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ABSTRACT
This dissertation was written as a part of the MSc in Energy Systems that I attended at the
International Hellenic University.
Climate change has already become one of the biggest problems of the world since its first
emergence is the early seventies. It determines the environmental policy of all governments
around the globe which announce various measures to tackle it. Global warming is evident in
the planet since one could observe it from many serious changes in climate, such as ocean sea
rise, ice melting, enhanced and frequent precipitation and increase of the air temperature. It is
projected with the best case scenario that the global air temperature will raise by 2oC up to
2100 above pre- industrial level. Above this threshold, many irreversible and catastrophic
changes of climate are probable to emerge.
The polluted air is everywhere. It can cause many serious diseases, such as lung cancer and
destruction of the lung tissue. Greenhouse gases such as CO2 are emitted both naturally and
from human induced actions such as the combustion of conventional fossil fuels such as oil,
natural gas and coal. Greenhouse gases accumulate into the upper layer of the atmosphere and
they absorb the thermal radiation radiated from the earth’s surface. Later on, they re-radiate
this thermal radiation in all directions and thus, they trap the earth’s heat below atmosphere
and air temperature is being increased.
At this point, I am sincerely grateful to Prof. Eftichios S. Sartzetakis who supervised the
writing of my thesis and who shared his views and knowledge on a number of issues related
to this thesis. Finally, I am using this opportunity to express my gratitude to the faculty and
everyone within the International Hellenic University who supported me throughout the
course of this Energy Systems MSc.
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INTRODUCTION
Energy has provided humanity with a secure basis to evolve in economic terms. During the
past 250 years, when industrial revolution took place, a remarkable development of the world
has occurred. This transformation has been accompanied by continuous growth in energy
demand as well as a transition from traditional to new energy resources that came on stage.
Low energy prices and the introduction of novel technologies have contributed to this
transition.
At present, a new transition to low – carbon form of energy becomes evident. Climate change
seems to account the most for this change in energy mix. It is clear for governments that the
establishment of new energy policy to combat the adverse effects of climate change has
become crucial. The combustion of fossil fuels increases the concentration of greenhouses
gases into the atmosphere which in turn absorb thermal radiation from the ground surface of
the planet and re-radiate it in various directions. This implies the ongoing growth of the
atmosphere temperature which reinforces the phenomenon of global warming of the planet.
Since climate change affects every inhabitant on this planet regardless the place he lives, both
developed and developing countries should set up new environmental policies to tackle global
warming and the consequences of climate. To refer only the most important, extreme
precipitations and droughts, agricultural food shortage, rising sea level and ice melting
constitute some of the bad effects of climate change.
This thesis provides an analysis of energy mix and its historical transitions. It also makes a
quick and comprehensive review of the global negotiations that took place within the United
Nations Framework Convention for Climate Change and the various energy policies adopted
by fundamental countries of the world. It reports the projections for the future CO2 global
emissions and the necessity to keep the atmosphere temperature below 2oC in order to limit
the adverse effects of climate change. It explains why the international community should
adopt an aggressive environmental policy in order to reinforce energy efficiency of the global
community which in turn will degrade global energy demand and reduce Ghg emissions. This
presupposes the close cooperation between public and private sector and the commitment for
targets from both the developed and developing countries. The funding for mitigation and
adaptation measures in non-OECD countries should derive by developed countries to help
them adapt in the future climate change.
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The achievement of climate change deceleration shall be achieved via the funding on R&D of
clean energy technology and Ghg emissions reduction from both private and public sector.
Enterprises such as BP, Exxon mobil, Shell etc are liable to intervene in this effort to fight
climate change. This strain should be conducted within a common international platform,
established with the cooperation of all countries, where international negotiations will take
place. Finally, the socioeconomic development of all countries should be associated and
directed through environmental policies
In chapter 1, the history of energy mix and its major historical transitions are illustrated. Yet,
a quick review to the current situation of energy mix and its projected changed in the future is
made. In chapter 2, we present the global status of energy-related CO2 emissions. Global
climate change negotiations in the past as well as today are presented in chapter 3 and the
limitations that impede these negotiations are also being referred. Chapter 4 introduces the
450 scenario according to the World Energy Outlook of the International Energy Agency in
2012 which also makes projections of the Greenhouse gases evolution up to 2035. Lastly, the
conclusions are presented at the end of the dissertation.
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Chapter 1 – WORLD ENERGY MIX EVOLUTION
1.1 General
Figure 1.1 illustrates historical transitions in the energy mix. Energy transition comes from
the German term ‘Energiewende’ and implies a process of altering the energy mix that takes
place over many years and brings variety to the energy system.
In 1800, the energy mix consisted mainly of biomass. However, the influx of industrial
revolution and the steam engine between 1760 and 1840 provoked the substitution of biomass
for coal. In the turn of the 20th century, coal had already gained a substantial percentage in the
world energy mix, reaching nearly 50%. However, coal still accounted for more than 90% of
all the mineral fuels extracted across the world. At that time, new entries of fuels came upon
such as crude oil, natural gas, hydropower and nuclear power.
Oil in its form of kerosene was first used for illumination purposes. However, the
transportation cost of liquid oil was much cheaper than that of coal. The availability of
gasoline as a byproduct of crude oil boosted the emergence of automobile in roads and in
1920s oil was already an important competitor of railroads for transportation purposes. The
devising of diesel engine and the refinement of crude oil to diesel also enhanced auto
mobility. At that time, natural gas become evident in major industrial processes such as pulp
and iron manufacture, textile, food and cement market, which started to burn natural gas.
Later on, nuclear power displayed a fast growth over the years and gained a substantial
portion in the global energy mix during the decades of 1970s and 1980s. However, renewable
energy with new technologies such as photovoltaics (PV), wind turbines and geothermal is
already a new source of energy that has grown strongly in the last few years.
In each of the above cases, the energy transition occurred under specific reasons. The new
fuel was better, more flexible, cheaper or more suited to its purpose. For example, coal was a
cheap fuel to feed power generation and locomotives. Oil was more flexible and brought the
evolution on mobility. Natural gas and nuclear power are plentiful with decreased Ghg
emissions compared to other fossil fuels. Under all circumstances price was critical in the
energy transitions occurred over the past years and determined energy demand growth.
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Figure 1.1 : Share of Fuels in Energy Mix, 1800-2008

Since the beginning of the 21st century a new energy transition seems to happen, or to be more
accurate is under debate. It is a low-carbon energy transition.
The deep worry about climate change directed political decisions on new energy policy in the
European Union, U.S. and China which altered their energy mix. The E.U.’s 2020 goals aim
at driving a low-carbon energy transition. In the U.S., a wide range of mandates, incentives
and regulations for low-carbon energy reflects this energy policy. The National Renewable
Energy Laboratory projects that 80% of the U.S. electricity could be renewable by 2050. In
China the ‘12th five year plan’ demands for reduction in greenhouse gases and other air
emissions and an increase in the share of non-fossil fuel primary energy consumption.
The increasing energy demand from developing countries will also determine the next energy
transition. Initially, OECD countries used almost two-thirds of the world’s oil production in
2000, while in 2011 non-OECD countries consumed almost the same amount of oil with
OECD countries. In the future, it is expected that developing countries will continue to grow
their economy which is associated with energy demand.
The world’s energy demand is determined by two major factors: population and GDP growth.
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Population growth
Energy demand is affected by demography either directly or through its impact on economic
growth and development. At present, world population is growing with fast rates. From 1980,
population size expanded by 1.5% per year, reaching 6.6 billion in 2007. This growth is
expected to slow down to 1% per year by 2030 with the estimated size of population reaching
8.2 billion. That is, the population will expand by nearly 1.5 billion more people than are alive
today. Advanced medical care, improvement of public health and enhanced food availability
have contributed to the marked population growth in the past century. Cheap and steadily
available energy resources also support population growth. Carrying capacity is a
measurement of the population that a certain region can support with its available energy
resources. If population is below its carrying capacity, new births occur and the population
expands.
Almost all of the future growth in population will take place in the developing countries
where it is projected that population will reach 6.9 billion people in 2030, representing 84%
of the world total. Today, population in non-OECD countries grows by 1.1% per year with
most of this increase occurring mainly in Asia and Africa. China’s population is over 1.3
billion people today and it will grow even more in the future reaching 1.46 billion people in
2030. India’s population is also growing fast and is projected to reach China’s population by
2030. In the contrary, population in the developed regions will fall from 18% of the world’s
total in 2007 to less than 16% in 2030.
Total primary energy consumption is expected to follow the population growth, reaching
almost 750 quadrillion BTUs up to 2035 (fig. 1.2). In fact, there is a mutual interrelationship
between population growth and energy demand. The more energy resources are being
discovered the more the population grows and vice versa.
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Figure 1.2 : Growth in World Population and Primary Energy Consumption, 1990-2035

Economic growth
When household’s incomes increase, people are capable to consume more energy and
therefore per capita energy consumption increases.
World’s economy is expected to grow by an annual average of 3.1% from 2007 to 2030. The
previous years, GDP growth was 3.3% from 1990 to 2007. Most GDP growth in the future is
expected to come from the developing regions. The fastest growing economies are India,
China and the Middle East. Accordingly, Asia has seen the higher increase in energy demand
since 2000. However, India’s economy grows faster than China’s because its population
grows faster and due to the fact that its economy is in its first steps of development. The
average GDP growth rate of India during 2010 – 2014 was 5% and it is projected to overgrow
China’s GDP growth before 2020.
On the other hand, GDP growth in OECD countries (U.S. / EU / Australia) is expected to
slow down because their population decreases and they face increased competition from
developing countries with cheap labor cost.
Energy poverty is defined as the lack of access to energy services faced by some regions of
the world. These services are household electricity and heat for cooking and space heating.
Energy poverty plays a crucial role in the economic development of a country. Today, almost
1.5 billion people do not have electricity in its home and roughly 2.6 billion people lack
cooking facilities with modern final energy sources, which implies a very low standard of
Energy mix and climate change negotiations
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living. Introducing modern energy to all these regions implies that the global energy demand
will increase rapidly and if the forecasts of the future energy demand are wrong, energy prices
may surge substantially.
It is therefore easy to understand that the correlation between economic growth and energy
demand is of vital importance and the availability of energy resources to cover the future
energy demand is challenging. However, the proven fossil fuels reserves are limited and their
ability to meet the projected increase of energy demand in the upcoming years is doubtful.
Scientist found the solution to the problem with the introduction of more low-carbon and
renewable energy sources in the world’s energy mix.
So, we are in front of the next big energy transition to cover the future needs of the energy
demand. However, this transition doesn’t seem to be easy. Today, fossil fuels and nuclear
energy cover almost 92% of total primary energy demand around the world. Just 1.6% of the
world’s total primary energy demand is provided by renewable energy resources, such as
solar, wind, geothermal and ocean energy, excluding hydro renewable energy.
There are various major barriers that hinder the next big transition of energy mix from
conventional to renewable energy.
Firstly, the amount of energy that is currently provided by fossil fuels is very high. Almost
87% of the world’s total primary energy demand is provided by only three conventional
sources of energy; oil, coal and natural gas. Secondly, the size of associated investments that
have been made on conventional resources over many years is huge. Both issues are highly
important. Investments in energy systems have a long term payback period and infrastructure
building is capital intensive. Accordingly, the transition from fossil fuels to renewable energy
is not so easy.
The second barrier is the energy density of conventional resources, which implies the amount
of energy stored in a defined volume of conventional resource. It comprises the second major
obstacle to the next energy transition. Conventional resources enclose high amount of energy
by volume of resource. The production of a unit of energy from fossil fuels needs lower
amount of conventional resources than the power of renewable energy.
In addition, renewable energy involves intermittency in supply depending on weather
fluctuations. This implies that conventional resources will still remain the basic resource for
the base load of power generation.
Energy mix and climate change negotiations

11

Finally, the cost of extraction, transportation and production of energy from conventional
resources is quite lower than the cost of energy from renewables. The cost of investment in
new infrastructure that will be needed to transport the electricity produced in remote public or
private installations from renewable energy is quite greater than the cost of conventional
sources. This cost is prohibitive to drive the next energy transition without governmental
subsidies.
Consequently, the next energy transition to a low-carbon and renewable energy landscape is
complex and costly. However, renewable energy sources have already started to penetrate the
energy mix in the past. According to International Energy Statistics, the world’s total nonhydro renewable electricity generation in 1980 was 31.011billion kWh and in 2012 it
increased 34-fold, reaching 1.068.763billion kWh.
Unconventional sources such as sand oil and shale gas have recently emerged in the energy
field. New and innovative technologies contributed the most to this direction, in a
revolutionary way not even imagined half a decade ago. The production of these
unconventional sources is not only economical but environmentally effective as well. So,
keep thinking creatively to meet the energy challenges of the future.

1.2 Today’s energy mix and projected changes
Population growth has always been and will remain one of the key drivers of energy demand,
along with economic and social development. While global population has increased by over
1.5 billion people over the past two decades, the overall rate of population growth has been
slowing down. The amount of people without access to commercial energy has also reduced
slightly, and the latest estimate from the World Bank indicates that today it is roughly 1.2
billion.
Together with population growth, energy consumption has increased 27% since 2000, with
some modest shifts in the energy mix since then. Coal’s share changed the most in the energy
mix, increasing from 23% in 2000 to 28% today. Oil’s share was 36% in 2000 and today it is
32%. Renewables have doubled, from 0,6% to 1,1%.
Table 1.1 shows the actual values for a number of indicators recorded in 1993, the status of
these indicators in 2011 and their projection for 2020 made by the World Energy Council in
its High-Growth Scenario. The comparison demonstrates that future developments are often
underestimated. Even the highest projections, made 20 years ago, fall far below the reality.
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What does it mean? It means that demand for energy may grow significantly faster than
expected, and if properly managed, energy resources and technologies should be available to
meet this demand.

Table 1.1: Key indicators for 1993, 2011 and 2020
Source: 1993, 2020 figures from Energy for Tomorrow’s World (WEC, 1995). 2011 figures from World Energy Resources (WEC,
2013). Other renewables 2020 figure from World Energy Scenarios report (WEC, 2013)
* Includes figures for all renewables, except Hydro

% Growth
1993-2011

1993

2011

2020

5,5

7

8,1

27%

Trillion USD

25

70

65

180%

TPES Mtoe

9.532

14.092

17.208

48%

Coal Mt
Oil Mt
Natural Gas bcm
Nuclear TWh
Hydro Power TWh
Biomass Mtoe
Other renewables* TWh

4.474
3.179
2.176
2.106
2.286
1.036
44

7.520
3.973
3.518
2.386
2.767
1.277
515

10.108
4.594
4.049
3.761
3.826
1.323
1.999

68%
25%
62%
13%
21%
23%
n/a

12.607
2

22.202
3

23.000
3

76%
52%

21
4

30
4

42
N/A

44%
11%

0,24

0,19

N/A

-21%

Population, billion

GDP

Electricity Production/year
Total TWh
Per capita MWh
CO2 emissions/year
Total CO2 Gt
Per capita ton CO2
Energy intensity ktoe, 2005 USD

Oil
Oil with its various applications such as transport and petrochemicals remains the heading
energy source for meeting global energy needs. Global oil reserves in 2011 were 58% more
than 1993 reserves. According to table 1.2, the proved oil reserves in 2011 were 223,454Mt,
while in 1993 they were only 140,676Mt. The annual production of oil has also increased by
25% during the same period. Based on 2011 rate of production, oil will be sufficient for
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meeting global energy needs for the next 56 years. If we take into account the unconventional
sand oil and shale oil discovered in the U.S., the R/P ratio will increase further. In 2011, the
share of oil in the Total Primary Energy Supply (TPES) was 28% and is expected to fall to
26% in 2020 (Table 1.1). However, the past two decades, the total growth of oil consumption
was 25%.
Today, the developed world consumes equal amounts of oil with the developing countries. In
the past, almost two-thirds of oil production was consumed by the developed countries. Due
to the fast growing economies of the developing countries such as China, India and the
Middle East, as well as their population growth, the future increase of oil consumption will
derive from the developing countries.
Table 1.2 : Crude oil reserves - top 5 countries

Reserves (Mt)

Production (Mt)

R/P

Country

2011

1993

2011

1993

Years

Venezuela

40 450

9 842

155

129

> 100

Saudi Arabia

36 500

35 620

526

422

69

Canada

23 598

758

170

91

> 100

Iran

21 359

12 700

222

171

96

Iraq

19 300

13 417

134

29

> 100

Rest of World

82 247

68 339

2 766

2 338

30

Global total

223 454

140 676

3 973

3 179

56

Natural Gas
Natural gas is the second greater fossil fuel behind oil that plays a crucial role in energy
demand and possesses an important share in global energy mix. The global proven reserves of
conventional natural gas have grown by 48% from 1993 to 2011 and its production by 61%
for the same period (Table 1.3). Based on today’s rate of production, the R/P ratio for natural
gas is 55 years, which implies that the proven reserves will last for the next 55 years.
Table 1.3 : Natural gas reserves in top 5 countries
Reserves (bcm)
Country

2011

1993
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2011

1993

R/P
Years

14

Russian Federation

47 750

48 160

670

604

71

Iran

33 790

20 659

150

27

> 100

Qatar

25 200

7 079

117

14

> 100

Turkmenistan

25 213

2 860

75

57

> 100

Saudi Arabia

8 028

5 260

99

36

81

Rest of World

69 761

57 317

2 407

1 438

22

Global Totals

209 742

141 335

3 518

2 176

55

Natural gas is plentiful and is extracted mainly in the Middle East which holds 32% of global
reserves. Asia Pacific Region extracts just 10%. The natural gas reserves in Russian
Federation are nearly 23% of the total global reserves. Consumption of natural gas is steadily
increasing. Since 1993, natural gas consumption grew by 62% up to 2011 and is projected to
rise another 15% reaching 24% of TPES in 2020 (Table 1.1). In the future, it is projected that
natural gas consumption will overgrow oil consumption as it is growing faster. The demand
for natural gas in 2035 will probably increase by 50% and by 2040 it will rise by about 65%
compared to 2011 levels.
Natural gas is used for space and water heating in commercial buildings and households, for
industrial burning processes and recently it penetrated power generation sector. It is also
increasingly used in the most efficient power generation technologies such as Combined
Cycle Gas Turbine (CCGT) with conversion efficiencies of 60%. (fig. 1.6)

Figure 1.7 : Share of Global Natural Gas Consumption by Sector, 2011
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The use of natural gas is gradually increasing in developing markets. The power sector holds
a substantial share of this rise. According to IEA, the power sector in India will triple in size
until 2035 and natural gas is anticipated to be the second largest source of electricity
generation behind coal. China is planning to increase the portion of natural gas in the
country’s energy mix from 4% to 10% until 2020.
Similarly in North Africa and Middle East the need for power and natural gas is continuously
growing since more and more young population seek for an urban life with higher living
standards. Global LNG trade doubled from 2000 to 2011 (fig. 1.7) and according to IEA it is
expected to increase by another 50% up to 2020. The infrastructure needed for LNG
production, compression and transport is expensive but the global market has created a
supportive status for this effort.

Figure 1.8 : Global LNG Trade, 2000-11

Coal
The larger coal reserves around the globe belong to China and Australia, while more than 75
countries own their coal deposits as well. Coal is the most commonly used energy source for
power generation and the second source of primary energy worldwide behind oil.
It has been the fastest growing energy source globally during the last decade. The growing
demand for coal in the emerging nations as well as their population growth accounted for this
remarkable growth. Actually, China uses as much coal as the rest of the world.
40% of the global power generation is produced by coal. In the next years the coal
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consumption in absolute terms will rise but its share in global power generation is predicted to
decrease. It is projected that the share of coal in TPES will expand by 34% up to 2020,
reaching 10,108Mtoe (Table 1.1). The increasing demand for coal by the power generation
units in developing countries accounts for this increase in coal consumption. On the other
hand, European countries along with countries in North America are making an effort to
withdraw coal from their energy mix. In the large developing economies, though, mainly in
Asia, where coal is the driving force of their energy landscape and coal reserves are plentiful,
such efforts are falling down, despite coal’s harmful environmental effects. As illustrated in
table 1.4, during 1993 and 2011, the proved global coal reserves have decreased by almost
13%, reaching 891,530Mt while at the same time China’s coal reserves increased by 43%,
reaching almost 114,500Mt. The global R/P ratio of coal reaches more than 100 years
according to current coal production.
Coal is projected to play a crucial role in the forthcoming years, especially in the non-OECD
countries where coal reserves are plentiful and countries can produce electricity in an
affordable way. Furthermore, the future of coal depends on the development of clean coal
technologies such as Carbon Capture and Storage (CCS) technology. Their upgrade will
alleviate environmental load via reducing CO2 emissions. Today, CCS technology is at the
pilot stage and its future is uncertain because of the high costs of power production and
efficiency penalty.
Table 1.4 : Coal reserves - top 5 countries

Reserves (Mt)
Country

Production (Mt)

R/P

2011

1993

2011

1993

Years

United States of America

237 295

168 391

1 092

858

> 100

Russian Federation

157 010

168 700

327

304

> 100

China

114 500

80 150

3 384

1 150

34

Australia

76 400

63 658

398

224

> 100

India

60 600

48 963

516

263

> 100

Rest of World

245 725

501 748

1 805

1 675

> 100

Global total

891 530

1 031 610

7 520

4 474

> 100
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Shale Gas
Shale gas is an unconventional energy source which is found trapped in shale formations. In
recent years, the development of a new application called “fracking” made shale gas
accessible in an affordable way and it already comprises an important element of the energy
landscape. This novel technology involves the vertical tapping of rocks which later turns to
horizontal drilling. Once the well is drilled, a mixture of sand, water and additives is injected
into the rocks to create fractures from which the shale gas or oil is pumped out of the well.
The advanced hydraulic fracturing and horizontal drilling is responsible for increasing shale
gas in the U.S. According to the International Energy Agency (IEA), the US will obtain the
first place in the energy field of natural gas producers. Energy Information Administration
(EIA) anticipates that the share of shale gas in the total natural gas production in the US will
increase from 40% in 2013 to 53% in 2040.

Renewable Energy
In 2008, renewable energy sources accounted for 12.9% of the global total primary energy
supply (fig. 1.3). The share among different renewable energy sources were 10.2% for
biomass, 2.3% for hydropower, 0.4% for geothermal, wind and solar energy and 0.002% for
ocean energy. Around 60% of biomass was used for cooking and heating purposes in the SubSaharian Africa and Asia. Hydropower contributed with a percentage of 16% in the global
power generation in 2008. Biofuels were mixed by 2% in the global transport fuel
consumption.

Figure 1.3 : Share of energy sources in total global primary energy supply in 2008 (492 EJ)
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Renewable energy persists to develop in present years both in the US and in EU. The share of
non-hydro renewable energy in global power generation mix increased by almost three-fold
from 2000 to 2011, reaching nearly 4%. According to the World Energy Council, the share of
renewables in the total primary energy supply (TPES) of the world was 11% in 2011 and is
projected to grow more to reach 16% in 2020 (Fig. 1.4).

Year 2020
17 208 Mtoe

Renewables
(other than large hydro)
Fossil

Nuclear

Hydro (>10MW)

Year 1993
9 908 Mtoe

Figure 1.4 : Total Primary Energy Supply by resource 1993, 2011 and 2020
Source: WEC Survey of Energy Resources 1995, World Energy Resources 2013 and WEC World Energy Scenarios
to 2050

Wind and solar energy contributed the most in the development of renewable energy since
2008, accounting for more than 35GW of annual additions. Biofuels also showed an upward
trend since 2000, with their production reaching nearly 1.9million barrels per day in 2011.

Nuclear Energy
In 2012, 42% of total primary energy was converted into electricity. Nuclear power provides
almost 11% of the world’s electricity generation and nearly 21% for the OECD countries.
Electricity production almost doubled since 1990 and according to IEA, it is projected to
increase by some 80% up to 2035. Almost all of the projected growth in the future power
production will be consumed by non-OECD countries such as China and India, due to their
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fast growing economies. Figure 1.5 depicts the world electricity consumption by region from
1980 and the future projection up to year 2030.

Figure 1.5 : World electricity consumption by region

Today, the total installed capacity of nuclear power reactors across the world is around
370GWe and is projected to grow more by 20% compared to existing capacity. Figure 1.6
illustrates the global nuclear electricity produced from 1971 to 2012.

Figure 1.6 : World nuclear electricity production
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Prior to Fukushima disaster nuclear energy was regarded as a feasible, carbon-free option for
covering the growing demand for electricity. However, after the accident of Fukushima,
safety issues raised which relate to nuclear energy and lagged the growing trend of nuclear
power production observed in the past. Nevertheless, China and India with their huge
electricity demand do not seem to change their energy policy over nuclear power. China plans
to increase its nuclear power generation by adding more 30GWe to its existing capacity while
India plans to add more 14.5GWe generated from nuclear energy up to 2020.
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Chapter 2 – GLOBAL STATUS OF ENERGY – RELATED CO2 EMISSIONS
2.1 Trends in energy demand and emissions
Global energy consumption has been increasing since 1990 due to the consecutive growth in
energy demand both in developed and developing countries. Conventional fossil fuels played
a dominant role for this the growth. Nowadays, fossil fuels are responsible for more than 80%
of the global energy consumption. However, fossil fuels combustion accounts for greenhouse
gas emissions into the atmosphere. Greenhouse gases trap heat into the atmosphere and
provoke global warming. The main greenhouse gases are carbon dioxide (CO2), methane
(CH4), nitrous oxide (N2O) and fluorinated gases such as perfluorocarbons (PFCs),
hydrofluorocarbons (HFCs) and sulfur hexafluoride (SF6). The main reason for these
emissions are human activities such as the combustion of fossil fuels to produce electricity, to
heat water and space in commercial and private buildings and for transport purposes.
In 2010, activities such as electricity production, heat production in industry, water and space
heating in buildings and transport emitted more than two-thirds of the global Ghg emissions.
The rest were attributed to land use, land-use change and forestry as well as the agricultural
sector. Biomass burning accounts for emissions from the agricultural sector.
The bulk of global energy-related Ghg emissions are CO2 emissions which are around 90% of
the total Ghg emissions. The rest are mainly CH4 emissions. In 2012, 31.6Gt of CO2-eq
emissions were released into the atmosphere from energy – related human activities, a historic
record high. Around 60% of global CH4 emissions stem from agricultural activities and 40%
is attributed to energy sector activities. In 2010, CH4 emissions from energy sector reached
3.1 Gt of CO2-eq.
Compared to 2011 levels, fossil fuels consumption raised in 2012 with natural gas increasing
by 2.7%, 0.6% for coal and 1.1% for oil. This directed a corresponding growth of Ghg
emissions by 1.4% (or 0.4 Gt of CO2-eq). 89% of this increase came from natural gas and coal
consumption while oil consumption accounted for the rest 11%. As illustrated in figure 2.1,
emission trends in various regions of earth reveal differences among countries which account
the most for energy-related Ghg emissions.
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Figure 2.1 : CO2-eq emissions trends in 2012

In 2012, China made the largest contribution in global CO2 emissions, accounting for 24% of
the global growth, which represents an absolute amount of 300Mt. The United States and
European Union decreased their emissions accounting for 250Mt of the global change in CO2eq emissions. In global, non-OECD countries increased their CO2 emissions by 3.1% in
2012, which was counterbalanced by only 1.2% decrease in OECD countries. The top three
emitting countries, China, US and the EU accounted for almost 55% of the global Ghg
emissions in 2012.
As referred earlier, China’s CO2-eq emissions in 2012 grew by 3.8% or 300 Mt. However, the
country’s continuous and persistent efforts to reduce its emissions led to the smallest increase
in 2012 compared to the past decade. Coal demand for power generation increased only by
1.2% while power output grew by 5.2%. This implies China’s effort to introduce and install
low-carbon generating capacity in its power generating system, such as hydropower, wind and
solar power and decrease its energy efficiency. 18GW additional hydropower installations
were added to China’s power system, reaching total capacity of 249 GW in 2012. Figure 2.2
depicts the long-term efforts of China to reduce its CO2 emissions from power generation in
the period of 2002 to 2012. Yet, improvements in China’s energy intensity increased the
energy efficiency of its economy, which was achieved via ‘12th Five-Year Plan’.
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Figure 2.2 : CO2 emissions per unit of generation in China

In India and the Middle East, energy-related CO2 emissions grew by 2.5% and 3.2%
respectively, in 2012. The persistence of subsidized fossil fuels consumption in the Middle
East, as well as the growth in natural gas consumption accounted the most for emissions
increase.
In the U.S., CO2 emissions have been reducing since 2008 with the exception of 2010 (fig.
2.3). In 2012, the U.S. energy-related Ghg emissions declined by 3.8% or 200 Mt compared
to 2011 levels. This reduction was achieved by the growth of natural gas consumption in
power generation. Additions of hydropower generation also made remarkable contribution to
emissions reduction, while new technology in transport with lower demand for fossil fuels
also contributed to this decline.
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Figure 2.3 : Change in fuel consumption and total energy-related CO2 emissions in the United States
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In European Union, the economic recession brought together a reduction of 0.3% in
electricity consumption in 2012. Many countries used coal as an input for electricity
generation due to reduced prices of the fuel and CO2 allowances. This resulted in an increase
of 2.8% in coal demand compared with the average decline of 1.3% during the past decade.
However, total Ghg emissions in the European Union decreased by almost 1.4% in 2012 or 50
Mt. Power sector reduced its emissions by 0.6% as a result of the broad participation in the
European Emission Trading Scheme (EU ETS). Other renewable energy policies were the
introduction of solar and wind energy into the energy mix for power generation, to refer only
the most important.

2.2 Historical emission trends and indicators
Since the previous century, emissions accumulated in the atmosphere to reach nearly eleven
times the emissions of the previous century. OECD countries accounted for the most of this
increase but nowadays the scene has changed. Around 60% of global CO2 emissions originate
from non-OECD countries, notably from China and India (Figure 2.4).
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Figure 2.4 : Energy - related CO2 emissions by country
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Global energy-related CO2 emissions follow the trends of global economy. The increasing
energy demand in developing countries deteriorates global carbon intensity (CO2 emissions
per unit of GDP) because of the low rate of decarbonization in those countries. Figure 2.5
depicts the close links between the global GDP growth and CO2 emissions trends from 1972
to 2012.

GDP growth

Figure 2.5 : Growth in global GDP and in energy-related CO2 emissions

In figure 2.6, the difference between GDP and CO2 emissions trajectories among developing
and developed countries is illustrated. In the U.S. and OECD Europe, GDP is rising from
1971 to 2012, while in the same period CO2 emissions do not follow GDP path. In contrast,
China’s and India’s CO2 emissions evolve in much closer trends. This implies low index
values of carbon intensity in the developing countries which reflects the low decarbonization
rate of their energy system.
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Similarly, CO2 per capita emissions in developing countries continue to increase from 1990 to
2012 reaching almost 6 tons per capita in China and 2 tons per capita in India which doubled
from 1990 to 2012 (fig. 2.7). Developed countries typically emit much higher CO2 per capita
emissions from the global average which was around 4.5 tons in 2000. However, both the
U.S. and EU reduced their CO2 per capita emissions from 1990 to 2012.
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Figure 2.7 : Energy - related CO2 emissions per capita and CO2 intensity in selected regions
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Power sector is an activity which emit huge amount of CO2 worldwide. In 2011, 13Gt of
energy-related CO2 emissions were released into the atmosphere from power generation
facilities. In 2000, the same factor was 40% lower than 2011. The heavy reliance of power
generation sector on coal seems to be the main reason for these emissions. Australia, China
and South Africa are absolutely dependent on cheap indigenous coal to power their electricity
generation facilities.
CO2 emissions from transport have been increasing since 2000 by around 1.7% annually. In
2011, the energy-related CO2 emissions from transport reached 7 Gt. The sector is dominated
from oil to power vehicles. However, in OECD countries there are various regulations which
intend to increase energy efficiency in vehicles. Thus, CO2 emissions from transport in OECD
countries averaged 3.3 Gt in 2011, decreasing to year-2000 level.
Industrial CO2 emissions in OECD countries declined steadily from 2000 onwards, by 38%
up to 2011, reaching 5.5 Gt. China’s and India’s industrial emissions have increased reflecting
their growing economy.
The building sector’s emissions reached 2.9Gt in 2011, which translates to around 9%
increase in the last decade. Natural gas in OECD countries accounts for almost two thirds of
this increase.
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Chapter 3 – CLIMATE CHANGE NEGOTIATIONS
3.1 A brief description of UNFCCC and the Kyoto Protocol
The two most potent drivers of energy demand are population and income. Both of them have
contributed to major historic transitions of energy mix in the past. Population has grown by
1.6 billion people since 1992 and is projected to grow further by 1.4 billion in the future. This
growth is expected to happen most in the emerging economies of the world. The same
trajectory has been followed by global GDP which has grown by 87% since 1992 and the
scientific community anticipates a further 100% increase for the next 20 years. Energy
demand is consequently strongly affected by these two factors, which in turn influences
greenhouse gas emissions trends.
Global warming is the result of greenhouse gas emissions into the atmosphere, which are
caused by burning fossil fuels like natural gas, oil and coal. The average lifetime of CO2 is
over a hundred years. The lifetime of CH4 is 12 years and NOx remains nearly 125 years into
the atmosphere. The prolonged stay of greenhouse gases leads to the increase of their
concentration and ultimately the global temperature of the atmosphere increases. This creates
global warming which brings the adverse consequences of climate change such as floods,
droughts with high temperatures, loss of the sea ice in the poles, sea level rise, heat waves etc.
The great importance of global warming provoked the international community to deal with
the issue. The problem of climate change was first discussed in the Integovernmental Panel
on Climate Change (IPCC) Assessment Report in 1990. The IPCC is a global organization
which was created to tackle climate change problem by accommodating the scientific
consensus views of the global community. It was established by the World Meteorological
Organization and the United Nations Environment Program.
Thereafter, in 1991 global negotiations started. Initially, the United Nations Framework
Convention for Climate Change (UNFCCC) was adopted in 1992 and entered into force in
March 1994. Global community cooperated to establish a Convention which would later
become the cornerstone of worldwide negotiations for climate change. The 192 countries
which signed the Convention were called the “Parties”. The central role of the UNFCCC was
to stabilize global Ghg emissions from developed countries which had been the major
emitters up to then. Its ultimate target was to deter the adverse consequences of human
activities to climate. No hazardous levels of emissions were determined, but industrialized
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countries were recommended to sustain their Ghg emissions up to 2000 without unsettling
food supply and decreasing economic development.
Since the UNFCCC entered into force, the governing body of the Convention was set up. This
is the Conference of the Parties (COP) with the ultimate purpose for the Parties to meet
annually from 1995 onwards, in order to assess the evolution of climate change issues. The
most powerful and well known protocol was established at the third COP, in Kyoto, Japan, on
December 11, 1997. The Kyoto Protocol is by far the most important tool to cope with
climate change. It set up legally binding targets for developed countries to limit their Ghg
emissions by a certain percentage below 1990 levels, over 2008-2012.
Finally, the participating parties at the seventh Conference of Parties (COP7), which was held
in Marrakech in 2001, concluded to the Marrakech Accords. The main scope of this COP was
to finalize the detailed rules of the Kyoto Protocol. Particular specifications for the
implementation of the two flexibility mechanisms, Joint Implementation and the Clean
Development Mechanism were also determined.
Other major Conferences of the Parties (COPs) after the Kyoto in Japan were the Bali
Roadmap in 2007, the Copenhagen Accord in 2009, the Durban platform in 2011 and the
Doha Conference in 2012.
The Copenhagen Accord incorporated specific obligations for Ghg emission reductions but in
contrast to the Kyoto Protocol, the commitments were unilateral and non-obligatory. On the
other hand, Kyoto Protocol included specified limitation targets for developed countries
which were binding for the signing countries.
The Bali Roadmap and the Durban Platform COPs were precursor agreements for farther
negotiations to establish a new international legal agreement which will be finalized by 2015
and enter into force from 2020 onwards.
In Doha Conference in 2012, the most worthwhile agreement was the consensus by the
Parties to expand the Kyoto Protocol’s implementation into a second commitment period. The
extended protocol began on January 1st, 2013, when the first period of the Kyoto Protocol
expired, and will end on December 31st, 2020, before the new legal agreement will enter into
force.
In the future, Parties will meet in Lima, Peru on December 2014, where they are expected to
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draft the text of the new legally binding agreement for Ghg emissions limitation and in Paris
COP in 2015 the agreement will be adopted by the Parties. This new agreement will involve
both developed and developing countries for the first time and will enter into force after 2020.

3.2 The Kyoto Protocol
The Kyoto Protocol is an international agreement which was adopted in the third Conference
of the Parties in Kyoto, Japan on December 11, 1997. It entered into force eight years later, on
February 16, 2005, after Russia ratified the agreement. Its first commitment period started on
2008 and lasted four years, up to December 31, 2012.
Initially, the Kyoto Protocol was signed by 84 countries up to March 15, 1999.
There were two presuppositions for the Kyoto Protocol implementation. Firstly, 55 countries
should ratify the Protocol and secondly, these countries should emit at least 55% of the
world’s greenhouse gases that were emitted by Annex I countries to the UNFCCC in 1990.
The first condition had been attained but the second one had not. In spite of the fact that the
U.S. had initially signed the Protocol, on February 2001 they declared that they intend to
abandon the commitments of the Protocol reducing the critical percentage for its
implementation below 55%. Australia also refused to sign up the Protocol. Russia was the
country that if did not ratify the Protocol, it would crumble. Ultimately, the Russian
parliament voted for the ratification of Kyoto Protocol on October 23, 2004 and three months
after the ratification, the Protocol came into effect on 16 February 2005. Other major emitting
regions that ratified the Protocol were the European Union (EU-15) and Japan.
By signing the Kyoto Protocol, developed countries committed to reduce their greenhouse gas
emissions by a specified portion whereas developing countries could emit freely. Initially 37
developed countries and the EU-15 ratified the Protocol which are referred as Annex I
countries in the UNFCCC or Annex B countries under the Kyoto Protocol Convention. These
countries had the obligation to reduce their overall Ghg emissions by 5.2% against 1990
levels, over a 5-year period of time between 2008 and 2012. The individual emission targets
for each country are illustrated in table 3.1, in the context of the EU ‘Burden Sharing
Agreement’. The Kyoto Protocol covered six greenhouse gases, involving carbon dioxide
(CO2), methane (CH4), nitrous oxide (N2O), hydro-fluorocarbons (HFCs), perfluorocarbons
(PFCs) and sulfur hexafluoride (SF6).
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Table 3.1 : Kyoto Protocol emission targets and the EU ‘burden sharing’

Country

Target (1990 - 2008/2012)

EU-15, Bulgaria, Czech Republic, Estonia,
Latvia, Liechtenstein, Lithuania, Monaco,
Romania, Slovakia, Slovenia, Switzerland

-8%

United States
Canada, Hungary, Japan, Poland
Croatia
New Zealand, Russian Federation, Ukraine
Norway
Australia
Iceland
Luxembourg
Denmark, Germany
Austria
United Kingdom
Belgium
Italy
The Netherlands
Finland, France
Sweden
Ireland
Spain
Greece
Portugal

-7%
-6%
-5%
0%
1%
8%
10%
-28%
-21%
-13%
-12.5 %
-7.5 %
-6.5 %
-6%
0%
4%
13%
15%
25%
27%

There were three basic and flexible mechanisms to reduce emissions. The Emissions Trading
Scheme (ETS), the Join Implementation mechanism (JI) and the Clean Development
Mechanism (CDM). These mechanisms offered to the countries a cost-effective mode to
reduce their emissions.
ETS has first become operational after the Kyoto Protocol came into effect on February 16,
2005 and was the greatest emissions trading scheme in the world, established by the European
Union. It is still in effect and remains on top. It covers 31 countries including the current 28
European Members plus Liechtenstein, Norway and Iceland. Its concept is rather
straightforward. Countries that emit more greenhouse gases than its specified commitment by
the Protocol, they must purchase emission allowances from other countries which emit lower
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emissions than their own cap and thereby they have surplus of allowances. Consequently,
emitting countries can reach the most cost-effective way to reduce their emissions by
choosing either to pay for their excess emissions or reducing them via technological solutions.
The other two mechanisms, JI and CDM, are based on the implementation of new projects,
which means that countries can reduce their emissions by investing in big green projects.
Under the umbrella of both mechanisms, public or private sector from countries with binding
emission targets may invest to other countries of Annex B list countries under the Kyoto
Protocol and obtain Carbon Credits from the project implementation. Under JI mechanism,
the countries which host these projects should be economies in transition (EIT) whereas the
Clean Development mechanism is applicable for investments to developing countries. Finally,
the Kyoto Protocol recognizes Carbon Absorption, which permits emitting countries to
compensate for their emissions with the absorption of CO2 emissions in their biosphere. This
is called the “sinks” activity.
Many modalities of the Kyoto Protocol implementation had not been clarified during the time
of its adoption. A mechanism for monitoring, reporting and verifying the emissions should be
established to assure compliance with the commitments of the Protocol. The rules for banking
emission allowances through the different phases of ETS should be also specified. The extent
and the exact determination of eligible ‘sinks’ should also be specified as well.
It took the negotiating countries four years to finalize the guidelines of the Protocol’s
implementation and to make its text operational. Moreover, developing countries required the
clarification of the exact rules of the assistance that the developed world should provide for
their adaptation to the adverse consequences of climate change. The solution came with the
Marrakech Accords which completed the rules of the Kyoto Protocol in the Marrakech COP
in 2001.

3.3 The Copenhagen Accord (COP15)
The Copenhagen Accord was held in December 2003 in Copenhagen, Denmark and was the
15th Conference of the Parties to the UNFCCC.
For the first time in COP15, the consensus scientific consideration of limiting the global
temperature increase below 2o C above pre-industrial levels by the end of the century was
recognized. This consideration was to be reviewed by 2015 with the scope of reinforcing the
target to 1.5o C in the long term.
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After the Copenhagen Accord endorsement, all major economies across the world and for the
first time the developing economies as well (non-Annex I countries to the UNFCCC) pledged
to reduce Ghg emissions but unfortunately once again no binding emission targets have been
set for these countries.
According to the Copenhagen Accord, Annex I countries were pledged to undertake
economy-wide emission targets and non-Annex I countries to implement mitigation actions.
The least developed and small island countries were free to launch mitigation plans which
would be backed by developed countries.
Countries with mitigation targets and countries which would implement mitigation actions
were obliged to measure, report and verify (MRV) their emissions to an international
community platform. Additionally, the financial resources delivered to developing countries
would be also measured, reported and verified in accordance with existing and further
developed guidelines in the context of the COP.
To assist the implementation of adaptation actions by the developing countries, the developed
countries were to finance these actions and also provide technology and capacity building.
Developed countries also committed to provide for the selection of $100 billion per year up to
2020 which would be directed to mitigation and adaptation actions in developing countries
and their transparent implementation. The financial resources would be a mix of private and
public resources. Especially for the period of 2010 to 2012, the developed countries were
obliged to provide additional resources of $30 billion for the same purpose. Likewise, the
Accord established a new Green Climate Fund with the scope of delivering and channeling
financial resources to the developing nations and with the purpose to investigate new sources
of revenue to finance its actions. Unfortunately, developed countries haven’t achieved hitherto
to provide $100 billion to the developing nations for their adaptation to the adverse effects of
climate change.
Finally, a last decision to the COP15 in Copenhagen was to establish an instrument with
which financial resources would be channeled to actions of reducing emissions from
deforestation and forest degradation and to reinforce forest sinks.

3.4 Durban Climate Change Conference (COP17)
The 17th Conference of the Parties was held in Durban, South Africa, from 28 November
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2011 to 09 December 2011 and was accompanied by the 7th session of the Conference of the
Parties CMP7 as the Meeting of the Parties to the Kyoto Protocol agreed under the UNFCCC.
The Durban COP continued the course of the international climate change actions but did not
deliver any new developments. The participating Parties discussed for an extension to the
expiring Kyoto Protocol after 31 December 2012 and the long-term consideration for limiting
and restricting Ghg emissions in the light of the Convention.
The Durban platform was also established under the Durban COP to enhance actions for
delivering international negotiations in order to decree a new legal agreement for reducing
Ghg emissions by 2015 This agreement will come into effect from 2020 onwards. The work
was undertaken by the Ad hoc Working Group on the Durban Platform for Enhanced action
which started its work from 2012 and should report to future COPs for the its progress. The
Ad hoc Working Group on Enhanced Action will report its final results of its work in COP21
in 2015 in order for a new Protocol to be legally adopted and to come into effect from 2020
onwards.
In Durban COP, governments also decided to extend the Kyoto Protocol from the day of its
expiration at 31 December 2012 into a second commitment period which would last eight
years, from 01 January 2013 up to 2020. They also decided to expand the list of eligible
greenhouse gases to the Kyoto Protocol by introducing more.
The official commencement of the Green Climate fund, which was initially established in the
15th COP in Copenhagen, also took place in Durban. A Standing Committee was also
established in the Durban COP, which undertook an advisory role on the adaptation actions of
the developing countries to tackle climate change. Among others, its role consisted of
providing advices to the COP for the improvement and coordination of the process of climate
change financing.

3.5 The Doha Climate Change Conference (COP18)
The Doha COP took place in Doha, Qatar and was the 18th COP to the UNFCCC.
Concurrently, it was defined as the 8th session of the COP serving as the Meeting of the
Parties to the Kyoto Protocol (CMP8). The Doha COP started on November 26, 2012 and
ended on December 08, 2012.
The major agreements adopted in Doha concern some basic amendments to the expanded
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Kyoto Protocol from 2013 onwards. 38 countries took on binding commitment targets to cut
emissions by 2020; the 27 European countries within EU, nine other developed countries,
Switzerland and Australia. However, Canada, Japan, Russia and New Zealand abandoned the
extended Kyoto Protocol. Additionally, China and the U.S. didn’t ratify the extension of the
Protocol. Consequently, only 13% of global Ghg emissions were represented in the extension
of the Kyoto Protocol by the participating Parties.

3.6 Future steps on climate change negotiations
The crucial consideration for climate change converges to the question which the new path of
future negotiations shall be. An international agreement to tackle climate change, a new legal
instrument, is to be negotiated by 2015 and to come into effect after the expiration date of the
second Commitment period of Kyoto Protocol in 2020. If the Participating Parties to the
negotiations reach such an agreement, it will be the first time that both developed and
developing countries will pledge to reduce global Ghg emissions. All parties to the COPs
have affirmed that this new agreement will be concluded in COP21 which will be held in
2015 in Paris and is planned to come into force in 2020.
There are three principal pillars that the new international agreement will be built on. Firstly,
the commitments of each country need to support the notion of restricting global temperature
increase below the predetermined threshold of 2o C by 2100 compared to pre-industrial level.
Secondly, all individual and national commitments need to be incorporated into a common
legal framework that will inspire mutual confidence among member Parties and will not
discriminate against any member. Thirdly, the new agreement should be flexible in order to
consider for different national conditions among member Parties that participate to the new
legal treatment. In COP18 in Durban, the participating governments set out a plan for shaping
the path of negotiations up to 2015. To postpone the negotiations after 2015 creates a
hazardous situation and thus, major political interventions of great scale and cost will be
needed to reverse this trend. So, the elaboration of the new agreement today is of vital
significance.
Accordingly, COP21 negotiations are undoubtedly critical for shaping the future regime and
laying out the next international agreement for reducing global greenhouse gases. As
mentioned earlier, this new legal instrument will incorporate provisions for binding
commitments by all major emitters across the world, both developed and developing countries
for the first time after the twenty-two-year course of action by the parties within the
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UNFCCC.

3.7 National actions and policies with climate benefits
3.7.1 Emerging economies

Since May 1992, when the UNFCCC was adopted and opened its gates for signatures at the
Rio Earth Summit, things have dramatically changed. Initially, the Convention’s ultimate
purpose was to “achieve stabilization of Ghg concentration into the atmosphere at levels that
would prevent dangerous anthropogenic interference with the climate system”. Since then,
the science of climate change has been developed and today the urgent need to decarbonize
global economy during the first half of 21st century has become crucial. Initially, the
negotiations for climate change were held by the developed countries and Group of 77 and
China. The Group of 77 was created by 77 developing nations in June 1964 at the United
Nations, in order to promote their economic interests and to constitute a powerful block
within the United Nations to negotiate. Today, new negotiating groups with common views
have emerged which try to promote their interests and common principles and infiltrate the
traditional north-south division. The ‘BRICS Countries’ represent such a group which has
decided to band together on the global stage.
The ‘BRICS countries’

The so-called “Brics Countries” is a group of large developing countries, which are
characterized by rapidly growing economies and which banded together in order to enhance
its influence at an international level. The countries that make up the “Brics Countries” are
Brazil, Russian federation, India, China and South Africa. All together, they represent about
40% of the world’s total population and their combined GDP accounts for more than 20% of
global economy. In 2010, these countries have altogether consumed around 33% of global
energy supply and emitted roughly 37% of global CO2 emissions from fuel combustion.
Some economists predict that by 2050, the economies of these five countries shall be
comparable with the United States. Accordingly, some other scientists also project that if the
growth of their economy persists, the shares of their GDP and CO2 emissions will rise further
in the forthcoming years. Today, China, Russia and India are in the first four global positions
of the countries that emit the most in absolute terms.
Brazil

The energy system in Brazil accounts for around 27% of the total Ghg emissions of the
country. Within the energy sector, transportation and industry are the most influential
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subsectors with their shares in the country’s energy emissions in 2010 reaching around 43%
and 25% respectively. However, in absolute terms, Brazil was in 2010 the third largest
emitting country across the world. Three are the major sectors in Brazil that release the bulk
of greenhouse gases into the atmosphere; agriculture, land-use and forestry activities,
particularly through the Amazon frontiers.
Brazil’s CO2 emissions from energy use are lower than China, India and Russia, representing
just 1.3% of global CO2 emissions from fuel combustion.
For the most part of energy demand in Brazil, renewable energy plays a critical role, since
44% of the total primary energy supply (TPES) in Brazil is powered by renewable energy
sources. However, it is forecasted that the share of transport and industry in energy supply
will grow further over the next years.
Despite the low contribution of fuel combustion in the total matrix of the country’s emissions,
Brazil attained a collective abatement of its total emissions by approximately 25% between
2005 and 2009. This was recorded as the largest mitigation action ever recorded in the
country. This astonishing decrease of emissions is attributed to the enhanced decrease of the
Amazonian deforestation.
In 2009, Brazilian society enriched its claim for enhanced Ghg emissions reduction by
pressing Brazilian Government to take immediate action. Ultimately, two major claims that
would change energy landscape have emerged: Brazilian government should adopt targets for
reducing the country’s emissions by 2020 and to support REDD (Reducing of emissions from
deforestation and forest degradation).
Thereafter, Brazilian government announced in 2009 a commitment program to reduce its
Ghg emissions level by 36% compared to 2005 levels. This commitment strategy was
voluntary and the ultimate results would be additional to the conventional obligations the
country had undertaken under the Climate Convention and the Kyoto Protocol.
Regarding the Kyoto Protocol, Brazil supported the extension of the Protocol beyond 2012 in
its current form and asked for no binding emission targets for the developing countries up to
2020. Brazil also kept its coalition with the other four members of the “Brics Countries”.
The Russian Federation

Since the breakup of the former Soviet Union on December 26, 1991, CO2 emissions
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decreased dramatically in Russian Federation, reaching a 27% drop over the period of 1991
up to 2010. From 1990 to 1998 the national CO2 emissions dropped by 34% due to the decline
in economy caused by the breakup of the Soviet Union. The strong economic recovery which
occurred in the upcoming years stimulated a rise in CO2 emissions by 5% in 1999 and 2000
which is attributed to the growth of world energy prices at that time. For the next years the
country’s emissions remained stable and in 2009 a 4% fall was observed due to the strong
financial crisis the world faced. Thereafter, CO2 emissions increased again in the Russian
Federation by 4% in 2010. The same year, 53% of total CO2 emissions in the Russian
Federation came from electricity and heat generation while the global average was 41%.
Regarding the energy mix in electricity generation, 50% was produced from natural gas, 16%
from coal and just 1% from oil.
However, in Russia the climate change issue does not constitute an important matter. The lack
of social awareness for environmental issues, the priority that the authorities give to the
Russian restoration of the economy and the skepticism that prevails among the Russian
scientists regarding the evolution of global warming keep Russia away from climate policy.
However, in 2009, the Russian parliament voted a law to stimulate the production of power
electricity by utilizing renewable energy resources, with an ultimate target of increasing its
share in power generation from 1% to 4.5% in 2020, excluding hydropower generation
capacity. However, the current legislation needs to be supported by additional decrees and
laws which will contribute to the unhindered utilization of renewable energy sources in the
country’s power sector, such as wind, biofuels, recovered methane from coal mines and solar
energy.
It is almost certain that in the forthcoming negotiations for a new legal agreement, Russian
Federation will resist to participate actively and even resist to intervene in the achievement of
a global agreement. Even if global economic and financial evolution is in danger, Russia will
not hesitate to hinder the attainment of a global solution for reaching a new agreement for its
own benefit.
In the negotiations that were held in COP17, Russia denied to take up binding emission
targets under the Kyoto Protocol’s extension period beyond 2012. According to Russian’s
view the Protocol failed to allocate equal responsibilities and obligatory emission targets to all
participating members as long as the bigger emitters such as China and the U.S. didn’t sign
the Protocol. Russians believe that the Protocol is not capable of resolving the problem of
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global warming. A global regime that will be respected by both developed and developing
countries needs to be enacted in order for the climate change problem to obtain a
comprehensive and integrated solution.
India

India belongs to the list of the first ten emitting countries of the world, with its CO2 emissions
surpassing the share of 5% of the global CO2 emissions. Needless to say that, between 1990
and 2010, India’s emissions have almost tripled. According to World Energy Outlook of 2012
reported by the International Energy Agency, even with the New Policies Scenario, India will
face a 3.5% increase per year in its CO2 emissions, reaching the unpleasant share of 10% in
the global CO2 emissions by 2035.
India has set out two major programs for tackling Ghg emissions by 2020. The ‘National
Mission on Enhanced Energy Efficiency’ program and the ‘Perform, Achieve and Trade’
program. The former aims to reduce energy demand growth in India and the latter to apply
mandatory energy efficiency obligations in industry. Regarding Renewable Energy, India
plans to increase its hydro renewable capacity, reaching 55 GW by 2017.
China

China’s CO2 emissions more than tripled the past two decades, reaching the enormous level
of 7 billion tons by the end of 2010 which represents approximately 24% of global emissions.
In fact, in 2007, annual emissions in China surpassed those of the U.S. in absolute terms,
despite the fact that U.S. still hold the leadership in emission indicators, such as CO2 per
capita and per capita energy consumption. The rise of Chinese emissions during the previous
decade stems from the surge of Chinese economy and its industrial evolution, which resulted
in an increase of energy demand. Later on, during the global economic crisis, China’s path of
emissions did not differentiate from other countries’ path and the rate of emissions growth
slowed down to 3% in 2008 before returning back to 7% in 2010. According to IEA (World
Energy Outlook – 2012), the annual growth rate of China’s emissions is projected to decline
in the future converging to 1.4%. But even if this projection is verified, China’s CO2
emissions will still increase by approximately 40% up to 2035.
China has implemented various programs to achieve a decline in its emissions. The “12th
Five-year Plan” was endorsed by the National People’s Congress on 14 March 2011 and sets
the course of action during 2014 – 2015. This plan sets up indicative caps and mandatory
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targets while pursuing sustainable growth in Chinese economy, industrial upgrading and
increase of domestic consumption. The caps are imposed on the total energy consumption and
power consumption by 2015 and the compulsory targets are the reduction of energy intensity
of Chinese economy by 16% up to 2015 and the reduction of carbon emissions per unit of
GDP by 17% in 2015. Apart from this, Chinese government declared in the Copenhagen
Accord in 2003, that a more ambitious plan to reduce its carbon emissions per unit of GDP by
45% in 2020 would be pursuit.
China has also published the “Top 10,000” program which is a mandatory program consistent
with the “12th Five-Year Plan” and covers two-thirds of China’s total energy consumption.
The scope of this program is to reduce energy consumption by approximately 250 million
tons of coal equivalent (tce) by 2015. The program includes approximately 15,000 industrial
units that utilize more than 10,000 tce per year, public buildings, commercial enterprises,
hotels and other transportation companies.
China views renewable energy sources as another major manner to reduce its carbon
emissions. China has implemented a National Action Plan to reduce and prevent Air Pollution
by establishing an extensive range of targets for renewables. One such target was recently
published by the Chinese government which intends to increase the Photovoltaic installations
to 10 GW per year. Actually in 2013, China led the world in renewable energy production
achieving total capacity of 378 GW.
South Africa

In 2010, South Africa produced 1% of global CO2 emissions. Among other nations in Africa,
South Africa accounted for 37% of total CO2 emissions from fuel consumption in 2010. Coal
dominates South Africa’s total primary energy supply system, accounting for approximately
65%. Accordingly, 23% of final energy consumption in the country stems from coal
consumption. Coal is also the dominant fuel in electricity production in South Africa with its
share converging at 94%.
The electricity and heat generation sector in South Africa accounted for around 69% of total
CO2 emissions in 2010. Without the establishment of ambitious targets, emissions in South
Africa’s Long-Term Mitigation Scenario (LTMS) will increase four-fold up to 2050.
Consequently, South Africa needs to reduce its reliance to coal for feeding its power and heat
generation sector, in order to mitigate climate change reaction.
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South Africa is trying to expand renewable and nuclear energy sources for producing power
generation. Its initial target was to extend its generation capacity to 3,625 MW from
renewable energy sources by 2013. Other major targets of South Africa are to explore Carbon
Capture and Storage technologies in order to reduce energy demand and to mitigate its
dependence on coal by 24% up to 2025.
3.7.2 Europe

The European Union and its 15 composing members in 2004, Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Ireland, Italy, Luxemburg, Netherlands, Portugal, Spain,
Sweden and United Kingdom, approved the Kyoto Protocol in 2002. In its legislation, the
EU-15 stated that its member states are responsible for fulfilling the commitment to reduce
their Ghg emissions collectively by 8% compared to 1990 levels during the period of 20082012.
To ensure the attainment of its commitment, EU required from its 15 member states to vote
national laws to undertake national emission limitation targets. This is the so-called “burden
sharing” agreement. Each European country might lay out its national binding targets but
collectively all targets contributed to the 8% reduction of the EU-15 emissions. The targets
ranged from -28% to +27% according to each country’s relative wealth. In table 3.2, the EU15 individual targets for each member state at the time of the agreement are presented:
Table 3.2 : Europe-15 targets (2008 – 2012) Kyoto Protocol

Country
Austria
Belgium
Denmark
Finland
France
Germany
Greece
Ireland
Italy
Luxemburg
Netherlands
Portugal
Spain
Sweden

Target for 2008-2012
(change from base year)
-13%
-7,5%
-21%
0%
0%
-21%
+25%
+13%
-6,5%
-28%
-6%
+27%
+15%
+4%
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United Kingdom
Eu-15

-12,5%
-8%

European Union established the Emission Trading Scheme (ETS) to tackle climate change. It
was set out with the Directive 2003/87/EC on 13 October, 2003. It is an innovative tool
invented by the European Union members to meet EU’s Ghg emissions obligations under the
Kyoto Protocol. It covers only CO2 emissions because they are easy to be measured and
verified. The idea came from the successful implementation of an ETS in the United States to
reduce SO2 emissions and acid rain. EU ETS is a key-tool to cut industrial Ghg emissions
with the most cost-effective way. Under the “Cap and Trade” principle, each participating
installation is permitted to emit up to a specified amount of greenhouse gases.
The permission to emit is translated to “emission allowances” that are granted to installations
and their total amount coincides with the upper limit of the permitted Ghg emissions. Each
“allowance” equals to 1t of CO2 emissions. The installation which holds allowances is
permitted to emit equal amounts of greenhouse gases to the allowances it holds. If emissions
exceed allowances, the installation must purchase allowances from other installations. If
emissions are lower than the total amount of allowances, the installation may sell its surplus
allowances to other installations and gain money. This purchase and sale method leads to the
most cost-efficient method to reduce emissions.
The ETS was divided into three trading periods. The first phase launched in 2005 and lasted
three years up to 2007. The second started in 2008 and finished in 2012 and the third
commenced on 2013 and will last up to 2020.
This first phase of the ETS is a preliminary period aiming at preparing the member states for
the international carbon economy. In the first phase, allowances were initially allocated for
free and constituted 95% of total CO2 emissions observed in the past. The rest 5% might be
auctioned. Some 12,000 installations participated in the first phase of ETS, accounting for
more than 45% of European total CO2 emissions. The eligible sectors were energy activities,
mineral industry (glass, cement), pulp and paper production and processing of ferrous metals.
In the second trading period of ETS, which apparently coincided with the first commitment
period of the Kyoto Protocol, 2008-2012, the total amount of allowances that could be
auctioned arose to 10%. At the end of the second period, the European members overachieved
their targets under the Kyoto Protocol to reduce EU’s emissions more than 8%. Specifically,
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in 2012, EU-15 emissions were 15.1% lower than their base year level in 1990.
In the third phase of ETS which commenced on 2013 and will last until 2020, 31 countries
participated in the scheme, the EU-28, Iceland, Norway and Liechtenstein. The scheme covers
around 11,000 installations which account for approximately 50% of the EU’s total CO2
emissions.
Additionally, in 2007, European leaders committed to convert Europe to a highly energy
efficient district and in 2009 they enacted the climate and Energy Package for 2020. This
package is comprised of binding legislation for the European countries to achieve three major
targets by 2020, known as the 20/20/20 targets. The three objectives of this package are firstly
to reduce European Ghg emissions by 20% compared to 1990 levels, secondly to increase the
share of renewable energy sources in energy consumption by 20% and thirdly to improve
energy efficiency by 20%.
These three targets will be attained through four measures; the reform of the European ETS,
the adoption of national targets for emissions that are not included in the EU ETS, the
establishment of national renewable energy targets and the penetration of Carbon Capture and
Storage (CCS) technology to fuel combustion installations, especially in the power generation
sector.
Under the climate and Energy Package, the major reform of the EU ETS which has been
conducted from 2013 onwards coincides with the third phase of its implementation. The
individual national caps of emission allowances to each member state of the EU are replaced
by the same cap across all member States, which will be reducing each year so as the total
CO2 emissions in Europe will decline to 21% below 2005 levels. There is no free allocation of
allowances to power sector and the auctioning of allowances becomes the single way to
obtain them. This will expand to cover more activities other than the power sector.
The ‘Effort Sharing Decision’ (ESD) was established by the European Union to cover Ghg
emissions that are not capped by the ETS. It was born under the climate and energy package
of EU to reduce total Ghg emissions from all sectors to 20% below 1990 levels. Within the
framework of ESD, a 21% reduction of emissions from sectors covered by the ETS is
required, whereas a 10% reduction from sectors outside the ETS is also required, delivering
together the collective emission reduction rate of 20% compared to 1990 level. The sectors
included are transport, households, commercial buildings, agriculture and waste (emissions
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from shipping, aviation and LULUCF are excluded). These sectors represent about 60% of
EU’s total Ghg emissions.
The ESD applies to all 28 EU member states. Each country takes on an individual target
covering the period of 2013-2020 compared to 2005 levels of emissions. Each target is
different according to each country’s relative wealth. Member states with a low GDP per
capita are allowed to emit more than their 2005 emissions so as their economic development
converges with other member states’ economy. The limits of ESD range from 20% reduction
for wealthy countries to 20% increase for poorer countries.
European Union has published a new directive on 23 April 2009, the 2009/28/EC directive,
which requires for the penetration of renewable energy in the total primary energy
consumption of the European Union. Under this Directive, each member state has published a
national renewable energy Action Plan by 30 June 2010, according to which it takes on
binding national targets in order to achieve the collective goal of 20%. The targets range from
10% in Malta to 49% in Sweden, enabling EU as a whole to reach the collective target of 20%
for 2020. These targets contribute to the decrease of Ghg emissions in EU and help to render
EU as a more independent region on importing energy and raise its energy security.
The Carbon Capture and Storage technology is a novel method to capture CO2 from fuel
combustion and storage it to vacant oil or gas fields. Under a new directive, the 2009/31/EC,
EU established a legal framework for the environmentally safe and ecological storage of CO2
to reduce any adverse effects of climate change.
3.7.3 The United States

According to the U.S. Energy Information Administration (EIA), the U.S. energy- related
CO2 emissions in 2013 were 5,396 million metric tons, around 10% lower than 2005 levels.
U.S. emissions decreased by 3.4% from 2011 to 2012 due to the decrease of greenhouse gases
emitted from power generation units, better fuel economy in vehicles and changes in weather.
During 2012 and 2013 an increase of 2.4% in energy-related CO2 emissions was observed as
a result of cold weather.

In figure 3.1, the energy-related CO2 emissions and its annual percentage change for the
period of 1990 and 2013 in the U.S. is depicted.
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Figure 3.1 : Energy - related CO2 emissions in the US, 1990-2013

In 2012, 82% of all Ghg emissions in the U.S. derived from human activities offset by the
‘sinks’ ability to absorb atmospheric CO2. The main human activity that accounts for the most
part of CO2 emissions in the U.S. is the combustion of conventional fossil fuels for power
generation, transport and industrial processes.

In 2012 electricity accounted for 38% of the total U.S. CO2 emissions, transport activities
released 32% and industry emitted 14% to mention only the most important sources of
emissions. Just 9% of the total CO2 emissions in 2012 were emitted by residential and
commercial buildings.
In 2001, the U.S. retreated from the Kyoto Protocol and didn’t ratify it. The main reason as
declared by the U.S. was the refusal from the developing countries to sign the Kyoto Protocol.
If the U.S. had signed the Protocol, it would have been obliged by the treaty to reduce its Ghg
emissions by 7% below 1990 levels during the period of 2008-2012. The U.S. government
continued to attend the COPs under the UNFCCC, by its delegates.
In 2002, the U.S. government announced an environmental policy to reduce the carbon
intensity of its economy by 18% up to 2012. Other initiatives to reduce Ghg emissions have
been launched in the U.S. in a state-wide or regional level and are still in force. These are
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various state-wide emission targets, the ‘Regional Greenhouse Gas Initiative’ (RGGI), the
‘California Global Warming Solution Act’ (AB32) and the ‘Energy Efficiency Program and
Standards’.
The current president of the US in his second incumbency has laid out the ‘Climate Action
Plan’ that is based on the successful actions of his first administration and its main goal is to
reduce U.S. emissions by 17% below 2005 levels by 2020.

3.8 Global solution of climate change crisis and its limitations
An international solution to the problem of global warming and climate change presupposes
the north and south close cooperation. Unilateral actions that are conducted by each individual
country contribute just a small fraction to a global solution of climate change problem.
Atmosphere is common for all countries irrespective of which country emits more. A decrease
in emissions in one country gives an advantage in another country somewhere else to emit
more. This is the so-called “emission leakage”. In order to prevent emission leakage, an
international cooperation among North and South countries is essential.
All major emitting countries such as the U.S. and China need to decarbonize their economies.
However, decarbonization can be achieved if they reduce their output. The critical issue is to
find an effective way to decarbonize while still retaining their strong economy unaffected.
An unanimous consent for an internationally accepted treaty to be ratified by all countries is
essential. This treaty must attract broad participation and consensus by all key emitters, U.S.,
EU, Japan, China, India, Brazil, Russia.
There should be a technological revolution to prevent the steady evolution of emissions. Zerocarbon electricity installations and zero-carbon fleet of transport is the only way to stabilize
and eventually decrease the Ghg concentrations in the atmosphere. Renewable energy sources
such as solar energy, photovoltaics and hydropower constitute the solution to generate power
without emissions. But the problem of intermittence of renewable energy resources should be
settled as well. Nuclear power is another important source of clean energy to combat climate
change, but safety issues need to be enhanced. Carbon Capture and Storage technology also
offers a reliable method for keeping utilizing fossil fuels without polluting the atmosphere.
Energy efficiency in buildings, via enhanced insulation and highly efficient technologies for
heating is a new and cost-effective way to reduce energy demand and decrease Ghg emissions
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from households and commercial buildings.
A future treaty, signed by all countries, should accommodate all these new technologies rather
than clinging to political negotiations. However, a major impediment that the Governments
should take in mind is the complexity of shifting the vast amount of financial funds that has
been invested in fossil fuels to zero-carbon initiatives. China, with its plentiful reserves of
coal, has invested in coal-fired power generation with a lifetime of around 50 years. It is
necessary to complement these plans with Carbon Capture and Storage technology to factor
climate change.
The participation of the private sector is critical and necessary to forge the technological
breakthroughs for reducing Ghg emissions. All stakeholders will be needed to decarbonize the
global energy system in the future.
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Chapter 4 – ENERGY AND CO2 TRENDS TO 2035
4.1 Summary of the energy – related CO2 emissions from the view of IEA
In this chapter we make a quick review of the analysis made by the International Energy
Agency (IEA) in its 2012 World Energy Outlook. IEA is an autonomous agency with the
mandate to promote energy security and to provide research and analysis to its member
countries.
In its World Energy Outlook in 2012, IEA examines the impact of governmental policy on the
global energy system, if different levels of action are exerted. It introduces three different
scenarios; the New Policies Scenario, the Current Policies Scenario and the 450 Scenario.
Each scenario reflects different levels of governmental intervention towards meeting the
rising global energy demand, while at the same time reducing climate change evolution and
ensuring energy security to all nations, even the poorer countries.
In the New Policies Scenario, the existing commitments, as well as the commitments that
have been recently announced by governments, are taken into account. The Current Policies
Scenario takes into consideration those pledges that have already been implemented up to the
point of mid-2012. The 450 Scenario assumes all policy actions needed to stabilize the world
temperature increase to 2oC up to 2100, compared to pre-industrial levels.
According to the results of the analysis, compared to the Current Policies Scenario, additional
interference of governmental action will be needed, in order to comply with the target of 2oC.
Even with the New Policies Scenario, there will be a probability of 50% to sustain the global
temperature increase to 3oC by 2100 and 3.6o C in the longer term. This could lead to a
dramatic change of climate with catastrophic results for the nature and environment.

4.2 Global energy needs and emission trends by scenario
Government policy and action affect energy market directly and outline its long term trends.
Yet, across the three scenarios principal energy trends appear repeatedly:
 Rising population and growing income increase energy needs. The world population is
expected to increase by 1.7 billion (more than the current population of China and United
States together) and the world economy to expand by 140% (seven times the present GDP
of the United States). Consequently, the world’s energy needs are anticipated to follow the
same trajectory and rise as well. According to the Current Policies Scenario the energy
demand growth is set to 1.5% per year from 2010 to 2035. In the New Policies Scenario,
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the energy demand growth is settled to 1.2% over the same period. We observe a direct
slowdown on the energy demand growth, which is the result of effective governmental
policies on energy markets. In the 450 Scenario, where fundamental changes of the energy
sector are implemented, growth in energy demand is still evident, albeit its rate drops to
0.6% per year. Figure 4.1 depicts the projection of global primary energy demand
evolution across the three different policies scenarios from 1990 to 2035.

Figure 4.1 : World primary energy demand by scenario

 Emerging economies regulate energy-market dynamics. Since 1973, the share of
global primary energy demand by the developing countries has increased by almost
50% in 2010, growing from 36% to 55%. It still continues to increase in each of the
three scenarios so that in 2035 it is projected to reach 64%. This is attributed to the
fast rate of population growth, economic activity, urbanization and industrial
production compared to the OECD countries in which their economy is already
saturated and decreases energy demand growth.
 Most of the world’s energy needs are covered with fossil fuels. Oil, coal and natural
gas remain the dominant energy sources of energy in all three scenarios over 2035. In
2010, fossil fuels represented 81% of the primary fuel mix. In the Current Policies
Scenario this share will remain at 80% through 2035 while in the 450 Scenario it will
drop to 63%.
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Coal is the fuel with the highest uncertainly related to its use in the future. In the
Current Policies Scenario, demand for coal rises by 59% from 2010 to 2035. Yet, in
the 450 scenario it makes a peak in 2015 and thereafter it drops steeply up to 2035.
Demand for renewable energy sources rises in all scenarios and probably at a faster
rate than that of fossil fuels. Their share in energy mix is higher in the 450 scenario
than the two other scenarios reaching a 14% rise by 2035.
 Making energy accessible to the world’s poorer countries still remains a difficult goal
to meet. According to IEA’s latest estimates in 2012, almost 20% of the global
population (~1.3 billion) has no access to electricity and 40% use traditional biomass
for cooking. The United Nations ‘Sustainable Energy for All’ initiative sets 2030 as
the date of eliminating energy poverty and for the success of universal access to
modern energy services. Unfortunately this goal is very hard to achieve. It is projected
that 990 million people in2030 will still have no access to electricity and 2.6 billion
people will still be cooking using traditional biomass.
Carbon dioxide (CO2) is an important greenhouse gas for policy makers, which displays
critical differences among the three scenarios. In 2011, energy-related CO2 emissions leveled
31.2Gt. This is a really a high record, representing 60% of global greenhouse gas emissions.
CO2 emissions continue to rise. According to the Current Policies Scenario, where new
energy policies are not adopted, the world is on for a long-term average global temperature
increase of 5.3o C above temperature levels at the start of the industrial era. In the New
Policies Scenario the global temperature is estimated to rise 3.6o C and the 450 Scenario is
targeting on limiting the global temperature rise to 2o C, with a 50% chance of achieving it
(Fig. 4.2).
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Figure 4.2 : Global energy-related CO2 emissions by scenario

4.3 The effects of the 450 Scenario
The assumption accounted in the 450 Scenario is that global temperature will not surpass 2o C
in 2100 above pre-industrial levels. This is the upper limit of temperature increase that should
be achieved so as to prevent global warming and climate change induced by human activities.
In the New Policies Scenario, there is a 50% probability that the average temperature increase
by 2100 will converge to 3o C. In the Current Policies Scenario things get worse.
As referred earlier, the adoption of different levels of governmental policies is reflected by
different policy scenarios; the Current Policies Scenario, the New Policies Scenario, the 450
Scenario and IEA introduces a forth scenario, called the Efficient World Scenario. Neither the
Current Policies Scenario, nor the New Policies Scenario can achieve the threshold of 2oC.
Figure 4.3 depicts the global emissions path which will be shaped up to 2035 according to
different governmental policies reflected by the above mentioned four scenarios.
Approximately 15Gt of energy-related CO2 emissions will be gained with the implementation
of the 450 Scenario against the New Policies Scenario. The OECD countries contribute 29%
to this emissions abatement and 70% of the decrease will derive from non-OECD countries.
Between the Current Policies Scenario and the New Policies Scenario, almost 7Gt of energyrelated CO2 emissions wouldn’t be released if the New Policies Scenario would be adopted.
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Likewise, 29% share of those emissions avoidance is attributed to OECD countries while the
rest 71% is the result emissions decrease from non-OECD countries.

29%
71%

7Gt

29%

70%

15Gt

Figure 4.3 : Global energy-related CO2 emissions by scenario

Figure 4.4 depicts the CO2-eq concentration trajectories into the atmosphere up to 2200 for
each of the three scenarios adoption as well as the probability distribution of equilibrium
temperature increase above pre-industrial level for each scenario. It is projected that, in the
Current Policies Scenario, emissions will peak at around 2070 and in the New Policies
Scenario it will peak earlier at 2050. Thereafter they decline in both scenarios. Concentration
of CO2-eq will stabilize at 990ppm in the Current Policies Scenario, at 660ppm with the New
Policies Scenario and at 450 ppm in the 450 Scenario.
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Figure 4.4 : Greenhouse-gas concentration pathways (left) and probability distribution of equilibrium
temperature increase above preindustrial levels (right)

Using the radiative forcing equation, the change of global temperature was calculated for all
three scenarios as well as the probability of limiting the global temperature change to a certain
amount. In the Current Policies Scenario, there is a 50% probability of limiting the global
temperature increase to 5.3o C above pre-industrial levels, while in the New Policies Scenario
the possibility is the same but the temperature change decreases to 3.6o C.
Table 4.1 depicts six different probabilities for each scenario to limit the global temperature
increase below a certain amount. The 2oC limit is the predetermined target set by the 450
Scenario with a probability of 45%. In the Current Policies Scenario the likelihood to sustain
the 2oC temperature threshold in the future decreases dramatically to 2%.
Table 4.1 : Probability of staying below a specified temperature threshold by scenario

1 °C
2 °C
3 °C
4 °C
5 °C
6 °C

Current Policies
0%
2%
7%
17%
40%
66%

New Policies
1%
6%
23%
63%
83%
89%
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Over the period of 2010 to 2035, three important conclusions can be drawn.
Global energy-related CO2 emissions start to increase and in 2020 they reach a peak.
Thereafter, they start to decline and finally they drop at 22.1Gt in 2035.
Energy intensity and CO2 intensity show a remarkable decline. Particularly over the last 10
years, the annual reduction of energy intensity was only 0.5% and CO2 intensity increased by
0.1% per year. In the New Policies Scenario, the energy intensity will be increasing from
2010 onwards by 2.4% annually, while CO2 intensity drops by 1.8% per year.
Compared to the New Policies Scenario, additional investment will be needed in the 450
Scenario. Most of the financing will be invested in the transport sector, followed by the
buildings (private, public and commercial), power generation and industry.
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Figure 4.5 : Global energy-related CO2 emissions abatement in the 450 Scenario relative to the New Policies Scenario

Figure 4.5 depicts the remarkable emissions abatement that will occur to various sectors when
the 450 Scenario is adopted against the New Policies Scenario. In 2020, measures to enhance
energy efficiency in power generation, end-use appliances and electricity demand can save
almost two-thirds of the total emissions reduction. End-use energy efficiency is achieved via
the utilization of more efficient appliances, space heating equipment and economy lamps. In
industrial processes, efficient motors contribute to CO2 emissions reductions in the 450
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Scenario.
In industry, a powerful energy-efficiency measure is the replacement of old inefficient
equipment with new efficient one. In buildings, emission reduction will derive via the
utilization of efficient heat and cooking equipment, hot water production by solar panels and
boilers, natural ventilation etc. In transport, energy-efficiency savings derive from the use of
efficient vehicles with low fuel consumption but it takes longer to materialize due to the large
fleet of old cars. Up to 2020, emission savings from power and heat generation sector will be
achieved with the construction of more efficient power plants and the gradual retirement of
old inefficient thermal plants with coal. In the contrary, power plants in the New Policies
Scenario are efficient gas-fired power plants which do not encompass Carbon Capture and
Storage technology.
Renewable energy constitutes another important factor to reduce emissions in the 450
Scenario. Renewables penetration in power industry, buildings and industrial heat generation
is a fundamental measure towards declining emissions. In 2020, 15% of emissions savings
derives from renewable energy penetration in the energy system while the share rises to 23%
in 2035.
In the power sector, wind, hydro renewables and biomass burning are the most important
applications in the 450 Scenario to reduce emissions by 2035. Carbon Capture and Storage
technologies are utilized in the power sector to retrofit its power plants from 2020 onwards.
This is associated with the rising CO2 prices which motivate the development of Carbon
Capture and Storage technology in power plants by China and the U.S. in the forthcoming
years after 2020.
Transport has played a critical role in building up the global CO2 emissions path in the recent
20 years. It is worthwhile to say that CO2 emissions from transport have increased by 2.2Gt
from 1991 to 2011, or roughly 50%. In the long term, the most effective measure to save
almost the half of these emissions is vehicle fuel economy. Namely, the decreasing fuel
consumption from vehicles per km traveled. In the short term, increased biofuels
concentration in diesel oil, fuel efficiency measures and smaller vehicles compose the
essential set of measures to reduce emissions by 2020 in the 450 Scenario.
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4.4 Different approaches for climate change issues
The experience that has been gained to date from the perennial dealing with climate change
issues has created the need for more integrated approaches to address the adverse effects of
climate change and to set negotiations in a plausible, more effective trajectory.
The considerable progress that has been made on climate change science since the first
observations before 25 years has resulted in the demand for more specialized scientists who
will be capable of reaching advantageous and creative solutions for climate change. Scientists
and politics should contribute with their advanced expertise to promote productive
cooperation among different nations. They should be aware of the interconnections between
climate change, other sciences and various ecosystems. They must be also aware of the most
efficient and appropriate technologies to combat climate change and should be cognizant of
the interconnection between climate change and social development.
The accurate response to climate change involves partnership of the countries to an
international forum which will promote universal cooperation among different nations with
common scope to combat climate change.
Capacity building contributes to emissions reduction as well. Monitoring, reporting and
verification of emissions, project recognition, negotiating qualifications and financial
packaging constitute the most important components of capacity building. However, raising
funds for capacity building seems to be difficult since it does not produce a specified rate of
return to investors in a plausible and short term timeframe. In the contrary, investments with a
specified rate of return may yield direct and visible benefits in the short-term. Capacity
development also depends on the stance of national institutions against the poorer countries.
The lack of experts and financial resources for developing countries has proved to be a
drawback for success.
A common and respectful platform for countries to communicate is the United Nations
Organization which is committed to maintain peace and security in the world. It’s a unique
organization that can guarantee the rights of the developing countries to green funds
absorption. But the increasing need for specialized skills and resources has made these
approaches more difficult.
An enormous amount of financial resources has to be mobilized to combat climate change.
The huge financial resources should stem not only from the public sector but the private
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sector as well. Billions of dollars have to be invested to combat the upcoming climate change
and develop the appropriate technology to achieve it.
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5. CONCLUSIONS
Climate change is a fact. It is actually the result of a sequel of human activities with fossil fuel
combustion being the one with the strongest impact on climate. CO2 emissions resulting from
fossil fuel combustion enter the atmosphere and rise global temperature to dangerous levels.
During the last 20 years the world community has recognized the threat and the need to
reduce CO2 emissions from fossil fuels combustion that pollute the atmosphere.
The largest volume of CO2 emissions from fuels originates from two major sectors; the
transport sector and the electricity and heat generation sector. If these two sectors could
achieve a more efficient energy management and a sizable reduction of carbon intensity, the
global climate could welcome a major benefit.
The countries in the developing world release the major volume of CO2 in the atmosphere,
since the industrial revolution. Yet, developing countries with their huge energy demand
growth and consequent fossil fuel combustion tend to take the lead. Apparently, all countries,
both the developed and the developing economies should take the direction of reducing CO2
emissions. No matter what the energy demand and the infrastructure, countries should
feasibly use and manage energy and energy resources. The sustainable use of land is also an
important parameter in achieving development and economic growth without needless
greenhouse gas emissions.
Unfortunately, scientific evidence is extremely distressing. If no effective measures are taken
now, the overall atmosphere temperature will persist to rise and it is projected to surpass
5.6oC above preindustrial level in the long term future. As the globe warms, basic elements
of people’s life will be seriously disturbed. Hunger, water shortages, coastal flooding and
epidemic diseases will make hundreds of millions of people to suffer. Time will start to
countdown unless we take strong action now.
Climate change is a world-wide problem which affects every place in the earth.
Unfortunately, the poorer regions will be the first to experience the bad effects of climate
change and in a greater scale than developed countries. Adaptation measures to the bad
consequences should be adopted for the developing countries and be funded from developed
world. The response should be common and international. Both rich and poorer countries
should are required to reduce greenhouse gas emissions. This can be achieved by the
increased energy efficiency of economy, the restraint of energy demand, the penetration of
renewable energy in power generation sector, fuel economy in vehicles, Carbon Capture and
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Storage in power generation units, energy efficiency in commercial and private buildings. By
2050, the global power sector should decarbonize by 60% in order Ghg concentration into the
atmosphere to limit at 550ppm CO2e. However, the global Total Primary Energy Supply will
remain dependent on fossil fuels in the future years.
Ghg emissions reduction will become reality only if the governments apply aggressive
environmental policies which will not restrict economic growth in the developing countries
but will offer them an environmental friendly context to develop. EU, the US and China have
already started to operate towards this direction of policy. The Kyoto Protocol which was
adopted in the context of UNFCCC constituted a crucial step towards this direction but it is
not sufficient today. It committed developed countries to reduce their Ghg emissions but
developing countries were free to emit. No targets were adopted by the developing world. The
world today needs a common international framework with binding targets for all countries,
both developed and developing.
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