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The European Union’s Emissions Trading System is the cornerstone of the EUs fight against 

climate change. However, the functionality of the system has been criticized throughout its 

existence, and questions have been raised on whether or not the system has been successful 

in driving abatement.  

 

The objective of this thesis is to examine how well the EU ETS has succeeded in reducing 

GHG emissions on a sector level, and investigate the effects of allocated allowances, EUA 

price and GDP on emission reduction. This thesis reviews literature on the performance of 

the EU ETS, and draws knowledge from previous research conducted on the matter. The 

study provides particular insights for the possible presence of behavioural economic biases 

and challenges the views of the Coase theorem. Research questions are answered through 

thorough descriptive examinations and panel regression analysis conducted on a total of 17 

sectors. A 17.5% reduction in emissions is observed between the years of 2005 and 2017, 

which could largely be explained by abatement from the power and heat sector. Allocated 

allowances can be seen having a positive relationship to emissions, whereas no significant 

relationship was found between GDP and emissions. The relationship between EUA price 

and emission was deemed inconclusive. Furthermore, no statistically significant differences 

were observed between the sectors during panel regression analysis. The results implicate 

that the EU ETS has been successful in reducing emission levels, and that more abatement 

could be achieved by controlling the number of allowances allocated to companies. 

  



 

 

TIIVISTELMÄ 

 

Tekijä: Sanna-Maija Kortelainen 

Tutkielman nimi: EU:n päästökaupan tehokkuus päästöjen vähentämisessä  

– Sektorikohtainen lähestymistapa 

Tiedekunta: Kauppatieteellinen tiedekunta 

Maisteriohjelma: Strategy, Innovation and Sustainability (MSIS) 

Vuosi: 2018 

Pro Gradu tutkielma: LUT-Yliopisto 

124 sivua, 38 kuvaa, 11 taulukkoa, 19 kaavaa, 10 liitettä 

Tarkastajat: Professori Kaisu Puumalainen (LUT) 

Apulaisprofessori Heli Arminen (LUT) 

Hakusanat: EU ETS, päästöjen vähennys, päästökauppa, paneelidata 

regressioanalyysi 

 

Euroopan Unionin Päästökauppajärjestelmä (EU ETS) toimii keskeisessä roolissa EU:n 

taistossa ilmastonmuutosta vastaan. Järjestelmän toimintaa on kuitenkin kritisoitu vahvasti 

ja sen vaikutusta päästöjen vähenemiseen on kyseenalaistettu. 

 

Tämän työn tavoitteena on tutkia, kuinka hyvin EU ETS on onnistunut vähentämään 

kasvihuonekaasupäästöjä sektoritasolla, sekä analysoida kuinka allokoitujen 

päästöoikeuksien määrä, päästöoikeuksien hinta, tai bruttokansantuote vaikuttavat 

päästöjen määrään. Tutkielma käsittelee EU:n päästökaupan toimintaan liittyvää 

kirjallisuutta ja ammentaa tietoa aikaisemmista tutkimuksista. Työ haastaa Coasen teorian 

pätevyyttä päästökaupan selittämiselle, ja tarjoaa vaihtoehtoisia näkökulmia 

käyttäytymistaloustieteiden puolelta. Tutkimuskysymyksiin vastataan kuvailevan 

tutkimuksen, sekä paneelidata regressioanalyysin avulla. Analyyseissä tutkitaan yhteensä 17 

sektoria, ja niiden toimintaa. Tulokset osoittavat yhteensä 17,5%:n päästöjen pienenemisen 

vuosien 2005 ja 2017 aikana, joka pystytään suurilta osin selittämään energia- ja 

lämpösektorin puolen päästöjen vähenemisellä. Allokoitujen päästöoikeuksien ja päästöjen 

määrällä huomataan tilastollisesti merkittävä positiivinen suhde. Sen sijaan 

bruttokansantuotteella ja päästöjen määrällä ei löydetä merkittävää suhdetta, ja 

päästöoikeuksien hinnan ja päästöjen määrän välinen suhde jää epäselväksi. Lisäksi, 

regressioanalyysin avulla ei havaita tilastollisesti merkittävää eroa sektoreitten välillä. 

Tulokset osoittavat, että EU ETS on onnistunut vähentämään päästöjen määrää, ja 

implikoivat, että vielä suurempia vähennyksiä voidaan saavuttaa kontrolloimalla 

allokoitujen päästöoikeuksien määrää. 
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1 INTRODUCTION 

 

 

1.1 Research background  

 

Greenhouse gas (GHG) emissions have risen relentlessly throughout the last 70 years (Figure 

1). Although the subject of climate change has been discussed and argued in academia for 

over a century, it wasn’t until the late 1970’s that more attention to the subject was drawn. 

This was largely due to the continuous pressure from the scientific community towards 

global organizations leaders. Nowadays there’s a consensus between climate scientists that 

the climate is warming and that these climate-warming trends are in most part caused by 

human activities (NASA 2018a). Countries, organizations and unions are taking strong 

actions to contain climate change through international treaties such as the United Nations 

Framework Convention on Climate Change (UNFCCC) and its extensions the Kyoto 

protocol and the Paris agreement. 

 

 

Figure 1. Yearly average CO2 levels through time. Data obtained from Pieter & Keeling (2018) and Nasa 

(2018b) 

 

One of the solutions the European Union (EU) has established to combat the rising GHG 

levels is the EU Emissions Trading System (also known as the Emissions Trading Scheme 
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or EU ETS for short). The EU ETS is the world’s first major GHG emissions trading system 

and stands at the heart of the EU’s efforts to prevent climate change. It affects all European 

countries as well as three European Economic Area-European Free Trade Association (EEA-

EFTA) countries Iceland, Liechtenstein, and Norway. In total 31 countries operate under the 

EU ETS. Established in 2005, the system is concentrated on high energy-use fields such as 

energy and industrial processes. It currently covers a total of 45% of EU’s GHG emissions 

or approximately 5% of global emissions. (European Commission 2018a; Muûls, Colmer, 

Martin and Wagner 2016, 1) 

 

The primary objectives of the EU ETS are to reduce the total amount of GHG emissions at 

a sensible rate and promote corporate investment in green technology (i.e. energy efficient 

and low carbon alternatives) (European Commission 2018a). However, it has succumbed to 

a large number of critique, as many doubt the functionality of the EU ETS and its 

accomplishments so far (see Chapter 2.4.2.). As a complex system it holds many pitfalls as 

well as high potential for success. This is why it is imperative to research and discover the 

potential successes of the system, so that these triumphs and best practices can be spread to 

other countries or unions seeking the deployment of a similar system. 

 

1.2 Terminology 

 

Most of the terms used in this thesis will be introduced as they come along. However, to 

gain an understanding of basic terminology, key definitions of emissions trading will be 

listed below in Table 1. The definition of greenhouse gases (GHGs) will be defined below 

in more detail to ensure a fuller understanding of the concept. 
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Table 1. Key definitions (Council Directive 2003/87/EC, Article 3; United Nations 1992, Article 1) 

Term Definition 

Emission “the release of greenhouse gases into the atmosphere from sources 

in an installation” 

Installation “stationary technical unit where one or more activities listed in 

Annex I are carried out and any other directly associated activities 

which have a technical connection with the activities carried out on 

that site and which could have an effect on emissions and pollution” 

Allowance “allowance to emit one tonne of carbon dioxide equivalent during 

a specified period.” 

Tonne of carbon 

dioxide equivalent 

(tCO2e) 

“one metric tonne of carbon dioxide (CO2) or an amount of any 

other greenhouse gas listed in Annex II with an equivalent global-

warming potential.” 

Climate change “change of climate which is attributed directly or indirectly to 

human activity that alters the composition of the global atmosphere 

and which is in addition to natural climate variability observed over 

comparable time periods.” 

 

In the Council Directive 2003/87/EC, the term greenhouse gas (GHG) refers to the list of 

gases listed in Annex II of the directive (in this thesis these are listed in Appendix 1). 

However, GHGs in general refer to all gases, such as carbon dioxide (CO2) or nitrous oxide 

(N2O) that trap heat in our atmosphere thus contributing to climate change. The severity of 

each greenhouse gas depends on three factors: how much of these gasses are in the 

atmosphere, how potent they are, and how long are their residence time. For example, water 

vapour can be calculated as a greenhouse gas. However, as its residence time in the 

atmosphere is short, it’s often seen as less dangerous as other GHGs. Even though humans 

do not directly affect water vapour levels, its presence is higher in warmer climates, thus 

resulting in an amplifying effect of other GHGs. The warmer it gets, the more water vapour 

is in the atmosphere and the greater the damage done (this is also called the positive feedback 

loop). (NOAA 2018) 

 

1.3 Research gap and questions 

 

The performance of the EU ETS has been thoroughly researched from various different 

points of view. However, the number of research examining the performance of the EU ETS 

on a sector level has been limited. Furthermore, many of these have focused on the years 
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2005-2012, and a surprisingly small amount of ex-post abatement based sector level research 

has been conducted on newer data. However, studying the performance of the system on 

recent data is imperative in order to understand the current effectiveness of the EU ETS, as 

the system has gone through multiple changes and upgrades since its establishment. This 

thesis will fill this gap by giving an updated review of the performance of the EU ETS. 

Addressing the research questions below is also expected to provide theoretical insights for 

the effects of behavioural economic biases on the performance of the EU ETS as well as 

demonstrate the impact of supply and demand, allowance price and economic growth on 

emission levels. Furthermore, this study is unique due to the fact that a higher than average 

number of sectors are examined, providing a much deeper look into the performance of 

specific industries.  

 

The EU ETS has two main objectives. To reduce total GHG levels and to promote corporate 

investment in green technologies. This study concentrates on the former. The primary 

objective of this thesis is to examine how well the EU ETS has succeeded in reducing the 

GHG emissions on a sector level, as well as to investigate potential drivers of emission 

reduction. Three potential regressors have been identified: allocated allowance, price of EU 

allowances, and Gross Domestic Product (GDP). Furthermore, this thesis will look for 

significant differences between sectors, as well as study each sectors contributions to the 

overall verified emission and allocated allowance levels.  

 

The research questions of this thesis are as follows: 

 

 

1.  What is the impact of the EU ETS on GHG emissions? 

 a) What is the impact of allowance reduction on emissions? 

 b) What is the impact of EUA prices on emissions? 

 c) What is the impact of GDP on emissions? 

2.  What are the differences between sectors in the development of GHG 

allowances and emissions? 
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1.4 Research methodology 

 

This thesis will aim to answer its research questions by conducting a thorough descriptive 

examination of the data, and combining this with a panel data regression analysis, testing a 

total of three different model scenarios with three potential panel regression methods (fixed 

effects, random effects and pooled OLS). In econometrics, regression analysis is used to 

quantify the relationship between economic variables, and aims to understand, whether 

changes in one variable (x), the regressor can help explain the changes in another variable 

(y). Furthermore, if a relationship between the variables exists and the value of x is known, 

it might be possible to predict the value of y. (Hill, Griffiths and Lim 2011, 40) In an optimal 

situation all of the variables (x1, x2 … xk) affecting a specific variable (y) could be identified, 

meaning that when the values of the regressors are known, the outcome of variable y could 

be predicted 100% of the time.  

 

In the case of this thesis, the panel regression analysis will attempt to explain whether 

changes in allocated allowance levels, EU allowances price or GDP can help explain (and 

thus forecast) emissions. The potential explanatory variables of this thesis were drawn from 

previous research conducted on the performance of the EU ETS by selecting regressors that 

had received robust results from multiple studies. 

 

1.5 Exclusions and limitations 

 

In order to pinpoint the scope of this thesis, some limitations must be drawn. First, country 

level analyses are excluded from this paper. The analysis will concentrate on the yearly total 

sums and sector level analysis only. Furthermore, this thesis will not analyse the numerous 

green technology projects, clean development mechanisms (CDM) or joint technology (JI) 

undertakings that companies or countries may have ongoing. Furthermore, this thesis will 

not include macro level data regarding each sector’s market size, price development or 

production quantities. 

 

There are also a few limitations set for this thesis by the dataset. First, due to the nature of 

the data available, the aviation sector is excluded from this thesis. Furthermore, the number 

of installations and their probable change throughout the years could not be addressed, as 
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the installation count was given as a constant variable. This means that the total number of 

installations per year and how this number has changed throughout the time period of 2005 

to 2017 is not given in the data. In the same matter, no such assumption can be made that 

the number of installations for each company would have stayed the same for the time period 

of thirteen years. With this, the decision was made to disregard the number of installations 

from data analysis. However, the number of installation per sector will be shortly introduced 

during methodology to demonstrate the vast size differences between the sectors. 

 

1.6 Structure of the study 

 

The structure of the study is as follows. After being introduced to the subject and 

terminology, research gap and questions, methodology as well as limitations and exclusions 

of this thesis in Chapter 1, Chapter 2 will dive deeper into to the history of climate change 

research as well as to the origins and hierarchy of climate change related agreements. After 

this Chapter 2 will continue on with EU ETS and how it’s formed and changed during its 

years of operation. After this the chapter will shortly introduce what sort of challenges the 

EU ETS faces, and discusses the volatile changes of one of its most important aspect, the 

price of allowances. Chapter 2 will end with the introduction to the previous research 

conducted on the EU ETS performance and a snippet to the criticism that the EU ETS as 

well as emissions trading in general has been subjected to.  

 

The theoretical framework and hypotheses of this research will be described in Chapter 3, 

followed by the methodology in Chapter 4, which includes the description of data collection, 

analysis methods and validity and reliability of the study. Chapter 5 will introduce the 

findings of the study, and these findings will be discussed further in Chapter 6. Chapter 7 

will conclude this thesis with closing remarks regarding theoretical and practical 

implications as well as limitations and recommendations for future research. 
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2 EUROPEAN UNION EMISSIONS TRADING SYSTEM (EU ETS) 

 

This chapter discusses the history of climate change research as well as the global 

frameworks and agreements regarding climate change. After this, the chapter introduces the 

EU ETS, how it’s formed, its potential challenges as well as the volatile changes in EUA 

prices. Finally, this chapter dives into previous research on the performance of the EU ETS, 

as well as portrays some key critique aimed towards the EU ETS and emissions trading in 

general. 

 

2.1 Discovery of climate change 

 

Among the first indications of the effects of higher carbon dioxide (CO2) levels on earth’s 

temperature came from Svante Arrhenius, who theorised that a 2.5 to 3 times increase in 

carbonic acid in the atmosphere would result in a temperature rise of up to 8-9 degrees 

Celsius (Arrhenius, 1896, 265-267). Although CO2 levels have increased more rapidly than 

Arrhenius theorised causing a smaller temperature rise than he expected, his work 

nonetheless has proven vital for inspiring further research on the subject. However, the 

theorisation of how the amount of CO2 in the atmosphere can affect temperatures was only 

the first part of discovery towards global warming and climate change research. The second 

half came from geologist Thomas Chamberlin, who in his 1897 paper dove deep into the 

earth’s carbon system and the ice age phenomenon, and hypothesised in great detail how and 

why CO2 levels change. Chamberlin was among the first to demonstrate that in order to fully 

understand climate change, one must understand every aspect of our planet and how it works. 

(Chamberlin 1897) 

 

Up until this point there had been almost a unanimous shared consensus that the changes in 

climate were nothing more than temporary states caused by earth’s natural equilibrium. 

However, as more researchers became interested in global temperature changes and what 

affects them, the subject started gaining more attention. In the 1920-1930’s an increasing 

amount of observations were made about a moderate increase in temperatures. One such 

observation was made by Brooks (1922) who observed a temperature rise of up to 4 degrees 

Fahrenheit (approximately 2.2 degrees Celsius) in some parts of Europe (Figure 2). 
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However, many still believed such temperature rise to be purely due to natural fluctuations 

in the climate such as Kincer (1934). 

 

 

Figure 2. “Differences between the mean temperature, winter months 1919-1920, and the corresponding long-

period means” (Brooks 1922, 204)  

 

“Few of those familiar with the natural heat exchanges of the atmosphere, which go into 

the making of our climates and weather, would be prepared to admit that the activities of 

man could have any influence upon phenomena of so vast a scale. 

-- I hope to show that such influence is not only possible, but is actually occurring at the 

present time.” 

(Callendar 1938, 223) 

 

A more extensive research regarding temperature rise and carbon dioxide accumulation 

came from Callendar (1938). By combining data from over 140 records spanning close to 

half a century, he discovered an average yearly temperature rise of 0.005° degrees (Figure 

3). Despite their efforts the idea of a warming climate was still met with hesitation and doubt 

from many scientists. One such sceptic was Helmut Landsberg who stated in his paper in 

1946 “There is no scientific reason to believe that our climate will change radically in the 

next few decades - - Good and poor years will occur with approximately the same frequency 
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as heretofore” (Landsberg 1946, 297-298). The dubious responses were understandable at 

the time, as definite proof of earths systematic warming was extremely hard to prove given 

the nature of the data and the sources available to them. After all, changes in weather and 

temperature through time were expected as earth had been proven to have gone through 

longer periods of cooler and warmer times in the past as well (e.g. Blair 1942, 90-94). To 

distinguish between natural occurrences and systematic changes in climate was extremely 

challenging, and early climate change researchers were left with the burden of going against 

a widely accepted consensus of earth’s natural cycles and self-regulation as well as a naïve 

sense of disbelief that human actions could have any permanent effect on the climate. 

 

 

Figure 3. “Temperature variations of the zones and of the earth.” (Callendar 1938, 233) 

 

Climate change research started gaining stronger momentum during the mid-1950’s with the 

rise of computer technology. A breakthrough was reached with the creation of the first 

computer model of the global atmosphere (Phillips 1956) as suddenly issues so complex like 

the atmosphere could be at least in theory modelled, understood and forecasted with the help 

of computers. With ever-growing interest in the subject, more and more important research 

was starting to emerge. One such research was conducted by Charles Keeling (1960) who 

after successfully and accurately measuring CO2 levels in Earth’s atmosphere reported an 

annual rise. Keeling’s research is also the father of the keeling curve, as his research was the 

first to record the now well documented seasonal rhythm of CO2 levels in the atmosphere 

(Figure 4). 
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Figure 4. “Variation in concentration of atmospheric carbon dioxide in the Northern Hemisphere.” (Keeling 

1960, 2) 

 

Even with credible research on the effects of rising CO2 levels emerging during the 1960’s 

and 70’s (e.g. Manabe and Wetherland 1967; Manabe, Bryan and Spelman 1975) and with 

the helping hand of advances made in computer sciences making climate change research 

easier, many leading scientists, such as Landsberg, still continued to doubt the severity of 

the greenhouse effect. By late 1970’s studies of other gases, such as methane, and their 

contribution to the greenhouse effect started to appear. During the same time the 

international scientific community’s continuous demand for action finally yielded results, as 

global organizations such as the World Meteorological Organization (WMO) and the United 

Nations (UN) were convinced that actions need to be taken to further understand and monitor 

climate change. 

 

2.2 Global frameworks and agreements regarding climate change 

 

The first World Climate Conference was held in 1979. It opened a dialogue for climate 

related issues and was followed by multiple other climate conferences through the next 

decade. In the 1988 Toronto Climate Conference a recommendation was made to draw up 

an international climate agreement. The same year the WMO and the United Nations 

Environment Programme (UNEP) established the Intergovernmental Panel on Climate 

Change (IPCC), which was tasked to assess the current status of the climate and the possible 

long term effects of climate change. The IPCC released their first assessment report in 1990 
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and in December the same year the UN general assembly decided to launch global climate 

negations, and established the Intergovernmental Negotiating Committee (INC) to see them 

through. The INC constructed the United Nations Framework Convention on Climate 

Change (UNFCCC) and it was opened for signatures during the United Nations Content on 

Environment and Development (UNCED) held in Rio de Janeiro in June 1992. The 

convention was entered into force on the 21th of March 1994 and has been ratified by 197 

countries. (Hollo, Kuokkanen and Utter 2011, 36-37) 

 

“The Parties to this Convention, acknowledging that change in the Earth’s climate and its 

adverse effects are a common concern of humankind, concerned that human activities have 

been substantially increasing the atmospheric concentrations of greenhouse gases -- 

determined to protect the climate system for present and future generations.” 

(United Nations 1992, 1-3) 

 

The objective of the UNFCCC is to achieve “stabilization of greenhouse gas concentrations 

in the atmosphere at a level that would prevent dangerous anthropogenic interference with 

the climate system” (United Nations 1992, Article 2). It establishes the need to act on climate 

change setting the principles, long term targets, treaty management and funding in place. 

However, the treaty does not express any binding limits on its participating countries. These 

have been resolved in later instruments of the treaty, such as the Kyoto Protocol and the 

Paris Agreement. The UNFCCC functions as an umbrella framework that can be used as a 

starting point when drafting specified agreements. This means that the EU ETS as well as 

other emission trading systems roots lie in the UNFCCC as well. (Figure 5) (Hollo et al. 

2011, 36-38) 
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Figure 5. The umbrella model of the UNFCCC its agreements (adopted from Hollo et al. 2011) 

 

The first concrete action plans after the commencement of UNFCCC were drawn into the 

Kyoto Protocol in January of 1997 and was set to force on 16th of February 2005. It 

establishes a set of obligations for its 192 parties to limit greenhouse gas emissions. 

(UNFCCC 2018a) However, most of the restrictions fell upon 36 industrialised countries 

and the European community (also known as the Annex B countries or Annex B parties), as 

more than 100 developing countries including high emitting countries such as China and 

India were exempt from the accord (United Nations 1998). The original count of Annex B 

parties was 39, but has been decreased to 37 with the USA refusing to ratify the protocol in 

2001 and Canada withdrawing from the protocol in 2011 (UNFCCC 2018b). 

 

During the first commitment period (2008-2012) the parties were required to reduce 

emissions to 5% below the level of 1990 (UNFCCC 2018b). An analysis on the reports 

conducted by Shishlov, Morel and Bellassen (2016) summarizes that the contributing 

countries surpassed the agreed commitment by an average of 2.4 GtCO2e yr-1, and out of the 
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36 fully participating countries, only nine emitted higher levels of GHG than they had 

committed to (Shishlov et al. 2016, 768-771). Emission trading, established in Article 17 of 

the Kyoto Protocol, was written down as one of the ways Annex B parties can acquire 

emissions rights to fulfil their commitments listed in Article 3 (United Nations 1998). This 

has functioned as the basis for the establishment of the EU ETS.  

 

In 2016, a new agreement concerning climate change was put into force. The Paris 

Agreement was drafted after the agreements made at the 21st conference of the parties of the 

UNFCCC (COP21) in Paris in 2015. Entered into force on November 4th 2016, this 

agreement replaces the Kyoto Protocol in 2020 with obligations even stricter than its 

predecessor. (UNFCCC 2018c) The central aim of the Paris Agreement is to agree on 

“holding the increase in the global average temperature to well below 2°C above pre-

industrial levels and pursuing efforts to limit the temperature increase to 1.5°C above pre-

industrial levels” (United Nations 2015, Article 2). The Paris Agreement has so far been 

ratified by 183 countries (UNFCCC 2018d) and will function as the primary source of 

guidance for the EU ETS in its effort to combat climate change. However, a 2018 IPCC 

report on climate change calls into question the current agreements drawn to combat climate 

change, arguing that even though the Paris agreement has been a step towards the right 

direction, immediate and drastically more substantial measures are needed to be taken in 

order to at least in theory stay below 1.5°C. (IPCC 2018) 

 

2.3 The EU ETS and how it works  

 

” The Parties included in Annex B may participate in emissions trading for the purposes of 

fulfilling their commitments under Article 3. Any such trading shall be supplemental to 

domestic actions for the purpose of meeting quantified emission limitation and reduction 

commitments under that Article.” 

(United Nations 1998, Article 17) 

 

The European Union’s Emissions Trading System is the cornerstone of the European 

Union’s fight against climate change. It is the largest of its kind and covers approximately 

45% of the GHG emissions in the EU and came to force January 1st 2005. (European 

Commission 2018a) The EU ETS is established in directive 2003/87/EC of the European 
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Parliament with a primary objective to establish “a scheme for greenhouse gas emission 

allowance trading within the Community -- in order to promote reductions of greenhouse 

gas emissions in a cost-effective and economically efficient manner” (Council Directive 

2003/87/EC, Article 1). 

 

There are numerous ways to encourage companies towards emission reduction or abatement, 

which is defined as the “difference between actual emissions and business-as-usual 

emissions that depend on the economic activity and accuracy of past emissions” (Venmans 

2012, 5498). For the EU ETS, the cap-and-trade was chosen. In a cap-and-trade system the 

total number of emissions allowances are set, but the price of emission varies. This differs 

from carbon tax, where in turn the price of emissions is set, but the total amount of emissions 

varies. This means that each year the EU ETS sets a cap on the total amount of GHGs 

countries and companies within the system are allowed to emit during the year. The EU 

issues a fixed number of allowances for firms covered by the system. These European Union 

allowances (or EUAs) function as the “currency” of the ETS and can be obtained in various 

ways. (Hollo et al. 2011, 176)  

 

One way to obtain allowances is through grandfathering, which refers to the action of 

estimating the amount of allowances allocated to a company based on each installation’s 

historical emissions data. Grandfathering was the primary way of allowance allocation 

before 2013. (European Commission 2015, 40) Another way to obtain emission allowances 

is through benchmarking, where each installation’s performance is evaluated against the 

performance of its peers and allowances are rewarded according to the best performing 

installations (usually top 10% energy sufficient performers). What this means is that an 

installation that places among the 90th percentile of its benchmark group will be able to cover 

a relatively higher share of its emissions through benchmarking, whereas installations that 

place lower down on the curve, even though receiving the same amount of allowances, will 

have to obtain more allowances through other means in order to cover its emissions 

(European Commission 2015, 47-50). The third way of obtaining allowances is through 

auctioning. Each country is responsible for ensuring their share of allowances are auctioned. 

This can be done through auctioning platforms such as the European Energy Exchange 

(EEX) or the Intercontinental Exchange (ICE). (European Commission 2015, 28-30) 
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Each company must hold enough emission allowances to cover all of its emissions during 

the year or face significant fines. If a company emits less than the amount of emission 

allowances it has received, it can choose to save these allowances to be used later on or to 

trade these allowances to companies with a deficit. The gap is reduced every year in order 

to permanently reduce carbon dioxide and other GHG emission levels in the EU. (Hollo et 

al. 2011, 176) The process of allowance division and acquiring in the EU ETS is visualized 

in Figure 6. 

 

 

Figure 6. How the EU ETS works. (adopted from European Commission 2015) 

 

2.3.1 The EU ETS trading periods  

 

Setting up the EU Emissions Trading System for GHGs has been complicated, which is why 

the formation of the system has been divided into four distinct trading periods (phases). Each 

phase has served a purpose on the grand scheme of building up a balanced trading system 

that limits companies use of GHGs in a fair manner and encourages them to research energy 

efficient alternatives. In broad sense Phase I (2005-2007) and II (2008-2012) were 

concentrated on accustoming the participating countries and companies to the new system, 
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whereas Phases III (2013-2020) and VI (2121-2030) concentrate more heavily on actively 

enforcing the auction based allowance trade as well as yearly emission cuts through lowering 

the cap. (European Commission 2018b) The differences of these phases are summarized in 

Table 2. 

 

Table 2. Summary of the EU ETS trading periods (adopted from European Commission 2015; Council 

Directive 2018/410) 

 

 

Phase I (2005-2007) 

 

Phase I started with a total of 27 participating countries, listed in Appendix 3. During the 

piloting phase each member state had to compile a National Allocation Plan (NAP) that 

indicated which institutions within the country would be awarded allocations. NAPs also 

determined the number of allowances these institutions would receive and thus the total gap 

during Phase I was determined by the participating countries themselves. Most of the 

allowances were allocated to companies for free during Phase I by grandfathering. No more 

than 5% of allocations were allowed to be auctioned per country during Phase I (Council 
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Directive 2003/87/EC, Article 10). However, only a total of 0.2% of allowances were 

auctioned and by only four countries; Denmark, Hungary, Ireland and Lithuania (Schleich, 

Rogge and Betz 2009, 48). The scheme only covered CO2 emissions, and included 

companies within power generating and energy-intensive industries. Non-compliance 

penalty was originally set at 40€ per tCO2e. (Hollo et al. 2011, 246; 250-252) 

 

The piloting phase was successful in establishing an infrastructure needed for the system to 

function properly. These included the bodies responsible for monitoring, reporting and 

verifying the emissions as well as a starting price for carbon. However, with the lack of 

reliable emissions data, Phase I allowances were largely based on estimates. This lead to a 

surplus of allowances which in turn drove the price of carbon down. This culminated in 

2007, when the price of EU allowances fell to zero. (European Commission 2018b) 

 

Phase II (2008-2012)  

 

Phase II corresponded to the first commitment period of the Kyoto Protocol.  It enabled the 

EU ETS to expand towards a more permanent way of operating and to shift the EU ETS 

focus towards its goal of maintaining a well-functioning trading scheme that encourages 

cost-efficient emission reduction and results in diminishing GHG levels. Closer attention 

was given towards reducing the magnitude of emissions and efforts were made to start the 

process of moving away from a strongly free allocation based mode of operation to an 

auction based one. However, these efforts were still relatively small, as only 10% of 

allowances could be sold. Three new countries joined the EU ETS during Phase II – Norway, 

Lichtenstein and Iceland, bringing the total number of participating countries to 30. By the 

end of Phase II, total emissions were reduced by approximately 6.5% from the 2005 level. 

(Hollo et al. 2011, 246; 250-252; European Commission 2018b; Council Directive 

2003/87/EC) 

 

Nitrous oxide (N2O) emission was added to the system as an “opt-in” alternative, and the 

aviation sector was added to the scheme (however, only flights within the EEA were 

tracked). Furthermore, to signal the severity of non-compliance, the penalty for non-

compliance was raised to 100€ per tonne. To boost participating countries motivation for 

investing in low carbon research, emission reduction credits (i.e. certified emissions 
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reduction, or CERs and emission reduction units, or ERUs) were introduced. These credits 

could be obtained through joint implementation (JI) efforts or clean development 

mechanisms (CDM), and were accepted for compliance within a limit 20 of approximately 

1.4 billion tCO2e. Banking was also introduced, as participants had the opportunity to move 

surplus allowances from Phase II over to Phase III. Phase II faced severe challenges due to 

the economic crisis of 2008, as emission reductions caused by the crisis led to a large surplus 

of allowances. This in turn led to the price of EU allowances to stay low during Phase II. 

(European Commission 2018b) The aforementioned banking also proved problematic for 

the effective price development of EUAs later on (Lewis 2018, 25-26). 

 

Phase III (2013-2020) 

 

The main focus of Phase III has been to move from an allowance based system to an auction 

based one. In 2013 over 40% of allowances were auctioned, compared to just a maximum 

of 10% during Phase II. The share of auctioned allowances is expected to reach much higher 

by the end of Phase III (European Commission 2018c) as the share of allowances to be 

auctioned throughout Phase III is set at 57% (Council Directive 2018/410). The total EU 

wide gap has also been implemented in Phase III. This change switches the focus from a 

country based approach to a system wide approach as the limit is set for the EU ETS as a 

whole. A steady declining rate of 1.74% per year has been set on the number of allowances, 

and industry benchmarks have been introduced to guide allowance allocation. Also, some 

300 million allowances (tCO2e) were put aside into the New Entrants Reserve (NER) to help 

fund the deployment of innovative green technology as well as carbon capture and storage 

solutions in the future. Furthermore, Croatia joined the EU ETS in 2013 increasing the total 

number of participating countries to 31. (European Commission 2015, 18; 22) 

 

The scope of GHG was broadened with the addition of perfluorocarbons (PFC) for 

aluminium production, and a list of new sectors were also added to the scheme, including 

aluminium, petrochemicals, ammonia, nitric, adiptic and glyoxylic acid production as well 

as carbon capture and storage. Starting from Phase III, some sectoral differences in allocated 

allowances can be seen. For example, the power sector will be obligated to obtain all 

allowances through auctioning meaning no allocated allowances will be given to power 

sector companies, whereas most other sectors will receive allocated allowances through 
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benchmarking. (European Commission 2015, 18-20; 26) Regarding international credits 

introduced during Phase II, the CERs and ERUs can be utilized to fulfil part of participants’ 

obligations until 2020 by exchanging them into EUAs. The Paris Agreement will establish 

new mechanisms to replace CDM and JI after 2020. (European Commission 2018d) To 

improve the resilience of the EU ETS, the Market Stability Reserve (MSR) will be put into 

force. This reserve is said to offer a long term solution to the current issue of surplus 

allowances in the market and will start operating in 2019. Between the years 2019 and 2023, 

a maximum of 24% of the allowances in circulation will be put in reserve. Some 900 million 

allowances back-loaded during 2014-2016 will be moved to MSR. (European Commission 

2018e) The MSR is discussed in more detail in chapter 2.1.2. 

 

Phase IV (2021-2030) 

 

In order to achieve the EU’s overall GHG target for 2030, the commencement of Phase IV 

in 2021 will implement new mechanisms to help reach the goal in a swiftly manner. The 

annual rate of allowance decline will increase from the current 1.74% to 2.2%. To ensure 

the seamless operation of the MSR, it will be substantially reinforced. To further tackle the 

issue of surplus allowances, stricter and better targeted carbon leakage rules will be provided. 

Innovation and Modernisation funds are also introduced in Phase VI to help lower the 

threshold to invest in emission reducing technologies. In total the EU ETS has a target of 

reducing emissions by 43% compared to 2005 levels before the end of Phase IV in 2030. 

(European Commission 2018f) 

 

2.3.2 Challenges of the EU ETS 

 

The EU ETS, even though a well-designed system, is not iron clad. There are many 

challenges the system faces that require care and effort. The extraordinary amount of surplus 

allowances is one of the most acute challenges of the system. The accumulation of these 

allowances can mostly be traced back to Phases I and II where much of emission permits 

were acquired through grandfathering. This, combined with each country being in charge of 

setting their own cap as well as the lack of accurate previous emissions data, resulted in over 

allocation of allowances. These surplus allowances can be seen to have negatively affected 

the performance of the EU ETS, as the unbalance between supply and demand has resulted 
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in lower price of EU allowances. (European Commission 2015, 92) This in turn has inhibited 

companies in investing in emission reducing investments, as buying emission permits has 

been the more affordable option (Maarten and Venmans 2016). 

 

The European Union has taken steps to minimize the issues arising from surplus allowances 

in numerous different ways. One is through back-loading, the postponing the auctioning of 

a set amount of allowances. Back-loading has offered the EU ETS a short-term solution for 

battling surplus allowances. From 2014 to 2016 a total of 900 million tCO2e were back-

loaded which provided the EU ETS with some much needed relief for their supply and 

demand unbalance. (European Commission 2015, 92-93) However, back-loading does not 

have enough power to solve the underlying problem. Instead, the EU ETS is pursuing a long-

term solution to combat surplus allowances with the Market Stability Reserve (MSR). The 

decision to establish the MSR (starting operation January 1st 2019) was made in 2015 by the 

Council and the European Parliament and its purpose is to “avoid that the EU carbon market 

operates with a large structural surplus of allowances, with the associated risk that this 

prevents the EU ETS from delivering the necessary investment signal to deliver on the EU's 

emission reduction target in a cost-efficient manner.” (European Commission 2018g, 1) 

 

In May of each year, the Commission will publish a report concerning the total number of 

allowances in circulation (TNAC). This report will also reveal the amount of allowances put 

in reserve between the timeframe of September-August. If TNAC exceeds 833 million, 12% 

of allowances will be placed in the MSR. Allowances will begin to be released from the 

MSR when the TNAC is lower than 400 million. Between the years of 2019-2023 the 

percentage of allowances placed in MSR is doubled, meaning that a total of 24% of TNAC 

will be placed in MSR (if TNAC exceeds 833M). For 2019 this percentage is 16% as only 

eight months are covered. TNAC can be calculated with the following formula: TNAC = 

Supply – (Demand + allowances in the MSR) (European Commission 2018g, 1-2) 

 

A publication released by the European Commission in May 2018 lists the total amount of 

surplus allowances in the market in 2017. These numbers are introduced below in Table 3. 

Of the total 1 654 574 598 allowances in circulation, 16% or 264 731 936 allowances will 

be placed in reserve between January and August of 2019. (European Commission 2018g) 
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Table 3. The EU ETS total number of allowances in circulation 2017 (European Commission 2018g, 4-5) 

 

 

The MSR will be expected to decrease market volatility (Maarten and Venmans 2016, 596) 

however some researchers have found contradicting results to this (e.g. Perino and Willner 

2016, 48). Nonetheless, the MSR has already been seen having a positive effect to the price 

of EUAs (Lewis 2018, 10) and have peaked the interest of many researcher, some of which 

have raised valid concerns about the potential unwanted negative effects of the 

implementation of MSR (Chaton, Creti and Sanin 2018). 
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Another challenge the EU ETS faces is carbon leakage. Carbon leakage refers to an incident 

where industrial investments are allocated from one country with stricter climate policies to 

another country with more relaxed emission constraints. The ETS has been minimizing the 

risk of carbon leakage by granting a higher share of allocated allowances to companies and 

installations working in high risk sectors. However, this can still be seen as a substantial risk 

on the system as giving allowances for free diminishes the efforts of the MSR and might 

have a negative impact on allowance prices. (European Commission 2015, 60) The European 

Commission has revised its existing rules regarding carbon leakage minimization in 

preparation for Phase VI and have approved new stricter rules of operation set to come in 

force on in 2021. (European Commission 2018f)  

 

2.3.3 Price volatility 

 

The price of European Union Allowances (EUAs) has proven highly volatile (Cretí and Joëts 

2017). As demonstrated below in Figures 7 and 8, the price of emission allowances has been 

highly affected by the total number of allowances available to the participating institutions. 

If too many allowances are released, the price of EUAs drops. Then again, should the price 

of allowances rise drastically too high, it could lead to unwanted actions such as carbon 

leakage. In addition to the expected effect supply and demand has on the price of carbon, 

EUA prices can also be seen reacting to policy adjustments (Fan, Jia, Wang and Xu 2017). 

Figures 7 and 8 demonstrate the changes of the the EUA spot and future prices from 2005 

onward. Figure 7 shows the spot price changes from July 2005 to April 2007 as well as the 

EUA future prices for EUAs. After starting off strong, the EUA price quickly took a hit 

between April and May of 2006, when 2005 verified emissions data was published and a 

surplus of allowances was reported. After collapsing to as low as 10€ per tCO2 the price 

levelled to approximately 15€ for a matter of months. After September 2006 the EUA spot 

price started do decline, whereas EUA future prices remained fairly stable. Phase II ended 

with EUA spot price close to zero on April 2007. (Alberola, Chevallier and Chèze 2007, 3-

4) 

 



 

 

31 

 

Figure 7. “EUA spot prices from July 1, 2005 to April 30, 2007” (Alberola et al. 2007, 4) 

 

 

Figure 8. Settled ECX EUA Futures prices and volume between 8th of April 2008 and 21st of September 2018 

(data retrieved from Quandl 2018) 

 

The settled European Climate Exchange (ECX) EUA Futures prices and volume between 

April 2008 and September 2018 are shown in Figure 8. The price of EUA succumbed to a 

fall in late 2008, which has been widely accepted to be due to the emissions reduction caused 

by the economic crisis. However, some argue that much of the price drop during Phase II 

was left unexplained (Koch, Fuss, Grosjean and Edenhofer 2014). After remaining fairly 
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steady between 2009 and 2011 the price began to drop again due to the accelerated build-up 

of extra allowances (European Commission 2012, 4-5). In 2013 the price of EUAs collapsed 

following the decision by the Energy and Industry Committee of the European Parliament 

to oppose the back-loading of some 900 million allowances (Carrington 2013). After the 

crash of 2013 the EUA future prices remained relatively stable, ranging between 5-10€ per 

tCO2e. However, it appears that the price of EUAs is on the rise since the beginning of 2018 

(Keating 2018), and price forecasts have been raised indicating trust in the system (Twidale 

2018). However, even with this positive curve on EUA prices at least on the EU ETS level, 

some argue that this is not enough. One such example comes from a report conducted by the 

Organization for Economic Co-operation and Development, or OCED (2018) that identified 

a gap of 76.5% between real climate costs and current price of carbon across 42 OECD and 

G20 economies and a reduction of 3% over the last three years. This would indicate that at 

this rate the global carbon prices would not accurately reflect costs on climate until 2095. 

The report concludes that the pricing gap is still too big to motivate emission reduction at 

least on a global level, and that more drastic measures are needed if quicker results are 

desired. Similarly, when focusing only on EU ETS prices, Lewis (2018) report estimates the 

price of EUAs to reach 25-30€ level by 2020-2021. However, this report also emphasizes 

that this is not enough, and notes that the price would need to go up to as high as 45-55€ per 

tCO2e for Phase IV in order to even obtain the required levels of emission reduction posed 

by the Paris Agreement. (Lewis 2018, 53) 

 

2.4 Previous research on the performance of the EU ETS 

 

2.4.1 Analysing the performance of the EU ETS 

 

There is an abundance of emissions trading and EU ETS related research conducted. They 

vary tremendously in scope, with some examining the effects of emissions trading systems 

(ETSs) on a broader level while others focus heavily on one certain aspect of the system. 

This section sheds light on the extensiveness of the research focusing on examining the 

overall performance of the EU ETS, comprehensive sector level studies as well as 

understanding the driving forces behind emission reduction.  
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Jung, Krutilla and Boyd (1996) and Milliman and Prince (1989) indicate that carbon trading 

(as well as other market based policy tools) incentivise the adoption and investment in 

emission reducing technologies. Ellerman and Buncher (2008) were amongst the first to 

study the early results of the EU ETS and reported a 3% surplus of allowances during 2005 

and 2006. In their paper, the team tackled the complicated question of estimating whether 

differences in allocated allowance and verified emissions levels were due to pure over-

allocation or abatement. The paper concluded that even though no definite value could be 

given for the size of the abatement based on their research, an estimate of 50-100M tCO2 

(approximately 2.4-4.7%) per year could be drawn and that the EU ETS can be seen 

succeeding in abating CO2 emissions due to the significantly positive price of the EUA, as 

well as “business as usual” scenarios that predicted higher emission rates than those that 

occurred even after adjusting for plausible bias. (Ellerman and Buncher 2008) Ellerman and 

his team also reported similar results later on with estimated 70M tCO2 (or 3.5%) yearly 

abatement (Ellerman, Convery and de Perthuis 2010). Another Phase I research with similar 

results came from Anderson and Di Maria (2011) who found total abatement of 247M tCO2 

between 2005 and 2007, a 73M tCO2 emission inflation and an over allocation of 

approximately 280 million EUAs. Out of the total abatement levels Anderson and Di Maria 

(2011, 97) estimated an abatement of 92M tCO2 in 2005, and 88M tCO2 in 2006 for EU25 

countries which align with Ellerman and Buncher’s results (2008, 286).  

 

One of the most extensive studies at the time regarding the impact of the EU ETS came from 

Abrell, Faye and Zachmann in 2011. In their research they examined the performance of the 

EU ETS by combining firm level emissions data from the European Commission 

Community Independent Transaction Log (CITL) to firm level performance data obtained 

from the AMADEUS database and focused on studying the possible differences in firm 

emissions reduction strategies when comparing years 2005-2006 and 2007-2008. Contrary 

to above, Abrell et al. (2011) concluded that emissions had in fact increased by one percent 

between 2005 and 2006, and that abatement (approximately 2%) happened first between the 

years 2007 and 2008, which coincide with the transition from Phase I to Phase II of the EU 

ETS. The team also found evidence that companies who received more allowances relative 

to their verified emissions showed differences in mitigation behaviour than those who 

received less, as companies with less initial allocated allowances showed effort in reducing 

emission levels between Phases I and II, whereas companies with above-average initial 
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allowances did not. The results also pointed out that companies who succumbed to above-

average reductions in allocation levels between 2007 and 2008 showed significant effort in 

emission reduction when comparing to companies, whose allocation decreased less. (Abrell 

et al. 2011) Maarten and Venmans (2016) provide additional evidence to support these 

findings when their research concluded that allocating below emission levels creates a higher 

incentive to invest in emission reducing technologies than allocating above emission. 

 

Furthermore, what makes the research of Abrell et al. (2011) so interesting is that they also 

conducted research on sector level. The team had divided the companies into four sectors: 

Paper and paper products, non-metallic minerals, basic metals, and electricity and heat, and 

discovered that “while some sectors, such as basic metals and non-metallic minerals, 

significantly increased their reduction efforts between 2005/06 and 2007/08, other sectors 

such as electricity and heat did not.” Allocation differences between sectors as well as 

differences in the sector abatement cost curves were suggested as potential explaining factors 

for these findings. (Abrell et al. 2011, 10) 

 

Many literature reviews can also be found from within the EU ETS research field concerning 

the two first phases of the EU ETS (e.g. Martin, Muûls and Wagner 2012; Venmans 2012; 

Laing, Sato, Grubb and Comberti 2014). Summarizing a large number of studies these 

reviews give an immensely broad look into the effectiveness of the EU ETS from various 

different points of view, such as abatement, over allocation, economic performance, 

innovation, cost pass through and windfall profits. In regards to the performance of the EU 

ETS concerning emissions reductions, similar results can be found, with Laing et al. (2014) 

reporting an average reduction of 40-80M tCO2e per year (or 2-4%), Martin et al. (2012) 

observing an 3% decrease during Phase I and during the first two years of Phase II, and 

Venmans (2012) detecting an estimated abatement of 2.5-5% during Phase I. 

 

There are also reports conducted more recently that evaluate and describe the performance 

of the EU ETS. Sandbag, a community interest company focusing on climate change has 

released an extensive amount of research on climate change related issues. In their 2017 

study the team investigated the current state of the EU ETS and reported a variety of results. 

For instance, a decrease in overall power emissions was discovered, which could largely be 

explained by declining use of coal within the sector. The results also indicated that the sector 
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emission levels have stayed relatively stable during Phase III, and that the reductions made 

could mainly be explained by a decrease in production. However, the two sectors stood out 

from the rest, as paper and paperboard as well as chemicals sectors were seen to have made 

higher than average strides in emission abatement especially during Phase III. The cement 

and lime sector on the other hand was found to be increasing emissions during this phase, 

and the mineral oil sector was seen scoring just above the overall emission reduction rate 

(Figure 9). (Buckley and Lemmens 2017, 24-26) The cement and lime sector was also found 

to be the last sector receiving a surplus of allocated allowances. Furthermore, the report 

states that the current size of surplus allowances is still extremely large, and that additional 

efforts should be implemented to increase price of carbon and thus stimulate emission 

abatement to meet long term targets. (Buckley and Lemmens 2017) 

 

 

Figure 9. “Percentage change in emissions during Phase III so far compared to 2013” (Buckley and Lemmens 

2017) 

 

The 2018 European Environment Agency report arrives at similar results, with key findings 

indicating the power sector as the driving force of emission reduction and that much of the 

cuts can be explained by less use of coal. The report also concluded that reductions in 

industry sectors could be seen stagnating during Phase III (similarly to Buckley and 

Lemmens 2017) and found an increase of emissions in the industrial sector during 2017 due 

to higher levels of production output. Furthermore, iron and steel as well as coke and metal 

ore sectors are indicated to have received surplus allocations in 2017 which is also in line 

with the study of Buckley and Lemmens (2017). The report projects an 8.7% decrease of 

stationary emissions between 2015 and 2020, followed by a further 6.4% between the years 
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2020 and 2030, with a lot of the reductions coming from the energy sector (Figure 10). This 

would add up to a total reduction of 35% compared to 2005 levels, which still leaves the EU 

ETS shy from its goal of -43%. However, the report speculates that the currently increasing 

price of carbon might help increase the projected 2030 reduction percent. (Healy, Graichen, 

Cludius and Gores 2018) 

 

 

Figure 10. EU ETS projected emissions between 2005 and 2030, by inventory category, “with existing 

measures” WEM, and “with additional measures” WAM projections (Healy et al. 2018, 40) 

 

2.4.2 Critic towards the EU ETS and emissions trading 

 

“I prefer carbon and/or gasoline tax measures to permit systems or heavy regulatory 

approaches because the latter are more likely to be economically inefficient and to be 

regressive.” 

(Summers 2007) 

 

The EU ETS as well as emissions trading in general has been under heavy scrutiny and 

highly criticized for decades. The comparison of carbon tax to emissions trading has been 

one of the fundamental discussions in academia already well before the establishment of the 

EU ETS, as the argument over which policy offers the best incentives to invest in abatement 
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technologies and yields the best results continue to this day. To glimpse into the history of 

this debate, a paper by Jung et al. (1996) rank the policies as follows: “(i) auctioned permits; 

(ii) emissions taxes and subsidies; (iii) issued marketable permits; (iv) performance 

standards” whereas Milliman and Prince (1989) find emissions trading and carbon taxation 

almost equally strong alternatives.  Requate and Unold (2003) on the other hand argue that 

taxes provide stronger incentives than auctioned permits when a regulator does not anticipate 

technological advancements when making long-term commitments to policy levels, with 

researchers such as Weitzman (1974) and more recently Andrew (2008), Wittneben (2009) 

as well as Andersen and Greaker (2018) rule in the favour of carbon tax in general. Instead 

of picking one or the other some studies have even pushed for combining both emissions 

trading and carbon tax to get the best of both worlds (e.g. Goers, Wagner and Wegmayr 

2010). 

 

Another aspect emissions trading and the EU ETS has been criticized at length for is its 

ineffectiveness and potential negative impacts on member countries and companies’ 

economic performance. However, many have found contradicting results on this, with 

studies reporting a variety of results both negative and positive, as well as an abundance of 

results that show little to no significant impact (Martin et al. 2012; Arlinghaus 2015; Abrell 

et al. 2011). Oberndorfer and Rennings (2007) estimated the EU ETS resulting in only minor 

negative impacts on EU competitiveness and employment. Their researched also indicated 

that a well-designed EU ETS would end up more cost efficient than other possible scenarios. 

Similarly, on a more recent study Marin, Mariano and Pellegrin (2018) found no indication 

of a negative effect on economic performance caused by the EU ETS and noted that firms 

have reacted to the EU ETS by passing-through costs to customers, as well as improving 

labour productivity. Their results suggested that most participating companies had reacted 

to the scheme by passing-through costs to their customers and improving labour 

productivity. In the end with very little evidence of consistent and statistically significant 

negative impacts, this sort of criticism, while understandable in one way is proven irrelevant 

as the main purpose of the EU ETS is to cut down GHG emissions to reach set targets, not 

to “boost Europe’s economy” (Oberndorfer and Rennings 2007, 13).  
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3 THEORY AND HYPOTHESES  

 

This thesis studies the impact of the EU ETS on GHG emissions on a sector level, and 

examines the impact of three potential regressors (allocated allowance levels, price of EUAs 

and GDP) on emissions. In this chapter, a set of hypotheses are presented in relation to the 

research questions.  

 

3.1 Justifications for hypothesis 1 – Allocated allowance 

 

The functionality of the EU ETS, as well as other emissions trading schemes is based on The 

Coase theorem. This theory states that in the absence of transaction costs, asymmetric 

information, income effects as well as market power, establishing clear property rights (in 

the case of EU ETS, emission rights) is enough to bring forth an efficient outcome. This is 

because once these rights are established, they can be traded, which results in equal marginal 

abatement costs for each party. In other words, by identifying rights, and making them 

transferable, optimal allocation of allowances between parties is achieved by private 

negotiations. (Coase 1960)  

 

Interestingly, the Coase theorem argues that the initial amount of allocated allowances does 

not affect the parties’ emission reduction investments (Abrell et al. 2011, 2). In terms of 

emissions trading, the logic behind this can be explained as follows: if a company receives 

less allocated allowances than it emits, an investment in reducing emissions would reduce 

the number of emission permits needed to be purchased. This leads to an increase in cash 

flow of the project by the number of tonnes reduced multiplied by the price of EUAs. If in 

turn a company receives more allocated allowances than emitted, allocating resources into 

emission reducing investments would still further increase the surplus of allowances, which 

could then be sold together with the surplus allowances, leading to an increase in cash flow 

of the project by the same number of emissions reduced multiplied by the price of EUAs. 

However, research conducted on this points to the opposite, as for instance Maarten and 

Venmans (2016) found evidence from the ceramics sector that a surplus of allocated 

allowances “refrained managers from including carbon gains in payback times” (Maarten 

and Venmans 2016, 595) and Andersen and Greaker (2018) found evidence of initial 
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allocation of allowances to affect not only abatement efforts but the price of emission permits 

and total greenhouse gas mitigation costs as well. 

 

The Coase theorem aims to explain human behaviour from a homo economicus perspective, 

which assumes human behaviour to be completely rational and self-interested. However, to 

enrich the theoretical basis of this thesis from Coase’s idealistic circumstances to a more 

realistic and holistic approach, some well-known theories from behavioural economics can 

be added. Behavioural economic theories stem from psychology, and often count for the 

sometimes irrational decisions of humans. This is important, as understanding these 

departures of rationality lead to more effective environmental regulation (e.g. Gsottbauer 

and van den Bergh 2010). One such important concept is reference dependence, a cognitive 

bias that can lead to inconsistent or irrational decisions when alternatives are compared to a 

non-constant reference point. Even as small of an adjustment as changing the wording of 

subjects’ alternatives can have an effect on their decision making. (Kahneman and Tversky 

1979) In the case of emissions trading this could for instance refer to how much money can 

be gained in the long run by investing in emission reducing efforts vs. how much money 

would be lost when these investments are made in the first hand. This leads to two additional 

important cognitive biases, loss aversion (Kahneman and Tversky 1979) and regret aversion 

(Seiler, Seiler, Traub and Harrison 2008), which in the case of emissions trading might 

inhibiting decision makers from investing in emission reduction technologies due to fear of 

making the wrong decision and losing money. Loss aversion combined with reference 

dependence leads to the endowment effect, where an individual values a good more if they 

own it. In terms of emissions trading the willingness to accept selling surplus allocated 

allowances is lower (i.e. less willing to accept selling) than the willingness to pay for emitting 

rights. This theoretically can lead to companies unwilling to sell their surplus of allowances 

created by abatement investments, which would indicate that the amount of initial allocated 

allowances impacts a company’s emission levels. (Kahneman, Knetsch and Thaler 1991) 

Finally, this unwillingness can then be amplified by the status quo bias, which occurs when 

things are preferred to stay the same and previous decisions are upheld, even when it might 

not be the most reasonable choice (Kahneman et al.1991; Samuelson and Zeckhauser 1988).  

 

Some studies have examined the potential impact of the endowment effect compared to the 

Coase theorem. One interesting example of such research came from De Vivo and Marin 
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(2017). They examined the endowment effect on a sector and phase level and found support 

that sectors receiving more allowances had higher emissions. Evidence of the impact of the 

endowment effect has also been found by Maarten and Venmans 2016 and Andersen and 

Greaker (2018). Contrary to these, Zaklan (2016) found little to no evidence of such an effect 

on the electricity sector. Even though the Coase theorem and the results of Zaklan (2016) 

proposes the opposite, this thesis will support the idea of behavioural economic biases such 

as the endowment effect impacting the behaviour of EU ETS participants, and predicts that 

the changes in allocated allowance levels will have an effect on changes made in verified 

emissions levels. As a result, this thesis forms its first hypothesis: 

 

H1. A decrease in allocated allowances leads to a decrease in verified emissions. 

 

3.2 Justifications for hypothesis 2 – Price of EUA 

 

The assumption of negative dependence between EUA prices and emission levels is one of 

the rudimental ideas behind cap-and-trade emissions trading systems, as they are designed 

to provide companies with incentives to reduce emissions in cost-efficient ways. The 

emissions market, such as any other market is driven by supply and demand. In the past the 

price of EUA has been low due to a large surplus of allowances in the market. However, as 

these surplus allowances are removed from the market, and as the cap continues to decrease, 

allowances will become scarce leading to an increase in EUA prices. The higher price of 

allowances should then drive companies to invest in more cost efficient alternatives, namely 

emission reducing investments. (Egenhofer, Alessi, Georgiev and Fujiwara 2011, 2; 

Delarue, D’haeseleer and Ellerman, 2008; Wyns 2013, 10) This thesis accepts this widely 

approved ideology and forms a second hypothesis as follows:  

 

H2. An increase in price of EUA leads to a decrease in verified emissions. 

 

3.3 Justification for hypothesis 3 - GDP 

 

There are numerous contradicting theories regarding the relationships of economic growth 

and environmental degradation. Perhaps the most well-known of these being the 
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environmental Kuznets curve or EKC (The World Bank 1992). The EKC was named by a 

similar relationship between economic growth and inequality proposed by Kuznets in 1955, 

and theorizes that after highly increased pollution due to industrial production the level of 

technology will reach a turning point that leads to innovation that drive clean economical 

values. However, since its introduction it has been heavily criticized. (Stern 2004; Bratt 

2012, 286-288) Another model, with contradicting ideas can be formed from the 1987 report 

by the world commission on environment and development, also known as the Brundtland 

report. The so-called Brundtland curve named aptly by Bratt (2012) hypothesises that 

“poverty is a major cause for environmental problems” (WCED 1987, 364) as poorer 

countries need to take care of their more basic needs and thus cannot care about their 

environmental impact. When the level of income rises, more focus can be put on the 

environment. However, at some point the economic growth gets so high that its effects on 

the environment turn, and start doing more harm than good. (WCED 1987) In addition to 

the EKG and Brundtland curves, a third hypothesis, formed by and supported by 

environmentalists, can be found. This model, named by Bratt (2012) as the environmental 

Daly curve proposes a positive correlation between GDP and environmental degradation. 

(Bratt, 2012, 297-298) Each curve is roughly visualized in Figure 11.  

 

 

Figure 11. Crude visualisations of Kuznets, Brundtland and Daly curves (adapted from Bratt 2012, 284) 

 

The relationship between economic growth and environmental impact has been researched 

by many and like the models presented above have arrived in contradicting results. For 

instance, Almeida, Cruz, Barata and Carcía-Sánchez (2017, 128) studied the validity of the 

EKC hypothesis. The team found no evidence to support the existence of the EKC and 

instead found partial evidence to support the so called Daly curve, with environmental 

damage increasing in the early stages of economic growth, as well as the again in the later 
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stages.  However, contrary to the Daly curve, Almeida et al. (2017) results resembles more 

of an N curve, with environmental damage decreasing in the middle. Contrary to this, 

Armeanu, Vintilă, Andrei, Gherghina, Drăgoi and Teodor (2018) found evidence to support 

the EKC hypothesis on multiple levels of environmental pollution activities such as GHG 

emissions whereas Zou (2018) found no evidence of GDP effecting carbon emissions 

overall. This thesis will follow the rationalization of the likes of Daly and Farley (2004, 19-

23) and Bratt (2012) and recognizes that while all of these models might be plausible, the 

most likely relationship between GDP and emission development would be a positive one. 

With this, the third hypothesis is formed as follows: 

 

H3. A decrease in GDP leads to a decrease in verified emissions 

 

3.4 Justifications for hypothesis 4 – Sectoral differences 

 

Firms within the EU ETS can be divided into different sectors however, the amount of these 

sectors can vary in studies depending on how small groups the research team has wanted to 

use. A good example of this can be seen in Buckley and Lemmens (2017) report, where 

sectors are compared both within a broader classification (aviation, power and heat and 

industry sectors) and later on goes deeper into the smaller sectors within these three classes 

(such as differencing on the type of electricity generation or type of industrial production). 

Each sector has a unique form, meaning they can be seen differing in size (such as number 

of companies or installations), scope (the tracked GHGs may differ), support (their 

benchmarks and allocated allowance levels differ from one another) and scale (the amount 

of emissions can vary tremendously between sectors). Based on this notion, this thesis will 

accept the idea that these sectors are different from one another, and forms the final 

hypothesis, which predicts that:  

 

H4. Statistically significant sectoral differences can be found  
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4 RESEARCH DESIGN AND METHODS  

 

This quantitative study conducts an ex-post analysis on the performance of the EU ETS. The 

objective is to examine how well the EU ETS has succeeded in reducing the GHG emission 

levels on a sector level and to investigate potential drivers of emission reduction. It also aims 

to find out whether any statistically significant differences exist between sectors. This study 

aims to do these by conducting extensive descriptive visualisations of the data, as well as 

constructing a model to explain the changes in verified emission levels. This study adopts a 

deductive approach, a process of reasoning that draws inspiration from previous research 

and theory seeking either confirmation or contradiction to them through empirical 

observations. (Vanderstoep and Johnston 2009, 168) 

 

4.1 Data collection and description  

 

The sample data in question was gathered from the Carbon Market Data database (Carbon 

Market Data 2018) on August 28th 2018 and consisted of allocated allowances and verified 

emissions from companies operating within 16 different sectors in the EU ETS between the 

years of 2005 and 2017. A dataset that combines both cross-section and time series data such 

as this one is called panel data. According to Baltagi (2005) there are many advantages to 

using a panel data. These advantages and their implications for this study are listed in Table 

4. 

 

Table 4. Advantages of using panel data (Baltagi 2005, 4-6) 

Advantages to using panel data Implications for this study 

1. Controlling for individual 

heterogeneity 

Sector data is expected to differ from one 

another statistically 

2. More variability and degrees of 

freedom, less collinearity among 

variables  

The collinearity between variables is 

important to be minimized in such a complex 

issue  

3. Easier to study for the dynamics of 

adjustment 

Dynamic changes and speed of adjustment to 

policy changes are needed to understand and 

evaluate the performance of the EU ETS 

4. Enables the testing of more advanced 

models 

An advanced panel regression model will be 

built to identify which of the variables are 

driving emission reduction 
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The data was cleaned by removing companies with incomplete data such as empty cells, or 

companies that had verified emissions at 0. Companies with allocated allowances at 0 

between the years 2005 and 2016 were also removed, so that the percentual changes could 

be calculated. Companies with no allocated allowances in 2017 were kept in the data. In the 

end the data consisted of companies that had consistent allocated allowance and verified 

emission data on all years between 2005 and 2017 making the data balanced. Companies 

without a sector were grouped together as miscellaneous (n/a), increasing the total number 

of analysed sectors to 17.  

 

Companies within the data have been divided into sectors by Carbon Market Data during 

their data gathering and in-house research phase. However, since definitions were only given 

to a handful of these sectors, the decision was made to not define each sector separately. 

Instead, Appendix 2 lists the categories of activities to which the 2009/29/EC directive, 

which was put into force in 2013 applies. Some sectors such as the aluminium sector, have 

straight references to targeted GHG emitting activities, whereas others such as food and 

drink sector, have not. Nonetheless even without direct definitions each company included 

in the data must create emissions on at least one of these activities. For food and drink or 

pharmaceuticals sectors this might for example be emissions caused by package 

manufacturing. 

 

A total of 17 sectors and 8432 installations are represented in the data of which power and 

heat sector is the largest with a total of 201 companies and 3393 installations followed by 

iron and steel (121 companies, 496 installations), oil and gas (85, 830), cement and lime 

(78, 572) and chemicals (62, 705). The sectors with the least amount of companies 

represented in the data are pharmaceuticals (8, 64), coke ovens (5, 7), water utilities (4, 12), 

education (2, 33) and mining (2, 3). The miscellaneous sector (n/a) group consists of a total 

of 57 companies and 613 installations. (Table 5) 
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Table 5. The number of companies and installations by sector 

 

  

The total amount of allocated allowances from 2005 to 2017 is roughly 20.7 billion tCO2e. 

The minimum amount of allocated allowances to a single company in one year is 0 tCO2e 

and the maximum is 144 201 067 tCO2e. The total amount of allocated allowances averages 

at 2 083 720 tCO2e, with a standard deviation of 7 373 386 tCO2e. For verified emissions, 

the cumulative amount from 2005 to 2017 is roughly 25.1 billion tCO2e. The minimum 

verified emission is 4 tCO2e, maximum 149 972 666 tCO2e with an average of 2 526 020 

tCO2e and a standard deviation of 9 241 220 tCO2e. The total n is 9 932, combining data 

from 764 companies and spanning 13 years. (Table 6) The principal descriptive statistic for 

each sector can be found in Appendix 4.  

 

Table 6. Descriptive statistics of the first dataset 
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4.1.1 Sector company average dataset 

 

As the size of each sector fluctuates drastically depending on the number of companies, the 

cumulative values of verified emissions and allocated allowances between sectors could also 

be observed to vary significantly. For maximising the possibility of even comparison of the 

sectors, a second dataset was created (henceforth sector company average dataset). This was 

done by forming sum functions of the values of each sector’s company level allocated 

allowances and verified emissions data separately for each year. These sum functions were 

then divided by the total number of companies within that sector and year, thus creating a 

dataset that reflects each sectors company average allocated allowance and verified 

emissions levels for each year. The principal descriptive statistic for this new dataset is 

presented in Table 7.  

 

Table 7. Descriptive statistics of the sector company average dataset 

 

 

The sum of each sector’s average company’s allocated allowance between the years 2005 

and 2017 is roughly 219 million tCO2e. For verified emission this number is roughly 232 

million tCO2e. The minimum amount of allocated allowances theoretically provided to a 

sector average company on a single year is 6 091 tCO2e, the maximum 6 341 756 tCO2e, 

with an average of 990 322 tCO2e and a standard deviation of 1 225 220 tCO2e. For verified 

emission the corresponding values are minimum 2 472 tCO2e and maximum 6 517 546 

tCO2e, with an average of 1 051 352 tCO2e and a standard deviation of 1 411 432 tCO2e. 

The dataset consists of a total of 17 sectors and 13 years, bringing the total n of the dataset 

to 221. (Table 7) The principal descriptive statistic for each sector can be found in Appendix 

5. 
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4.1.2 Panel regression dataset 

 

Finally, panel regression models are built to test out the hypotheses of which variables can 

be seen affecting verified emissions on a sector level. In order to test these hypotheses, a 

third dataset was drawn. For this dataset two additional sources were accessed to bring in 

the settled ECX EUA Futures prices between April of 2008 and December 2017 (Quandl 

2018) as well as the GDP of EU ETS countries between 2009 and 2017 (Eurostat 2018) and 

were gathered on 22nd of September 2018. Instead of observed values, this dataset was built 

to reflect each variables yearly percentual change. Analysing the changes of each variable 

minimizes the potential risk of autocorrelation and the dataset can be seen as stationary. For 

verified emissions and allocated allowances, new variables of percentual change to previous 

year were added on a sector level. For the GDP variable, the annual GDP of all 31 EU ETS 

countries were summed together to form a yearly GDP variable. Another variable was then 

formed to calculate the percentual change from previous year which was used for the final 

dataset. As the EUA price data was on a daily level, first an annual average of EUA prices 

was formed. Then, a second variable was also created to calculate the percentual change 

from previous year. The completed dataset is balanced, with a total of 17 sectors and 9 years 

of data per sector between 2009 to 2017 (year 2009 variables depict the change from 2008 

values to 2009 values). The min, max, mean, standard deviation and n of each variable are 

listed in Table 8. 

 

 Table 8. Descriptive statistics for the panel regression dataset  
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4.2 Analysis methods  

 

Three different panel data methods will be used to conduct a panel regression analysis of the 

effects of allocated allowances, EUA prices and GDP on verified emissions levels: Fixed 

Effects, Random Effects and Pooled OLS methods. The analyses were made using the Stata 

13 statistical software. Each method will be introduced shortly below. 

 

4.2.1 Pooled OLS 

 

The pooled model is considered the simplest of the three aforementioned methods to conduct 

regression analysis on panel data. Close equivalent to OLS conducted on cross-sectional or 

time series data this estimation method treats each data row as a separate observation, and 

in this sense ignores the fact that the data in question is panel data. The pooled model can be 

formulated as follows: 

 

𝑦𝑖𝑡 =  𝛽1 + 𝛽2𝑥2𝑖𝑡 + ⋯ +  𝛽𝑘𝑥𝑘𝑖𝑡 +  𝜀𝑖𝑡 (1) 

 

Where the coefficients (𝛽1, 𝛽2 … 𝛽𝑘) are assumed to be constant for all individuals (i) and 

though all time periods (t) and thus do not allow for possible individual heterogeneity. 

Furthermore, the following error assumptions are required for the pooled OLS to be 

consistent and for the t and F statistics to be valid when the usual least squares variance 

estimates and standard errors are used (Hill et al. 2011, 540-541): 

 

Ε(𝜀𝑖𝑡) = 0 (zero mean) (2) 

var(𝜀𝑖𝑡) =  Ε(𝜀𝑖𝑡
2 ) =  𝜎𝑒

2 (homoskedasticity) (3) 

cov(𝜀𝑖𝑡, 𝜀𝑗𝑠  ) = Ε(𝜀𝑖𝑡, 𝜀𝑗𝑠  ) = 0 for i ≠ j or t ≠ s (all errors are uncorrelated)    (4) 

cov(𝜀𝑖𝑡, 𝑥2𝑖𝑡 ) = 0 … cov(𝜀𝑖𝑡, 𝑥𝑘𝑖𝑡 ) = 0 (error uncorrelated with x’s) (5) 

 

4.2.2 Fixed effects model 

 

A fixed effect model in turn can be formed as follows: 
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𝑦𝑖𝑡 =  𝛽1𝑖 +  𝛽2𝑥2𝑖𝑡 + ⋯ +  𝛽𝑘𝑥𝑘𝑖𝑡 +  𝜀𝑖𝑡 (6) 

 

where the slope coefficients (𝛽2 … 𝛽𝑘) are assumed constant across all individuals and 

intercept 𝛽1𝑖 is a fixed, unknown parameter that varies across individuals but not time. In 

other words, the fixed effects model assumes that all behavioural differences between 

individuals (individual heterogeneity) are captured by the intercept. In cases where the 

number of individuals (N) is small, the model can be estimated by using the least squares 

dummy variable (or LSDV) estimator. However, for this thesis, the fixed effects estimator is 

selected. To estimate the fixed effects model with a large N the data is averaged across time 

and the averaged values (�̅�𝑖𝑡) are subtracted from the original fixed effects model (𝑦𝑖𝑡) 

resulting in: 

 

�̃�𝑖𝑡 =  𝛽2�̃�2𝑖𝑡 + ⋯ +  𝛽𝑘�̃�𝑘𝑖𝑡 +  𝜀�̃�𝑡 (7) 

 

Where �̃�𝑖𝑡 = 𝑦𝑖𝑡 −  �̅�𝑖𝑡  indicates that the variables are in deviation from the mean form. (Hill 

et al. 2011, 543-541) 

 

4.2.3 Random effects model 

 

Similar to the fixed effects model, the random effects model also assumes all individual 

heterogeneity is captured by the intercept parameter, however the model also recognizes that 

the individuals were randomly selected and as a result of this the individual differences are 

treated as random rather than fixed. In the random effects model the intercept 𝛽1𝑖 consists of 

a fixed part �̅�1 (the population average) as well as random individual differences from this 

average 𝜇𝑖. There are certain assumption made about 𝜇𝑖 (also called the random effects) 

namely: 

 

Ε(𝜇𝑖) = 0 (zero mean) (8) 

cov(𝜇𝑖, 𝜇𝑗) = 0 i ≠ j (uncorrelated across individuals)    (9) 

var(𝜇𝑖) =  𝜎𝜇
2 (constant variance) (10) 
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By replacing the original equation intercept with the newly formed random effects model 

intercept parameter: 

 

𝑦𝑖𝑡 = (�̅�1 + 𝜇𝑖) +  𝛽2𝑥2𝑖𝑡 + ⋯ +  𝛽𝑘𝑥𝑘𝑖𝑡 +  𝜀𝑖𝑡 (11) 

 

and rearranging it to a more familiar state, the end result of the random effects model can be 

written as: 

𝑦𝑖𝑡 = �̅�1 + 𝛽2𝑥2𝑖𝑡 + ⋯ +  𝛽𝑘𝑥𝑘𝑖𝑡 +  𝜐𝑖𝑡 (12) 

 

Where 𝜐𝑖𝑡 (the combined error term) is: 

 

𝜈𝑖𝑡 = 𝜇𝑖 +  𝜀𝑖𝑡 (13) 

 

Combining the error assumptions formed for 𝜀𝑖𝑡 (2)-(5) with the assumption that random 

effects 𝜇𝑖 and the regression error 𝜀𝑖𝑡 do not correlate, so that 𝑐𝑜𝑣(𝜇𝑖, 𝜀𝑖𝑡) =  0, and that the 

random effects 𝜇𝑖 is not correlated with regressors so that cov(𝜇𝑖, 𝑥2𝑖𝑡 ) =

0 … cov(𝜇𝑖, 𝑥𝑘𝑖𝑡  ) = 0 the assumptions for the error term 𝜈𝑖𝑡 can be formed as follows (Hill 

et al. 2011, 551-553): 

 

Ε(𝜈𝑖𝑡) = 0 (zero mean) (14) 

var(𝜈𝑖𝑡) =  𝜎𝑒
2 + 𝜎𝜇

2 (homoskedasticity) (15) 

cov(𝜈𝑖𝑡, 𝜈𝑗𝑠 ) = 𝜎𝜇
2 for t ≠ s (errors for individual I are correlated)    (16) 

cov(𝜈𝑖𝑡, 𝜈𝑗𝑠 ) = 0 for i ≠ j (errors for different individuals are uncorrelated)    (17) 

cov(𝜀𝑖𝑡, 𝑥2𝑖𝑡 ) = 0, … cov(𝜀𝑖𝑡, 𝑥𝑘𝑖𝑡 ) = 0 (errors 𝜀𝑖𝑡 uncorrelate with x’s) (18) 

cov(𝜇𝑖, 𝑥2𝑖𝑡  ) = 0, … cov(𝜇𝑖, 𝑥𝑘𝑖𝑡  ) = 0 (𝜇𝑖 uncorrelated with x’s) (19) 

 

4.2.4 Selecting the right method  

 

There are numerous tests available to help determine which of the aforementioned methods 

should be used. For example, the Hausman test can be conducted to decide between fixed 

effects and random effects methods by comparing the coefficient estimates of each model to 

one another. The Hausman test checks for correlation between error component 𝜇𝑖 and the 
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explanatory variables (x’s). In equation form it is testing for one of the assumptions (19) for 

the error term in random effects model. The idea behind the Hausman test is that if there is 

no correlation between 𝜇𝑖 and the regressors both random effects and fixed effects estimators 

are consistent. If however the 𝜇𝑖 correlates with any of the regressors, the random effects 

estimator is seen inconsistent, while fixed effects remains consistent. The null hypothesis of 

the Hausman test assumes consistency, H0: cov(𝜇𝑖, 𝑥2𝑖𝑡  ) = 0, … cov(𝜇𝑖, 𝑥𝑘𝑖𝑡  ) = 0. Should 

the null hypothesis stand, random effects model should be applied. If, however the null 

hypothesis is rejected, the use of fixed effects model is deemed appropriate. (Hill et al. 2011, 

558-560) After the Hausman test, additional testing is required to determine between random 

effects and pooled OLS (the Breusch-Pagan test). This thesis will also shortly report the 

results of the F-test conducted in connection with the fixed effects estimation. In a situation 

where the Hausman test indicates the use of fixed effects the F-test can be used to determine 

between fixed effects and pooled OLS. The null hypothesis of this test is that the constant 

terms across individuals are equal. Rejecting this hypothesis justifies the use of fixed effects. 

If the null hypothesis is accepted, pooled OLS is deemed more appropriate. (Baum 2006, 

222) 

 

The Breusch-Pagan test for heteroskedasticity is used to choose between the random effects 

model and the pooled OLS model. Heteroskedasticity occurs when the variances differ 

across observations. The opposite of this would be homoskedasticity (variances do not 

differ). The null hypothesis of the Breusch-Pagan test is that the error component (𝜇𝑖) has a 

variance of 0, H0: 𝜎𝜇
2 = 0. With the assumption of Ε(𝜇𝑖) = 0, if 𝜇𝑖 also has a variance of 0 

then the random variable is seen as degenerate. However, the main question regarding 

selecting between pooled OLS or random effects lies in heterogeneity, as if no heterogeneity 

is detected in the data, then the use of random effects would not be justified. Fortunately, 

this test also helps to deduce for this, as a result of 𝜎𝜇
2 = 0 indicates that correlation p=0 

which in turn signals that there is no heterogeneity detected from the data. In this case Pooled 

OLS method should be used. If however the null hypothesis is rejected and the alternative 

hypothesis H1: 𝜎𝜇
2 > 0 is accepted, this indicates that heterogeneity is present in the data and 

that random effects model is appropriate. (Hill et al. 2011, 553-554)  
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4.3 Validity and reliability  

 

“-- the problem of validity is that of whether a test really measures what is purports to 

measure, while the question of reliability is that of how accurately a test measures the 

thing which it does measure.” 

(Kelley 1927, 14) 

 

Validity is used to describe whether a study measures what it was designed to. In the case of 

this thesis the question of validity lies in whether or not the empirical research actually 

measures if emission reduction has occurred in total or at sector level, and whether the three 

previously defined regressors help explain the changes in emission levels. In terms of face 

validity (Nevo 1985) the validity of this research is relatively high, as it appears to be 

examining what it says with thoroughly looking into whether emission levels have dropped 

and whether this potential drop can be explained by predefined regressors. In terms of 

construct validity (Cronbach and Meehl 1955) this thesis has formed its research questions 

and hypotheses based on an abundance of theory and previous research. However, the 

problem with researching such a comprehensive, complex system as the EU ETS is that 

everything is interconnected and susceptible to one another. In this sense, it is possible that 

by researching the performance of the EU ETS (i.e. emissions reduction) the changes in 

emission levels might in fact signal something else, such as changes in economic growth. 

This is also apparent in the literature, as for almost every study available, a paper with 

contradicting results can be found. This thesis has attempted to maximize the construct 

validity by using widely credited and witnessed phenomena as its base, and drawing 

inspiration for empirical design from previous research done on the matter. Also this thesis 

will try to increase validity during panel data regression by analysing yearly changes instead 

of observed values to minimize autocorrelation and by reporting results as detailed and 

transparent as possible.  

 

Reliability in turn refers to the overall consistency of the study. In other words, how reliable 

is the data at hand, how well does the result portray the actual phenomenon and if replicated 

would the results be the same. Kirk and Miller (1986) extinguish between three types of 

reliability: 
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1. Quixotic reliability – the degree to which a single method of observation 

consistently yields unvarying results 

2. Diachronic reliability – stability over time 

3. Synchronic reliability – similarity of observations within a specific time 

period 

 

In regards to this thesis, the data used has been collected from reliable sources, and as stated 

previously, the selected methods of analysis have been inspired by previous research and 

theory. Appropriate measures were taken to clean the data, each step of the data gathering 

and cleaning process has been explained and recognized software was used to perform 

advanced analyses to ensure correct results. The data used in this thesis is consistent of 

reported occurrences, which should not change over time. As an example the 2005 verified 

emissions levels of company x, or the average price of EUA are what have been reported at 

that time, and these will not change as the 2005 levels will be reported the same despite 

when they are collected. With these, the quixotic and diachronic reliabilities of this study 

can be seen as high should this study be conducted again later on with similar data.  
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5 FINDINGS 

 

5.1 Visualizing EU ETS performance  

 

 

Figure 12. Allocated allowance and verified emission development  

 

Figure 12 represents the development of the EU ETS allocated allowance and verified 

emission levels by comparing 2005 and 2017 levels. Overall allocated allowances have 

decreased by approximately 1.4 billion tCO2e or by 65.04%. Overall verified emissions have 

decreased by 364 034 780 tCO2e (17.47%), or an average of 28M tCO2e per year. Figure 13 

demonstrates these developments during each phase of the EU ETS. The change from Phase 

II to Phase III has proven the most effective for allocated allowances (-52.83% decrease), 

whereas Phase II has been the most efficient in terms of verified emission reduction.  
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Figure 13. Allocated allowance and verified emission development during each phase 

 

Figure 14 visualizes the percentage development of each sectors allocated allowances and 

verified emissions from first year (2005) to the latest (2017). When inspecting allocated 

allowances, power and heat (-94.1%), education (-82.6%), water utilities (-65.7%), 

pharmaceuticals (-57.9%) and motor industry (-54.2%) have succumbed to relatively the 

biggest cuts on allocated allowances, when in turn aluminium (+161.5%), chemicals 

(+35.7%) and mining (+8.5%) have had their allocated allowances increased. When 

examining verified emission levels, education (-41.1%), pulp and paper (-30.4%), power 

and heat (-28.0%), pharmaceuticals (-26.8%) and cement and lime (-20.7%) sectors have 

succeeded in cutting their levels by a higher percentage than others, whereas aluminium 

(+237.5%), water utilities (+234.7%) chemicals (+95.0%), mining (+50.8%) and building 

materials (+47.9%) sectors have done the opposite. However, considering that the size of 

each sector varies substantially, a closer look on how strongly each sector contributes to the 

overall verified emissions and allocated allowance levels is needed. The allocated allowance 

and verified emissions development from first to last year can be found in Appendix 6.  
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Figure 14. Allocated allowance and verified emission development on a sector level 

 

Figure 15 presents the sizes of the sectors as well as the relative impact of each sectors total 

emissions through time. In total 94.83% of all emissions have been emitted by companies 

from the following five sectors: power and heat (58.15%), oil and gas (12.86%), iron and 

steel (9.91%), cement and lime (9.87%) and chemicals (4.04%). Companies within the 

miscellaneous (n/a) sector were accountable for a total of 1.59% of the emissions and pulp 
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and paper for 1.06%. The remaining sectors all emitted less than 1% of total verified 

emissions. Appendix 7 lists all sectors and their share of verified emissions. As the sectors 

vary greatly in size a further inspection on a sector company average level was done to help 

level out the differences in size. 

 

 

Figure 15. Comparing the size, total verified emissions and share of verified emissions of each sector. 
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Figure 16 visualizes the share of verified emissions on a sector company average level. When 

comparing how much an average company on each sector has emitted during the data 

collection period a slightly more even result is discovered. The five highest sectors cover a 

total of 77.71% of company averaged emissions and they are power and paper (31.24%), oil 

and gas (16.34%), cement and lime (13.66%), iron and steel (8.83%) and chemicals (7.03%). 

In other words, on average, one company on the power and heat sector accounts for 

approximately 31% of the total sum of one company average emissions during one year. 

Four sector’s shares, namely coke ovens, education, pharmaceuticals and water utilities are 

below 1% with the remaining sectors having a company average share of verified emissions 

between 1-5%. Figure 16 demonstrates that even with the size of the sector (i.e. the number 

of companies) neutralized, the top 5 emitter sectors still contain companies with relatively 

highest verified emissions levels. All sectors and their share of verified emissions on a sector 

company average level are listed in Appendix 7. 

 

 

Figure 16. Comparing the share of verified emissions of each sector on a sector company average level 
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Figures 17 and 18 depict the 2005 and 2017 allocated allowance distribution between 

sectors. A clear change in allocated allowance distribution can be seen, as the 2017 allocated 

allowances appear to be more evenly divided as during 2005. Where in 2005 10 out of 17 

sectors received less than 2.5% of the allowances combined, with one sector (power and 

heat) attaining more than half of all allowances distributed (58.4%), during the year 2017 

the amount of sectors within the low 2.6% is only seven, and the sector receiving the most 

allowances now only received 24.5% of all allocations (iron and steel).  

 

 

Figure 17. Allocated allowance distribution between sectors in 2005 

 

 

Figure 18. Allocated allowance distribution between sectors in 2017 
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5.1.1 Sector level visualization 

 

 

Figure 19. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

aluminium sector 

 

Figure 19 visualizes the yearly verified emissions, allocated allowances as well as the 

percentage of allowances used for each year on the aluminium sector starting from a position 

of a slight surplus of allowances (3 295 530 allocated to 3 247 329 verified) in 2005 and 

ending in a deficit of over 2.3M tCO2e in 2017. It is also noteworthy that this particular 

sector succumbed to a clear jump in both emission and allowance levels during the 

commencement of Phase III in 2013. More detailed information of the yearly allocated 

allowances, verified emissions, their difference, and the percentage of allocated allowances 

used for the aluminium sector can be found in Appendix 8. 
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Figure 20. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

building materials sector 

 

Companies within the building materials sector received a substantial amount of allocated 

allowances during the first two phases of the EU ETS, starting from a near 1M tCO2e surplus 

of allowances in 2005 and peaking in 2012, where only 56% of the allowances were used. 

However, after Phase III implementation the sector’s verified emissions have exceeded 

allocated allowance levels. In 2017 the deficit of allowances was as its largest at 903 381 

tCO2e. Also, it is noteworthy that the trend of verified emissions for building materials sector 

has gone upwards. (Figure 20) More detailed information of the yearly allocated allowances, 

verified emissions, their difference, and the percentage of allocated allowances used for the 

building materials sector can be found in Appendix 8. 
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Figure 21. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

cement and lime sector 

 

Companies within the cement and lime sector have received more allocations than needed 

for each year of data collection, starting at a relatively high usage percentage during Phase I 

before dropping down to as low as 68% utilization percent during Phase II. At 68% the 

surplus of allocated allowances exceeded 80M tCO2e. In 2017 the ratio of verified emissions 

to allocated allowances appears to be close to 100% with a surplus of only 1M tCO2e surplus 

of allowances. Sector verified emission levels rose during Phase I, declined during Phase II 

and have stagnated during Phase III. (Figure 21) More detailed information of the yearly 

allocated allowances, verified emissions, their difference, and the percentage of allocated 

allowances used for the cement and lime sector can be found in Appendix 8. 
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Figure 22. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

chemicals sector 

 

When examining the chemicals sector, a surplus of allowances can be observed during the 

first two phases (2005-2012) of the EU ETS. The sector companies started from a combined 

total surplus of 9M tCO2e and 85% utilization percent in 2005 and dropped to as low as 82% 

in 2012. However, after this the verified emissions have appeared to have risen substantially, 

leaving the sector with a deficit that has been gradually increasing from 2013 forward. In 

2017 the sector had a deficit close to 19M tCO2e, as emission levels stayed at over 100M 

tCO2e, whereas allocated allowances dropped to 84M tCO2e. (Figure 22) More detailed 

information of the yearly allocated allowances, verified emissions, their difference, and the 
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percentage of allocated allowances used for the chemicals sector can be found in Appendix 

8. 

 

 

Figure 23. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

coke ovens sector 

 

The coke ovens sector is the second sector that has received more allowances than emitted 

each year. During Phase I of the EU ETS coke ovens sector received almost double the 

amount of allowances than needed, starting out with a 54% utilization rate and rising to 

approximately 68% during the last year of Phase I. Instead of trending upwards or 

downwards, the verified emission levels appear to have varied during the years. One clear 

drop can be identified in 2009 when the sector total emissions fell to only 662 225 tCO2e. In 

2017 the sectors allocated allowances were at 1.76M tCO2e, verified emissions at 831 451 

tCO2e, and utilization rate of allocated allowances at 77.3%. (Figure 23) More detailed 

information of the yearly allocated allowances, verified emissions, their difference, and the 

percentage of allocated allowances used for the coke ovens sector can be found in Appendix 

8. 
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Figure 24. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

education sector 

 

The verified emission and allocated allowance levels of the education sector were fairly 

steady during Phases I and II (2005-2012), while during Phase III the sector succumbed to a 

clear reduction in allocated allowances. However, the sectors verified emission levels, even 

though they appear to be decreasing, have not reduced at the same rate as allocated 

allowances, which has resulted in over three times more verified emissions than allocated 

allowances in 2017 (a nearly 95 000 tCO2e deficit). (Figure 24) More detailed information 

of the yearly allocated allowances, verified emissions, their difference, and the percentage 

of allocated allowances used for the education sector can be found in Appendix 8. 
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Figure 25. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

food and drinks sector 

 

Much like many of the other sectors above, the food and drinks sector started with a clear 

surplus of allowances, which carried on until the end of Phase II. During Phase III the 

number of allowances dropped significantly. However, what is noteworthy of this sector is 

that its verified emissions levels have stayed relatively even throughout the years with lowest 

verified emissions levels at roughly 12M tCO2e in 2016. (Figure 25) More detailed 

information of the yearly allocated allowances, verified emissions, their difference, and the 

percentage of allocated allowances used for the food and drinks sector can be found in 

Appendix 8. 
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Figure 26. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

glass sector 

 

The glass sector started with approximately 1.9M tCO2e surplus of allowances in 2005, 

rising to as high as 5.5 million tCO2e in 2012. The sector verified emission level spiked in 

2008 but has otherwise stayed relatively stable especially after the start of Phase III in 2013. 

In 2017 the glass sector used almost 120% of their allowances, meaning they succumbed to 

a roughly 2.5 million tCO2e deficit of allowances. (Figure 26) More detailed information of 

the yearly allocated allowances, verified emissions, their difference, and the percentage of 

allocated allowances used for the glass sector can be found in Appendix 8. 
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Figure 27. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

iron and steel sector 

 

In 2005 the iron and steel sector started with a surplus of allowances of roughly 41 million 

tCO2e. A clear dip in verified emission levels can be seen in 2009, when the total tCO2e 

emitted dropped to 151M tCO2e and only 58.5% of allocated allowances were needed. Even 

though the ratio of allocated allowances to verified emissions has levelled out during Phase 

III the iron and steel sector can still be seen receiving a surplus of allowances during each 

year of data collection. In 2017 the percentage of allocated allowances were almost at 100% 

with only a roughly 4 million tCO2e surplus. (Figure 27) More detailed information of the 

yearly allocated allowances, verified emissions, their difference, and the percentage of 

allocated allowances used for the iron and steel sector can be found in Appendix 8. 
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Figure 28. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

mining sector 

 

Similar to the iron and steel sector the mining sector has also received a surplus of allowances 

during each year of data collection. In 2005 the sector had a total of 361 317 tCO2e surplus 

of allowances. At its highest the utilization percent of allocated allowances was closing up 

to 100% during late Phase II with percentage of allocated used at 92% in 2010. However, 

after this the ratio has dropped to approximately 80% during Phase III. Also, it is noteworthy 

that unlike many other sectors that have been able to reduce their verified emission levels at 

least in some part, the mining sector’s verified emission trend appears to be moving upward. 

(Figure 28) More detailed information of the yearly allocated allowances, verified emissions, 

their difference, and the percentage of allocated allowances used for the mining sector can 

be found in Appendix 8. 
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Figure 29. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

motor industry sector 

 

The motor industry sector, like all sectors before, started with a surplus of allowances of 

approximately 1.6M tCO2e in 2005. However, a clear change happened during the 

commencement of Phase III. After 2013 the ratio of verified emissions to allocated 

allowances rose to above 180%, peaking at 206% in 2014. When observing sector verified 

emissions a slight upward trend can be detected. (Figure 29) More detailed information of 

the yearly allocated allowances, verified emissions, their difference, and the percentage of 

allocated allowances used for the motor industry sector can be found from Appendix 8. 
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Figure 30. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

the miscellaneous sector (n/a) 

 

The miscellaneous sector (n/a) verified emissions levels have been fairly steady throughout 

the data collection. However, for each year the sector can be seen receiving more allowances 

than necessary. This surplus has been stronger during Phases I and especially II, but has 

evened out in Phase III leaving the sector allocated allowances used percentage close to 

100% in 2017 (98%). (Figure 30) More detailed information of the yearly allocated 

allowances, verified emissions, their difference, and the percentage of allocated allowances 

used for the miscellaneous sector (n/a) can be found from Appendix 8. 
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Figure 31. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

oil and gas sector 

 

The oil and gas sector received a slight surplus of allowances during most years of Phases I 

and II, and the utilization percent has been close above 90% during each year. After the 

commencement of Phase III, the sector succumbed to clear cuts in allocated allowance 

levels, while the verified emission levels remained fairly the same rising the percentage of 

allowances used consistently to over 100%. In 2017 the deficit was at its largest at roughly 

88.5M tCO2e. (Figure 31) More detailed information of the yearly allocated allowances, 

verified emissions, their difference, and the percentage of allocated allowances used for the 

oil and gas sector can be found from Appendix 8. 
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Figure 32. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

pharmaceuticals sector 

 

The pharmaceuticals sector started with a clear surplus of allowances during Phases I and 

II. The allocated allowances utilization percent reached its lowest points during the end of 

Phase II, with only roughly 65% percent of allocations used. After 2013 the ratio of allocated 

to verified emissions changed as the sector succumbed to a clear drop in allocated 

allowances. In 2017 the percentage of allocated allowances used was at an all-time high at 

roughly 131%, and verified emissions at a sector low at 884 434 tCO2e with a downward 

trend. (Figure 32) More detailed information of the yearly allocated allowances, verified 

emissions, their difference, and the percentage of allocated allowances used for the 

pharmaceuticals sector can be found from Appendix 8. 
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Figure 33. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

power and heat sector 

 

The power and heat sector has succumbed to the largest percentage drop in allocated 

allowance levels. The allocated allowance utilization percent has been below 100% only 

once during the data collection period. During Phases I and II the sector succumbed to 

moderate deficits of allowances, however upon the commencement of Phase III the allocated 

allowance levels granted to the sector plummeted. In 2013 the allocated allowances used 

level was at roughly 580% and in 2017 it was at roughly 1224% (approximately 842M tCO2e 

deficit). It is also noteworthy, that the sector verified emission levels appear to have been 

cut yearly from Phase II forward. (Figure 33) More detailed information of the yearly 

allocated allowances, verified emissions, their difference, and the percentage of allocated 

allowances used for the power and heat sector can be found from Appendix 8. 
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Figure 34. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

pulp and paper sector 

 

The pulp and paper sector can be seen receiving more allowances than needed for each year 

of the data collection. The highest point of surplus can be seen in 2012 with roughly 9.4M 

tCO2e. The ratio of allocated allowance to verified emissions has evened out during Phase 

III, and in 2017 97% of allocated allowances were utilized. When observing sector verified 

emission levels a downward phasing trend can be identified. (Figure 34) More detailed 

information of the yearly allocated allowances, verified emissions, their difference, and the 

percentage of allocated allowances used for the pulp and paper sector can be found from 

Appendix 8. 
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Figure 35. Yearly verified emissions, allocated allowances and percentage of allocated allowances used for 

water utilities sector 

 

When observing the water utilities sector a large surplus of allowances can be seen during 

Phases I and II of the EU ETS. The ratio of allocated allowances to verified emissions peaked 

during 2012 when only 12% of allocated allowances were used with a surplus of allowances 

of 95 180 tCO2e. For the water utilities sector verified emissions can be seen fluctuating 

through Phases I and II, with a slight upward trend during Phase III. (Figure 35) More 

detailed information of the yearly allocated allowances, verified emissions, their difference, 

and the percentage of allocated allowances used for the water utilities sector can be found 

from Appendix 8. 
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5.1.2 Comparing sector differences  

 

Figure 36 visualizes the verified emissions development index of each sector. The sectors 

with the highest index score in 2017 were aluminium (337.5), water utilities (334.7), 

chemicals (195), mining (150.8) and building materials (147.9). Of these five sectors, water 

utilities, building materials and chemicals can be seen positioning above index 100 levels 

during each year of data collection. On the other hand, no sector can be seen scoring 

constantly below the index 100 during each of the years after 2005. Sectors with the lowest 

2017 index scores on verified emissions are education (58.9), pulp and paper (69.6), power 

and heat (72.0), pharmaceuticals (73.2) and cement and lime (79.3). When observing the 

total verified emission level development index, it has fairly steadily decreased throughout 

the data collection, with highest index level being in 2007 at 104.7 and lowest at 82.5 in 

2017. The sector level verified emission index levels are listed in Appendix 9. 

 

 

Figure 36. Development index of verified emissions 

 

The development indices of allocated allowances are shown in Figure 37. For most sectors, 

the index levels can be seen fluctuating close to 100 during Phases I and II, and dropping 

low during Phase III, indicating that the allocated allowance have successfully been 

decreased from 2005 levels. When observing the total allocated allowance levels only one 

index level of over 100 can be found (2007, index level 101.3). Otherwise the total allocated 
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allowance index can be seen scoring below 100 with the lowest index level in 2017 at 35.0. 

Out of all the sectors, only two have been successful in scoring below 100 during each year: 

power and heat and coke ovens. When observing the most resent index values, the highest 

scoring sectors are aluminium (261.5), chemicals (135.7) and mining (108.5). On the other 

hand, sectors with scores below 2017 total index are power and heat (5.9), education (17.4) 

and water utilities (34.3). The sector level allocated allowance index levels are listed in 

Appendix 9. 

 

 

Figure 37. Development index of allocated allowances 

 

Figure 38 visualizes the impact of each sector’s emissions evolution on the total reduction 

rate (364 034 780 tCO2e). Much of the reduction (98.14%) can be explained by the power 

and heat sector, with cement and lime sector as second highest contributor with 12.29%. A 

total of 9 sectors had reduced emissions whereas 8 had increased them. The highest negative 

impact comes from the chemicals sector with 13.78%. Each sectors impact percentage is 

listed in Appendix 10. 
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Figure 38. The percentual impact of each sector on total reduction in verified emissions between 2005-2017 

 

5.2 Panel regression results 

 

The third dataset was used to determine how changes in allocated allowances levels, EUA 

prices and GDP affect changes in verified emissions levels on a sector level. A total of three 

models were built, with various degrees of explanatory variables and the following four 

hypotheses: 

 

H1. A decrease in allocated allowances lead to a decrease in verified emissions 

H2. An increase in price of EUA leads to a decrease in verified emissions 

H3. A decrease in GDP leads to a decrease in verified emissions 

H4. Statistically significant sectoral differences can be found 

 

To determine the best suited alternative, the analyses were conducted using fixed effects, 

random effects as well as pooled OLS models. However, as the results of all of these methods 

and across all of the models were extremely alike, a decision was made to report all of them 

to emphasize the consistency and robustness of the results. A summary of the results is listed 

in Table 9. 
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Table 9. Summary of the models 
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The three models constructed aim to explain the changes in verified emission levels with the 

changes in various independent variables. Hausman test, F-test and the Breusch-Pagan test 

were run to determine the correct estimation method for all three models. In all three cases 

the Hausman test suggested the use of random effects model, as the null hypothesis (H0: 

Fixed effects and random effects coefficients are identical) failed to be rejected. However, 

the null hypothesis of the Breusch-Pagan test also failed to be rejected for all three of the 

models, as proof of heteroscedasticity and thus heterogeneity could not be found. This 

indicates that the use of Pooled OLS estimation method would be most appropriate. Also as 

a result of this, no statistical evidence is found to support H4. Finally, the results of the F 

tests failed to reject null hypothesis on all three accounts, which further strengthen the 

selection of the Pooled OLS method for the models. Regarding model fit, the Pooled OLS 

R2 results varied very little between the models with model I R2=.4215, model II R2=.4297 

and model III R2=.4391. 

 

The results indicate that changes in allocated allowances has a statistically significant 

positive effect on the changes in verified emissions levels on the 1% level across all three 

models, which would imply that a drop in allocated allowances would lead to a drop in 

verified emissions. With this result, H1 is supported. The results for H2 are more interesting, 

as a negative effect of statistical significance on the 5% level can be observed in model III, 

however, in model II the effect does not appear to be statistically significant. The negative 

coefficient implies that a drop in EUA prices would lead to an increase in verified emission 

levels. Due to contradicting results between models, the H2 is determined inconclusive. The 

coefficient values of changes in GDP indicate a positive effect, meaning an increase in GDP 

would lead to an increase in verified emissions, however these results only appear to be 

statistically significant at the 15% level. This significance level is deemed too low for this 

study and with this, H3 is rejected. The significance levels of the intercept appear to decrease 

as the number of independent variables are added. For model I the intercept is significant at 

the 1% level, and 5% level for model II. However, for model III the intercept results are no 

longer statistically significant. 
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6 DISCUSSION 

 

Table 10. Summary of findings 

 

Total allocated allowance and verified emissions reductions 

 

One of the primary objectives of the EU ETS is to reduce the total amount of GHG emissions 

at a sensible rate. The primary objective of this thesis has been to research whether or not 

this appears to have happened on a sector level as well as to test potential drivers of emission 

reduction. The primary finding of the study are summarised in Table 10. A large number of 

information can be uncovered from the findings. First, when observing the verified 

emissions development, a reduction of 17.5% can be observed (Figure 12). This demonstrate 

that the EU ETS has been successful in reducing verified emissions. Phase II has proven the 

most effective in driving emission reduction, followed closely by Phase III. However, for 

Phase I the data shows an increase in emission levels which contradicts the findings of many 

previous research such as Ellerman and Buncher (2008) and Anderson and Di Maria (2010) 

and support the findings of Abrell et al. (2011). (Figure 13) 

 

Although the overall reduction in emissions is positive news, it’s hard not to reflect back to 

the results of Buckley and Lemmens (2017) and Healy et al. (2018), who for the most part 

could explain their observed emission reductions with decreased production. Instead of 

  Research Questions Findings 

1.  What is the impact of EU ETS on GHG 

emissions? 
17.47% reduction 

 a) What is the impact of allowance reduction 

on emissions? 
 positive relationship  

 b) What is the impact of EUA prices on 

emissions? 
 inconclusive 

 
c) What is the impact of GDP on emissions? 

no statistically 

 significant impact 

2.  What are the differences between sectors in 

the development of GHG allowances and 

emissions? 

Differences observed, however no 

statistically significant differences 

in regression analysis 
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changes in production levels, this study examined the potential effects of GDP on emission 

levels through regression analysis (Table 9), and found no statistically significant impact. 

Even though there are clear differences between the concepts of GDP and production levels, 

one could potentially argue that they could at least in theory be compared to one another as 

GDP reports the monetary value of goods and services produced within predetermined 

countries during a specific time period. In this sense, the results of this study at least in part 

challenge those of Buckley and Lemmens (2017) and Healy et al. (2018). One the other hand 

there are so many other variables affect the GDP (such as governmental outlays) that render 

this argument weak. This is especially the case for this study, as the regression analysis was 

conducted between the years of 2008-2017 where the probability of increased governmental 

spending is high due to the fact that countries were keen on fuelling economic activity and 

combat recession in the aftermath of the 2008 financial crisis. In this sense it can be that 

production did fell, but simply was not shown in GDP as these effects were cancelled out by 

government monetary and fiscal policies. 

 

Furthermore, what is noteworthy is that policy changes between the phases (such as the 

addition of new sectors and GHGs to the tracking list from 2013 onwards) have not resulted 

in major increases in total emission levels. This can be seen as a positive outcome, as one 

could have hypothesised that these changes could have had a negative effect on total 

emissions, especially since some sectors (such as aluminium and chemicals) succumbed to 

substantial increases in emission levels. It stands to reason, that enough reduction has been 

created to cancel out the emission increases created by policy changes. Furthermore, 

regardless of where this abatement is coming from, if the participating entities manage to 

keep this pace of reduction, the upcoming target of 21% decrease by the end of Phase III 

(2020) will be reached with ease. 

 

The EU ETS has also succeeded in cutting allocated allowance levels by a total of 65%. 

(Figure 12) This is crucial, as the surplus allowances have been seen affecting heavily on the 

performance of the EU ETS, mainly due to the fact that surplus allowances negatively affect 

EUA prices and hinder the motivation to invest in abatement technologies. In fact, this can 

also be seen in the panel regression analysis results (Table 9), as allocated allowance levels 

were deemed statistically significant in all three models created to explain changes in 

emissions. Indeed, the results of this thesis support the findings of the likes of Maarten and 



 

 

84 

Venmans (2016) and Andersen and Greaker (2018) who found evidence of allocated 

allowances affecting verified emission levels. The biggest cut of allocated allowances 

happened between Phase II and III, which was to be expected, as the EU ETS went through 

significant changes between these two trading periods. (Figure 13) 

 

Sectoral differences 

 

In regards to sectoral differences a clear difference between the impact of each sectors 

verified emission levels can be observed. The top five emitter sectors account for 95% of the 

total verified emissions between the years 2005 to 2017 (power and heat, oil and gas, iron 

and steel, cement and lime and chemicals) (Figure 15). The same top five sectors can be seen 

dominating the sector company average level (albeit in a slightly different order) which 

indicates that the sectors are in fact high emitting not only due to the size (number of 

companies) but also due to emission levels per company (Figure 16).  

 

Some of these sectors have managed to drop their emission levels at a fairly steady rate, most 

prominent of them being the power and heat sector, which has been successful in cutting 

emissions by a total of 28% (Figure 33) compared to the average 17.5%. This shows 

promising results, as the power and heat sector can be seen as the biggest sector on both the 

sector company average level as well as in total. Therefore, it is positive to see reduction in 

the sector where the largest portion of emissions are produced (58%, Figure 15) and can be 

seen explaining most of the emission reduction achieved by the EU ETS in total (98%, 

Figure 38). Interestingly, the power and heat sector is also the sector that has had by far the 

most drastic changes in allocated allowance levels, with almost 95% of the sectors 

allowances being cut between the years 2005 and 2017. This was however expected, as 

allocated allowances were reported to be completely cut from the power sector from 2013 

forward.  

 

What speaks to the size of this sector compared is the fact that in 2005 power and heat sector 

received by far the most allocated allowances of the sectors with 58% (Figure 17). However, 

even after this significant drop in allowances, the sector still received almost 10% of all 

allocated allowances in 2017 (Figure 18). Furthermore, it is noteworthy that the sector has 

not basked in an abundance of surplus allowances at any point in time, and that the 95% of 
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allowances cut would have been justified by an obscene amount of surplus allowances. The 

sector only received a surplus of allowances during the first year of operation in 2005. 

However, even this was very small (481 128 tCO2e or 0.04% of emissions) compared to the 

size of the sector. The power and heat sector clearly succumbed to an extremely radical 

allocation cut compared to other sectors and in addition to this, has managed to cut emission 

levels as well. Compellingly, one starts to wonder if the power and heat sector is the real life 

example of this study’s regression analysis result, and that the overall scarcity of allocated 

allowances in this sector combined with the drastic cuts of allocated allowances have had an 

impact on the successful reduction of sector emission levels. Looking at the sector (Figure 

33) it appears that at least during Phase III the sectors allocated allowances and verified 

emissions are on a systematic downward trend, however for verified emissions the fairly 

steady declining trend already started after 2007. Interestingly, this contradicts with the 

findings of Abrell et al. (2011) as their results suggest that the electricity and heat sector did 

not increase reduction efforts between 2005/2006 and 2007/2008. As the power and heat 

sector plays such an important part in the EU ETS it would be interesting to research further 

where this reduction stems from. Previous research such as Buckley and Lemmens (2017) 

and Healy et al. (2018) argue most of this emission reduction comes from the power sector 

switching away from coal, however a deeper look into this, maybe through interaction with 

companies within this sector would be highly interesting. 

 

Out of the highest emitting sectors two others have also managed to cut emission levels. 

These are the cement and lime and iron and steel sectors. In fact, cement and lime sector has 

been successful in reducing more than 20% of its emissions (Figure 21), which is higher than 

the EU ETS on average. Also, due to their size, both of these sectors can help explain the 

total size of emission reduction to a reasonable degree (12.3% and 5.6% respectively) 

(Figure 38). Interestingly, both sectors have received a surplus of allowances during each of 

data collection. Even though both sectors are now very close to the tipping point where the 

sector as a whole starts receiving less allocated allowances than they emit (cement and lime 

at 99.4% and iron and steel at 97.8% in 2017), it is still interesting to observe that these 

sectors are among the sectors that have received (and thus can have accumulated) a surplus 

of allowances to use later on or sell forward. As energy intensive sectors, one explaining 

factor to the systematic surplus of allowances can be carbon leakage prevention, however 

even if this is the case, the question can be raised if the EU ETS has functioned or can 
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function properly, if the sectors keep receiving more allocations than necessary. 

Interestingly, when glancing at the sectors Figures (21 and 27) there appears to be no visible 

link (at least not one noticeable through visualisation) between changes in allocated 

allowances and verified emissions. This of course contradicts with the regression model 

results of this study that indicate that allocated allowances and emissions have a positive 

relationship (i.e. emissions decrease when the amount of allocated allowances decreases). 

 

When examining the oil and gas sector a slight declining trend can be observed from Phase 

II forward (Figure 31). Interestingly, the sector succumbed to a large drop of allocated 

allowances with the commencement of Phase III but it does not appear to have had an effect 

on the emission levels of the sector. After the drop the sector still received around 20% of 

all allocated allowances in 2017 (Figure 18). As the second largest sector in the EU ETS 

(Figures 15 and 16) one would hope to see higher levels of emission reduction by now. With 

2017 verified emission levels slightly higher than 2005 values, this sector can be seen as 

affecting negatively to the overall reduction rate of the EU ETS (2% negative impact, Figure 

38). The fifth largest emitter, chemicals can be seen succumbing to large increases in 

emission levels between trading periods. A significant jump of approximately 40 million 

tCO2e can be observed between Phases II and III. With this increase level, the chemicals 

sector is also the biggest negative contributor to the overall result of emission reduction 

(13.8% negative impact, Figure 38). This increase in emissions is however understandable, 

as additional chemical activities were introduced to the EU ETS tracking list in Phase III 

such as petrochemicals and adiptic acid production. Much like with the oil and gas sector, 

there appears to be little visual similarities between the changes of chemicals sectors verified 

emissions and allocated allowance levels. (Figure 22) Interestingly, Buckley and Lemmens 

(2017) reported emission reduction from the chemicals sector, and indicated that this 

abatement appeared to have been caused by something other than lower production. This 

study however did not find any indications to support this. This can be due of the fact that 

the descriptive analyses of sector performance were conducted with observed values, and 

did not take into account the effects of policy and production related changes. In other words, 

an increase in total emissions was reported as an increase in emissions, even though the 

underlying reason for this might not have be related to GHG controlling efforts, but instead 

might have been due to something completely different such as an increase in installation 

count or a new GHGs added to tracking. However, for future research it would be interesting 
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to study the performance of the EU ETS and each sector on a level where most of these 

affecting variables (e.g. changes in policy, number of installations and production) would be 

taken into account. This would enable researchers to analyse the performance of each sector 

purely from an abatement perspective, of whether or not emission reduction has been 

achieved and GHG levels have been cut. 

 

When comparing the first and last year verified emission levels (Figure 14) a total of five 

sectors can be identified, that have been able to drop emission levels at a higher rate than 

average (17.5%). In addition to the aforementioned two (power and heat and cement and 

lime) these are education, pulp and paper, and pharmaceuticals. Out of these sectors pulp 

and paper provides an interesting case, as a clear decreasing trend in verified emissions can 

be observed (Figure 34). These results offer additional confirmation to the findings of 

Buckley and Lemmens (2017) who also observed a decrease in the sectors emission levels. 

Additionally, Buckley and Lemmens found evidence that these reductions were not related 

to lowered production rate, implicating actual abatement. Furthermore, similarly to the 

cement and lime and iron and steel sectors, the pulp and paper sector also appears to have 

received a surplus of allowances during each year of operation, which in turn contradicts the 

findings of Maarten and Venmans (2016) and Andersen and Greaker (2018). These results 

would make pulp and paper sector a prime candidate for further research, as yearly surplus 

of allowances combined with total cut of over 30% (almost double the average reduction 

rate of the system) would make an intriguing case for a deeper study. 

 

In regards to the remaining two sectors, education and pharmaceuticals, although small in 

size compared to others in the top five (education is the second smallest and pharmaceuticals 

the third smallest sector in terms of total average yearly emission) the sectors have achieved 

impressive levels of emission reduction (41% and close to 27% respectively) which should 

not be left unnamed. After all, no matter the impact on overall abatement levels, each sectors 

efforts are equally important in combating climate change. Only three sectors out of the 17 

succumbed to higher cuts in allocated allowances levels than the average (65%): power and 

heat, education and water utilities.  

 

The water utilities sector can be seen behaving the most inconsistent of the sectors in terms 

of emissions. However, this is can be largely due to its size (smallest sector), as even small 



 

 

88 

variations in these emission levels are big in ratio. This is why when observing the 

development indices of verified emissions (Figure 36) the index for water utilities can be 

observed to be the most volatile. In 2017 the water utilities sector scored an index of 334.7. 

The only sector positioning higher on the latest 2017 index values is the aluminium sector 

(337.5). This on the other hand is not surprising, as aluminium production as an activity as 

well as the tracking of PFC for aluminium sector were only included in the EU ETS from 

Phase III forward. But if aluminium production was not included during earlier stages of the 

EU ETS, one starts to wonder why emission data still exists for this sector for the entirety of 

the EU ETS existence. Unfortunately, no clear answer for this was found. However, one can 

hypothesise that some of the companies in this sector might for example have produced other 

types of goods as well, or had made the decision to opt-in to the EU ETS before it was 

mandatory. No matter the cause, when examining the aluminium sector’s performance, a 

clear increase in both allocated allowances and verified emissions can be seen in the turn of 

Phase III. It would appear however, that the aluminium sector has been successful in slowly 

cutting emissions during Phase III, even though the rate of reduction has not been as fast as 

with allocated allowances. (Figure 19) The chemicals sector succumbed to similar issues as 

the aluminium sector, as much of the chemicals production (if not all) were first added to the 

activity list in Phase III. However, when examining the sectors performance (Figure 22) a 

much smaller increase can be detected when comparing to the likes of aluminium. This is 

also why the chemicals sector’s index level has been hovering close to 200 from 2013 

onward, whereas the aluminium sector has skyrocketed to index levels of well over 300 

during Phase III. Other sectors with notably high 2017 index levels are mining (195.0) and 

building materials (147.9).  

 

An interesting aspect about the building materials sector is that the index development of 

this sector appears to have been steadily increasing almost each year of the EU ETS 

(Appendix 9). This is one of the only sectors with an index level over 100 each year from 

2006 forward. Since there are no clear jumps in verified emissions levels, and the emissions 

appear to have been continuing to grow even during Phase III, where allocated allowance 

levels can be seen decreasing below emission levels (Figure 20), this raises the question of 

why emissions are rising in this sector. Further research on this subject should be conducted 

to understand why the building materials sector appears to be going towards the wanted 

results, and keeps increasing emissions instead of reducing them.  
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When examining the development indices for allocated allowances (Figure 37) both 

aluminium and chemicals sectors can again be seen scoring high on the latest index values 

(261.5 and 135.7 respectively) which is not surprising given the changes these sectors went 

through during the commencement of Phase III. However, the third highest score stems from 

mining (108.5). This is interesting as increased allocated allowance levels might indicate 

carbon leakage prevention, but combined with a high score from the verified emissions index 

this might suggest that this sector has also succumbed to policy changes, for instance 

regarding tracked GHGs or activities (much like the aluminium and chemicals sectors). 

Another possible explanation for this might be an increase in number of installations. A 

quick look into the sectors emission and allowance levels (Figure 28) reveals inconsistencies 

in both verified emissions levels as well as the ratio of allocated allowances to emissions. In 

light of these findings, a further look into the changes in the mining sector emission levels, 

and the reasons behind them might be justified, as it might yield interesting results. 

 

Regression model  

 

Table 11. Summary of panel regression hypotheses 

 Research Hypotheses Results 

H1. A decrease in allocated allowances lead to a decrease in 

verified emissions 
Accepted 

H2. An increase in price of EUA leads to a decrease in verified 

emissions 
Inconclusive 

H3.  A decrease in GDP leads to a decrease in verified 

emissions 
Rejected 

H4. Statistically significant sectoral differences can be found Rejected 

 

Next, the results of the panel regression analysis (Table 9) will be discussed. Table 11 lists 

the hypotheses tested in the analysis and their conclusions. As already mentioned earlier, the 

results of the regression analysis provided robust support for the positive link between 

allocated allowance levels and verified emissions levels (1% significance level) thus 

contradicting the ideas of the Coase theorem (1960) and supports the results of De Vivo and 
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Marin (2017), Maarten and Venmans (2016) and Andersen and Greaker (2018). However, 

this result can in part be challenged due to the fact that the analysis has been conducted on 

data from 2008 to 2017. As described in Chapter 2.3.1. much of the allocated allowances 

during Phase II were still grandfathered (90%). In other words, the allocated allowance levels 

at that time were largely based on previous emission data, making them deeply 

interconnected. This in turn might have made analysing their relationship more difficult even 

though steps were taken to minimize the potential multicollinearity of the variables. With 

this in mind it would be interesting to continue research this subject further while adopting 

the research approach of De Vivo and Marin (2017) who instead of looking at the data as a 

whole conducted multiple analysis for different phases of the EU ETS to see whether any 

differences can be seen.  

 

The results of the two following regressors are more interesting, as they give conflicting 

results to the proposed hypotheses. For the price of EUA, the results were inconclusive, with 

the regressor showing no signs of significance during the second model built, but gains 

significance (5% level) on the third model. This also might indicate the presence of 

multicollinearity, even though as mentioned before, measures were taken to minimize this. 

In other words, it might be possible that the changes in GDP correlate with the price of EUAs 

thus leading to skewed results. The inconclusive result of H2 was also interesting due to the 

fact that many studies and reports on the EU ETS have emphasized the importance of EUA 

prices and called for stronger actions to strengthen the price of EUAs (such as Egenhofer et 

al 2011 and Wyns 2013). This also contradicts one of the main objectives of the EU ETS, 

namely the idea that the EU ETS would motivate participating entities to reduce emissions 

cost-effectively. If the price of EUAs has no effect on emission levels, then the decisions of 

whether to invest in emission reducing efforts or maintain normal emission rates might be 

based on other factors than cost-effectiveness. When turning to behavioural economic biases 

discussed in Chapter 3.1. two arise that might potentially help explain this result which are 

status quo bias and loss aversion. This is because companies might be reluctant to both let 

go of previous decisions made on the subject (i.e. a “we’ve bought allowances every other 

year, why change now” scenario) and decide to invest in new technology, that might result 

in loss. However, this is purely speculative at this point, and the potential effects of status 

quo bias and loss aversion on this subject should be researched more. Furthermore, even if 

the status quo bias and loss aversion might potentially help explain this result, it still feels 
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highly illogical, as it is the experience of this writer, that most companies strive first and 

foremost towards constant cost efficiency. Nonetheless, the inconclusive result of this 

hypothesis calls for further research on this matter, particularly on newer data (Phase III), to 

gain a deeper understanding of the relationship between EUA price and emissions. 

 

Furthermore, GDP was found not to have an effect on verified emissions levels. This is also 

intriguing, as one might suspect that changes in GDP would help explain verified emissions 

levels. With this result this study in a way contradicts the ideas of Daly and Farley (2004) 

and Bratt (2012) who propose a positive correlation between economic growth and 

environmental damage. However, as portrayed by Bratt (2012) the Daly curve does not 

represent a straight linear relationship, and instead proposes one with slightly slower 

increase speed in the middle. In this sense it might make sense that the results indicated a 

relationship that was fairly close to significance (significant at 15%) however not enough to 

report as results. As linear regression models, this result does not rule out the existence of 

the Kuznets curve, or Brundland curve. Instead, it only demonstrates that should one of these 

be accurate, the combined economic growth of the EU ETS countries has surpassed the 

tipping point and that its impact on the environment has turned. Also, the N-curve results of 

Almeida et al. (2017) would have also been hard to detect with the analysis methods selected 

for this study. However, their results propose an interesting question for further research, 

whether this sort of N-shaped curve would be a more accurate representation of the 

relationship between the two variables instead of the so called Daly curve.  

 

Finally, the result of H4 indicates that there are no statistically significant differences 

between sectors contradicting the findings of De Vivo and Marin (2017). This is quite 

interesting, as during descriptive analysis many clear differences between the sectors could 

be observed. However, this result implies that even though differences appear to exist when 

observing the yearly verified emissions and allocated allowances of each sector, they can 

still be seen behaving relatively similar to one another when observing relative changes over 

time (such as with the panel regression dataset). Nonetheless, this result feels contradicting, 

which is why further research on this subject is recommended. 
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7 CONCLUSIONS  

 

This thesis has studied the effectiveness of the EU ETS on emissions abatement on a sector 

level. The primary objective of this thesis has been to examine how well the EU ETS has 

succeeded in reducing GHG emissions on a sector level, as well as to investigate how 

changes in three potential regressors (allocated allowance levels, EUA prices and GDP) 

can be used to explain changes in emission levels. Through thorough descriptive analysis 

combined with a panel regression analysis, the following findings have been discovered. The 

EU ETS has been successful in reducing overall emission levels by 17.47%. No statistically 

significant differences between sectors could be observed during panel regression 

modelling, however clear differences could be observed through visual inspection. Of the 

17 sectors accounted for in this data, five had been successful in dropping emissions at a 

higher rate than the total average: education, pulp and paper, power and heat, 

pharmaceuticals, cement and lime. The five highest emitting sectors were identified as 

power and heat, oil and gas, iron and steel, cement and lime and chemicals. The combined 

percentage share of these five sectors is 95% of total emission level. 

 

Three panel regression models were conducted to test four hypotheses: 

 

H1. A decrease in allocated allowances lead to a decrease in verified emissions 

H2. An increase in price of EUA leads to a decrease in verified emissions 

H3. A decrease in GDP leads to a decrease in verified emissions 

H4. Statistically significant sectoral differences can be found 

 

H1 received support, as allocated allowances could be seen having a positive relationship to 

emission levels on a 1% significance level on all three models. H2 results were inconclusive, 

as one model reported significant negative relationship on a 5% level, whereas the other 

showed no significance. H3 and H4 were rejected, as no statistically significant relationship 

between the GDP and emission levels or sectoral differences could be found.  

 

The results also indicate that allocated allowance levels have been dropped significantly 

(65%). This can be considered important, as the results for H1 were statistically significant, 

and the allocated allowance levels appear to have a positive effect on emission levels 
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meaning emission levels drop when allocated allowance levels drop. Three sectors can be 

seen succumbing to higher than average cuts on allocated allowances: power and heat, 

education and water utilities.  

 

7.1 Theoretical and practical implications 

 

The findings of this study, particularly the result of H1 challenges the views of the Coase 

theorem (1960), and argues that the initial level of allocation has significant impact on 

company decision-making. It also gives support that certain biases, such as the endowment 

effect (Kahneman et al. 1991) recognized in behavioural economics might be effecting the 

entities participating in the EU ETS. The results regarding the relationship between 

allowance price and emission levels was deemed inconclusive (H2), which in part challenges 

one of the main ideas behind emissions trading that higher price of allowances leads to 

abatement investments. No significant relationship between GDP and emissions was 

observed (H3), which contradicts the so-called Daly curve model (Daly and Farley 2004; 

Bratt 2012) that proposes a positive relationship between the two variables. No conclusions 

can be drawn to neither support or contradict the Kuznets curve (The World Bank 1992), or 

the so called Brundtland curve (WCED 1987).  

 

In terms of practical implications, the results of this study indicate that the EU ETS is taking 

the right steps by restricting the number initial allocated allowances given to participating 

companies, adjusting the current carbon leakage policies in force as well as by trying to 

contain the current surplus off allowances through various different methods such as the 

MSR. These actions should stabilize the supply and demand of the allowances, which should 

lead to higher levels of abatement according to the results in this study. This thesis also finds 

evidence of emission reduction on a total level signalling that the EU ETS has been 

successful in what they have set out to do, even though the system has gone through some 

growing pains during its years of operation. Furthermore, some great examples of emission 

reduction could be identified on a sector level, such as power and heat, pulp and paper and 

cement and lime. These sectors would make prime candidates for benchmarking, and the EU 

ETS could benefit from examining the reasons behind these sector’s positive results, and 

potentially trying them out on other sectors as well. 

 



 

 

94 

7.2 Limitations and future directions 

 

One interesting aspect that this study could not attend to is the installation level analysis. 

Unfortunately, due to the nature of the data, for this study it is impossible to say how each 

sectors installation counts have changed during the data collection period. It is most likely 

that the count has not remained the same throughout the entirety of 13 years of data 

collection, and thus it is safe to assume that changes in number of installations can be 

considered to have an effect. However how strong the effect is and whether it is positive or 

negative cannot be known. With this, further research conducted on an installation level 

would be highly interesting, as the highest performing installations could be identified and 

researched to gain insight into effective abatement efforts. 

 

The results of this also study call for additional research on the effects of allocated 

allowances levels on verified emissions on a sector and phase level, as it would be interesting 

to find out whether any clear differences between phases can be detected now that enough 

data has been gathered for Phase III, and to examine if any sectoral differences can be 

observed. As Phases I and II can be seen going through an abundance of complications 

regarding for example EUA price and surplus allowances, more thorough research on the 

performance of the EU ETS should be conducted on Phase III data alone, or alternatively by 

comparing Phase III findings to the results of previous phases. Additionally, the inconclusive 

result of this study regarding the effects of EUA prices on emissions calls for further research 

on the subject. Furthermore, more research should be carried out on the potential relationship 

between GDP and emissions and the additional examination of sector level production 

volume changes and their effects on emissions is also encouraged. 

 

Finally, some interesting sector level discoveries were made while examining the data. The 

power and heat, pulp and paper and cement and lime sectors are recommended for further 

research, to understand the reasons behind their greater than average emission reduction. 

Furthermore, additional sector level research should be conducted in a way that potential 

disturbances such as changes in policy, number of installations or sector production levels 

are accounted for. This would allow the study to measure the actual levels of abatement 

instead of just reporting declared emission levels. 
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9 APPENDIX 

 

Appendix 1 List of greenhouse gases (GHGs) defined by the Directive 2003/87/EC of the 

European Parliament and of the Council of 13 October 2003 establishing a scheme for 

greenhouse gas emission allowance trading within the Community and amending Council 

Directive 96/61/EC  

 

 

 

 

  



 

 

Appendix 2. Annex I of the DIRECTIVE 2009/29/EC OF THE EUROPEAN 

PARLIAMENT AND OF THE COUNCIL of 23 April 2009, 

amending Directive 2003/87/EC so as to improve and extend the greenhouse gas emission 

allowance trading scheme of the Community - categories of activities to which this directive 

applies 

 

 

 

 



 

 

 

 

 

 

  



 

 

 

Appendix 3. Participating countries of the EU ETS during Phase I (the EU27) 

 

  



 

 

Appendix 4. Descriptive statistics of allocated allowances and verified emissions data on a 

sector level 

  



 

 

Appendix 5. Descriptive statistics of allocated allowances and verified emissions data on a 

sector level -  sector company average dataset 
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Appendix 6. Comparing sector level 2005 allocated allowance and verified emission levels to 2017 levels. 

 

 

 

 

 

 

 



 

 

Appendix 7. Total verified emissions (2005-2017), sizes and share of total verified emissions of each sector as well as total verified emissions 

and each sectors share of total verified emissions on a sector company average level 
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Appendix 8. The yearly allocated allowance and verified emission levels, their difference 

and the percentage of allocated allowances used for each sector 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

 



 

 

 
 

 



 

 

 
 

 
 



 

 

 
 

 
 



 

 

 
 

 



 

 

 
 

 



 

 

 
 

 



 

 

 
 

  



 

 

 

Appendix 9. Sector level development index for verified emission and allocated allowances 

  



 

 

 

Appendix 10. The verified emissions yearly change separated to sectors that have been able to decrease their cuts, and sectors that have 

succumbed to increases in emissions, as well as the share of their impact on each occurrence 

 

 


