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Emission Trading in the European Union

Obchodovani s emisemi v Evropské unii



Summary

In the thesis, one of the regulation tools to naiiggreenhouse gases emissions in the
European Union is analysed. This is done by madkieen mechanism of Emission
Trading Scheme, which is based up on similar ratea stock exchange. Willingness to
participate in the mechanism and different ways Howexplain performance in the
European Trading Scheme of European countriesuddjects of the thesis. The analysis
is done through a study of various economic indicatand modelling in regression
frameworks. Based on the research, it is concluldadthe new EU countries benefited
from the scheme because of system based on hadtprset limits. Different points of
view on emission polluting show different outcomédsch are relevant only when they
are explained from wider perspective. Not only exnoit but also historical, social and

political situation of countries is important.

Keywords: Emission trading, European Union, Kyoto Protocolr @ollution,

greenhouse gas, carbon dioxide, allowances, patiygermits, emissions



Souhrn

V této praci je analyzovan jeden z regulizh nastraj na sniZzeni emisi sklenikovych
plyna v Evropské unii. Tento nastroj spea v obchodovani na burze emisnich
povolenek v rdmci mechanismu Emission Trading SehelRednétem této prace je
zjistit ochotu Evropskych st@ticastnit se tohoto mechanismu a je zde ¥vifeno
hodnoceni znasteni z tiznych pohled. Analyza je vyhotovena na zaktadtudie
raiznych ekonomickych indikatdy dale je zde zahrnuta analyza linearni regrese. Ze
zawru prace vyplyva, Zze néwvpristupujici zend Evropské unie vy#lavaji na systému
obchodovani, coz je z&pinéno prevazri nizSim nastavenim emisnichicipro tyto
zeme na zaklad historickych hodnot ffidélovani povolenek. Odlisné pohledy naieni
emisi v fiznych zemich vykazuji rozdilné vysledky. Tyto rdggé mozné interpretovat
pouze na zaklad podrobrjSi analyzy situace, nebhana vypousini emisi ma vliv

nejenom ekonomicka situace zgrale také historické, socialni a politické klima.

Kli ¢ova slova: Obchodovani s emisemi, Evropska unie, Kjoto protokneisteni
vzduchu, oxid uhtiity, povolenky, emise
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1 Introduction

The climate change and the existence of the gremseheffect have been discussed very
often lately. The question whether these changescaused naturally or by human
beings is not the subject of the thesis and it iatsbeen sufficiently proved by any
researches yet. The climate changes are incredbimgemperature of the Earth,
deteriorating purity of water, air and overall figi conditions on the Earth. The subject
of this work is to point out the climate changésit causes and explain how it is dealt
within the field of air pollution in the area of@hEuropean Union. The reduction of

emissions and trading possibilities of pollutiomrpis are interpreted.

The European Union has been fully engaged in diujpan since the 1990s; the main
turning point came with the third Conference of tRarties of United Nations
Framework Convention on Climate Change (UNFCCCKyoto 1997. The European
Union has implemented the system of pollution tigdiince 2005, the European Union
Emissions Trading Scheme (EU ETS), which is nowh@first period of its existence.
In the thesis, the trial period (2005-2007) is geedl, at that time, there were 25
member states; however, Malta and Cyprus have misliso far, therefore, in this

work, 23 countries are analysed.

Countries involved in this system get certain nundiepollution permits (allowances),
which is equal to pollution each country can eniihe allowances are allocated
according to historical performance, and sincepbkution is not limited by the area,
the system counts with the overall pollution witlihe whole area of the European
Union (the EU Bubble). Within ETS, countries ananganies (installations) can trade
the allowances freely; the price is set accordimgswpply and demand. Under this
system, companies polluting more are not penalidexhks to the purchase of
allowances from company that do not use its owovalhces, and company polluting
less can gain extra money by such transaction. Hh® is mandatory for all EU

countries; however, other Kyoto Parties can jomdiistem as well.

The goal of the thesis is to analyse the willingnesdeterminants to participate on the

Emission Trading Scheme, to find out how successfig system is within the
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European Union, which countries profited from tradand which lost. Another goal is
to find out via linear regression model whether ¢n@ssions target fulfilment depends
on economic indicators such as GDP per capitagpéage of industry in the economy,
Human Development Index and Corruption Perceptindex, and how these economic
indicators influence emission trading. Another parthe thesis is focused on various
nuances of emission quantifying, differences in sneament of pollution per capita, per
land area and per GDP in market prices is examinbéd.next part of the thesis is an

analysis of price development of emission allowannehe trial period.
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2 Objectives of Thesis and Methodology

In this chapter, objectives of the thesis are dtatebe fulfilled throughout the thesis
and main hypotheses are set to be confirmed oredeilihe methodological tools are
presented to support the hypotheses and to showdkenow to find out the answers

posted.

2.1 Objectives

The goal of the thesis is to analyse pollutionhe individual EU countries in the trial
period (2005-2007) of the emission trading and whags the pollution is interpreted.
Since there are many ways of looking at pollutioamtification, in this thesis, pollution
per capita, and per living area and per GDP in etgpkices are examined to find out
what is the best way of quantification. Another eative is to study willingness to
participate on the Emission Trading Scheme, theamné should tell us how successful
this system is within the European Union, which rdoes profited from trading and
which did not. Another objective of study willingggeto participate on the ETS is to
find out whether the emissions target fulfilmenpeleds on economic indicators such as
GDP per capita, percentage of industry in the espndiuman Development Index and
Corruption Perceptions Index, and how these ecomandicators influence emission

trading; this is done by linear regression model.

All analyses provided in the thesis lead to ansWwermost important questions, whether
the Emission Trading Scheme works well and whantoes profited from the trading
in the trial period. On the other hand, the papeugl also answer what countries were

harmed by the system.

2.2 Main Hypotheses

The main hypothesis is that the ETS is a successflifor reduction GHG emissions

and to fulfil the Kyoto Protocol targets. Willingseto fulfil the ETS depends mainly on
GDP per capita, percentage of industry in the eggndCorruption Perceptions Index

and Human Development Index. Fulfiiment ability @ach state depends also on

history, political situation, current pollution, \@ronmental policy and many other

11



factors. Another hypothesis is that post-commucisintries profited by trading in the
trial period because of the amount of allowancksated according to limits set on the
basis of historical figures.

2.3 Methodological Tools

Methodological tools used in this work are maingoomic quantitative analysis of
how the EU countries profited on the ETS and ecatam modelling using single

linear regression model. Another tool is qualitatianalysis of allowances price
development during the trial period. The last mdtiogical tool is comparative

analysis of profits or losses from trading per G2Ad area and per capita for each EU
country.

The literature review is based on several environtalepublications, e.g. Barnes, P.
(2008), Callan and Thomas (2007). The main soufoe€mission Trading System
background and its performance are the United NatiBramework Convention on
Climate Change and the Intergovernmental Panel lona@ Change. The economic

data in the work comes mainly from Eurostat andBheopean Climate Exchange.
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3 Literature Review Emission Trading

In this chapter, there it is explained how the dlienis changing, what the causes of
these changes are and what documents has beermempé=l in order to mitigate the
impact of the changes on the Earth as well as amahubeings. There are several ways
how to handle air pollution, within the EU, it isme through the EU Trading Scheme,
which is described below.

3.1 Climate Change

Every single thing human beings use has sourdeeiearth, all refuse also ends in the
Earth. The more the society is developing, the nitdseconsuming and the more waste
is being released. The development is necessarydesidable; however it should be
done in the least harmful way in order to saverthtire for future generations, this is
called sustainable development. Climate changbagl@arming and emission pollution
are closely connected with sustainable developm&he aim of scientists and
governments is to find out the solution for deveh@mt undertaken in environmentally
friendly way. Climate change has been a hot togst $everal years; it has also become
a political issue to be solved. Politicians incluglevironmental problems and global
warming into their election campaigns to prove tthety are aware of these changes,

and want to help in finding out the way how to Harttiem.

The climate on the Earth is changing, the tempegagurising; this can be proved by
rising average temperature on the Earth in lasadles; snow and glaciers melting, and
the average above sea level is also rising. liffeedt to explain by what means the
changes are caused and what/who are the subjecitminfies. One of the definitions of
climate change, according to Intergovernmental PameéClimate Change IPCC (2007)
is: “Climate change in IPCC usage refers to a changhe state of the climate that can
be identified (e.g. using statistical tests) byrdes in the mean and/or the variability of
its properties, and that persists for an extend&tbg, typically decades or longer. It
refers to any change in climate over time, whethes to natural variability or as a
result of human activity.” This definition takestanconsideration the human factor as

well as natural; however, the scientists are natgact on this idea, some says the only
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cause is man, the others say all changes comethemature. Since there is no certain
answer yet, let us take into consideration bothofsc Climate change dealing with the

air factors is closely connected with the Greenbaftect.

3.2 The Greenhouse Effect

The Greenhouse effect makes suitable conditiondiforg on the Earth. The Earth
gains the energy from the Sun via short wavelenighs Almost one-third of the solar
energy is reflected back to the space and the dtheithirds are absorbed by the
surface, to heat up the atmosphere and the ocedhoWwthe Sun shine, the Earth
temperature would be -18, with the atmosphere, it is about°@3higher, which is
15°C; on the other hand, the temperature should notobehigh either. The GHG
emitted by the Earth (land, ocean) absorb the laaye infra red radiance, the
atmosphere reduces airflow and heats up; therdf@etemperature on the Earth is
suitable for living. Thus, when higher emissiongeftain gases occur, the Greenhouse
effect is intensified and the temperature increggésbal warming). That is why the
gases in the atmosphere causing the warming aledcgteenhouse gases (GHG).
(Goudie et al, 2002: 540). However, without grearg®effect there would probably

not be any life on the Earth. Our planet woulddse ¢old place for any higher life form.

Greenhouse gases are gases existing in the atmespimel causing the rising
temperature. These are mainly water vapowO(H carbon dioxide (C&, methane
(CH,), nitrous oxide (MO), and sulphur hexafluoride (SF6), perfluorocash@FCs),
hydrofluorocarbons (HFCs) and other halogen cointgigases. According to (IPCC,
2008), there are about 25 types of GHG in the gbimare; the GHG differ in how long
they stay in the atmosphere and in the ability iecab infra red radiation. All these
gases have their natural sources and sinks (res)pwal the other hand, there are also
some sources created by human beings. Measuriegiigkions is usually done by two
ways, including and excluding LULUCF, which mearsnt Use, Land-Use Change
and Forestry, according to UNFCCC (n.d.e), thernitedn of LULUCF is: “Activities

in the LULUCF sector can provide a relatively ceffective way of offsetting
emissions, either by increasing the removals oémgneuse gases from the atmosphere

(e.g. by planting trees or managing forests), ordgucing emissions (e.g. by curbing
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deforestation). However, there are drawbacks &say often be difficult to estima
greenhouse gas removals and emissions resulting #otivities of LULUCF. Ir
addition, greenhouse gases may be unintentiorelyased into the atmosphere if a <
is damaged or destroyed through a forest fire @adis. The figures used in this wo

are without LULUCF to be obvious what the real sesrof GHG ar

In the following Figure 1, you can see how these gasesdis&ributed in the air, th
measures were done EU 27 in the year 2007, data comes from UNFCin.d.f),

excludingLULUCF. The Figure 1 showsthat emissions released con mainly CQ,

that is also why emission trading is also calledboa trading and the C; equivalent is
traded on the market. From tigraph,it is obvious that halogen gases are no
significant;however, they stay in the atmosphere for the langes.

GHG Emissions by Gas in EU 27, 20(

2%
7%

=CO2
= CH4
N20
= HFCs+PFCs+SF6

Figure 1GHG emissions bgas excluding LULUCF, 2007ath: UNFCCC (n.d.f), own graph,

The natural and anthropogenic causes and sink®eofGHG are presented furth
Water vapour (HO) is the most common GHG, about -thirds of natural greenhou
effects is caused by,0; however its concentration in the atmospherasiag very
slowly. Human activity cannot directly influence concentmatof water vapol, that is

also the reason this gas is not includeFigure 1

Carbon dioxides after water vapour the second most significanGGibing througt

the carbon cycle which consists of the ocean (tsmhiere), the sediments (pedosphe
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the plants (biosphere) and the atmosphere. Soaragsinks of Carbon dioxide (GO
are either natural or produced by to human beiAgsong the natural sources are
respiration, volcanism and the sea and the ocearegehange. COs converted into
organic compound during photosynthesis (Reay amiviRiy, 2006). According to
IPCC (2008), CQis the most observed GHG mainly because the gradtof it is
resulted from men’s activities: “Emissions of Cftbm fossil fuel combustion, with
contributions from cement manufacture, are respdmsior more than 75% of the
increase in atmospheric G@oncentration since pre-industrial times. The readex of
the increase comes from land use changes domibgteeforestation (and associated
biomass burning) with contributions from changimgieultural practices.” CQis also

produced by combustion in transportation, maintyasal plane.

The amount of carbon dioxide in the atmospherebleas increasing constantly, which
Is evident fronFigure 2

CO2 Trends 1959-2009
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Figure 2 CQ trends 1959-2009, data: Earth System Researchraédny (n.d.), own graph
Since 1959 the concentration has increased frompdt&s per million (ppm) to 390
parts per million in 2005. Ppm is according to L¥eience Glossary (2004) is explained
as: “very dilute concentrations of substances. dsigter cent means out of a hundred, so

parts per million or ppm means out of a million.eJupm is equivalent to 1 milligram
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of something per litre of water (mg/l) or 1 millagn of something per kilogram soil
(mg/kg).”

If the trend of continuous increase of @ep going, the temperature could continue
rising as well, as Pidwirny (2006) says: “Most cartgy climate models suggest that the
globe will warm up by 1.5 - 4.5° Celsius if carbdioxide reaches the predicted level of
600 parts per million by the year 2050.” That isythe CQ is so discussed in relation

of global warming.

Besides C@another important GHG gas is Methane; human aie$/tausing Methane
(CH,) emissions are waste disposal, biomass burniregggmproduction from coal and
natural gasses. “Once emitted, Emains in the atmosphere for approximately 8.4
years before removal, mainly by chemical oxidatiothe troposphere. Minor sinks for
CH, include uptake by soils and eventual destructionthe stratosphere,” states

Pidwirny (2006). Methane is also emitted by bregdiattle and by wetlands.

The other important GHG is Nitrous oxide (; Pidwirny (2006) says about,®:
“Human activities that emit JO include transformation of fertilizer nitrogen onN,O
and its subsequent emission from agricultural sbilsmass burning, raising cattle and
some industrial activities, including nylon manutae. Once emitted, JO remains in
the atmosphere for approximately 114 years befemeoval, mainly by destruction in

the stratosphere.”

Halogen containing gasses had not occurred urdilddgvelopment of technologies in
the 1950s because there are no natural causessa gfases. These gasses also remain
in the atmosphere for a long time, depending on s$teicture. In case of
Hydrofluorocarbons (HFCs) it can be according QC, 2008) from 1 to 270 years,
this gas is used for refrigeration and air conditig. In case of Perfluorocarbons

(PFCs) it is thousands of years, this gas is edhittgprocessing of aluminium.

Sulphur hexafluoride (Sfis another GHG, there are only few sinks for S&go the
emissions gather in the atmosphere. This gas tuped in the magnesium industry as

US Environmental Protection Agency states that: &Mleements of SF6 show that its
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global average concentration has increased by at®éuper year during the 1980s and

1990s, from less 1 ppm in 1980 to almost 4 ppnhénlate 1990’s (IPCC, 2001).”

The nextTable 1summarizes the natural sources of GHG and antigespo causes of

the same gases; it also shows how long the gastas e air.

Greenhouse Gas Natural Causes Anthropogenic Causes Eﬁ?:izﬁ
: reslplrgtlon fossil fuel combustior
Carbon dioxide . Vo Can'jr& food industry 50-200
(COy) ziz aann gase chemical industry | years
exchange land use change
energy production
landfills
. swamps and ruminant animals
Methane (CHy) wetlands (e.g. cattle and sheep)8.4 years

rice agriculture
biomass burning
waste disposal

Nitrous oxide (N;O)

microbial action
in wet tropical
forests

transformation of
fertilizer nitrogen into
N>O and its
subsequent emission
from agricultural soils
biomass burning
cattle and industrial
activities including
nylon manufacture

114 years

Sulphur hexafluoride o 3200
(SR magnesium industry years
Perfluorocarbons processing of thousands
(PFCs) aluminium of years
Hydrofluorocarbons refrigeration and air | 1-270
(HFCs) conditioning years

Table 1 Causes of GHG gases, own table

You can see there are sources and removals of @¢Gmpact of human activities is
evident from the table, human beings produce muohen€Q and other GHG than

nature does, on top of that, they produce GHG @®lacontaining gases) that do not
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occur naturally at all. The problem is that mansus®re and more of these gases and

they stay in the atmosphere for a very long time.

In Figure 2the changes of emissions from the year 1990 @A6I7 are presented; it is
clear that all but one GHG gases had been redtivedne is HFCs, which had risen by
125 % mainly because of using air conditioning. reifee.g. CQ has been mitigated,

the changes are very slow.

GHG Emissions Change,
EU 27 1990-2007 (%)

120.0

80.0

o, 40.0

0.0 ] | . _—

-40.0

-80.0
CO2 CH4 N20 HFCs PFCs SF6

Figure 2 GHG emissions change in EU 27, 1990-2d@7a: UNFCCC (n.d.f), own graph

In theFigure 2, you can see the shares of sectors on emissioBs1G. It is clear that

energy sector is the biggest polluter together vaitd use change, agriculture and
transportation. All sectors are important, howevenergy sector together with
transportation are two fastest growing (World Reses Institute). It should be said that
even if the airline industry is a significant pa#uy it was not included in the trading

system of emissions in the trial period.
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GHG by Sector, 2005

4% 3% B Electricity & Heat
25%

4%
® Land use change

H Agriculture

H Transportation

H Industry

u Other fuel combusion
Fugitive emissions
Waste

14% Industrial processess

Figure 3GHG by sectr, 2005, data: WorldResources Institutown graph

3.3 Global Warming Potential

The GHG have different influence on climate charnberefore, the GHG impacts ¢
expressed in Global Warming Potential (GWP). GWRsuees the potential impact
anthropogenic sources and sinksGHG on global warming. C, was chosen as a
reference gas for calculating the potential asmtwst common GH which is also
visible formFigure 1. The equation of the GWP (1) is defingd “The GWP has been
defined as the ratio of the tirintegrated radiative forcing from the instantane

release of 1 kg of a trace substance relativeabahl kg of a reference ¢

[ &, coxm)et
GWP(x) = 22
jo a, r(v]dt

(1)

where TH is the time horizon over which the caltiola is considered, x is the
radiative efficiency due to a unit increase in asptteric abundance of the substanc
question (i.e., Wiikg?), [x(t)] is the timedependent decay in abundance the
instantaneous release of the substance, and thesponding quantities for ti
reference gas are in the denomin (IPCC, 2001).”
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Since the C@is a base unit, it is equal to 1, GWP of £4 21, NO = 310,
Sk = 23900, HFCs and PFCs contain different substaficethat reason the impact of
the change has to be counted individually. It wgiead by UNFCCC that the GWP
should be based upon 100 year time horizon. LoregliGHG are equally distributed in
the atmosphere, therefore it is easier to measwie ¢oncentration. Short-lived gases
are to be found spatially; consequently it is maifécult to measure their impact (US
EPA, 2009).

3.4 Externalities

Externalities are factors influencing well-beingk individuals, in this case climate
change and pollution can be seen as externalifynsim (1994-2005) explains the
externalities as: “An externality exists whenevee andividual's actions affect the well-
being of another individual -- whether for the betbr for the worse -- in ways that need
not be paid for according to the existing defimtiof property rights in the society.”
Externalities can be positive and negative. Thenaie pollution along with nuclear
waste and water pollution is considered as a negaxternality (external cost); it is
caused when production of one subject results inteimded cost of the other subject.
However, the subject causing the externality isarmothow fined. The fact that people
deplete the resources even for future generatsmme economists, e. g. Nicolas Stern
calls “market failure” (Barnes, 2008). To simplity if one lives in the house nearby a
factory polluting the air belonging to everyonee tone is negatively influenced by

pollution coming from the factory; the one paysniended social costs.

Public and private goods should be also descrileee; hwo types of ownership can be
distinguished when describing goods — public amepe. Private goods have always an
owner, or user, who disposes of the property rigm.the other hand, public goods, air,
water and land, have, according to Callan and TIsof2@07) two main characteristics,
nonrivalness and nonexcludability. “Nonrivalnestere to the notion that the benefits
associated with consumption are indivisible meamrgen the good is consumed by
one individual another person is not prevented faansuming it at the same time.”
E.g. the TV broadcasting allows millions of peopkng the same media in one time.

Nonexcludability is explained by Callan and Thor{2@07) as: “The Characteristic that
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makes it impossible (or prohibitively costly ines$ strict sense) to prevent others from
sharing in the benefits of a good’s consumptiond. & public highway cannot be used

by just selected people.

The supply of public goods cannot be adjusted ¢oddmand, because these goods are
available to everybody in the same quantity. Wtaat be adjusted is the price; these
goods have different values for different peophes intention is called willingness to
pay (WTP). WTP differs according to wealth of thergon, his or her expectations,
taste, income, benefits and many other aspect€aflan and Thomas (2007) say: “The
market demand for a public good is the aggregateadd for all viable consumers in
the market. It is derived by summing each individieanand vertically to determine the
market price, at each and every possible markettgqud

Many factors can influence the change of the Esritlimate (average weather);
however, the incoming and outgoing energy shouldeqeal; if it is not, then the

temperature rises or decreases. The causes caithke matural or anthropogenic.

Firstly, we should consider the natural glacial anterglacial periods where the
temperature rises and decreases in natural cythesfactors for climate change are
external and internal; among external factors, mjiease gas (GHG) emissions are
included along with deviations in the Earth's orbéind atmospheric carbon
dioxide variations (solar variation). The interni@ctors are the ocean, land and

atmosphere (volcanism, mountain building). (Pidwjr2006)

Scientists from U.S. Geological Survey have found that the emissions from
volcanoes into the atmosphere are about 130-23@mtbonnes of C@ compared to
CO, emissions caused by human activities (fossil fuaining, cement production)

equals to 27 billion tonnes per year (USGS, 2009).

Volcanic eruptions emit high amounts of sulphurxdie remaining in the atmosphere
for about 3 years; scientists have found out thapteons cause short-term temperature
drop. Sun’s output radiation also changes ovetithe; the output changed by 1 % per
century may change the Earth’s temperature by letwWes to 1.0 °C.
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Implementing the tradable pollution permits sysismdiscussed in connection with all
natural commodities, e.g. problem of water polltioutrition trading, and salt trading;
these pollution reductions are discussed mainlythie USA, Australia and Chile
(Kraemer, Kampa and Interwies, 2004).

Pollution can be also seen as a market failurechvban be defined by the theory of
public goods or the theory of externalities. Markature, according to (Callan and
Thomas 2007) is: “The result of an inefficient nmetricondition such as imperfect
competition, public goods, imperfect informationpnexistence of markets, and
externalities.” The pollution is a market failuredause the market does not take into

account the cost of negative externalities, on riegket; the social costs are not
included.

Marginal abatement cost Curve (MAC) Figure 4 can illustrate the principle of

pollution trading. On the horizontal axis, therealsatement and the vertical represents
marginal abatement cost and benefit.

Marginal social Marginal abatement
benefit cost

= Conventional Cost-saving/
8 = technology technology
B0 o8
: L/
- /

E - Socially /

efficient output

\ 4

Pollution
Abatement

Figure 4 Marginal abatement cost and social bermfitve, own graph
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Marginal Social Benefit curve represents demand d&ocertain good or service in
comparison with the price consumers are willingpay. Using cost saving technologies
may bring higher costs at the beginning, howevering time it will bring benefits by
the means of fewer costs for pollution permits,,anevill definitely bring benefits to
society in the way of less pollution. If one poidut emitter releases more emissions
than he is allowed to, he will be paying high fines, he will have to buy other
allowances anyway. Therefore, it might be profieafar subjects of emissions to invest
into new environmentally friendly technologies mththan paying higher fees
afterwards. In the real economy this is measuredheynet present value of such

investment.

3.5 Reducing Greenhouse Gas Emissions

The causes of GHG emissions and global warming akeady defined. If the GHG
are reduced, the global warming can possibly slawrd The question is how to
mitigate the emissions of GHG? According to (Barr&08), four tools can be used to
limit emission of GHG: taxes, regulations, investiiseand caps. First of them is a
carbon tax, which would charge for emitting £&nd thereby decrease the emissions
and bring yield to the government. Barnes (200&s sene main difficulty: “The big
problem with a carbon tax is that it has to be vaigh to decrease pollution
sufficiently. When people are addicted to a sulzstaor source of energy, they're

willing to pay a lot more before they stop using it

The other tool is a regulation, rules imposed kg gbvernment to certain businesses.
Barnes (2008) states that the regulations can foreg@nessmen to perform more
effectively: “Examples of climate-related regulaiso are automobile fuel-efficiency
standards, renewable-energy portfolio standaragiiieg utilities to generate a rising
percentage of their electricity with solar or wipdwer), and efficiency standards for
appliances and buildings.” However, the system wdwdve to work for each sector

individually.

Investments is another tool to mitigate GHG, thag occur in a form of expenditures

or tax breaks. Their aim is to financially suppite activities that the market is not able
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to support itself. To distinguish the right investms and not to surrender to the
pressure of the giant companies may sometimesfieutti

Caps represent the fourth tool according to Baf@668): “To implement a cap, the
government issues a gradually declining number roisgion permits. Once issued,
these permits can be traded. (It doesn’t matter wimits carbon as long as total
emissions decline.)” Carbon trading respects denoétitis market and also the price is
adjusted over the time. If the system is well impdated, it can work well and the
individual subjects can gain from the trade. Theaidf cap-and-trade originated already

in the 1960s (Barnes, 2008). The-cap-and-tradesyis analysed further.

3.6 Documents Ensuring Emission Reduction

Several documents deal with the problem of emissiand similar environmental
problems, these are e.g. the Declaration of theednNations Conference on the
Human Environment, Stockholm, 1972, Vienna Conwenfior the Protection of the
Ozone Layer, 1985, and the Montreal Protocol onsguzes that Deplete the Ozone
Layer, 1987 and many others. The first one, AillR@n Control Act, was introduced
in the USA in the year 1955; however, here is ae@ldook at two most important

documents for the EU related to emissions.

3.6.1 United Nations Framework Convention on Climate Chage

The Convention was introduced at the United Natidosference on Environment and
Development (UNCED), also known as the Earth Sumhetd in Rio de Janeiro in
June 1992. The members of Convention have ackngetethat climate on the Earth
has been changing and environment has been datergpas the human activities have
changed to make people’s lives easier. These uesiviare connected with
manufacturing, processing and technical developmevitich effect in higher
production of greenhouse gasses (GHG). The Coimwvehtis found out that most of
emissions come from developed countries; howewher,concentration of these gasses
will rise as the developing countries will blossofrhe objective of the treaty is to

reduce GHG emission to sustain the environmentutoire generations. The text of the
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Convention on Climate Change was adopted in Nevk,Y&t May 1992 and it has been
ratified by 192 countries. The Convention entered force 23 March 1994.

The Treaty contains 26 Articles, Preamble and Annaxd Annex Il. In the Preamble,
there is stated why the text was created, the retog that the situation is more
difficult for developing countries as well as lowirlg and arid countries. According to
the United Nations (1992) the situation is presgi@t® “Recognizing that all countries,
especially developing countries, need access touress required to achieve
sustainable social and economic development anditharder for developing countries
to progress towards that goal, their energy consiompvill need to grow taking into

account the possibilities for achieving greaterrgyeefficiency and for controlling

greenhouse gas emissions in general, includingugfrothe application of new
technologies on terms which make such an applicatoonomically and socially
beneficial.” To explain how protect climate changeg Articles were written, they deal
with objectives and principles binding for ratifgircountries; involved countries are
listed in the Annex | (industrialized countriesgesSupplement land Annex Il

(developed countries).

All parties have different responsibilities andioaal priorities, however, all Parties
shall: Collect and publish data concerning anthgepdic emissions, publish national
schemes, promote sustainable development, pulbiesado information about climate
change and support exchange of information deajitly climate changes. Countries of
Annex | and Annex Il have some specific fulfilmertdnited Nations 1992). The
Convention encourages countries to reduce emisstbesKyoto Protocol, which is

described further, sets regulations how to mantage i

3.6.2 Kyoto Protocol

The Kyoto Protocol to the United Nations ConventmmClimate Change was adopted
at the third Conference of the Parties, called C®Rthe supreme body of the
Convention with decision-making power) in Kyotopda, 11" December 1997. It was

ratified by the EU countries in May 2002 and it @mto force in February 2005. The

ratification lasted so long as Parties were waifmgRussia, which was not willing to

26



ratify the document. Russia’s ratification was rexedbecause the Protocol had to be
ratified by countries representing at least 55 %palfution from 1990. Russia is the
second largest source of GHG in the world aftetdB&\, which has not ratified it at all,
even if Clinton Administration signed the documeHbwever, 3 years later it was
rejected by Bush Administration. Russia ratifiedoiky only under the condition that
EU would support its admission into the WTO. Beeaofcollapse of Russian industry,

there was a huge opportunity for Russia to gaitrdaing.

The Protocol contains 27 Articles and 2 Annexes dafines the first period for

countries listed in Annex | to limit emissions oHG by at least 5 % below 1990 level
in period 2008-2012. According to Article 4, paragin 1 UN (1998), countries commit
themselves to: “jointly fulfil their commitments der Article 3 shall be deemed to have
met those commitments provided that their total loimed aggregate anthropogenic
carbon dioxide equivalent emissions of the greesb@ases listed in Annex A do not
exceed their assigned amounts calculated pursuantheéir quantified emission

limitation and reduction commitments inscribed inn&ex B and in accordance with the
provisions of Article 3. The respective emissioveleallocated to each of the Parties to

the agreement shall be set out in that agreement.”

However, each country sets up its own goal; taofehe EU countries was to reduce
GHG emissions by 8 % in the whole European Unitre @rea of EU is called EU
Bubble); this allows some countries to produce naoré some produce less so long as
the overall commitment is fulfilled. This is call&lurden Sharing Agreement (BSA).
The Kyoto Protocol binds industrialised countriescut GHG emissions by 5.2 %
compared to year 1990 during the first commitmesriqul 2008-2012. However, for
some parties the different base year was chosem, &ur examined Parties, these are
some of post communist countries, Hungary, Polamdl Slovenia. The base year for
each of these Parties is as follows; Hungary, teraae of the years 1985 —1987;
Poland: 1988; and Slovenia: 1986.
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In Annex B of Kyoto Protocol, seBupplement Jthere is a list of countries and their
reduction commitment. There are also post-commustistes listed, to which it is

referred further in the thesis.

GHG being subjects of emission reduction are ligtefinnex B of the Kyoto Protocol,

these are following:

“Carbon dioxide (CQ

* Methane (CH)

* Nitrous oxide (NO)

» Hydrofluorocarbons (HFCs)
» Perfluorocarbons (PFCs)

* Sulphur hexafluoride (S”

In the Supplement 1there is also a list of industrial sectors examinArticle 24
specifies the conditions that had to be reachedréehe Protocol had come into force:
“This Protocol shall enter into force on the nieétiday after the date on which not less
than 55 Parties to the Convention, incorporatingi€& included in Annex | which
accounted in total for at least 55 per cent oftthal carbon dioxide emissions for 1990
of the Parties included in Annex |, have depostieeir instruments of ratification,
acceptance, approval or accession” United Nati@898§). This is the reason why the
ratification of Russia was so important; withoutsRia, the Parties would not reach
55 % share of all C&emissions.

Each GHG can be limited individually, or, more gassan be limited at once.
Nonetheless, GHG usually have the same source iskiems; therefore in order to cut
down the emissions of one gas, the others ardialged. If more gases are emitted, the

gas equivalent, GWP, is used to express how dangdne gas is.

Today, the only traded GHG in the EU is £0his gas is emitted mainly from fossil
fuels that are being excessively used up. Thihésreason why the oil peak will be
reached soon and that is also why fossil fuels lshdne replaced by renewable
resources (Campbell, 2000).
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Countries ratifying the Kyoto Protocol pledged &muce emission of GHG. Countries
polluting less can gain from trade via buying amdlirsy; however, even countries
polluting more can profit, they can meet their &sgthanks to low goals recorded by

the Treaty.

3.7 Emission Trading

After realizing why the emission market was estdt#dd, it is important to understand
how the trading is implemented. The emission marketnalogous to the exchange
stock market where the stocks are traded. On th®oanarket, the commodity traded
is an allowance (tradable permit) which is boughdl sold by various subjects. One
allowance is equal to one tonne of emitted,Gfquivalent and the price is set up
according to supply and demand on the market. Eseuayce of pollution (installation)
is obliged to keep the same amount of allowancasdhits. The subject of trading is
the state as well as individual company. An alloggashould not to mix with a permit,
which is not tradable, it is an administrative pision including monitoring and
presenting data where a polluter is bound to makexcessive polluting emissions than

stated by a permit, otherwise the polluter wouldibed.

“Greenhouse gas emissions permits shall contaifotloaving:

(a) the name and address of the operator;

(b) a description of the activities and emissiaonsthe installation;

(c) monitoring requirements, specifying monitormegthodology and frequency;
(d) reporting requirements; and

(e) an obligation to surrender allowances equahéototal emissions of the installation
in each calendar year, as verified in accordandb Wrticle 15, within four months

following the end of that year” European Union (3P0

According to this system, the state reallocatesattmvances to individual companies;
the owner of 1 allowance can emit 1 tonne of,Cle reallocation (cap-and-giveaway)

iIs done according to historical amount of pollutievho polluted less in past, will get
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less allowances now). This is done free of chatg#,is why it is called grandfathering.
The cap can be reached either by the reductiomdfesl CQ or by buying additional
allowances from the company emitting less. Thel tmtianber of allowances are fixed;
from this, it is obvious that the other company k@aseduce its emissions in order to
sell the allowances and gain from the trade yetcin@mon goal (to reduce less) is
reached (United Nation 1998).

Parties specified in Annex B of the Kyoto Protocommitted to reduce emissions in
period 2008-2012. Article 17 of the Kyoto Protospkcifies that trading countries can
have some extra emission units which they do netamsl sell them to countries that are
short of these units. The emissions are divided assigned amount units (AAUS); the

units are sometimes also called ‘Kyoto units’.

The units are differentiated according to purpdstheir use, the division is according
to UNFCCC (n.d.a): “The other units which may kensferred under the scheme, each
equal to one tonne of GOmay be in the form of: a removal unit (RMU) ore thasis

of land use, land-use change and forestry (LULU&Fyities such as reforestation; an
emission reduction unit (ERU) generated by a jaimplementation project; a certified
emission reduction (CER) generated from a cleaneldpment mechanism project

activity.”

Fluctuations of these units are monitored by th@ifey systems under the Kyoto
Protocol. Two types of registry exist: National istdes implemented by Annex B
parties; the accounts are named according to thergment or legal entities under the
government. CDM registry — issuing CDM credits athdtributing them to national

registries, the registries are owned only by CDMips, CDM explained further.

In the Figure 5 below, you can see how the registration works. tAdhsactions go
through International Transaction Log (ITL) veriig them and checking that all
accounts are registered properly. After the Kyadmitment period is finished, the
emission amounts are compared to amounts duringdimmitment period to evaluate
whether the Kyoto targets are reached, as it tedta UNFCCC (n.d.b): “For the start

of the Kyoto commitment period in 2008, EU regestriare to switch their connections
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from the CITL to the ITL. The ITL will conduct “Kytd checks” on transactions
proposed by both EU and non-EU registries. In theeoof transactions involving EU

registries, the ITL will forward information to th€ITL so that it can conduct

Community Independent

“supplementary checks” defined under the EU scheme.
Transaction Log

Supplementary
checks

| International transaction log ]
Kyoto checks ]

‘ Communication hub ’

] N

CbM ’

transaction logs

European Union \

Other supplementary \

National
registry

National
registry

National
registry

National

Registry registry

Figure 5 Registration, data: UNFCCC (n.d.b), owragh

3.7.1 Emission Trading Scheme

Several mechanisms have been introduced to coatnadsion trading; some of them
are still in force. The UK Emissions Trading Schaman example of finished scheme,
this voluntary scheme expired in 2006, had alrestdyted in 2002, and it was the first
multi-industry scheme in the world. The real pianees Danish greenhouse gas
trading scheme; however, it worked only locallyn& these schemes are not in power
anymore, the EU ETS, which is based on UK ETS wasdemented and is specified
further. Systems dealing with reduction of GHG esiaiss are also called cap-and-trade
systems (defra, 2006).

Cap-and-trade system means limiting the GHG emmssiside by side with the

possibility to trade the allowances. The cap isanstbod as the limit of emissions that
should not be exceeded; if the limit is surpastee,additional allowances from other
companies can be bought (trade). The limits willdveer until the reduction goal is met

and possibly the temperature is stabilised.
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The subject to trade are companies emitting higbuants of GHG (installations), these
are mainly power and heat generation industry, amtibn plants, plants processing
steel and iron and factories producing cementsglascks and similar. From the first

trading period, the airlines have been also inadugi®ong these installations.

The EU ETS is treated independently in every mensbentry of the EU by National

allocation plans (NAP). National allocation plandasdocument stating the maximal
amount of emissions confirmed by the Ministry oftam country for the state as a
whole, having national account and also for indimaldcompanies, which have their
own accounts). The NAP is stated for each tradgi@eod explaining how the

emissions are distributed. Each member state saswvih registry to follow the transfer
of emissions; nevertheless, the approval of theoNalk allocation plan heavily depends
on the Registries Regulation of the European Cowions This is considered as great
regulatory intervention from the EU to each induadl state economy. As a
consequence of double control, there is no posgildbr the state to trade without

gaining approval of its NAP (Ellerman and Josko®@0&).

The allocation, verification and the whole proce$drading is done under Directive
2003/87/EC, for details s&pplement 2yhere important Annexes are cited; the result
of Directive is that not individual installationfut each state is responsible for
following the rules set by the Commission. Eaclestgets certain amount of allowances
at the beginning of the trading period and distelsuthem to subjects of trading in their
country in 95 % for free, more; the state savetagemamount set by NAP for known
and potential newcomers. If the reserve is notstatiuted, the state can sell them in the
auction at the end of trading period. The compagétshe allowances at once and there
is no annual limit for allowances to be used uphegear, it is up to each company to
manage its consumption. The banking, which meavisgallowances to other period

is allowed, however, borrowing from next periochd.

To pursue the installations to decrease the emmissimember states should set up
penalties and so ensure to keep installations nvithiits. The penalty was EUR 40 per

one tonne of C@equivalent in the trial period, in the first peritids even higher, EUR
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100 and after 2013 the fine is considered to evse. ICompanies emitting extra
pollution and paying fines are ‘named and shamguablished) openly.

3.7.2 Emission Reduction Mechanisms

Kyoto Protocol also describes the means of redanaioGHG emissions, the flexible
mechanisms allowing to trade emissions are Cleareldpment Mechanism (CDM),
Emission Trading (ET) and Joint Implementation .(Jinese mechanisms are called
flexible because the flexible amount of emissicseduced in each EU country with
common aim, to diminish emissions in the whole Hle flexibility stated in the
Burden Sharing Agreement (specified above) is cdsapy after ratifying. Emission

reduction systems are specified further.

The EU ETS is the trail-blazer among emission sgsteit entered into force on 5
October2003. The scheme is based on Directive 2003/87filonas implemented on
1% January 2005 by 25 member states of the EU atithatin order to meet the goals
set by the Kyoto protocol; nevertheless, the sysseimdependent of the Protocol and it
had started even before the Protocol became operaiiith the entering into the EU,
the candidate states were made to participate imodean Trading Scheme
automatically. However, in this work, 23 states armalysed because for Malta and

Cyprus, no targets were set.

The ETS works not only for the member countriethefEU but it is open for any other
country that ratifies the Kyoto Protocol. The newmbers can get the allowances left
for such reasons as a reserve. The main tool esrassion allowance representing one
unit of emitted GHG. These allowances exist onlyelectronic form in owners bank
accounts. Company producing more emissions thlasitallowances can either change
its production process in order to emit less, douy allowances the other company do

not deplete.

Three trading periods has been set until now, fistiod (sometimes called trial or
pilot) 2005-2007, second period 2008-2012 (whickhes first period under the Kyoto
Protocol) and 2013 onward periods. Let us call theah and first periods; the aim of

the trial period was not to limit the emissionsmsch as possible, but to set up a
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successful operating system. However, some slighhges were made in the system;
these changes are published in the ETS Review.fUthee of ETS after 2012 is not
certain; Parties should have agreed on any fudbeament leading to another emission
reduction on conference in Copenhagen in 2009, iery@o further steps were agreed.
There is some speculation of USA and China joirtiregprogramme, however, nothing
is certain yet, parties should agree on furtheioaaintil the end of 2010 in order to
make necessary measures. The preliminary visiomext agreement is reducing

emissions by 20 % compared to 1990 until 2020.

Emission trading is held under trading periods bheseahe amounts of emissions vary
during time, therefore the banking and borrowing \@lowed in trial period of trading.
A company could save some allowances in one yeasédhem up during the next year
and vice versa, use them in advance. Allowancessaned annually, but they are valid
for the whole trading period. From the first perimad, banking will be allowed, but no
borrowing. Allowances used up are handed in aetiteof each year; these units are not

reused anymore.
There are three possible ways of pollution alloggatnading in EU:

» privately, trading allowances between operatortiwia company
» over the counter, trading via dealer network, asttto the centralized exchange
» trading on the spot market of one of Europe's diemexchanges, similar to
exchange market (the most liquid is considered éothe European Climate
Exchange).
The Linking Directive allows emission trading odisithe EU; however, only allowed
credits are those stated in the Kyoto Protocokdhare Certified Emission Reductions
(CERs) and Emission Reduction Units (ERUs) conmkaetgh Clean Development

Mechanism and Joint Implementation, which are $ecfurther.

CDM is a flexible mechanism defined in Article 12 ine Kyoto Protocol using
certified emission reduction (CER) for emission ugltbn projects in developing
countries in order to meet Kyoto targets. CDM aBoveducing GHG emissions in
developing countries by financial help for the piag from industrialised countries.
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One CER is equal to one tonne of £é&nd can be traded and sold. The CDM is
supervised by the CDM Executive Board and eacheptdjas to be registered and be
approved by Designated National Authorities (DN8ince 2006 when the mechanism
started operating, more than 1 000 projects hawn begistered and their CERs
production is expected to be more than 2.7 billmmes of CQin the first period of
the Kyoto Protocol, 2008-2012 (UNFCCC (n.d.c)).

Jl is the third flexible mechanism specified in iéle 6 of the Kyoto Protocol helping
countries listed in Annex | to meet GHG emissiargets. Annex | countries can invest
money into Joint Implementation Projects in anyeot@nnex | country instead of
reducing the emissions in home country. The whotegss of receiving credits for JI
Projects is described in the Guidelines for thelemgentation of Article 6 of the Kyoto
Protocol from Report of the Conference of the BarServing as the meeting of the
Parties to the Kyoto Protocol on its first sessioald at Montreal in 2005. Emission
Reduction Unit (ERU) serves as a mediator for rengithe credits for JI Projects. One
ERU is equal to one tonne of @O'he verification of procedures is supervised gy t

Joint Implementation Supervisory Committee (JISO)ited Nations, 1998).

When companies change their process into more ementally friendly, not only
they can gain some money, but also the whole sowél get opportunity to live in
more environmentally friendly way and the nature ba preserved in the sustainable
way. Companies emitting more than they have all@sarmust either purchase some
extra allowances, or pay a fine to the amount dfaepollution. Companies having
some extra allowances can either sell them on theket, or save them into the next
period (banking). It is up to each company howeidld with this issue and what way it
chooses, majority of companies, however, chooseartbst profitable way for them,
even if the way is different for each. If one companvests into environmentally

friendly technology, it should return in a profiirther on.
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4 Economic Analysis

In this chapter, the economic quantitative analysfishow the European countries
profited on the ETS is done, and econometric modglising single linear regression
model is presented to verify whether targets fméht depends on GDP per capita,
percentage of industry in the economy, Corruptie@rceptions Index and Human
Development Index. Another tool processed is cat@hie analysis of allowance price
development and the analysis of different emisgjoantifying per GDP in market
prices, per land area and per capita. The lashdiuteast is the comparative analysis of
profits or losses from trading for each 23 EU counThere are 23 states analysed in
the chapter, because even if in the trial perid0$22007), there were 25 states in the
EU, only 23 of them have targets set by the Kyatatdzol; Malta and Cyprus have no
targets at all. In this chapter, when referringost-communist states, these are those

denoted in the Kyoto Protocol by the star, theeeliated in theSupplement 1.

4.1 Emission Trading Scheme Target Fulfilment

The targets of emission reduction for the year 28¥2set in the Kyoto Protocol; these
targets are expressed in percentage compared tefdrence year which is for most
countries 1990, however, for some countries the igedifferent, for Hungary, the it is
average of the years 1985 —1987, for Poland 1988f@nSlovenia 1986. Even if the
reference year is different, the base index wagasdéie 100 for all countries in that
reference year. The targets set by individual coesmare to be seen Figure 6 where

it is visible that different countries have diffatetargets. Targets were set mainly

according to emissions prior to 1990 combined witbepted trend.

Emission fulfilment is defined as follows (2)

Ef_ﬁ! (2)

_Et

where Ef stands for emissions fulfilmenEa stands for actual emissions agd for
target emissions. The negative numberg-igure 6 illustrate how much a country
should reduce its emissions as the opposite tdipy@siumbers representing allowed

pollution excess. The target for many countrie8 P& reduction, which is an average,
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on the other hand, Finland and France have te on the same level as they t
pollution in thereferenc year, it means they should not pollute more, howehey do
not have to reduce emissions eit On the other hand?ortugal can emieven 27 %
more until 201Zompared to 19¢ As opposite, Luxembourg has imost strict targets

from all countriesandshould mitigate by 28 %.

Emission Reduction Targets for 201.
Compared to 1990
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Czech Republi
Denmark
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Finland
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Germany
Greece
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Figure 6 Emission reduction targets for 2012 compared toQl'data: United Nations (199, own graph
The results of reaémission reduction in year 2007 are prese in Figure 7 the
emissions in 2007re compared with emissions from 199Btom the grap, it is
obvious, that after 17 years, Latvia, Lithuania distonia had made the bigg

progress; these countriwere able to decrease their emissions by a50 % compared
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to committed 8 %. On the opposite side of the grépdre is Spain; even if its emission
targets in 2012 are to be 15 % higher than in 1890¢creased its emissions by another
38 %. However, not only Spain is not fulfilling dabment targets, there are also other

countries not performing within the agreement.

Changes in GHG Emissions 1990-2007,
Excluding LULUCF (%)
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Figure 7 Changes in emissions 1990-2007, Data:UNEC®.d.), own graph
Figure 8concludes the previous data; you can see the iemsskulfilment of individual
states in the year 2007 and compare it to thei@ 28dgets. It is obvious that individual
participants differ in their fulfilments. That isatural; the current EU is more

heterogeneous than the old EU15 used to be. Thenmembers joined in past years
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have their own history, usually changing from calyrplannedeconomies to market
ones. These major economic changes in new memdigsshav much in common;
typically heavy industry declinir on the account of services or light industry. As
know from previouschapter, heavy industry iskag source of GHGWe can therefore
generalise that posemmunist countriehadeasier position in fulfilling the targets d
to the economy chan in the trial periodHowever, the targetof the Kyoto protocol

are set for the year 2012 and many changes caarteely thatime.

Looking at well developed market economies suchAastria, we can see that
fulfilment in 2007 was insufficier and Germany and France were just in
boundaries; however, in these days, they have rhigder problems with reduction
pollution. It is due to fact that their economies were usingre environmently
friendly processealreadyin the year 199@han for example the Czech Repu. Thus,

the range of emission burden was so much sn

@ Emission Fulfillment
S 150.00
(%))
‘€ 100.00
il
= 50.00 i
S 0.00 I ‘e
L gss ]
z € 02 e‘
S ESCIT282Y > s
S SOcELB ST DI EDC B O v ‘
< <eoSc e o EDLoB8 8 3E 5T B 3
g DERUTT 55528835588 ¢ £ 5
c O o E: 42823 2 % § 8 9 X
£ £EE8 £ EZ 2 273 5
| QE a S 5 0 =
® 2007 Emissior 32 - n n
2012 Targel

Figure 8Emissiorfulfilment 2007, dataEuropean Environmental Agenm.d.), own graph
On the other hand, if it is said that ;-communist countries profited in thiial period,
it does not mean that they will be able to fulfietfinal targetsThe current data shov
that these countries are slowly losing their gotadit osition and may have probls

with targets later or in the next peri
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4.2 Interpreting Emissions Quantification

Another goal of this research is to examine diffier@ays of computing emissions,
which consequently affects what policy proposals mrade for emission reductions.
There are several ways of interpreting emissiofupoh; what is surprising, looking at
releasing emissions from different angles, manyeBht outcomes are gained. The
question is what is then, the proper way to meathweemissions? Different outcomes
can be explained correctly when understanding eoaa, political and historical
background of each country. Individual country nba@yperceived as a heavy emitter or
relatively non harming emission producer lookingnir different aspects. The most
important data here are emissions per inhabitardseaissions per GDP which are the

indicators examined in this thesis.

It is worth mentioning that when describing all@xht verified and sold/bought
emissions within the country, it is meant that doeintry as such and the installations
are subjects of the research. Because the ingtabBatare not obliged to record
transactions connected with emission trading, tlaeeenot specific data to distinguish
each source of pollution individually. Also, whenritimg about carbon dioxide
emissions which are traded, note that carbon deoeiguivalent recalculated as GWP

for gases stated in the Kyoto Protocol is meant.

Every source of pollution obliged to verify emigssogets the amount of allowances for
certain period from the national registry. The camp has to verify the released
emissions at the end of each period and hand ialtbe@ances of the same amount the
company emitted CO The amount of allocated allowances and verifiedssions do

not have to be the same and usually it is not. @mpany can have more allowances
than it released emissions and then it can sath teeother emitter, or if there is a lack
of allowances, the company can buy some; howevetyrhappens that the company

has the same amount of allowances as it emits CO

Following, verified emissions for each country presented and it is analysed whether
they correlate with the percentage of industry imche country. And, different

interpretations of pollution caused by GHG are egped per capita, per living area and
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per gross domestic product. If the country comdsaswa heavy emitter from measuring
of GHG per GDP in market prices, it does not mdéaromes out with the same result
from other measuring; the opposite is true. Lehase a closer look at individual points

of view on quantification.

4.2.1 Verified Emissions
In Figure 9 you can see verified GHG emission for the tritigd; these are emissions
that installations confessed to their national sggas as emitted in the trading period.

Verified GHG emissions are calculated using (3)
E, = ZL'3=1 Evyt ) (3)

whereEv are total verified emissiony, are the years 2005 until 2007. These figures
represent all emissions that subjects obliged t@some emissions produced and
recognised. The figures do not include emissiorzd #mall subjects which are not

obliged to confirm emissions polluted and the emaiss subjects to emission do not

affirm.
Verified GHG Emissions 2007
1600000
c
$ 1400000
2 1200000
1000000
o
O 800000
(7]
O 600000
S 400000
8 200000
g 0
= N (© Q =2 W o> O X T @ @ © © <
g CEgSEE e EE3E5EE0828285
= QQgE%Egégg’E:Eggc—fEtg%%g
T = Q o L O
<gogguT o2 EE£"C50 O
o x g
-

Figure 9 Verified GHG emissions 2005-2007, datardpean Environmental Agency (n.d.), own graph

It is significant that huge countries and econonpiedute more than smaller economies
in absolute numbers, the example of Germany isgandsg. On the other hand, small
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economies do not pollute so much because of snrall@ber of power plants, factories
and industries in the country. This is the reasdwy this type of measuring is not the
most suitable one, such as Germany and the UK amalised for the amount of

industry they have got.

4.2.2 Percentage of Industry
In the regression analysis, the percentage of tngd(®) in the country is considered as

an important factor influencing fulfilment of tatgeeach country should meet.
=Y 1,, (4)

| is defined as percentage of industyyare the years 2005 until 2007. If we take a
closer look afFigure 10, we can see that Ireland’s share of industry enébonomy is

the biggest one; however, Ireland is one of thenttees with the smallest emissions.
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Figure 10 Percentage of industry, data: World Reses Institute (n.d.), own graph
On the other hand, Germany with the highest emmssfoom all examined countries
have similar share of industry in the GDP as Paittagnd Sweden, which have much
smaller emissions. If we compare it with verifiedissions inFigure 9 we can see that
there is no significant relation between these tanables. Even if one could say that

the share of industry would play very significaaterin carbon emissions it is not one
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hundred per cent true. A country can be small anet fnigh amount of industry in the
economy, but because it is small, the emissiondoavecompared to bigger countries,
e.g. Belgium and Poland, they have similar amodnhadustry in the economy, but
Poland has much higher emissions in nominal numBer®pposite, Austria with high

percentage of industry in the economy has verydbsolute emissions.

4.2.3 Carbon Dioxide per Capita
Another type of measuring emissions is per capitach is portrayed irrigure 11, this
can be represented by the following formula (5)

3
E, = Zizfoe (5)

Cc

The nominator here is defined above the denomirgtatich stands for the average
value of inhabitants in the year 20, represents emission per capita in tonnes. Let us

have a closer look &igure 11.
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Figure 11 CQ per capita, data: Eurostat (n.d.a), European Eonimental Agency (n.d.), own graph

Focus on Germany and Luxembourg, these countries sianilar CQ measured per
inhabitants even if in absolute emissions Germamjilufed much more than

Luxembourg. On the other hand, Latvia and Lithuahed low emissions per
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inhabitants as well as total emissions because tbasntries are small and do not have
significant industries. Pollution quantified perpida is also related to population
density. The highest emissions per capita showsnksst even if it has the same
population density as the Czech Republic, it hghdr emissions measured per capita,
but lower emissions in absolute numbers. Comparé&sermany, which has the highest
absolute emissions, population density in Estosiaeight times smaller, but the
emissions per capita are not eight times highetaiit be said that this graph is much
more important for comparison of individual polltgeas it does not discriminate for

the size of country compared to the graph represgemissions per squared kilometre.

4.2.4 Carbon Dioxide per Gross Domestic Product
Another comparison can be seen in figure 12bellow, where CQis calculated per
GDP in market prices in different countries. Thagalculated as follows (6)

Zf= Ev
Eq = lTyt ) (6)

where Eg is emission per GDP an@ stands for average GDP between 2005-2007
expressed in market prices. Similar to {#@r capita, this graph shows more objective

point of view on the polluters, rather than usibgalute figures.
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Figure 12 CQ per GDP, data: Eurostat (n.d.b), European Envir@mtal Agency (n.d.), own graph
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As it can be seen from th@gure 12 post-communist countries have higher pollution
per GDP as they have lower GDP in market prices teamitionally higher share of
heavy industry. Service oriented economies in EUWa®%e lower pollution per GDP.
The differences between the EU countries origirdififerent historical and political
development and will disappear in the long term ttiwe look across the EU borders,
these natural differences are much more obviousdst other countries (e.g. USA

versus China).

4.2.5 Carbon Dioxide per Land Area
Finally, the last indicator presented here exprgsdhe emission burden are the
emissions per area, in this case, square kiloméfis.is calculated using (7)

Zf= Ev
E; = —15 vt , (7)

whereEs measures emissions per square kiloméives defined as total emissions and

S stands for total area in square kilometre. Thaltesare presented iRigure 13
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Figure 13 CQ per knf, data: Economic Expert (n.d.), European EnvirontakAgency (n.d.), own graph

Look at e.g. the Netherlands and Belgium; they hheehighest C@emission per area
even if the total emissions of these countriesnatethe highest. This graph, is however

less attractive in economic analysis, for, emissiare naturally dependant on the size
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of the economy or number of population. Size ofilmape does not play a significant
role in total CQemissions; on the other hand, it may have a senmpact on the local

environment.

4.3 Possible Profit/Loss from Trading

Countries emitting less pollution than they havieveance for, can sell those excess
allowances to other subjects (other countries staltations), or, to save them for the
next period; by contrast, countries emitting mooailld buy allowances from other

countries, or pay heavy fines. Same mechanism egplir companies that can also
trade their allowances. However, there is no dstatisf such transactions, because
subjects of trading do not have a duty to publisllibg results. That is the reason we
cannot know whether installations emitting more diduadditional allowances or paid

heavy fines. As the price of fine for one extrarterof polluted carbon dioxide is EUR

40 and the price of allowances is four times lowatrus consider that no country paid a
fine and all excess allowances were sold and asimg allowances were bought on the

climate market. Regarding these hypotheses, tHé pral loss is counted as (8)
P =3} (Ex—E)*Pr, (8)

whereP stands for profit/lossza are allocated allowances aRd is a median price of
allowances for the trial period which is EUR 11.Kledian of prices from most traded
values in the trial period was chosen to illustiatssible profits or losses and it was

multiplied by the difference between allocated aadfied emissions.

In Figure 14 possible profits and losses from trading are sansed. You can see that
if Poland sold all extra allowances it had, it @batake a profit of EUR 1057.11 mil.,
even if this country is a heavy emitter. This issed mainly by high emissions released
in past and following high cap set by the KyototBeol. However, after transition into
market economy, such amount of allowances was eetled, because the emissions
were reduced due to change in production procdss.i$ also the case of other post-
communist states such as e.g. the Czech Repulifiydnia and Slovakia. The only

exception is Slovenia which was in a loss evenhif hot a heavy emitter.
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Possible Profit/Loss 2005-2007
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Figure 14 Possible profit/loss in the trial periodata: European Climate Exchange (2010 c), European
Environmental Agency (n.d.), own computation

On the other hand, the UK was obliged to buy add#li allowances for EUR 1432.16
mil., which is considered as a loss from tradinglyland Spain had also to invest into
extra allowances from other countries because weg short of their own. The reason
for loss is that these countries had high curremssions. From countries mentioned,
only UK and Italy should lower their emissions acling to the Kyoto Protocol, Spain
can pollute even more emissions until 2012 compaced 990, but still it is not

fulfilling. And if its trend continuous, it couldgy much more in the first trading period.
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The aboverigure 14shows interesting observation that the EU statesgether (EU
Bubble) profited from the trading. If the differeescof allocated and verified allowances
of all examined countries are multiplied by the madprice of the trial period, the
results show us the profit made from trading in Hi¢ area, which is EUR 1634.341
mil. That is because ETS comprises of more cownthan just the EU and the graph
illustrates that the EU as such was selling allaseéanmore than buying from other
states. That means that non European countries bugfiag allowances from the EU
countries and so they could make a profit. Amorggdther non European states trading

under ETS is e.g Japan which also bought some atiogs from the Czech Republic.

The results of possible profit and loss may be useRarties as a model of negotiation
for the next period of trading. The fair approacbud be that no country profits from
the emission trading in long term perspective ulésenforces environmentally
friendly technologies. We can only state that thés probably not the case of countries
which profited from trading in 2005-2007 period. wiver, these countries may obtain
stricter regulation limits for the next periods.

4.4 Single Linear Regression Analysis

Regression analysis is used to evaluate and exgairelationship between dependent
variable and several explanatory variables. Simgtgession model is used here as a
tool of analysing determinants of willingness totggate on ETS. It shows whether
the percentage of emission target fulfilment in glear 2007, which is a dependent
variable in our case, is a function of independemiables; these are average GDP per
capita in years 2005-2007, Human Development I{giEX), percentage of industry in
the economy and Corruption Perceptions Index.

These economic indicators were chosen becauseatieeydependent and all together
summarise the development of economies and levielsve® standard. HDI is an
alternative to GDP and it contains components eéxiplg standard of living not
included in GDP. HDI combines life expectancy iradar, education and standard of
living. HDI can have the value between 0 and 1, re&ttee higher number, the higher

level of development.
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Corruption Perceptions Index reflects the levetafruption in individual countries; the
ranking is between 0 and 10, the smaller the indbg, corruption occurs more
frequently in that country. Corruption Perceptidndex overview is published yearly

by the Transparency International.

To estimate linear regression model, Ordinary |legsiares method (OLSM) is used,
because it is the best linear unbiased estimatoe. definition of OLSM according to

Encyclopaedia Britannica (2010) is: “method foriresting the true value of some
quantity based on a consideration of errorsin fas®ns or measurements. In
particular, the line (function) that minimizes tleam of the squared distances
(deviations) from the line to each observationgedito approximate a relationship that

is assumed to be linear.”

The core of OLSM is to find out parameters minimgzisum of squares deviation of
theoretical and real values of endogenous varialslshows equation (9) below

?21(% _}A’t)z . 9

According to Cechura et al, (2008: p.20)) the linear regressiamehis only proper

when several conditions are fulfilled:

* “No omission of significant explanatory variable

* Omission of irrelevant explanatory variables

* Proper choice of working form of model

« Stable estimated parameters, time invariance

* Respect of simultaneous relations among variables
 Random variable with an expected value of O

* Homoscedasticity ail =o

* No autocorrelation of residuals

* The values ofi are independent

* No perfect multicollinearity

e The values oti are normally distributed.”

There are several steps for creation an econonmuael:
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4.4.1 Formulation of Economic and Econometric Model

In the model, the economic subjects are countrieshe European Union, more
precisely, 23 member states. In this subject,oukhbe proved linear equation that the
emission target fulfilment depends on GDP per eapercentage of industry in the
economy, Human Development Index and Corruptiorcdpgions Index are variables

examined.

The economic relation is as follows (10)

y = (xq, X3, X3, X4, X5) (10)

Yeeuu Percentage of 2012 target fulfilment of esite reduction in the year 2007
compared to the base year, which is in most casP90 (for Hungary the average of
the years 1985-1987; Poland 1988; and Sloveniat)198

X1....Unit Vector of length of 1

Xz2....Average base index (100 = EU27) of gross domesbduzxt per capita in years

2005-2007

X3

f.....General form of mathematical equation

In the econometric model, the endogengus explained by 5 independent variables
(x1-xs) plus stochastic variable Endogenous variable denotes a result of an imgfact
explanatory and stochastic variables. Exogenoumhlas are explanatory variables,
which mean that endogenous variable is explainedhleyn. Stochastic variable
represents the variability jmthat cannot be explained by the linear relatiomstith x.
Stochastic variable contains all other variablesswimportant to be explained by the
model, statistical errors in measurement, or othetakes arising from rounding off

and simplification of mathematical forms. If theneere no error termy would be
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perfectly explained by, the model would be deterministic; however, tlasot this
case. The simple regression model can be writtdnasufollows assuming linear

functional form (11)

Y = Y1X1V2X2V3X3VaX4Y5X5 + U. (11)

In order to make the model complete, it is necgskamclude there an intercept term,
which is represented by the unit vectog), which has unit length and indicates
direction of the model. If there would not be atemept, ifx is 0,y would be 0 also, so
it is the valuey would have if all other variables were zero. Tlwwremic model

becomes econometric by adding a stochastic varialiieh was done in (11).

Setting of hypotheses is fundamental at the beggqniwo hypotheses are connected
together, zero hypothesisgHwhich is testedand alternative hypothesisaHThe
hypotheses are same for all variables and arepmatierd individually. The hypotheses

are said to be as follows:
the null hypothesis (12) is
Hy:y =0, (12)

in our model it means that the explained variaklenot dependent on explanatory

variablex, the alternative hypothesis is
HA: Y * 0, (13)
which means that the explained variable is deparaleexplanatory variabbe

4.4.2 Data Collection

Before modelling, it must be said that in the modeére are examined 23 European
countries, there is not such a significant diffeeerbetween individual states in the
economy development and in environmental conditi@mgl the location is also the
same so the natural conditions are similar. Thelteof analysis would be much
different if the examined countries would be morestkified, e.g. if all countries in the
world would be the subjects of analysis. The dat @esented inrable 2,they
represent 23 European countries monitored in takpgeriod of trading 2005-2007, data
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are of panel type, which means there is no longe tgaries and more variables are
collected in this time. Each variable contains agerdata for the whole trading period,;
these data were chosen as the most suitable inthocaxplaining emission trading and
the fulfilment of the Kyoto targets. The independeariables are GDP per capita,
percentage of industry in the economy, Corruptia@rceptions Index and Human
Development Index. They show economic maturity athe country, which may be
important indicator for target fulfilment. Indicatodo not contain data of the same base

in order to exclude multicollinearity among theseiables further in the model.

State Percentage of | UV GDP Percentage | Corruption | Human

2012 Target Per of Perceptions | Development

Fulfilment in Capita Industry Index Index

2007
Variable y X1 Xo X3 Xa X5
Austria 78.167| 1.000 124.000 30.650 8.467 0.952
Belgium 102.664| 1.000 118.76[7 24.150 7.267 0.950
Czech
Republic 118.557| 1.000 77.938 38.400 4.767 0.899
Denmark 82.206| 1.000 122.36f 25.300 9.467 0.953
Estonia 177.950| 1.000 65.36)7 28.55%0 6.533 0.878
Finland 90.662| 1.000 114.938 31.3%0 9.533 0.955
France 106.157| 1.000 109.500 20.700 7.400 0.958
Germany 101.804| 1.000 115.96]7 29.550 8.000 0.945
Greece 101.461| 1.000 92.96y 20.700 4.4383 0.938
Hungary 189.970| 1.000 63.100 31.100 5.167 0.877
Ireland 75.502| 1.000 146.86[ 46.000 7.433 0.963
Italy 87.465| 1.000 103.53B 27.850 5.867 0.949
Latvia 197.425| 1.000 53.000 23.900 4.567 0.859
Lithuania 183.633| 1.000 56.06} 34.300 4.8D0 0.866
Luxembourg 73.394| 1.000 266.10pD 13.800 8.500 0.958
Netherlands 96.509| 1.000 77.338 24.250 8.7B3 0.961
Poland 132.768| 1.000 131.000 31.350 3.767 0.876
Portugal 93.314| 1.000 52.500 26.800 6.583 0.907
Slovakia 141.104| 1.000 76.46)7 31.500 4.6B83 0.873
Slovenia 90.373| 1.000 63.600 34.650 6.3p67 0.924
Spain 75.360| 1.000 88.267 29.550 6.8B33 0.952
Sweden 114.664| 1.000 103.96[7 28.5%50 9.233 0.961
United
Kingdom 106.707| 1.000 121.33B 24.850 8.533 0.946

Table 2 Data set, Data: European Environmental Axyem.d.),Human development reports(2009),
Transparency international (n.d.), World Resounastitute (n.d.), Eurostat (n.d.c), own table
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4.4.3 Estimation of Parameters of the Econometric Model
In order to estimate the parameters in the modeE @ethod is used. Firstly it is

needed to define matrX and vectoy.

X=|: : (14)

Xn1 Xn2 Xn3 Xna X,g

Y11
y=1| . (15)
Yn1

Parameters estimation is made in several stepsg thee expressed by following

equations

XTX, (16)
xXTx)1, (17)
XTy, (18)
XTX)"XTy (19)

According to the formula for the parameters estiomaf19), the parameters are:

—0.12x,
XTX)"1XTy = | —0.77x;

5.07x, /
—1038.92x;5

4.4.4 Verification of the Econometric Model

1076.23x, \‘

(20)

It is necessary to verify whether the estimatedapaters are in accordance with
economic hypothesis stated and have statisticahctaistic. The verification can be
divided into economic, statistical and econometecification. Economic verification
determines the direction and intensity of influecethe explained variable. Statistical
verification evaluates statistical significanceestimated parameters of the model and

the identity of estimated model with data. Econaroeterification proves the

53



conditions needed for application of the model, nailticollinearity of exogenous

variables or autocorrelation of residuals.

According to the stochastic equation, it can bavedrthe direction and the size of

influence of stated explanatory variables on thglaared endogenous. In the equation,
there is also an error term. This error term ineki@ll omitted variables influencing

dependant variables, but they are not includekpla@atory variables. In this case, the
omitted variables are the political situation irckeacountry, national debt, historical

situation and the nature of the nation. It alsdudes errors in measurement and the
errors from simplifying the equation. The erromteis predicted to be uncorrelated; the
best linear unbiased estimators (BLUE) of the doeffits are given by the ordinary

least squares. Best linear unbiased estimators riedinestimated parameters have
minimum variance among linear estimators, unbiasedns that estimated values of
parameters are equal to real ones. CorrelationiMatesented below ifiable 3is also

a part of economic interpretation of the model.

Variable Fulfilment GDP per Percentage of | Corruption HDI
Capita Industry Perceptions

Index

Fulfilment |1

GDP per

Capita -0.534395572 1

Percentage

of Industry | 0.08038181 | -0.332573913l

Corruption

Perceptions

Index -0.582524213 0.440699967| -0.211833706 1

HDI -0.861806414 0.53785344 | -0.213589899 0.785157676 1

Table 3 Correlation matrix, own computation

Correlation deals with relationship among explanat@riables; correlation matrix can
tell us how and to what extent all exogenous vémlare related. But, as opposite of
regression, it does not tell us that changes ok@gnt variable cause changes in
independent variables or vice versa. Perfect aality or multicollinearity is not
desirable because the influence of individual exglary variables could not be
separated. The perfect multicollinearity occurs miiee dependency of two or more
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variables are equal 1, in other words is deterrimi$he high multicollinearity usually
occurs when explanatory variables do not vary taeghmor contains similar data; high
multicollinearity can be considered as 0.8 and d&igh-rom the correlation matrix
containing correlation coefficient for each varmlih Table 3above, it is obvious that
there is no multicollinearity between any explamatovariables; however, the
relationship between Corruption Perceptions Index DI is very close. This means
that these variables do not vary too much and noayam similar data. However, the
multicollinearity is not so high to be removed. Yéow indirect correlation is between
the Corruption Perceptions Index and percentagenadistry in the economy and
between HDI and percentage of industry.

We must take into consideration that only 23 statesanalysed, which is quite small
scale for the model, and, that every value is kihiéth the targets determined by the
Kyoto protocol, which is the reason why the modeinot deterministic now. If the

system of trading would remain the same, the expian after ten years of working

time the ETS would be more relevant.

4.4.4.1 Statistical Verification

Statistical verification evaluates statistical siigance of estimated parameters in the
model. There are several steps of statistical icatibn; these steps are computed in
details in Supplement 4the results can be seen Trable 4 below. The steps are

following:

1. Verification of statistical significance of pararaet in matrix (17).

The stochastic equation (21) is following

y = 1076.23x; — 0.12x, — 0.77x3 + 5.07x, — 1038.92x5 . (21)

The parameters show the size and direction of iddal variables. The intercept term
in the equation means that in case of having neratkogenous variables that would
have an impact on the fulfilment, the ability tdfifuthe emission targets would remain
stable 1076.23.
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Parameter representing average GDP per capitaars \#005-2007 has the size of -
0.12. We can see that the relation between GDRg@ta and fulfilment of set targets
is negative. The explanation of this relation ighe GDP increases by 1, the estimated
fulfilment decreases by 0.12. One could say thagichlly it is vice versa; that a
developed country with high GDP is able to fulfilet targets better due to higher
financial resources for more environmentally frigntechnology. In this model, the
period 2005-2007 is examined; in this case, thdamgbion is right, countries with
lower GDP in market price were able to fulfil treegets better. However, this is only
because of the fact that these countries had nmmwaaces allocated due to heavy
industry in the 1990s. The results of the model ldbdoe more significant when

comparing developed and developing countries.

The size and the direction of the parameter ofgreege of industry in the economy in
each country is presented here. The relation betweecentage of industry in economy
and fulfilment of emission targets is also negativeéhe percentage of industry in the
country increases by 1, the ability to fulfil therdets decreases by 0.77. This outcome
corresponds with the hypothesis that more induisteid countries emit more and due to
that it is more difficult to fulfil stated target$his explains why more allowances were

allocated to the countries with higher percentdgadustry in the economy.

Average Corruption Perceptions Index in years 2B087 is explained by the equation
as: the relation between Corruption PerceptiongXnand the fulfilment of emission
targets is positive. If the Corruption Perceptitmdex increases by one, the fulfilment
increases by 5.07. We should recall here that @tomn Perceptions Index is measured
in scale of 0-10, where 10 is the best, therefbrthe Corruption Perceptions Index
increases, the corruption as such decreases. ifipdies the lower corruption in the
country, the better fulfilling of stated targetsowkver, in the ETS trading, there is not
so much space for corruption; the only possibiibyild be in verification of emissions.
There is a lobby in the negotiations of allowanakscation, but not so much space for

corruption.
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Average human development index in years 2005-2G3/the size of -1038.92, the
connection between HDI and the ability to fulfiletlemission targets is also negative.
This means that if the HDI increases by one, tif@rfient decreases by 1038.92. This
is also biased, it can be explained similarly gsetielence of fulfilment on GDP; in the
period examined, countries with lower HDI were atdefulfil the cap better because
these countries had more allowances allocated thare developed countries with

higher HDI as it is a complement of GDP indicator.

2. Adjusted residual variance computation can be taled after computation of
sum of squares residuals; the reason of computeiton minimise the residual sum of
squares. Let us determine thgt is a real value of dependent variable gndis
estimated value of the model. The difference betwemal and estimateg is the

residualiiZ, which is minimised by residual sum of squarespisnted in (22)

RSS =23, (e — 9%, (22)
which is the same 3823, 7. (23)
e o7 _ Lo (e=9)?

To calculate standard erré¥ is computedsS? = ==———, (24)

23-5

where in the nominator, there is RSS and in theochemator, there is number for
degrees of freedom 23-5 (quantity of variables otk minus the number of
explanatory exogenous variables), which is 18. Beedhere are 23 states observed in
the model and 5 explanatory variables examinedghvitiean 18 degrees of freedom, in

other words, there are 18 values that are freanp. v
In the model, it isS?2 =384.3568037. (25)

3. Variance of estimated parameters computation utzted as (26)
- S11
sip= SEXTX)Tt=( i i, (26)
Sii

This variance-covariance matrix is also needed dafculating standard error;
coefficient on diagonal of this matrix are multgdi by S2. The results of adjusted

residual variance for each variable are presemt&dble 4below.

57



4.  Standard deviation of estimated parameters or atdnerror for each variable is
also important to know, it express the accurachefregression parameters; however, it
does not show the accuracy of estimated coeffisidhts counted as the square root of
coefficient variances, or adjusted residual varegmas followingS,; = /S;;. (27)

For details of standard errors sea&ble4 below. If the standard error is small, it shows
that the parameter estimated is sufficiently adeurln other words, it shows us the
degree of uncertainty in the estimated coefficiefite larger the sample is, the smaller
the standard error is. If we look at our model,caa see that the standard error is high
in the case of unit vector and HDI; on the otherchahe standard error is low in case of
other three variables.

5. Testing of hypotheses is done by T-test, whiclommputed as (28)

absolute value of parameter
t —value = S = (28)

standard deviation Spi

and the results are presented able 4below.

6.  Statistical significance of estimated parameters

To measure the level of significance of the mote, t-value (28) is computed and
compared witho. T-value in this table measures what is the pribbalef the sample
result if we assume the null hypothesis is truee Significance level for the student test
(t-test) was chosew=0.05, which is for 18 degrees of freedom 2.1008 meaning of
a=0.05 is that the probability of making error is¥g in other words; the confidence
interval is 95 %. Five percent is right enoughtfis sample, for bigger samples, lower
size of test would be used. Trable 4 S means significant, | means insignificant (not

statistically different from 0).

Variable Unit Vector | GDP Percentage of | Corruption HDI

Industry Index
Si 25470.64601 0.012877804 0.464056109 14.03369549 42376039
Sii 159.5952568 0.11348041 0.681216639 3.746157429 0161086
t-value 6.743487657 1.096029148 1.137177384 1.353846241 54897836
t-tab. (¢=0.05) 2.1009 2.1009 2.100P 2.1009 2.1009
Significant/
Insignificant S I | I S

Table 4 Statistical verification, own computation
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If the t-value is higher thas, then the null hypothesis is rejected, which sspnted as
the variable is significant, if the t-value is lowéhe null hypothesis is accepted. The
Table 4says that GPD and HDI are significant and the @uion Perceptions Index
and percentage of industry in the economy are mifgignt. These results are a bit
biased, one would say that the level of GDP andguegage of industry in the economy
are the most significant factors for fulfilments r&@duction targets set by the Kyoto

protocol, however, the model shows the opposite.

The quality of estimated equation is evaluated dsfficient of determination Rin our
case R=0.78897924 (29)

Coefficient of determination shows the amount ofarae of dependent variable
explained by changes in explanatory variableshis tase, it is 78.9 %, and it means
that the model is explained from 78.9 %. The measifirgoodness of fit is based on

dispersion of total variation in the dependant afasle Sj, theoretical regression

variationS; and residua$Z. That is

Sy =S5+ S, (30)
23 _5)\2
§3 = HROCT (31)
And S2 = M (32)
y 23 '

wherey, are theoretical values of explained variable gind average of real values of

explained variable. In this model:
S2 =1425.456797 , (33)
Sy =124.65582 . (34)

The coefficient of determination shows that the glad well built. Nevertheless, the
fulfilment of emission reduction is not dependent GDP per capita or Corruption
Perceptions Index; on the other hand, it is reldteddDI, and for certain, to other
omitted variables in the model, such as politicadl social situation and historical
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background. The problem of insignificance of valesbmay be caused by their near
multicollinearity, even if the coefficient of detemation seems well explaining the
equation. If the irrelevant variable is includedtie model it may sometimes help to
reduce this variable. However, even if the supetfiuwere removed, the significance
of variables remained unchanged. There may be &@kei®f omission of an important
variable; however, the most significant factorseiglain this issue are difficult to be
quantified, e.g. culture, history, political sitiat and other factors. The explanation is

also connected with historically set limits of paibn.

4.5 Emission Trading Market

The emission allowances are traded on several Earopxchanges, the most liquid one
is the European Climate Exchange (ECX) which isyanie trading purely emission
derivatives, the others are e.g. Bluenext and Coditjmexchange Bratislava, which is
the first nonstop exchange in the world. For insgarCzech company CEZ trading on
the energy market is a member of ECX as well agm#nt. However, for trading on a
carbon market, the installation does not have t@ Ioeember of any exchange; it can
trade through other members as it is usual on a@hehanges. As the conditions and
prices on all exchanges are correlated, to simpiifythe thesis, the situation on the

ECX is elaborated further on.

The ECX is similar to any other stock exchangstarted operating in April 2005, and
the future contracts were traded there from thenmégg as the options followed from
the year 2006. On the EXC, already 100 leading altioisinesses are trading as the
members and the volumes of trade grow. As the EaopClimate Exchange (2010a)
states: “ECX volumes are experiencing tremendousviy. ECX 2009 volumes
increased by 82 % year on year equivalent to €6&rhbi Since the beginning,
according to the European Climate Exchange (2018mroximately 2.3 billion EUAs

in total have been granted yearly to the 12,000g3r@atensive installations covered by
the EU ETS Directive.”

On the ECX, it is possible to trade in two ways, the Intercontinental Exchange (ICE)

Futures Europe Member or by order-routing as antle an ICE Futures Europe
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Member. Under the ICE Futures Europe Membershiprethare two categories of
membership, General Participant and Trade Partitip@otential members have to
apply and pay €2,500 and annual fee €2,500. Anakehange fees are charged for

each transaction (European Climate Exchange, 2009b)

Two types of allowances of GQre traded there; European allowances (EUAs) and
Certified Emission Reduction (CERs). EUA have beaded on the market since the
beginning, CER were introduced on the ECX in 2008] both are traded as Futures
and Option contracts. CER are units bought or swmider the Clean Development

Mechanism (explained earlier in the chapter 2.6.1).

When buying/selling future contracts, the holdes tiee obligation to undergo business
under set conditions (set date and price) in futBreying/selling option contract gives
the right to the holder to exercise trade befongirgxdate; however, the seller has the
obligation to make a business buyer wants to. incase, the buyer has to pay premium
to the seller. We can distinguish call and putapsi call option represents the right to
buy a contract, on the other hand, put options gyithtee holder the right to sell a
contract. The expiration date of Futures and Ogtisrevery quarter which is little less

flexible for traders.

Nowadays, there are even more derivates on thigkanao make trading even more
interesting, in 2009, EUA and CER Daily futures gentroduced. These new
derivatives brought traders higher opportunity sade their risk because they offer

next-day payment and delivery of allowances.

Another innovation on ECX to 2008 is spread tradimgere the trader can take
advantage of different price of different futurentacts and so lower the risk.
EUA/CER trading is also possible; this trading vaikable for December contracts in
the whole first trading period. This trading bringsw opportunity to make trading

more profitable (European Climate Exchange, 2010c).

Since the thesis deals with the trial period odlitmg when the EUAs were traded, only

these units are taken into consideration furthelotA(contract) represents 1000 EU
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allowances, where 1 allowance is equal to one tohi@0, equivalent. For traders, it is
be advantageous to lock the price for the future.

4.5.1 Price Development

The last goal of this thesis is to look closer fa fprice development of emission
allowances on the European Climate Exchange. The/sis contains comparison of
futures contracts for one year in different timeotlghout the trading period. The price
evolution is illustrated ifrigure 15.

EUR Price Development 2005-2007
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Figure 15 Price development 2005-2007, Data:Europ€timate Exchange 2010c, own graph

The black line illustrates December 2005 futurestiaet price at the date on bellow
axes, the red line shows the development of futaoedracts with expiry December
2006 and the blue line represents the evolutionfutdires contracts expiring in
December 2007.

At the beginning of trading, in April 2005, the @llances were traded at EUR 16.90,
during the first year the investors were threatetiad the allocated allowances would
not be sufficient for them and they were buyinghigh amounts for the high prices,

which went up even to EUR 30. In the middle of 20dGvas obvious that countries
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were polluting less than was expected, thus theeprdropped down to EUR 20.
According to (Ellerman and Joskow (2008: 13) thplaxation can be that the prices of
oil and natural gas were high; therefore some stbjould prefer investments into coal
instead.

However, during the period, the traders realiseat the allowances allocated are as
much as necessary, as we already said; there wsuephus of allowances in the EU.
And the price dropped significantly down to EUR® & the end of year 2007, which
was the end of trial period. Soon after beginnifdghe first trading period, the price
went again up to EUR 10-15.The consequence idfthia investor bought futures with
expiry December 2007 in the middle of 2005, he &sufficient amount of money; on
the other hand, if the investor sold the same &stim year 2005, he made a great profit.
Nowadays, in first quarter of the year 2010, thegof futures December 2010 is about
EUR 13.
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5 Conclusions

Emission trading is one of the key tools of reduttanthropogenic impact on the
Earth’s environment. The main subject of emissi@alitg is carbon dioxide, which

results from many natural as well as human aatisitHowever, by regulating carbon
emissions, bigger pressure on overall efficiencg age of environmentally friendly

technologies is made. In the European Union, catkaing is done by the Emission
Trading Scheme, in which all European installati@sswell as some non European
installations trade their allowances in order tfilfuhe targets determined by the Kyoto
Protocol. This Protocol is a legal base for lasi tlecades of global warming mitigation
efforts. Currently, new international agreemente&ng developed to continue with

these efforts involving even more Parties. Becaunsecountry cannot fight the problem
of the climate change on the whole planet on ita,alve attempt has to be global and

centralised to be efficient.

Emission trading is a form of external regulatievhich also impacts economies of
individual countries. To understand the problemtdsetit is important to know how

each country differs from others in terms of enaissipollution. There are several ways
how to quantify emissions. The quantification inmmoal numbers of pollution is not

the best way of measuring, while strong economies s Germany are penalised for
the amount of industry it has got. The fair way himameasure pollution is to count it

per number of inhabitants in the country or per GDRespect to GDP, the biggest EU
polluters are Estonia, Poland and the Czech Repulitie emissions per land area are
also not very precise, as small countries, on tpposite, are disadvantaged. For
example the Netherlands has the highest emissiendapd area even if the actual

pollution is not among the highest.

The willingness to pay for emission allowancespressed by profit and loss from
trading. If one country reduces its emissions,oesinot have to pay extra money for
additional allowances. Even if Poland is among keamwitters, it profited most from

trading, because of historically set limits of ptibn. On the other hand, the trading for

the UK, ltaly and Spain was very costly as thesentiees had high actual emissions.
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On the opposite, their emissions per GDP were Igwhase countries are economically

well performing.

One of the hypotheses was that fulfilment of emissieduction is related to GDP,
Corruption Perceptions Index and Human Developniedex, the hypothesis was
mostly rejected. From the econometric model ariest fulfilment of emission
reduction is not related to GDP or Corruption Pptioas Index, on the other hand, it is
related to HDI, and for certain, to other omittediables in the model, such as political
and social situation and historical background.sTheisult is a bit biased, because one
would say that the level of economy in the courrgignificant indicator of willingness
to fulfil the emission targets. The explanation this can be that other factors

influencing pollution mitigation are not includea @xamined model.

It can be said that it does not matter whether t@sare rich or poor; the fulfilment
depend also on historically based allocations @wances. The EU countries with
heavy industries in the 1990s have higher capsrfotting CQ equivalent compared to
countries with market economies at that time. ostmunist countries changed their
industries from centrally planned to be marketeystit was natural for them to change
production process to more environmentally friendlfis is the reason why these
countries profited in the examined period; themits for emission reduction were set
high. On the other hand, huge market economies tmeviargets set quite low, because
in the year 1990, these economies had already neorgeronmentally friendly
technologies; thus, it is more difficult for themfulfil these targets now.

The willingness to reduce GHG emissions is conmkeutigh the price development of
allowances. The price of allowances was similartifigr whole trial period; however, it
dropped significantly at the end of trading, whicdn be interpreted by surpluses of
allowances in the EU countries. This is profitafsten the whole EU Bubble point of
view, because the implication is that the EU caeatwere selling allowances mainly to
non European countries. The outcome is the reduciicverall EU emissions, which

proves that the ETS works well in the EU area. Hmwethe future of emission trading
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Is not certain, there is still no successor ofKlyeto Protocol yet, but, the assumptions
are that trading period conditions 2013-2020 walldtricter.

The main hypothesis was that the EU ETS is a safidetol for reduction GHG

emissions; this is validated by the reduction dfytion in the entirely EU and selling

excess allowances to non European countries. Wiehigothesis assumes that post-
communist countries profited by trading in the gwsall period; this statement can be
proved, because these countries reduced emissioss and thus they could make
benefit from selling extra allowances. However,tlas subjects of the ETS are not
obliged to record allowances bought or sold, thietaceconomic outcome can not be

precisely calculated.
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Supplement 1 Kyoto Protocol Annexes

Annex A

Greenhouse gases

Carbon dioxide (C02)
Methane (CH4)

Nitrous oxide (N20)
Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs)
Sulphur hexafluoride (SF6)

Sectors/source categories
Energy
Fuel combustion
Energy industries
Manufacturing industries and construction
Transport
Other sectors
Other
Fugitive emissions from fuels
Solid fuels
Oil and natural gas
Other
Industrial processes
Mineral products
Chemical industry
Metal production
Other production

Production of halocarbons and sulphur hexafluoride
Consumption of halocarbons and sulphur hexafluoride

Other
Solvent and other product use
Agriculture
Enteric fermentation
Manure management
Rice cultivation
Agricultural soils
Prescribed burning of savannas
Field burning of agricultural residues
Other
Waste
Solid waste disposal on land
Wastewater handling
Waste incineration
Other



Annex B

Party

Australia
Austria
Belgium
Bulgaria*
Canada
Croatia*

Czech Republic*

Denmark
Estonia*

European Community

Finland
France
Germany
Greece
Hungary*
Iceland
Ireland

Italy

Japan
Latvia*
Liechtenstein
Lithuania*
Luxembourg
Monaco
Netherlands
New Zealand
Norway
Poland*
Portugal
Romania*

Russian Federation*

Slovakia*
Slovenia*
Spain
Sweden
Switzerland
Ukraine*

United Kingdom of Great Britain and Northern Irefan
United States of America

Quantified emission limitation or

reduction commitmenfpercentage

of base year or period)

108
92
92
92
94
95
92
92
92
92
92
92
92
92
94

110
92
92
94
92
92
92
92
92
92

100

101
94
92
92

100
92
92
92
92
92

100
92
93

* Countries that are undergoing the process ofitti@m to a market economy.



Supplement 2 Directive 2003/87/EC of the Europeandfiament and of the
Council

ANNEX |
CATEGORIES OF ACTIVITIES REFERRED TO IN ARTICLES D) 3, 4, 14(1), 28 AND 30

1. Installations or parts of installations used fesearch, development and testing of new
products and processes are not covered by thistiviee

2. The threshold values given below generally redgoroduction capacities or outputs. Where
one operator carries out several activities fallimgder the same subheading in the same
installation or on the same site, the capacitiesuoh activities are added together.

Activities Greenhouse
gases

Energy activities
Combustion installations with a rated thermal ingxceeding 20 MW Carbon dioxide
(except hazardous or municipal waste installations)
Mineral oil refineries

Coke ovens

Production and processing of ferrous metals Carbon dioxide
Metal ore (including sulphide ore) roasting or eiirtg installations
Installations for the production of pig iron or ettdprimary or secondary
fusion)
including continuous casting, with a capacity exiieg 2,5 tonnes per hour

Mineral industry Carbon dioxide
Installations for the production of cement clinkar rotary kilns with &
production capacity exceeding 500 tonnes per dalyne in rotary kilns
with a production capacity exceeding 50 tonnesdagror in other furnace
with a production capacity exceeding 50 tonnesdpgr
Installations for the manufacture of glass inclgdiglass fibre with a
melting capacity exceeding 20 tonnes per day
Installations for the manufacture of ceramic praduny firing, in particular
roofing tiles, bricks, refractory bricks, tilespseware or porcelain, with a
production capacity exceeding 75 tonnes per day/oamvith a kiln capacity
exceeding 4 m3 and with a setting density perdioeeding 300 kg/m3

n

Other activities Carbon dioxide
Industrial plants for the production of

(a) pulp from timber or other fibrous materials

(b) paper and board with a production capacity editey 20 tonnes per da

~




ANNEX II
GREENHOUSE GASES REFERRED TO IN ARTICLES 3 AND 30
Carbon dioxide (CO2)
Methane (CH4)
Nitrous Oxide (N20)
Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs)
Sulphur Hexafluoride (SF6)
ANNEX Il

CRITERIA FOR NATIONAL ALLOCATION PLANS REFERRED TON ARTICLES 9, 22
AND 30

1. The total quantity of allowances to be allocatedthe relevant period shall be consistent
with the Member State's obligation to limit its egions pursuant to Decision 2002/358/EC and
the Kyoto Protocol, taking into account, on the ¢raed, the proportion of overall emissions
that these allowances represent in comparison emtissions from sources not covered by this
Directive and, on the other hand, national enemgjjcigs, and should be consistent with the
national climate change programme. The total gtyaofi allowances to be allocated shall not
be more than is likely to be needed for the staplication of the criteria of this Annex. Prior
to 2008, the quantity shall be consistent with #h gjawards achieving or over-achieving each
Member State's target under Decision 2002/358/itltlze Kyoto Protocol.

2. The total quantity of allowances to be allocatbdll be consistent with assessments of actual
and projected progress towards fulfilling the MemBeates' contributions to the Community's
commitments made pursuant to Decision 93/389/EEC.

3. Quantities of allowances to be allocated shaltbnsistent with the potential, including the
technological potential, of activities covered histscheme to reduce emissions. Member States
may base their distribution of allowances on averauissions of greenhouse gases by product
in each activity and achievable progress in eatikigc

4. The plan shall be consistent with other Comnyuitégislative and policy instruments.
Account should be taken of unavoidable increasesriissions resulting from new legislative
requirements.

5. The plan shall not discriminate between commaniesectors in such a way as to unduly
favour certain undertakings or activities in aceorce with the requirements of the Treaty, in
particular Articles 87 and 88 thereof.

6. The plan shall contain information on the marinevhich new entrants will be able to begin
participating in the Community scheme in the MenfBiate concerned.

7. The plan may accommodate early action and slwaitain information on the manner in
which early action is taken into account. Benchreaderived from reference documents
concerning the best available technologies maynyglayed by Member States in developing



their National Allocation Plans, and these benclishacan incorporate an element of
accommodating early action.

8. The plan shall contain information on the manimemhich clean technology, including
energy efficient technologies, are taken into aotou

9. The plan shall include provisions for commeitdé expressed by the public, and contain
information on the arrangements by which due accailhbe taken of these comments before
a decision on the allocation of allowances is taken

10. The plan shall contain a list of the instatia covered by this Directive with the quantities
of allowances intended to be allocated to each.

11. The plan may contain information on the mammevhich the existence of competition from
countries or entities outside the Union will begmknto account.

ANNEX IV
PRINCIPLES FOR MONITORING AND REPORTING REFERRED T®ARTICLE 14(1)
Monitoring of carbon dioxide emissions
Emissions shall be monitored either by calculatioon the basis of measurement.
Calculation
Calculations of emissions shall be performed uttiegformula:
Activity data x Emission factor x Oxidation factor

Activity data (fuel used, production rate etc.)lsba monitored on the basis of supply data or
measurement.

Accepted emission factors shall be used. Activiiigesfic emission factors are acceptable for all
fuels. Default factors are acceptable for all fuetsept non-commercial ones (waste fuels such
as tyres and industrial process gases). Seam-gpéeifaults for coal, and EU-specific or
producer country-specific defaults for natural gésll be further elaborated. IPCC default
values are acceptable for refinery products. Thisgan factor for biomass shall be zero.

If the emission factor does not take account offélee that some of the carbon is not oxidised,
then an additional oxidation factor shall be udédctivity-specific emission factors have been
calculated and already take oxidation into accainery an oxidation factor need not be applied.

Default oxidation factors developed pursuant toeBtive 96/61/EC shall be used, unless the
operator can demonstrate that activity-specifitdiescare more accurate.

A separate calculation shall be made for eachiggtinstallation and for each fuel.
Measurement

Measurement of emissions shall use standardisecacoepted methods, and shall be
corroborated by a supporting calculation of emissio



Monitoring of emissions of other greenhouse gases

Standardised or accepted methods shall be useeloged by the Commission in collaboration
with all relevant stakeholders and adopted in ataoce with the procedure referred to in
Article 23(2).

Reporting of emissions

Each operator shall include the following inforroatin the report for an installation:
A. Data identifying the installation, including:

— Name of the installation;

— Its address, including postcode and country;

— Type and number of Annex | activities carried imuthe installation;

— Address, telephone, fax and email details fooratact person; and

— Name of the owner of the installation, and of @ayent company.

B. For each Annex | activity carried out on the $dr which emissions are calculated:
— Activity data;

— Emission factors;

— Oxidation factors;

— Total emissions; and

— Uncertainty.

C. For each Annex | activity carried out on the $itr which emissions are measured:
— Total emissions;

— Information on the reliability of measurement hwds; and

— Uncertainty.

D. For emissions from combustion, the report shib include the oxidation factor, unless
oxidation has already been taken into account & development of an activity-specific
emission factor.

Member States shall take measures to coordinatertiegp requirements with any existing
reporting requirements in order to minimise theorépg burden on businesses.



ANNEX V
CRITERIA FOR VERIFICATION REFERRED TO IN ARTICLE 15
General Principles
1. Emissions from each activity listed in Anneshal be subject to verification.

2. The verification process shall include consitieraof the report pursuant to Article 14(3)
and of monitoring during the preceding year. Itlkslaadress the reliability, credibility and
accuracy of monitoring systems and the reported datl information relating to emissions, in
particular:

(a) the reported activity data and related measanésrand calculations;
(b) the choice and the employment of emission facto
(c) the calculations leading to the determinatibthe overall emissions; and

(d) if measurement is used, the appropriatenetiseathoice and the employment of measuring
methods.

3. Reported emissions may only be validated ial#é and credible data and information allow
the emissions to be determined with a high degfeeedainty. A high degree of certainty
requires the operator to show that:

(a) the reported data is free of inconsistencies;

(b) the collection of the data has been carriedimatccordance with the applicable scientific
standards; and

(c) the relevant records of the installation anmplete and consistent.

4. The verifier shall be given access to all sited information in relation to the subject of the
verification.

5. The verifier shall take into account whether timstallation is registered under the
Community eco-management and audit scheme (EMAS).

Methodology
Strategic analysis

6. The verification shall be based on a strategalyesis of all the activities carried out in the
installation. This requires the verifier to have awverview of all the activities and their
significance for emissions.

Process analysis

7. The verification of the information submittedahwhere appropriate, be carried out on the
site of the installation. The verifier shall useosphecks to determine the reliability of the
reported data and information.

Risk analysis



8. The verifier shall submit all the sources of sions in the installation to an evaluation with
regard to the reliability of the data of each seucontributing to the overall emissions of the
installation.

9. On the basis of this analysis the verifier shaplicitly identify those sources with a high risk
of error and other aspects of the monitoring angbnting procedure which are likely to
contribute to errors in the determination of theral emissions. This especially involves the
choice of the emission factors and the calculatinesessary to determine the level of the
emissions from individual sources. Particular dttenshall be given to those sources with a
high risk of error and the abovementioned aspddtseomonitoring procedure.

10. The verifier shall take into consideration affective risk control methods applied by the
operator with a view to minimising the degree ofemainty.

Report

11. The verifier shall prepare a report on thedatlon process stating whether the report
pursuant to Article 14(3) is satisfactory. Thisogshall specify all issues relevant to the work
carried out. A statement that the report pursuartrticle 14(3) is satisfactory may be made if,
in the opinion of the verifier, the total emissiare not materially misstated.

Minimum competency requirements for the verifier

12. The verifier shall be independent of the omeratarry out his activities in a sound and
objective professional manner, and understand:

(a) the provisions of this Directive, as well akevant standards and guidance adopted by the
Commission pursuant to Article 14(1);

(b) the legislative, regulatory, and administratreguirements relevant to the activities being
verified; and

(c) the generation of all information related teleaource of emissions in the installation, in
particular, relating to the collection, measuremealculation and reporting of data.



Supplement 3 Measuring of Emissions

State Allocated Verified Difference of kg CO4/ Tonnes Percentage | Tonnes
Emissions | Emissions | Allocated/ Capita COykm? of Industry | CO./GDP

Verified

Emissions in

Thousands

EUR
Austria 97765629 97506837 3032.49 11889.10728 1162.761299 0.4 |3 379.64
Belgium 178690906 162933891 184514.47 15597.95132 540208756 24.0 511.31
Czech
Republic 290759913| 253914360 431466.66 24843.44671 321428058 37.8 2232.43
Denmark 93114184 9008267 35493.01 16646.81834 2090.376294  24.6 41433
Estonia 56290413 40061039 190041.59 29729.67844 890.2453111  28.0 3001.75
Finland 133903906 120262466 159747.82  22965.70549 355.9@6([L1 30.3 716.22)
France 450154951| 384877666 764393.67 6131.274004 699.45757 20.6 212.75
Germany 1486273037| 1440162660 539948.1 17456.33F45 40353810 29.1 617.61
Greece 213487296| 213949914 -5421.73  19304.76594 1621.26085 20.6 1015.16
Hungary 90708498 78844308 138927.44 7808.261985 847.7882581  32.1 845.89
Ireland 57714569 65392457 -89897.67  15830.8415 9341779571  46.0 371.13
Italy 624455563| 679816982 -648277.31 11628.28198 22560856 29.1 457.30
Latvia 12163293 8644381 41207.49 3747.944663 132.9905692 6.3 |2 516.91
Lithuania 34394402 19119524 178858.54 5581.814742 294.1465231  33.3 781.18
Luxembourg 9687963 7883557 21124.84 17092.452379 3048.550657 0|13 23211
Netherlands 259317094| 236927138 262186(9 14530.48114 5659.54816 23.9 438.14
Poland 712657980| 622384228 1057108.54  16303.94806 19880747 31.2 2256.35
Portugal 110726424 100739038 116947.77 9567.537114 109465332 28.6 646.29
Slovakia 91444383 7529184¢ 189139.92 13982.23488 1536.568286  31.4 1637.81
Slovenia 26075969 26611366 -6264.85 13321.73569 1330.9683 7134 845.86
Spain 498109995 549925554 -606765.36 12777.66408 1088823[L 29.4 560.04
Sweden 67619251 58311169 108996.68 6470.828147 1295808756  28.1 186.23
United
Kingdom 627952451|  75025492F -1432168.13  12491.77[783 3093543 25.6 418.04




Supplement 4 Ordinary Least Squares Method

Data set

State Percentage of | Unit GDP Percentage of | Corruption | Human

2012 Target Vector Per Capita | Industry Index Development

Fulfilment in (base Index

2007 index),

100=EU27

Variable y % Xo X3 X4 X5
Austria 78.167 1.000 124.000 30.650 8.467 0.952
Belgium 102.664 1.000 118.76) 24.150 7.267 0.950
Czech Republic 118.557 1.000 77.938 38.400 4.767 0.499
Denmark 82.206 1.000 122.36Y 25.300 9.467 0.953
Estonia 177.950 1.000 65.36Y 28.550 6.583 0.§78
Finland 90.662 1.000 114.938 31.350 9.583 0.955
France 106.157 1.000 109.500 20.700 7.400 0.958
Germany 101.804 1.000 115.96 29.5%0 8.0p0 0.945
Greece 101.461 1.000Q 92.96Y 20.700 4.483 0.938
Hungary 189.970 1.000 63.100 31.100 5.167 0.§77
Ireland 75.502 1.000 146.86Y 46.000 7.483 0.963
Italy 87.465 1.000 103.538 27.850 5.867 0.949
Latvia 197.425 1.000Q 53.000 23.900 4.567 0.859
Lithuania 183.633 1.000 56.067 34.300 4.8p0 0.466
Luxembourg 73.394 1.000 266.100 13.800 8.5p0 0.958
Netherlands 96.509 1.000 77.3338 24.250 8.783 0.961
Poland 132.768 1.000 131.000 31.350 3.767 0.876
Portugal 93.314 1.000 52.500 26.800 6.583 0.907
Slovakia 141.104 1.000 76.46Y 31.500 4.683 0.§73
Slovenia 90.373 1.000 63.600 34.650 6.367 0.924
Spain 75.360 1.000 88.267 29.550 6.883 0.952
Sweden 114.664 1.000 103.96 28.5%0 9.283 0.961
United 106.707 1.000 121.338 24.850 8.583 0.946
Kingdom




Matrix X
1.00| 124.000 30.65 8.44 0.952
1.00| 118.767 24.15 7.24 0.950
1.00 77.933]  38.40 4.76 0.899
1.00| 122.367 25.30 9.44 0.953
1.00 65.367 28.55 6.53 0.878
1.00| 114.933 31.35 9.53 0.955
1.00| 109.500 20.70 7.40 0.958
1.00| 115.967 29.55 8.0d 0.945
1.00 92.967 20.70 4.43 0.938
1.00 63.1000  31.10 5.16 0.877
1.00| 146.867 46.00 7.43 0.963
1.00| 103.533 27.85 5.84 0.949
1.00 53.0000  23.90 4.56 0.859
1.00 56.067, 34.30 4.80 0.866
1.00| 266.100 13.80 8.50 0.958
1.00 77.333]  24.25 8.73 0.961
1.00| 131.000 31.35 3.74 0.876
1.00 52.5000  26.80 6.53 0.907
1.00 76.467 31.50 4.63 0.873
1.00 63.6000  34.65 6.36 0.924
1.00 88.267 29.55 6.83 0.952
1.00| 103.967 28.55 9.23 0.961
1.00| 121.333 24.85 8.53 0.946

Vector y

78.167

102.664

118.557

82.206

177.950

90.662

106.157

101.804

101.461

189.970

75.502

87.465

197.425

183.633

73.394

96.509

132.768

93.314

141.104

90.373

75.360

114.664

106.707




Matrix X T

1.00g 1.000 1.00@

1.00g 1.004

1.00g 1.000 1.

00d

1.00g 1.004

1.000

1.00g 1.00g 1.00d

1.004

1.004

1.000

1.000

1.000

1.000

1.000

1.000

1.004

124.000 118.767 77.933

122.367 65.367

114.933 109.500 115

.967

92.967 63.100 146.867

103.533 53.000 56.067

266.10(¢

77.333

131.00(

52.500

76.467

63.600

88.267

103.967

121.333

30.65Q0 24.15Q 38.40Q

25.300 28.55(

31.350 20.70Q 29.55(

20.700 31.10q

46.00d

27.850Q 23.900Q 34.30(

13.800

24.25(

31.35(

26.800

31.500

34.65(

29.55(

28.55(

24.85(

8.467  7.267 4.767

9.467 6.533

9.533 7.400 8.00Q

4.433 5.167

7.433

5.867 4.567 4.80(Q

8.50(

8.733

3.767

6.533

4.633

6.367

6.833

9.233

8.533

0.952 0.950 0.899

0.953 0.8794

0.955 0.95§ 0.945

0.93§ 0.877

0.963

0.949 0.859 0.864

0.95§

0.961

0.8764

0.907

0.873

0.924

0.952

0.961

0.944

Matrix X "X
23 2344.933334 657.8 156.8333333 21.30066667
2344.933333 284236.4333 64901.51667 16783.38 299978
657.8 64901.51667 19750|2 4430.48 608.0622
156.8333333 16783.38 4430.48 1141.234444 146.4@[733
21.30066667 2191.553978 608.0622 146.4027333 191867




Matrix (X "X)*

66.26823 0.0131068 -0.0372615 1.0079118 -79.221341
0.0131068 3.35E-05 5.282E-05 -1.835E{05 -0.0193369
-0.0372615 5.282E-0b 0.001207 0.0004383 -0.0060931
1.0079118 -1.835E-05 0.0004383 0.036512 -1.3686698
-79.221341 -0.0193360 -0.0060981 -1.3686698 979356
Matrix X Ty
2617.816412
246332.6868
75315.09926
16956.63995
2397.269507
Estimated Parameters calculated by (XX)™* Xy
yu-| 1076.228645
Yi2-| -0.124377837
Y1s-| -0.774664155
yu-| 5.071721154
v15- | -1038.917038
Correlation Matrix
Variable Fulfilment GDP Percentage of Corruption HDI
Industry Perceptions
Index
Fulfilment 1
GDP -0.534395572 1
Percentage of 0.08038181]  -0.332573913 1
Industry
Corruption -0.582524213  0.440699967 -0.211833706 1
Perceptions Index
HDI -0.861806414 0.53785344 -0.213589899 0.785157676




Calculation for Model Verification

Country y u u y-¥ -9’ G- |G-y
Austria 78.167| 90.9538882%5  -12.787 163.5015471 -35.551 .993014| -22.864  522.7724
Belgium 102.664| 92.2855789%5  10.3798  107.7055416  -11/154 420892| -21.533  463.6496]7
gggﬁgnc 118.557| 127.3234539  -8.767  76.85595943 4739  2298B| 13.505| 182.39445
Denmark 82.206| 99.68060174 -17.475 305.3604696 -31.512 3999373| -14.13§  199.86899
Estonia 177.950| 167.2942091  10.696 113.5396957 64132 862259| 53.476  2859.693F
Finland 90.662| 93.48609484  -2.824 7.976464142 -23.156 5336(23| -20.332  413.390683
France 106.157| 88.47563143  17.61 312.6347738  -7.p61 B8EEBS| -25.342  642.24096
Germany 101.804| 98.05710919 3747  14.0401178 -12.p014 1B838R| -15.761] 248.40898
Greece 101.461| 96.2642463%5 5197 27.00665339 -12.357 9¥0&8| -17.554  308.13795
Hungary 189.970| 159.3619978  30.608  936.8256127  76[l151 630952 | 45544  2074.246P
Ireland 75.502| 59.20351529  16.298  265.6408656  -38.316 128877 -54.615 2982.7534
ltaly 87.465| 85.2525180 2212  4.894724494  -26.853  60320| -28.566| 815.99275
Latvia 197.425| 181.8532698 15572 2424754388 83,607 698972| 68.035  4628.7837
Lithuania 183.633| 167.6726253 15960 254.7250878 69,815 @87B15| 53.855  2900.3094
Luxembourg 73.394| 79.92213803 -6.528  42.61011808 -40.424 068201| -33.896  1148.9366
Netherlands 96.509 | 93.71824354 2791 7.789662941  -17.809  289%H5 | -20.100]  404.0044D
Poland 132.768| 145.0078897 -12.240 149.8060475 18050 1339295 31.190  972.80268
Portugal 93.314| 140.121605% -46.808  2190.97628 -20.504 280828| 26.304 691.87414
Slovakia 141.104| 158.4940595 -17.390 302.4039285  27.286 5364435| 44.67  1995.9409
Slovenia 90.373| 114.1530213 -23.780 565.4760936  -23.445 6589689 0.335  0.112169
Spain 75.360 | 87.96664233 -12.606 158.9168566 -38.458 .993872| -25.851  668.29812
Sweden 114.664| 89.26414618 25400  645.1386841 0.846 O7BIESH | -24.554] 602.89689
m;‘im 106.707| 102.0039259 4703 2212188472  -7.111 5S0CEKB | -11.814) 139.5748B
SUM 113.818 6918.42246f 32785.50634 25867084
Model Verification
Variable Unit Vector | GDP Percentage | Corruption HDI
of Industry Index
S 25470.64601 0.012877804 0.464056109 14.03369549 42376039
S 159.5952568  0.11348041 0.681216639 3.746157429 0162086
t-value 6.743487657 1.096029148 1.137177384 1.35384624154333836
t-tab. (¢=0.05) 2.1009 2.1009 2.10098 2.1009 2.1009
Significant/Insignificant S [ | | S

S = Significant (t-value > t-tab)
| = Insignificant (t-value < t-tab)



