. Chinese fuel composition, 1965-2019
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Figure 6. Indian fuel composition, 1965-2019
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Table 3. Different fuels” CO2 emission factor, CO2/Mj

Coal 92
Oil 74
Natural Gas 56

Source: Levander (1991)

The consumption of energy is strictly correlated to economic growth. Figure 7 shows the total
GDP trends of our four areas (The Maddison Project Database, 2021). North America and
Western Europe develop in a similar way. The GDP trends of the two developed regions and
the two emerging economies diverged during the beginning of the 19th century, and the
discrepancy grew rapidly by the end of War World Il. However, the GDP accumulated by
North America and Western Europe in a century has been recovered by China in little more
than a decade. By 2019, China has become the global leader in total GDP (PPP). The situation
is different for India, which has developed rapidly economically by the end of the 20th century,
but with a slower growth rate than China.

Figure 7. Total GDP, constant PPP $
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The circumstances are different regarding the demographic history of the four zones. As Figure
8 depicts, the two emerging economies have always shared a greater population compared to
North America and Western Europe, especially after the half of the 20th century. China has
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always had greatest population. However, there is a forecast that the Indian population will
overtake the Chinese one by the end of the current decade (The Maddison Project Database,
2021). It is worth noting that the demographic gap between the two emerging economies and
the two developed areas is enormous today, with more than 2 billion inhabitants.

Figure 8. Population. North America, Western Europe, China, and India, 1820-2019
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5.2 Results analysis

The result analysis deserves major attention because it is the most valuable part of this thesis.
It describes the results obtained by the decomposition analysis. Firstly, Table 4 is going to show
an overview of all the results obtained. Then, there will be a graphic comparison of the four key
variables —Population (P), GDP, Energy Intensity (El), and Carbon Intensity (CI) — of North
America, Western Europe, China, and India.

At this point, how to read the results in Table 4? Table 4 schematises to what extent the four
key variables have driven a change in CO2 emission (Mt) from two different periods. This can
be explained with an example, taking North America in the second period, from 1918 to 1945.
The item “TOTAL” represents the sum of the four key variables. In 1945 North America
produced 641 Mt CO2 more compared to in 1918. This value is the sum of the four key
variables. Looking at the table, it is arguable that GDP (+932 Mt) was the main key variable
enhancing CO2 emissions in the period 1918-1945, while improvement in energy intensity (-
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719 Mt) and coal substitutions (-782 Mt) in the energy structure were the main drivers of a
reduction in carbon emissions.

The results of the amount of 1000 Mt of carbon emissions have been underlined in bold in Table
4. They signify the greatest effects that need special attention. Regarding North America, it is
the economic expansion together with a demographic increase that has been the main driver of
carbon emissions throughout the 20th century. However, North America has decreased its total
CO:2 emissions in the two periods after 2001, and energy efficiency has been the main driver.
Similarly, Western Europe in the last three periods has decreased its carbon emissions thanks
to improvements in energy efficiency and coal and gas substitutions. Regarding China, after
2001 the East Asian country has had high values in carbon emissions. Economic production
has been the main driver. The difference in GDP per capita between 2019 and 2008 has been
responsible for the emissions of the dramatic value of 6252 million tonnes of CO2. However,
during this period, energy intensity and coal switching mitigated the total carbon emission.
However, the balance of China’s last decade is seriously negative. Nevertheless, India shared a
lower value compared to China and the two other developed areas. However, it is worth noticing
that in the last period between 2008 and 2019, the GDP variable had an alarming role in an
increase in the Indian carbon emissions. What is more, India was the only country in which coal
substitution increased the amount of CO2 emissions in the last period.
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Table 4. Complete Kaya decomposition results

1870-1918 1918-1945 1945-1973 1973-2001 2001-2008 2008-2019
North
America
A CI
Coal -73 -782 -1501 526 -14 -1146
Qil 52 427 539 -628 -172 -63
Gas 31 123 490 -155 44 457
A ET 699 -719 120 -2970 -924 -1138
A GDP 464 932 1612 2862 673 694
AP 562 661 1355 1607 415 501
TOTAL 1735 641 2617 1243 23 -695
Western
Europe
A CI
Coal 22 -219 -1022 -473 -62 -339
Oil 11 -4 1379 -749 -120 -96
Gas 0 1 208 434 93 0
A EI 241 -542 246 -1574 -428 -614
A GDP 295 201 1584 2070 287 174
AP 222 129 241 294 131 122
TOTAL 792 -434 2636 1 -99 -753
~China
ACI
Coal 16 -1 -53 -337 473 -1079
Qil 0 1 76 21 -281 57
Gas 0 0 10 13 7 284
A ET 4 29 647 -121 12 -3342
A GDP 0 -4 74 1929 3287 6252
AP 0 5 150 696 195 464
TOTAL 21 29 904 2201 3694 2637
India
A CI
Coal 27 2 -52 -11 36 95
Oil 2 -3 37 24 -48 -23
Gas 0 0 1 25 -2 17
A EI 9 0 104 117 -56 -349
A4 GDP 0 4 14 305 387 1110
AP 0 9 45 282 127 243
TOTAL 39 12 149 742 445 1093
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After this brief presentation of the results, it is time to graphically show a detailed comparison
of the four key variables.

5.2.1 The population (P) effect

Variations in the demography have always caused an increase in carbon emissions, as Figure 9
illustrates. The most important aspect is the role played by demographic growth in North
America. During the 20th century, it was one of the major drivers of carbon emissions. In the
third and fourth periods, it contributed to more than a billion tonnes of CO2 emissions. It is
interesting to notice that although China and India share higher demographic values, as Figure
8 illustrates, their demographic change did not provoke great shocks in carbon emissions. This
could signify that a change in their demography was not the major driver of carbon emissions.
The high values of North America could be attributable to demographic shocks, caused by
imbalances between fertility, mortality, and immigration rates. What is more, the high North
American values could be the results of the carbon intensive lifestyle of its population. Canada
and the United States are ranked between the highest CO2 emitters per capita (Tiwari, 2011).
For this reason, a significant change in their population would provoke a greater carbon
emission effect.

Figure 9. The population effect, Kaya decomposition results
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5.2.2 The income (GDP) effect

Together with the population variable, the GDP per capita effect was a key variable for an
increase in CO2 emissions, as Figure 10 shows. On the y-axis there are high values, and it is
worth remembering that values over the 1000 Mt of carbon emissions are elevated. For this
reason, the values of China in the two last periods merit a lot of attention. There is a vast
literature confirming that the economic expansion of China after the 2000s has been too fast
and disproportionate concerning the environmental degradation that it has caused (Zhang et al.,
2009; Ze-yuan & Jiang, 2006). Figure 10 reveals that the comparison between China and
developed areas such as Northern America and Western Europe was unequal during the last
two periods. China’s economic development has been way more of a cause of environmental
degradation compared to developed areas. The main finding of the decomposition analysis is
that the emissions provoked by the Chinese economic growth of the last two decades, and in
particular between 2008 and 2019, cannot be comparable with any other region.

On the contrary, a positive aspect is the strong decrease of the impact of the Northern America
and Western Europe GDP variable after the 2000s. Although in these areas there is still constant
economic growth, GDP per capita growth has not accounted for significant carbon emissions
in recent times. It could be argued that North America and Western Europe are following the
EKC, such as a decoupling between environmental degradation and economic growth.
However, this is not the case for India. The South-East Asian developing country has scored a
significant value of over 1000 Mt carbon emissions during the last period. This value could
explain the great attention towards India in recent times and its economic development. There
is a great concern about the trends of this key variable for India (Tiwari, Shahbaz, & Hye, 2013).
The pathway taken by China could not be a sustainable option for India.

Figure 10. The income effect, Kaya decomposition results
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5.2.3 The energy intensity (EI) effect

Energy intensity has been the major driver of a decrease in carbon emissions. The most
significant results have been reached after 1973, as Figure 11 illustrates. Indeed, during the last
three periods developed areas, particularly North America, have reached decreases in carbon
emissions due to constant improvement in energy intensity. In contrast, the Chinese situation is
different. China had low results in energy intensity in the period between 2001 and 2008. It is
worth keeping in mind that the Asian country had high emissions during this time, and
improvements in energy intensity could have compensated for such values. Comparing the
results in the period 2008-2019 with the previous one, 2001-2008, shows that China learned
how to consume energy in a more efficient way in the latter period. The transition from carbon
to other fuels is expected to be essential for improvement in energy emissions efficiency.

Figure 11. The energy intensity effect, Kaya decomposition results
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5.2.4 The carbon intensity (CI) effect

The main point of the carbon intensity variable is the decrease of carbon emissions caused by
the switching from coal to other fuels. North America and Western Europe have reached the
best results, as Table 5 illustrates. The two developed regions have cut their carbon emissions
as result of the transition from coal almost constantly during all the period considered. They
reached the best results between 1945 and 1973.

Regarding China, coal transition has recently started to provoke a significant decrease in carbon
emissions. On the contrary, India has increased its carbon emission provoked by coal
consumption since 2001. Nevertheless, the Indian values are much lower than the ones of the
other regions.

Also the other two fuels, oil and gas, play an important role. Oil was the main driver of carbon
emissions for the two developed countries before 1973. However, it is important to underline
that the values reached by the oil variable during this time were still relatively low, that is lower
than 1000 Mt. The highest values were still represented by the coal substitutions. Similarly, the
difference in the share of gas of the developed nations has provoked minor shocks compared to
the coal variable in carbon emission.

However, the values of the developed areas and the ones of the emerging economies differ
greatly. The former ones are much higher. This could signify that a change in the energy mix
has played a major role in North America and Western Europe. In developing nations, other
variables have played a major role in explaining their carbon emissions.

It is worth remembering that it is not possible to quantify the impact of the shift towards
renewable energies and nuclear power. This is because the decompositions aim to decompose
CO2 emissions as the sum of the four key variables. The carbon intensity variable is one of
these four. Renewables and nuclear power cannot be part of this variable because they do not
produce COa2. For this reason, although they have a great impact on COz2 reduction, their effect
cannot be captured in this model.
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Table 5. The carbon intensity effect, Kaya decomposition results

1870-1918  1918-1945  1945-1973  1973-2001  2001-2008  2008-2019
North Coal -73 -782 -1501 526 -14 -1146
America

oil 52 427 539 -628 -172 -63

Gas 31 123 490 -155 44 457

Western Coal 22 -219 -1022 -473 -62 -339
Europe

oil 11 -4 1379 -749 -120 -96

Gas 0 1 208 434 93 0

" China Coal 16 -1 -53 -337 473 -1079

oil 76 21 -281 57

Gas 0 10 13 7 284

~India Coal 27 2 -52 -11 36 95

oil 2 -3 37 24 -48 -23

Gas 0 0 1 25 -2 17
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6 Discussion

In this section the reasons that could explain the results of the decomposition analysis are
discussed. It is important to better understand the dynamics behind significant changes in
carbon emissions, for the purpose of learning from the unsustainable pathways taken by
developed and emerging economies in the past to prevent taking them again. On the other side,
this section has the aim to identify the major sustainable policies taken by the four zones. At
this point, the main findings of the decomposition analysis, that this section is going to discuss,
are the following:

- The Chinese income (2001-2019)
China’s economic growth during the periods 2001-2008 and 2008-2019 causes a
dramatic increase in carbon emissions.

- The North American and European energy intensity (1973-2001)
Energy intensity in North America and Europe was the main driver of CO2 reduction
during the period 1973-2001.

- The Chinese energy intensity (2008-2019)
Also in China, energy intensity has been the major driver of a drop in carbon emissions,
during the period 2009 and 2019.

- The North American population (1945-2001)
In North America, population growth has been a considerable driver of carbon
emissions, during the period 1945 and 2001.

- The Indian income (2008-2019)
The recent economic growth of India during the last period, 2008-2019, was responsible
of a significant increase in carbon emissions.

The Chinese income (2001-2019)

During the last two decades, the Chinese economy has increased five times and foreign trade
has expanded twelve times (Garnaut, 2018). According to Garnaut (2018), the origin of this
economic miracle could be attributable to reforms that started in 1978, two years after the death
of Mao Zedong. During this time, reformist leaders were conscious of the Chinese economical,
technological, and military backwardness. The new political strategy after 1978 adopted foreign
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trade and foreign direct investment (FDI) as the main instruments to reach rapid economic
growth.

The foundations of the rapid development of the Chinese foreign trade lie on export-promotion
policies, specialization according to competitive advantage, and admissions into new markets
(Drysdale & Hardwick, 2018; Li & Jiang, 2018). The manufacturing industry has been essential
for the growth of Chinese export. The development of this sector was the result of the
competitive advantage that China had in labor-intensive activities. The industrial sector
developed through a process that started with the specializing in resource-based products, and
further on in textile, chemical, mechanical, and electronics exports.

Export-promotion policies encouraged the creation of an abundant cheap labor force that
permitted China to have a comparative advantage over the rest of the world. Among the main
reforms that permitted such development, Garnaut (2018) identifies the organization of the
household responsibility system (HRS) and the township and village enterprises (TVEs). Both
reforms boosted the productivity of the Chinese economy.

The export-promotion policies started in 1978 paved the way for the event that boosted the
Chinese economy enormously, that is the entrance of China into the World Trade Organization
(WTO) in 2001 (Li & Jiang, 2018). The WTO membership significantly improved the access
to FDI (Chen, 2011). Indeed, the Chinese market has historically been seen as a risky
investment, but the WTO accession increased investors’ confidence (Armstrong, 2009). What
is more, the entrance into the WTO and the access to FDI improved the Chinese economic
development in two ways. Firstly, it created employment. In 2014, almost 30 million inhabitants
were hired by FDI companies. Secondly, FDI attracted new technology and human capital
(Rodik, 2006).

The North American and European energy intensity (1973-2001)

Doblin (1988) identifies three causes as the drivers of a decrease in energy intensity after the
oil crisis of 1973. These are the rise of fuel prices, structural change, and technological
development. According to the author, changes in the industrial sector had significantly
decreased the energy intensity of Western Europe and the United States after 1973. With the
oil crisis, the price per barrel more than quadrupled in just one year (Hamilton, 1996), and the
industrial sector was deeply influenced by this shock because of the relatively high percentage
of oil used. The empirical analysis by Doublin (1988) reveals that the energy intensity decline
of Europe and the United States therefore was driven by a decrease in energy use in the
industrial sector. The decrease in energy intensity was further enhanced by the fact that
industrial production continued to grow, because of technological change and fuel switching
strategies (Doublin, 1988).

Similarly, Gales et al. (2007) identify that after 1973 the prices of energy and the structural
change within the industrial sector improved the energy efficiency of Western Europe. The
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utilization of information technology and the advent of the Information and Communication
Technology (ICT) revolution played an important role. Although the importance of structural
change, technological change has been historically the main driver of change in the long run.

Improvement in energy intensity due to price fluctuations, and structural and technological
changes are the positive side of improvements in energy efficiency. However, there is also a
negative one, that is the outsourcing of carbon emissions. According to Peters et al. (2011), the
decrease in energy intensity of developed countries could be attributable to the outsourcing of
carbon emissions to emerging economies countries. Outsourcing of emissions happens when a
country involved in foreign trade, reduces its emission domestically but increases the ones
abroad (Baumert et al. 2018). It has been estimated that almost one quarter of the global carbon
emissions were attributable to international trade in 2004 (Davis & Caldeira, 2010). Peters et
al. (2011) find evidence from the fact that developed countries are net importers of emissions
while developing are net exporters. In particular, the authors claim that the United States faced
a rapid growth in imported emissions from China and others emerging economies, between
1990 and 2008. On the other hand, China’s exports accounted for 18 % of the global emissions.
The main reason could be that developed countries already have experienced their structural
change from the industrial to the service sector and are therefore outsourcing heavy industrial
production to developing countries (Castells, 2009).

The Chinese energy intensity (2008-2019)

Energy-saving policies have fortunately permitted China to decrease its energy consumption
recently. After the introduction of the Energy Conservation and Emission Reduction (ECER)
policy in 2006, China’s energy intensity has seen a significant decline. According to Wu et al.
(2018), environmental policies could help decrease the Chinese energy intensity by switching
from coal to cleaner energy. Many scholars have found evidence that the recent decline in the
Chinese energy intensity had to deal with energy price adjustment (Hang and Tu, 2007).
According to Hang and Tu (2007), the elasticity of the price of coal increased enormously from
1995 to 2005. What is more, it has been proved that energy price rises stimulate the
development of low energy demanding industries and investment in research and development
(R&D).

The fuel switch from coal to other fuels after 2010 provoked a decrease in the Chinese energy
intensity (Li et al. 2018). From 2010 to 2015, the share of coal as primary energy decreased
from 75 % to 69 %. However, the negative side of this result is that coal coal has been replaced
by other fossil fuels. What is more, according to the research by Li et al. (2018), the decrease
in coal demand could have been just temporary. The authors claim that the use of coal still has
not reached its peak. The author’s pessimism comes from the fact that China’s electricity
demand is growing, and it could not be satisfied by other types of fossil and non-fossil fuels
than coal. The main sectors demanding this huge amount of electricity from coal are light
manufacturing, agriculture, building and construction (IMF, 2019). This is to say that the
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improvement in the energy efficiency of the last decade could be attributable to changes in the
energy mix due to changes in the energy prices. However, this could be just a temporary trend.

The North American population (1945-2001)

The population of the United States faced an incredible population growth during the decades
between 1950 and 2000. Demographic factors, that are fertility rates, age-adjusted death rates,
and immigration, were the contributors to such an increase. According to Heisler and Shrestha
(2011), fertility rates faced a peak in the “baby boom” of the late 1950s, and then they had a
decline in the 1960s and 1970s and have remained constant since then. On the contrary, age-
adjusted death rates faced a dramatic decline since the 1950s, meaning that the risk of mortality
has been falling constantly. Regarding immigration ratios, the trend is the opposite.
Immigration has always been an important component of the US population growth. By 1950,
the US net immigration rate has always been positive. For this reason, the combination of
constant fertility rates, decreasing age-adjusted death rates, and increasing immigration rates
led the US population to almost double from 1950 to 2000.

However, population growth di per se is not the only cause of the high values of the population
variable in the decomposition studies. What is so special about the population of the United
States is the fact that the emissions per capita of its inhabitants have been enormously high
(Bhoyar et al. 2014). Other developing countries are experiencing high population growth rates,
but the carbon emissions per capita are fortunately still lower than the US ones. Comparing the
United States and India today, the developed country's inhabitants emit more than 8 times that
compared to the South Asian one (Tiwari, 2011). It is worth noticing that the CO2 emissions
per capita of the United States have remained at a constant and high rate since the beginning of
the 20th century. In sum, population growth, together with unsustainable living standards has
been the main cause of the results obtained in the decomposition’s population variable.

The Indian income (2008-2019)

Between 2013 and 2018 India experienced the greatest global economic growth rates (IMF,
2019). The roots of such an economic success could be attributable to the economic
liberalization policies started in 1991. The characteristics of these policies were to make India
open to the global market and the service economy. For this purpose, it has been claimed that
the inflow of FDI has been paramount. It is sufficient to say that from 1991 to 2019 the inflow
of investment from abroad has shifted from 277 million to 50 billion US$ (IMF, 2019). The
service sector has attracted the maximum number of investments, and it has been followed by
the manufacturing one. Regarding these two sectors, it is interesting to note the position taken
by Singh (2019), according to whom the future of FDI in the service sector could be prosperous,
but this is not being the case for the manufacturing one. The author claims that the comparative
advantage of the Indian manufacturing sector based on low labor cost will not be sustainable in
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the future. This sector is at present based on low skilled technology and low labor cost, and if
this will not change the inflow of FDI is at risk.

Political implications

The main political theme is the concentration of decision-making power (Smil, 2015, p.430). It
has been argued that as soon as a society increases its energy consumption, the concentration
of these energy resources is disproportionally held in the hands of a few people (Adams, 1975).
A good example are the political and economic consequences caused by the decision-making
power of a few individuals in Saudi Arabia in 1973. Their decisional power had tremendous
consequences for the members of the Organization of Petroleum Exporting Countries (OPEC).
The quintuplicating of the price of the oil barrel in 1973-1974 caused macroeconomic shocks,
such as high inflation and strong economic degrowth (Yergin, 2008).

In addition, an extreme situation could be represented by the concentration of political power
held in the hand of only one person, that could use this power in an aggressive and irresponsible
way. This was the case of the decisions without appeal of the communist dictator Stalin. In
1953, the year of the death of Stalin, the URSS energy consumption was 25 times higher than
in 1921 (Clarke & Dubravko, 1983). What is more, the dictator’s leadership led to the death of
millions of people and to an economic disaster. This shows that great energy consumption does
not always benefit the society or the economy
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7 Conclusions

This thesis makes a historical comparison of the drivers of carbon emissions of two developed
areas, North America and Western Europe, and two emerging economies, China and India,
between 1870 and 2019. Thanks to the Kaya identity, a particular LMDI decomposition model,
it has been established to what extent changes in population, fuel transitions, income per capita,
and energy intensity have influenced a change in carbon emissions. To evaluate these changes,
the whole period was subdivided into six sub-periods. These sub-periods start with dates that
are significant for the economic and energetic development of the four areas. These are the end
of the two World Wars (1918 and 1945), the oil crisis (1973), the admission of China into the
WTO (2001), and the financial crisis of 2008.

The results depict an overall picture that the four areas follow the Environmental Kuznets
Curve. In the decomposition model, North America has started to be carbon negative by the
2000, while Western Europe started to be carbon negative already after the oil crisis. On the
contrary the two emerging economies have greatly increased their carbon emissions in the past
two decades, mainly because of their economic development. The main drivers of the
decreasing trend in carbon emissions in North America and Western Europe are improvements
in energy intensity and a switch from coal to other fuels. Particularly relevant are the North
American improvements in energy intensity in the period 1973-2001 (-2970 Mt CO2) and
transition from coal between 1945-1973 (-1501 Mt COz). The economic development of North
America and Western Europe has contributed to increases in carbon emissions. North America
and Western Europe reached their peak in the 2001 (+2862 and +2070 Mt CO2). However,
although these values are high, they are not comparable with the enormous results obtained by
the Chinese economic growth variable after 2001.

This leads to the main finding of this thesis. The Chinese carbon emissions caused by economic
growth after 2001 are not comparable with the development that North America and Western
Europe have experienced, and not even with the Indian one. The Chinese economic variable is
significantly higher. It was responsible for 3608 Mt CO2 during the period 2001-2008, and of
the incredible value of 6252 Mt CO: after 2008. The rapid economic development in China,
based on heavy-industrial export and with coal as the main fuel utilized, has been responsible
of an environmental disaster, not comparable with other areas.

India is often put side by side with China, but their results are completely different. The impact
of the four Indian key drivers on carbon emissions in the last decades has been much smaller in
China. The economic development variable in the period 2008-2019 could explain the recent
attention to India (+1110 Mt COy). Indeed, this high value could justify the worry that India
could undertake the same unsustainable pathway taken by China. Fortunately, this seems not to
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be the case, since the economic structure in India is based mainly on the service sector, as the
inflow of FDI confirms.

Regarding the energy structure, the transition from coal had the greatest impact on the decrease
of COz emissions in developed countries during the whole period that was studied. Also, for
China, the transition from coal had an optimistic impact during the period 2008-2019 (-1079
Mt COz2). The transition from coal to other types of fuels has become one of the greatest
challenges for environmental policies today. In order to maintain the global temperature rise
below 2°, as recommended by the IPCC, a substantial reduction of fossil fuels and a transition
towards renewable energy is required. This challenge is not impossible, but highly improbable
because of the actual dominance of fossil fuels and because of the high demand of energy
sources to sustain the economic development of emerging economies. Renewable energy is a
key to such a challenge; however, an alternative and accessible pathway on a large scale does
not exist yet, apart from the use of fossil fuels. The only solution could be a global international
cooperation, a challenge that has yet to occur. The proposal by Professor Harari (2022) is
interesting; according to him a global investment of 2 % of single nations” GDP would ensure
carbon neutrality in thirty years.
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