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Abstract 
The European Union has initiated a scheme for trading with CO2 emission allowances as a 

measure to reduce greenhouse gas emission levels. Since January 2005 companies from 

certain energy demanding sectors, responsible for approximately 50 % of the total CO2 

emissions in the EU, are participating in this scheme, the so called EU Emission Trading 

Scheme. 

A trading scheme covering all sectors, i.e. all emissions in the EU would lead to the most cost 

efficient solution to reduce emissions by a certain amount. This means that the EU Emission 

Trading Scheme should be enlarged to cover also the transport sector, which is not 

participating today, but responsible for about 21 % of the total greenhouse gas emissions in 

the EU. 

There are three ways to include the transport sector in the EU Emission Trading Scheme, i.e. 

to administrate the handling and trading of emission allowances in the transport sector. The 

first is a so called downstream approach, meaning that the actual emitter of the GHG, in this 

case a private person driving a car or a haulage contractor using trucks to transport goods, 

would be responsible for acquiring and trading emission allowances in accordance to the 

amount of greenhouse gases that he emits. The second way is a so called upstream approach, 

meaning that the owner of fuel depots would be responsible for acquiring and trading 

emission allowances corresponding to the amount of fossil fuel that he is selling, which is 

proportional to the amount of greenhouse gases that is emitted when using the fuel. The third 

solution is to lay the responsibility for acquiring and trading emission allowances on the 

companies that are ordering the transportation service, indirectly causing greenhouse gas 

emissions when their goods are being transported. 

All three solutions have their advantages and disadvantages, but the benefits of using the 

upstream approach are the greatest. By allocating the responsibility for keeping and trading 

emission allowances at the fuel depots, an extensive part of greenhouse gas emissions from 

fossil fuel use, not only in the transport sector, could be covered by the EU Emission Trading 

Scheme to the lowest administrational cost possible.  
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Sammanfattning 
Som ett led i att minska utsläppen av växthusgaser har Europeiska Unionen skapat ett system 

för handel med utsläppsrätter gällande utsläpp av CO2. Sedan januari 2005 är handelssystemet 

aktivt och omfattar företag från energiintensiva sektorer. Tillsammans står dessa företag för 

ungefär 50 % av de totala CO2 utsläppen i EU. 

Om handelssystemet skulle omfatta utsläppen från alla sektorer och företag, skulle den mest 

kostnadseffektiva lösningen för att minska utsläppen av växthusgaser till en viss nivå kunna 

uppnås. Detta betyder att handelssystemet borde utökas till att omfatta även utsläppen från 

transportsektorn. Denna deltar inte i handeln i dagsläget, men är ansvarig för runt 21 % av de 

totala utsläppen av växthusgaser i EU. 

Det finns tre olika lösningar för att inkludera transportsektorn i handeln med utsläppsrätter. 

Med andra ord finns det tre olika möjligheter för hur handeln med utsläppsrätter kan 

administreras inom transportsektorn. Den första är en så kallad nedströmsansats, vilket 

innebär att den som släpper ut växthusgaser, i transportsektorns fall en privatperson som kör 

sin bil eller ett åkeri som använder lastbilar för att transportera gods, görs ansvarig för att 

införskaffa och handla med utsläppsrätter motsvarande de utsläpp som görs. Den andra 

lösningen är en så kallad uppströmsansats, vilket innebär att de företag som är ägare av 

bränsledepåer görs ansvariga för att införskaffa och handla med utsläppsrätter motsvarande 

den mängd bränsle de säljer. Denna mängd är proportionell mot de utsläpp som uppkommer 

då det fossila bränslet i ett senare skede används. Det tredje alternativet är att göra beställaren 

av transporter ansvarig för handhavande av utsläppsrätter. Beställaren släpper visserligen inte 

ut växthusgaser själv, men är indirekt ansvarig för de utsläpp som uppkommer då hans varor 

transporteras. 

Alla tre lösningarna har för- och nackdelar, men nyttan av att använda uppströmsansatsen är 

störst. Genom att lägga ansvaret för handel med utsläppsrätter hos ägarna av bränsledepåer är 

det möjligt att täcka en stor andel utsläpp som uppstår när fossilt bränsle används, inte bara i 

transportsektorn. Dessutom blir de administrativa kostnaderna för detta de lägsta möjliga. 
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Zusammenfassung 
Die Europäische Union hat um die Emissionen von Treibhausgasen zu vermindern ein System 

für den Handel mit Emissionsrechten errichtet. Seit Januar 2005 sind europäische 

Unternehmen aus Sektoren die viel Energie verbrauchen, und zusammen fast die Hälfte aller 

Kohlendioxidemissionen in Europa verursachen, in dieses Handelssystem involviert. 

Wären sämtliche Sektoren und Unternehmen an diesem Handelssystem beteiligt, könnte die 

wirtschaftlich effizienteste Lösung für die Verminderung der Emissionen von Treibhausgasen 

auf ein festgelegtes Niveau erreicht werden. Das heißt, dass das Handelssystem auch den 

Transportsektor, verantwortlich für rund 21 % der gesamten Emissionen von Treibhausgasen 

in der EU, umfassen sollte. 

Es gibt drei verschiedene Möglichkeiten den Transportsektor in den Handel mit 

Emissionsrechten mit einzubeziehen, oder, mit anderen Worten, wie der Handel im 

Transportsektor administrativ geregelt werden kann. Die erste Möglichkeit, ein so genannter 

Top-Down-Ansatz würde bedeuten, dass der eigentliche Emittent von Treibhausgasen für den 

Handel von Emissionsrechten verantwortlich gemacht wird. In diesem Falle wäre eine 

Privatperson, die ein Auto fährt oder eine Speditionsfirma, die LKW:s benutzt, um Güter zu 

transportieren, dafür verantwortlich genügend Emissionsrechte pro emittierte Menge 

Treibhausgas zu erwerben. Die zweite Möglichkeit ist ein so genannter Bottom-Up-Ansatz. 

Dieser würde bedeuten, dass der Besitzer von Treibstoffspeichern dafür verantwortlich 

gemacht wird, für die Menge Treibstoff die er verkauft genügend Emissionsrechte zu 

erwerben. Die Menge des verbrauchten Treibstoffes ist proportional zu der Menge emittierter 

Treibhausgase. Die dritte Möglichkeit wäre, dass die Unternehmen die den Transport 

bestellen, der die Emissionen verursacht, dafür verantwortlich gemacht werden für die 

dadurch verursachten Emissionen Emissionsrechte zu akquirieren und zu handeln. 

Alle drei Möglichkeiten haben ihre Vor- und Nachteile, aber der Nutzen des Bottom-Up-

Ansatzes ist am größten. Indem die Besitzer der Treibstoffspeicher für den Handel mit 

Emissionsrechten verantwortlich gemacht werden, können die bei der Benutzung des 

Treibstoffes, nicht nur im Transportsektor, entstehenden Emissionen, einfach in das 

Handelssystem mit einbezogen werden. Der hierfür erforderliche administrative Aufwand ist 

außerdem geringer als der für die anderen beiden aufgeführten Lösungen. 
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1 Introduction 
This first chapter gives an introduction to the thesis. Here it is explained how the idea of the 

subject of the thesis was developed and for what purpose the thesis is written. Further, the 

method used when writing the thesis, the delimiting of the problem area and the structure of 

the thesis are described. 

1.1 Background 
The thesis was written as a master thesis of the Master of Science programme International 

Industrial Engineering, at the Institute of Technology at Linköping University. The idea for 

the thesis was developed in cooperation with Birgitta Resvik at the Confederation of Swedish 

Enterprise. The work was supported by her as well as by Professor Stig-Inge Gustafsson and 

Ph.D. Dag Henning at the Division of Energy Systems, at the Institute of Technology at 

Linköping University. The thesis was intended to be used as basic information input for future 

activities in the area at the Confederation of Swedish Enterprise. 

The recognition of the world’s climate changing due to emissions of greenhouse gases has 

initiated efforts to reduce these. In a world wide spectre, the Kyoto Protocol has been 

established, prescribing emission limits for its signatories and suggesting means to reduce 

emissions. The Kyoto Protocol has been a cornerstone for the establishment of the European 

Union Emission Trading Scheme, operational since January 2005, as a measure to toggle 

carbon dioxide emissions from energy-intensive activities in the EU. The structure of the 

European Union Emission Trading Scheme has generated questions concerning the possibility 

to expand it to including activities from other sectors than the ones presently covered, and the 

effects of such an expansion. 

Having identified the transport sector, not yet part of the European Union Emission Trading 

Scheme and emitting greenhouse gases when using fossil fuel in combustion processes, as an 

important contributor to carbon dioxide emissions, it is of special interest to investigate a 

possible expansion of the European Union Emission Trading Scheme to include this sector in 

particular. 

The European Union Emission Trading Scheme will from this point on be referred to as the 

EU ETS, the Trading Scheme or the Community Scheme. For greenhouse gases the notation 

GHG, and for carbon dioxide the notation CO2 will be used. Directive 2003/87/EC of the 

European Parliament and of the Council of 13 October 2003 establishing a scheme for 
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greenhouse gas emission allowance trading within the Community and amending Council 

Directive 96/61/EC, will be referred to as the Directive. 

1.2 Objective 
The objective of the thesis is to investigate in what way it is possible to include the transport 

sector in the EU ETS and what the effects of this would be. 

More specifically the following questions will be discussed: 

• Is it possible, from the Trading Scheme’s perspective, to expand to covering also the 

transport sector? How and when can this best be done? 

• Is it possible, from the transport sector’s perspective, to be included in the Trading 

Scheme? Which is the best way to do this, i.e. which is the best way to administrate 

emissions trading in this sector and when can it be done? 

• What are the effects of including the transport sector in the EU Emissions Trading 

Scheme regarding emission reductions? 

The objective is further discussed in the Problem Analysis, Chapter 3, where the frame of 

references is used to present the thinking generating the questions above.  

1.3 Method 
The methodology of writing this thesis is illustrated in Figures 1 and 2. The first step was 

finding out what information is needed to fulfil the objective and present the result in a well-

structured way. Next, a method for analysing the collected information was created. The 

conclusions drawn from the analysis is the result. 

1.3.1 Frame of References 
Figure 1 illustrates how the main expressions of the objective, transport sector and EU ETS, 

are forming the categories of two branches illustrating the basic information input that is 

essential for fulfilling the objective. These main categories are broken down into smaller areas 

of interest, symbolising the information input needed to answer the question in the level 

above. This way, an entire “tree” of areas of interest was created, as a whole representing the 

basic information, the frame of references, needed for writing the analysis of the thesis.  

Looking e.g. at the transport sector branch, it was necessary to find out the cause for GHG 

emissions, how emission levels are developing and what the requirements concerning limiting 

them and the demand for transportation services are. It was also essential to learn how the 
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sector is organised, i.e. the connections between supplier and consumer regarding fuel as well 

as transportation.  
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Figure 1: Map of the information needed for answering the questions of interest 

 

Figure 1 was used when working with the frame of references for identifying relevant 

information. This mind map was created to ensure that the basic information input is as 

complete as possible. 

1.3.2 Analysis 
Figure 2 is an illustration of the analytical part of the thesis. It is a scheme presenting the idea 

of how the core question of the thesis is discussed. The basic information that is needed for 

identifying and analysing the main subject of the thesis, taken from the frame of references, is 

symbolised by the five boxes at the top of the figure. Having identified it, the core question is 

analysed and discussed. The input necessary for the discussion is presented in the input field 

on the left and the possible outcome of the discussion in the output field on the right. 
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Figure 2: Scheme of the analytical part of the thesis  

 

The ambition was to discuss the question of how to organise emissions trading in the transport 

sector regarding aspects like administration, incentives, possibilities and willingness. A 

substantial part of the information that the discussion is based on was gathered through a 

smaller number of deliberate interviews, making this a study of qualitative nature. The output 

of the discussion is in form of a comparison between different scenarios of how to include the 

transport sector in the EU ETS, revealing their specific advantages, disadvantages and effects. 

1.3.2.1 The Interviews 
Three scenarios of how it could be done were presented to a selected group of specialists from 

authority, organisations and industry. The specialists helped to pinpoint the strengths and 

weaknesses of the scenarios and were asked about their opinion on the possibilities to utilise 

them. 

The purpose of the interviews was in first hand to discuss the three suggestions of how to 

allocate the responsibility for trading with emission allowances when including the transport 

sector in the EU ETS. The main goal with every interview was to identify the three 

possibilities’ strengths and weaknesses, the interest groups’ willingness to implement them 

and incentives for emissions reductions that they generate. Furthermore, the interviews were 

used to affirm the correctness of and gain more information about the subjects covered in the 
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frame of references. A third ambition with the interviews was to take part in new ideas and 

suggestions on how to include the transport sector in the EU ETS. 

It was important to cover all interest groups when choosing the potential interview candidates. 

On the fuel supply side, interviews were made with representatives from one of Sweden’s 

largest oil and gasoline companies, Statoil, working on the refining-, depot- as well as retailer 

level and with representatives from the organisation representing the fuel suppliers in Sweden, 

Svenska Petroleum Institutet. On the fuel demand side, interviews were made with 

representatives from the following: 

• BilSweden, speaking for the car industry 

• Sveriges Åkeriföretag and Transportindustriförbundet, representing, respectively, haulage 

contractors and transportation in common 

• Schenker, one of the largest dispatcher companies in Sweden 

• Two companies ordering a large amount of transportation, Holmen and Scania, whereof 

the latter is constructing and manufacturing vehicles and therefore also well acquainted 

with the technological aspects of vehicles 

Having covered the fuel supply- and demand side, interviews were made also with 

representatives from governmental institutions and specialists that have been or are 

investigating some of the aspects that this thesis is about. 

The interviews were more of conversations rather than enquiries, meaning there was no list of 

questions that were posed one after another. Instead, the questions that arose when discussing 

the three scenarios were asked during the conversation. The persons being interviewed were 

asked to speak freely and to express their own opinion, or the opinion of the organisation they 

represent, as well as spontaneous reactions on the scenarios that were presented to them. 

1.4 Delimiting the Problem Area 
It is not possible to investigate and analyse every detail about the Kyoto Protocol with its 

flexible mechanisms1, the EU ETS or the situation in the transport sector. To make deeper 

analyses of certain issues possible, it is necessary to delimit the problem area to a manageable 

size. Hence, some assumptions and limitations were made which leads to results not being 

                                                 
1 By the Kyoto Protocol suggested means to reduce emissions. The flexible mechanisms will be explained at a 
later stage in the thesis. 



 - 6 - 

perfect answers. However, the core concepts and tendencies are identifiable. The work was 

based on the following assumptions and limitations. 

1.4.1 Only Considering CO2 Emissions 
The Kyoto Protocol has identified six different GHG that contribute to the greenhouse effect2, 

and allow emissions trading for all of these. The gases are CO2, methane (CH4), nitrous oxide 

(N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF6). 

Emissions of these GHG can be measured in CO2-equivalents3 (CO2e), which means that 

emissions from all GHG can be traded on the same market. Hence, it would be theoretically 

possible to limit emissions from only one of the GHG in order to attain a required level of 

GHG emissions.4  

In this thesis only emissions of CO2 are considered for several reasons: 

• CO2 is by far the most important of the GHG, i.e. a great part of the total CO2e emissions 

are in fact CO2 emissions and considering only this GHG should give a fairly good picture 

of the emissions situation in total. 

• In contrast to the case of CO2, finding information about emissions and emission trends of 

the other five greenhouse gases is more difficult. 

• In the first stage of the EU ETS only allowances for CO2 emissions are traded. 

By regarding only CO2 emissions, calculations and presentations are simplified without 

loosing too much of the accuracy in the results. 

1.4.2 Not Considering JI and CDM 
The Kyoto Protocol suggests three so called flexible mechanisms for toggling emissions – 

Joint Implementation (JI), Clean Development Mechanism (CDM) and International 

Emissions Trading (IET). This thesis focuses only on one of them – the IET, visualised by the 

EU ETS. The other two mechanisms make it possible for companies or national governments 

to conduct emission reduction projects in other countries in order to gain credits for the 

emission reductions resulting from these projects. The flexible mechanisms are more 

thoroughly explained in Chapter 2.3.2. 

                                                 
2 The greenhouse effect is what is said to be causing climate change. 
3Emitting a certain amount of the GHG has different effects on the environment depending on what GHG is 
emitted. For example emitting one tonne of methane has the same effect as emitting 21 tonnes of CO2. Thus, 
having emitted one tonne of methane is the same as having emitted 21 tonnes of CO2e. 
4 IPCC Third Assessment Report 
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The possibilities to investigate potential JI and CDM projects within this thesis are marginal – 

there are too large a number of scenarios to consider. Except for that, it is plausible to say that 

the JI and CDM projects that in reality will be completed will contribute only with a relatively 

small part to total emission reductions5 and therefore have relatively small effect on the price 

of emission allowances in the EU ETS. 

1.4.3 Not Regarding Other Financial Means 
Today, there are a great number of laws and regulations established to control emissions. In 

most cases, taxes or contributions are used to give incentives to lower the level of emissions 

or directives are assuring that certain emission reducing technological means are used. 

This thesis takes no regard of what effects such instruments in particular, neither existing nor 

potential ones, might have. Analyses are made, aiming to examine only the effects deriving 

from the inclusion of the transport sector in the EU ETS. 

1.4.4 Using State of Today as Basis for the Thesis 
The thesis builds on the assumption that no great changes concerning technology, politics or 

environment will occur in the near future. The state of today, e.g. in the case of which nations 

are EU Member States, is used as basis for the work. Concerning the technological 

development, the assumption is that no revolutionary, emission-reducing invention will be 

developed that could fulfil all the goals set up in the Kyoto Protocol.  

1.4.5 Using Sweden as Example  
The ambition is to investigate the Trading Scheme and the transport sector in the EU as an 

entity. However, since the thesis is written in Sweden, some of the sources and the people 

being interviewed are Swedish. Sweden cannot be considered as representing the EU, mostly 

since the energy situation in Sweden is different from the average EU Member State. 

This aspect might lead to the result of the thesis not representing exactly the opinion of the 

EU, but being influenced by the specific Swedish opinion on the matter. This is important to 

be aware of when reading the results of the thesis. 

1.4.6 Using EU-15 for Examples 
The EU of today consists of 25 Member States (EU-25), whereof 10 joined the Union in 

2004. Although the intention is to investigate the EU-25, it is often not possible to find 

sufficient information about it. Since statistics about the EU consisting of the 15 Member 
                                                 
5 Emission reductions from such projects are limited to be at the most 6 % of the total reductions a nation has to 
perform. 
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States that were part of the Union before 2004 (EU-15) is more complete and easier to find, 

the EU-15 will frequently be used in examples. Choosing to do this leads to the situation not 

always being described as it is in reality, and results of the analyses not being perfect. E.g. 

when it comes to current emission levels and reduction commitments agreed to under the 

Kyoto Protocol6 the 10 Member States that joined the EU in 2004 generally have a marginal 

even to increase emissions compared to today’s levels.  

However, core concepts and tendencies in the EU-15 should not differ too much from the 

ones in the EU-25, providing acceptable results. 

1.4.7 Considering Only Oil-Based Fossil Fuels 
When looking at the transport sector only oil-based fossil fuels are taken into consideration. 

The number of vehicles using other fossil fuel, e.g. natural gas, is insignificant compared to 

the ones using gasoline or diesel oil. Hence the effect on statistics or assumptions made 

should be marginal. 

1.4.8 Looking Mainly at Road Transportation 
In the transport sector the categories of transportation in which fossil fuel is used are road, 

rail, sea and air transportation. The structure of road transportation, with many smaller 

companies and private persons with personal cars, differs from the structure of the other 

categories, where there is a smaller number of large companies. Thus the way the fuel is 

delivered to the consumer also is different. Moreover, road transportation is causing the 

substantial part of CO2 emissions in the transport sector. Because of the special structure of 

road transportation and since it is responsible for the majority of CO2 emissions in the sector, 

it is considered to be the most interesting category to discuss, thus, it is the category that is 

focused on in this thesis. 

1.5 Structure 
In chapter 2, the frame of references, background information is put forward so that the reader 

can understand all the underlying factors influencing the subject investigated. The following 

subjects are described: 

• Economic theory underlying the idea of the EU ETS  

• The greenhouse effect and its causes 

                                                 
6 Of the signatories of the Kyoto Protocol, industrialised nations have agreed to reduce their GHG emissions by a 
certain amount for the years 2008-2012 compared to emission levels in 1990. 
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• The Kyoto Protocol and reasons for establishing it 

• The EU ETS including its development, structure, regulations and possibilities deriving 

from it 

• The transport sector 

Chapter 3 is a problem analysis. In this chapter the objective of the thesis is discussed and, 

using the information in the frame of references, the basis for the scenarios that will be 

analysed later on in the thesis is created. 

In Chapter 4 an analysis of different suggestions of how to include the transport sector in the 

EU ETS is made. Three scenarios are discussed, focusing on their advantages and 

disadvantages, and conclusions are made in order to fulfil the objective of the thesis. 

Chapter 5 consists of the conclusions made in Chapter 4. Here the results are summarised. 
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2 Frame of References 
In order to understand the subject of this thesis, a certain theoretical background is needed. 

This chapter describes the economic theory underlying the EU ETS, some issues concerning 

GHG and climate change, as well as the Kyoto Protocol, the EU ETS and the situation in the 

transport sector. The reader who already is acquainted with these subjects can skip this part 

of the thesis and move directly to Chapter 3. 

2.1 Economic Theory 
The economic thinking underlying the need of emission allowances is based on the fact that 

the market suffers from a market failure, described in the following section. 

2.1.1 Pollution – an External Effect 
Every process, e.g. a manufacturing process, generates side-effects that are not accounted for 

when calculating costs and income. The pollution that a firm causes is a side-effect, a so 

called external effect, i.e. a cost to a third party that is not calculated as a cost in a firm’s 

production decisions.7,8 As the firm will not see its surroundings as a scarce resource, nor will 

it be responsible for the costs put on the third party, the pollution will not affect its profit level 

in any way. Thus, the firm’s marginal cost of production, its marginal private cost, will be 

lower than the marginal social cost.9  

Except for being difficult to identify and put a value on, a reason for external effects, 

especially concerning environment, not being represented in traditional cost calculations is 

that there is no owner of the environment; it is a so called public good. Public goods are 

characterised by two main features – non-excludability and non-rivalry. Non-excludability 

signifies that it is impossible, or at least prohibitively costly, to exclude somebody from 

making use of the environment. As a consequence, the marginal cost of using the environment 

is in most cases equal to zero and thus, over-exploitation usually occurs. Non-rivalry indicates 

that more than one participant can use the same unit of the public good at the same time, and 

the consumption of one person does not hinder anybody else’s use of the same one unit. As 

participants, in the case of no intervention, do not pay anything for the consumption, they will 

interpret this as if the good has no cost. Due to this, a free-rider problem will occur, meaning 
                                                 
7 Pollution, such as waste and chemicals, may of course be generated also by households. However, this 
discussion is limited to firms as the EU ETS mainly focuses on these market agents. 
8 Examples of other external effects are that accidents can happen, generating medical costs; that a 
manufacturing site can ruin the view or generate unwanted noise for people living nearby, making the area less 
attractive to live in, leading to lower house prices; or that the processes generate emissions that have negative 
effects on health, buildings, crops and forests in the surroundings. 
9 Lipsey & Courant, 1996 
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that everybody will consume the good without taking into consideration the actual social cost 

of this consumption, and over-consumption will occur. 

In the case of emission of pollution, decision makers try to find ways of internalising the 

external cost in the firm’s production costs. In other words, ways to reach a situation where 

the firm’s marginal cost of production equals society’s has to be found. 

2.1.2 Allowances – a Precise Means to Attain a Desired Emission Level 
There are several different methods that can be applied when trying to limit external effects. 

The possible tools are usually divided into two categories, administrative and economic. 

Administrative tools focus on trying to control the inputs in a certain process, e.g. decision 

makers can decide that only certain filters or production methods are allowed. Economic 

tools, on the other hand, try to control the output, and hence pollution, from a process by 

influencing firms’ profit-maximising decisions. When being subject to e.g. fees, pollution 

taxes or allowances, a firm will revise its decision of what is the profit-maximising quantity. 

The cost of pollution, or at least a part of it, will thus be counted into the firm’s production 

cost and the production quantity will be lowered. Alternatively, the firm will choose to 

introduce a more environmental friendly production method. 

Consider the following scenario: In a certain region existing companies are emitting 100 units 

of pollution and the government is seeking to reduce the emissions to 92 units. The situation, 

as well as the marginal cost of reduction for the companies is illustrated in Figure 3. 
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Figure 3: Different ways of controlling the level of emissions 
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The government has two possibilities for reaching the desired emission level; either it can 

hand out or sell10 allowances to emit only 92 units of pollution, or it can decide on a tax or 

penalty fee that the companies have to pay per emitted unit. The first alternative would 

directly lead to the emission level of 92, the total cost for the reductions being the area under 

the marginal cost curve between 92 and 100 on the emission axis.11 The emission level 

deriving from the second alternative is given from the intersection of the marginal cost curve 

and the penalty fee line. As long as the marginal cost of reduction is lower than the penalty 

fee, a rational actor will choose to reduce its pollution levels rather than pay the fee. In this 

case, a penalty fee of 15 would lead to the emission level 92 and the total cost for emission 

reductions would be the same as for the first alternative.  

A difficulty when setting a penalty fee is to decide how high it should be to attain the desired 

reductions. To do it right from the beginning, it is necessary to have access to all the 

companies combined marginal cost for emission reductions – information that most often is 

not known. Therefore this solution calls for a period of “trial and error” before being able to 

decide the penalty fee level generating the stated emission level. In other words, in a situation 

where information is limited, choosing to make use of a fee system often leads to problems 

achieving a high level of precision in pollution abatement.12 

As a conclusion drawn from the example above, one can say that using emission allowances 

is a way to precisely reach a desired level of emissions.13  

2.1.3 A Dynamic Market – Applying Coase Theorem 
Using emission allowances and creating a market where they can be traded among polluting 

companies generates not only a precise emission level, but also a dynamic market situation 

securing cost efficient emission reductions. 

Illustrated in Figure 4 are companies A-H together emitting 100 units of pollution and their 

specific marginal cost for reducing emissions. If the decision maker, i.e. the government 

wants to limit emissions to 50 units, the cost efficient solution is allocating allowances to 

firms with the highest marginal costs of reduction, i.e. firms A to D. If the companies’ 
                                                 
10 Selling or handing out the allowances for free generate different distributional effects, where selling them 
would be closest to a situation using penalty fees. Whether to sell or distribute for free is a widely discussed 
subject that will not be looked into in this thesis. 
11 Under the condition that every company gets exactly the amount of allowances such that their marginal cost 
for reducing one more unit is the same and that exceeding the set level is combined with high alternative costs. 
12 Pihl, 2003 
13 It has to be kept in mind that, even though a system of allowances might seem as a better alternative, this is not 
always the case. Given that the level of emissions from companies is hard to measure, this solution will be quite 
useless. 
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marginal costs of reduction are not known, a market for trading with allowances is the 

solution to attain the most cost efficient situation. Given that all companies in the beginning 

have the same amount of emission allowances, companies A to D would be willing to buy 

emission allowances from companies E to H as long as the price of one allowance is lower 

than their marginal cost for reducing pollution. Similarly, companies E to H would be willing 

to sell the allowances to them as long as the price that is offered exceeds their marginal cost 

of reducing pollution. Under the assumption that the allowances are transferable between 

firms, handing out 50 allowances would generate a price of 15 per allowance. Firms A to D 

would still pollute the same amount while firms E to H would choose to sell their allowances 

and reduce their amount of pollution.  
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Figure 4: Marginal cost deciding price of allowances14 

 

The example above can be seen as an application of Coase theorem. In the article “The 

Theory of Social Cost” Ronald Coase argues that, given certain assumptions15, the problem of 

pollution can be solved with very little governmental intervention. Coase states that the role of 

the government is to define the property rights, i.e. to decide who has the right to a certain 

good. Thus, the main question is whether it is the firm that has the right to pollute the air or 

the surrounding inhabitants that have the right to clean air.16 

                                                 
14 Pihl, 2003 
15 The analysis is based on the assumption that there are no transaction costs. Further, property rights have to be 
clearly defined and enforceable as well as fully transferable between market actors. If these requirements are 
met, the initial distribution of emission allowances will not matter, the market will eventually reach the optimal 
distribution of allowances.  
16 Lipsey & Courant, 1996 
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Assume that it is decided that the inhabitants “own” the air. Initially, they will choose to 

forbid firms to pollute at all and consequently no production will be allowed. However, if the 

actors on the market have the possibility to negotiate, an efficient resource allocation will be 

attained. The cost for society for the first units of pollution is generally low while the cost for 

firms to completely remove pollution is very high. Hence, the firms will have the incentives to 

offer the inhabitants a compensation for being allowed to pollute. As long as the cost for 

reducing the pollution is higher than the cost pollution causes for society, rational firms will 

offer the inhabitants certain compensation and increase their production, likewise pollution. 

The inhabitants, assumed rational, will correspondingly accept the compensation as long as it 

is higher than the cost caused by the pollution. The socially efficient solution is reached when 

the marginal cost of pollution for society equals the marginal cost for firms to reduce 

pollution. Put differently, the socially optimal level of pollution is the level where a change in 

pollution amount by one unit gives rise to as many advantages to the firm as disadvantages for 

society.17  

The application of Coase theorem does not only concern the amount of pollution. The theory 

states that on a market where allowances are traded freely, firms will negotiate between 

themselves to reach a situation where the firms with the lowest marginal cost of reduction will 

be the ones to lower their pollution level.18 Figure 5 illustrates the interaction between two 

companies, A and B acting on a market for emission allowances.  
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Figure 5: The interaction between two companies acting on an emission allowances market19 

                                                 
17 Lipsey & Courant, 1996 
18 Pihl, 2003 
19 Ibid. 
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Both companies are currently emitting 15 units of pollution and the price of one emission 

allowance is 15. The marginal cost curves for the two companies’ emission reductions are 

given by curves A and B. 

Company A has achieved the level of 15 by reducing emissions at a marginal cost up to 20. At 

the same level of pollution, company B has a marginal cost of reduction of only 10. 

Consequently, firm A would be willing to buy a part of the emission allowances from firm B 

for a price of 15, i.e. the price of an allowance on the market. Firm B, being able to reduce its 

emissions at a marginal cost of less than 15 would rationally be willing to sell some of its 

allowances. Both firms, as well as society, would gain on this transaction as the party that can 

reduce emissions at the least cost, i.e. firm B, makes the reduction. The most cost efficient 

solution is thus reached when firm A emits 20 units of pollution and firm B 10 units. For 

either company, lowering its emission with another unit would cost 15, i.e. the marginal cost 

of reduction is equal between the parties. This procedure will also generate the price of one 

emission allowance on the market.  

The same result could be achieved if a penalty fee for emissions is set to 15 per unit. As 

mentioned earlier however, finding the proper fee level demands considerable amounts of 

information, which makes it difficult for decision makers to optimise the fee. Therefore, a 

better situation can be reached when letting the market decide the price level. 

The main conclusion of this theory is that a market where companies can trade emission 

allowances amongst each other, leads to the most cost efficient reduction measures being 

carried out. Negotiations between different parties will lead to a “win-win”-situation where, 

companies’ economic incentives will help the market to reach a socially desirable reduction of 

pollution to the lowest cost possible. The emitting companies’ combined marginal cost for 

emission reductions will decide the price of one allowance. Handing out emission allowances 

and making it possible for these to be traded, a certain emission level, as well as a dynamic 

market, is attained. What has to be emphasised is that, in order to reach the most cost efficient 

solution, all emitting companies should be participating and trading allowances on the market. 

Only then will the system cover all the cheapest reduction measures, which will be the ones to 

be carried out, to the lowest total cost possible for society.20 

                                                 
20 Pihl, 2003 
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2.1.4 Changing Market Conditions Affects Allowance Price, Not 
Emissions 

Closely connected to the theory about the dynamic market is the theory about an emission 

markets ability to adapt to changes in the economic environment. In the example in Figure 6, 

assuming the marginal cost for emission reductions is given by curve B, the government could 

attain an emission level of 92 either through selling exactly 92 allowances or introducing a 

penalty fee for emissions of 10.  
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Figure 6: Securing emission levels when conditions are changing21 

 

Changes in the economic environment, e.g. that the emitting companies are experiencing 

economic growth22 or that their nominal income increases due to inflation23 would lead to 

their marginal cost curve for emission reductions shifting from B to A. The figure makes it 

clear, that a fixed penalty fee of 10 in this case would lead to increased emissions, namely to 

the level 100. To attain the emission level 92 the penalty fee would once again have to be 

revised. This can be compared to a situation where allowances are used; then a fixed number 

of emission allowances would imply that the emissions are maintained at the desired level. 

Instead the price of allowances would increase to 15. 

                                                 
21 Pihl, 2003 
22 meaning that their products are required, they produce more, make more money and are willing to pay for 
emitting more 
23 meaning the companies are willing to pay higher fees for emissions since the fee’s value, in real terms, is 
lowered 
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The core message from this theory is that adopting a system of tradable emission allowances, 

the market will regulate itself regarding allowances prices, while the emission level is kept 

constant despite changing market conditions. The government does not have to actively 

regulate the penalty fee and it has good control of the emission level. 

2.1.5 Risks Using Allowances to Toggle Emissions 
Having presented some theories speaking for the use of emission allowances instead of 

curbing emissions with fees or taxes, this chapter mentions some negative aspects of emission 

allowances trading that have to be taken into consideration.  

2.1.5.1 When the Penalty Fee is set too Low 
For a system of tradable emission allowances to be well functioning, there must be incentives 

for not exceeding the desired level of emissions, e.g. a penalty fee when doing so. There is a 

risk however that the penalty fee is set to low. Put differently, the marginal cost for emission 

reductions will in such a case be higher than the penalty fee for exceeding the emission level 

decided upon. The result of this would be that companies would prefer paying the penalty fee 

to be able to emit more rather then lowering their levels of emissions, leading to overall 

increased emissions. 

2.1.5.2 Possible Disincentives for Emission Reducing Actions 
Given the opportunity to trade with emission allowances, a company can choose either to emit 

according to its allowances, which it already owns, or to sell them. Using the allowances for 

emissions gives rise to an alternative cost for the company corresponding to the price the 

company could have earned selling the allowances. A question that has been debated in this 

matter is whether this alternative cost generates fewer incentives for emission reductions 

compared to when a company has to pay a fee per unit of pollution emitted. A way solve this 

problem, i.e. to generate incentives for reducing emissions might be to initially sell the 

allowances or combine the trading with other financial means.24 However, this question is 

beyond the scope of this thesis. 

2.1.5.3 Other Financial Means Disturbing the Allowances Market 
A condition for achieving the most cost efficient situation, based on the theories presented 

above, is that the allowance trading has to take place on a perfect market. This means that 

every player is in possession of all information about the market and that there are no barriers 

preventing the perfect market. In reality it is likely, that there will be barriers in form of 

                                                 
24 Pihl, 2003 
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administrative trading costs and differing tax situations concerning allowances and 

transactions on an international market. This would affect the actual cost of allowances 

transactions and prevent the players’ possibility and willingness to trade. Hence, the optimal 

reduction situation will not be achieved. A partial way to eliminate certain barriers is e.g. to 

harmonise the tax situations between the participating nations – something that is not likely to 

happen in the EU for a long time.25 Also, creating an official market place for the trading can 

lower the information barriers of market participants. 

2.1.6 Price Elasticity26 
Every time a decision has to be made there are several factors influencing that decision. It is 

therefore of interest to know how a change of these factors affects the decision, which is 

exactly what the concept of elasticity is about. 

Price elasticity of demand is a measure of how much the demand for a particular good 

changes when its price changes. In Figure 7 this is illustrated by the demand curve for a 

certain good. If the price of the good is p1, the demand for it, i.e. the quantities of it that are 

sold is q1. If the price for some reason changes to p2, the demand shifts to q2, given that all 

other factors affecting demand are constant.  

p1

p2

0 q2 q1

P
ric

e

Quantity

Demand

p1

p2

0 q2 q1

P
ric

e

Quantity

Demand

 

Figure 7: The shape of the demand curve 

 

The elasticity is calculated as a relation between the percentage change in quantity and the 

percentage change in price.27 The steeper the demand curve is, the smaller will the change of 

                                                 
25 Econ Analysis AB, Report 2004-081 
26 Lipsey & Courant, 1996 
27 Mathematically, the price elasticity of demand is expressed as ε  = - (ΔQ/Q) / (ΔP/P). The negative sign is 
sometimes used to illustrate the negative slope of the demand curve of a normal good, i.e. a good for which the 
demanded quantity increases with a lower price. 
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quantity be in relation to the change of price and hence, the lower is the elasticity. A good 

with a low absolute figure of price elasticity, usually considered between zero and one, is 

considered to have an inelastic demand, i.e. changes in price do not have great effect on 

demand. A value above 1 corresponds to a relatively elastic demand. Given, for example, that 

the elasticity is –0.2, an increase in the price by one percent would lead to a decrease in 

demand by 0.2 percent. 

2.2 Reasons for and Effects of Climate Change 
In the following the process of the Greenhouse Effect and the characteristics of GHG are 

explained. Thereafter, the cause for global warming, its resulting effects and possible 

measures to stop it are described. Moreover, data and the cost of GHG emissions are 

presented. 

It is here necessary to mention that there are different opinions on the cause for and impact of 

the Greenhouse Effect. There are some people arguing that the global warming is a natural 

development that is not induced by anthropogenic effects on environment. The theories 

presented in this thesis are the most common and accepted, and represent the thoughts that the 

Kyoto Protocol is created upon.  

2.2.1 A Basic Description of the Greenhouse Effect28 
The Greenhouse Effect is a natural phenomenon generating the favourable climate on earth. 

Its procedure depends on the fact that water vapour and GHG, especially CO2
29

, existing in 

the atmosphere have no effect on visible light, but absorb radiation that have a longer 

wavelength, e.g. infrared light, i.e. radiation sent out from warm bodies. 

Of all the sunlight shining on earth, some is directly reflected back into space by clouds and 

some shines through the atmosphere, heating the surface of the Earth. From the warm surface, 

radiation is sent back towards the atmosphere, either passing into space, being reflected back 

to Earth again, or being absorbed by water vapour and GHG. Absorbing the radiation, the 

water vapour and GHG in the atmosphere heat up and, again, send out radiation, part of it into 

space and part of it once more back to the surface of the earth, heating it. This procedure is 

generating the Greenhouse Effect (see Figure 8). 

                                                 
28 http://www.climateprediction.net 
29 Even though there are several GHG in the atmosphere, the focus is on CO2. The main reason is that CO2 is the 
most common of the GHG in the atmosphere. 
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Figure 8: The annual radiation balance of the Earth. All figures in W/m2. Some incoming solar radiation 
is absorbed by the surface, and some heat is returned to the atmosphere in different ways, such as 
evaporation and thermal radiation. A great part of the returning heat is absorbed by the atmosphere and 
radiated into space or back to Earth. 30 

 

If the amount of GHG in the atmosphere increases, a logical consequence is that the 

Greenhouse Effect gets more intense as more radiation will be transferred to the surface of the 

Earth. A doubled amount of CO2 in the atmosphere is estimated to lead to on average 2 °C 

higher temperature on Earth.31 

The Greenhouse Effect is a complicated occurrence, influenced by many interdependent 

factors other than the amount of CO2 in the atmosphere. A rational implication however, is 

that the amount of CO2 in the atmosphere has a certain effect on the process. 

2.2.1.1 The Greenhouse Gases 
Depending on the effect they have on global warming, the different GHG are characterised by 

differing global warming potential (GWP). Since time affects the GWP of the GHG32, the 

Intergovernmental Panel on Climate Change (IPCC) has decided to use a 100-year GWP to 

weigh the GHG against each other. Used as a reference, CO2 has a GWP of 1, which makes it 

easy to convert the other GHG into carbon dioxide equivalents (CO2e). For example one 

                                                 
30 Kiehl & Trenberth, 1997 
31 This increase of temperature, corresponding to modern estimations, was for the first time calculated by Svante 
Arrhenius in 1896. 
32 The time until the different GHG in the atmosphere are broken down differs. 
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tonne of emitted methane equals to 21 tonnes of CO2e and thus has the same impact on global 

warming as emitting 21 tonnes of CO2. In Table 1 the GHG and their GWP:s are presented.33 

Greenhouse gas Global warming potential 
Carbon dioxide (CO2) 1 
Methane (CH4) 21 
Nitrous Oxide (N2O) 310 
Hydrofluorocarbons (HFCs) 150 – 11,700 
Perfluorocarbons (PFCs) 6,500 – 9,200 
Sulphur Hexafluoride (SF6) 23,900 
 

Table 1: The greenhouse gases and their global warming potential34 

 

CO2 is by far the most common of the GHG. In the EU, CO2 accounts for about 80 % of the 

total GHG emissions.35 

In combustion processes the emitted amount of CO2 is proportional to the combusted amount 

of fossil fuel.36 This means, that it is enough to know how much fuel is used to be able to 

determine the amount of CO2 emitted. 

2.2.1.2 Global Effects and Long Lasting Impact37 
The IPCC has confirmed that the emission of GHG has an effect on the world climate. 

Although emissions are concentrated to certain areas, changes in the atmosphere, the climate 

and the biophysical system are noticed all over the world. The impacts of GHG emissions is a 

global problem, i.e. regardless of the nation or the sector in which the GHG are emitted, the 

effects will be the same and world wide. 

The fact that GHG emissions and the effects of it are global requires a world wide cooperation 

working towards limiting it. Reduced emissions in one part of the world and increased 

emissions in another sum up rendering in no effect at all. 

Figure 9 illustrates the long-term effects of CO2 emissions. Drastically reducing CO2 

emissions does not have instant effect on climate change. Although, the CO2 concentration in 

the atmosphere stabilises within one to three centuries, the surface temperature slowly rises 

for another century or more. Thermal expansion and ice melting leads to a rising sea-level 

many centuries, even millennia after CO2 emissions have been reduced. 

                                                 
33 IPCC Third Assessment Report 
34 Ibid. 
35 Second ECCP Progress Report 
36 Nylund, H (2002), p. 5 
37 IPCC Third Assessment Report 
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Figure 9: The long-term effects of CO2 emissions. The figure illustrates the scenario at a CO2 stabilisation 
between 450 and 1,000 ppm and thus shows no exact development of the consequences. At higher CO2 
concentrations impacts become progressively graver.38 

 

The long lasting effects of CO2 emissions call for immediate action. The sooner the CO2 

concentration in the atmosphere is stabilised and the lower the level of it is, the smaller are the 

consequences of it. 

2.2.2 Development of CO2 Concentration in the Atmosphere 
Since the beginning of the industrialisation the CO2 concentration in the atmosphere has 

increased, mostly due to fossil fuel combustion. The CO2 concentration is given in parts per 

million (ppm), which is the mol fraction of CO2 relative to dry air.  

In Figure 10 information originating from measurements, for modern time, and ice cores, for 

earlier years, illustrates the CO2 concentration in the atmosphere the past millennium. Taking 

in regard how the problems with GHG emissions are being handled, predictions about the 

next 100 years’ development of the CO2 concentration in the atmosphere have been made 

based on several IPCC emission scenarios. 

 

                                                 
38 IPCC Presentations and Graphics 
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Figure 10: The CO2 concentration in the atmosphere39 

 

A development towards an increased concentration of CO2 in the atmosphere has already been 

noticed. Furthermore, all the projected scenarios predict a significant increase of CO2 in the 

atmosphere in the future. 

2.2.3 Impact of CO2 in the Atmosphere 
There exists an uncertainty among scientist regarding the effects of increased CO2-

concentration on the climate. Changes in the Earth’s surface temperature have been confirmed 

and predictions have been made about a possible development (see Figure 11).  

 

                                                 
39 IPCC Third Assessment Report 
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Figure 11: The Earth mean temperature. The temperature scale is indexed to the value of 1990. 40 

 

In the diagram, the figures for the time between the years 1000 and 1860 are average 

temperatures of the Northern Hemisphere. They have been estimated using information found 

in tree rings, corals, ice cores, and historical records. The line represents the average 

temperature over a 50-year period, while the grey bars show the annual temperature with a 

confidence interval of 95 %. For the years 1860 to 2000, information from actual temperature 

measurements are used. The bars show variations in globally observed average temperatures 

over a year. The line represents the average over a decade. As to the future, several different 

IPCC emission scenarios have been simulated, predicting different developments. The 

outcomes are depicted in the graph as a grey area showing the span of possible temperature 

development for the years between 2000 and 2100. 

                                                 
40 IPCC Third Assessment Report 
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The IPCC has involved over 2,000 scientists in a study to investigate the climate situation. It 

has established a list of facts about the climate development in the 20th century.41 An excerpt 

from the list can be seen in Appendix I. 

The study also includes prospects for the future. In the Synthesis Report to the IPCC Third 

Assessment Report the following statements are presented:42 

• Carbon dioxide concentrations, globally averaged surface temperature, and sea level are 

projected to increase under all IPCC emission scenarios during the 21st century. 

• An increase in climate variability and some extreme events are projected. 

• Projected climate change will have beneficial and adverse effects on both environmental 

and socio-economic systems, but the larger the changes and rate of change in climate, the 

more the adverse effects will predominate. 

• The projected rate and magnitude of warming and sea-level rise can be lessened by 

reducing greenhouse gas emissions. 

• Reducing emissions of greenhouse gases to stabilize their atmospheric concentrations 

would delay and reduce damages caused by climate change. 

2.2.4 The Sources of CO2 Emissions 
Industrialised nations and nations in transition are responsible for a great part of the total 

emissions of CO2. The greatest emitter of GHG is the USA, followed by the EU. Looking at 

CO2 emissions per capita, the USA is by far the greatest emitter and industrialised nations 

have significantly higher figures than developing nations. Table 2 is based on information 

from the report Energy & Transport in Figures 2004. 

 World USA EU-15 Japan Russia China  India Other 
Population (million) - 288 380 127 145 1,279 - - 
Tonne CO2/capita 2002 - 20.2 8.4 9.2 10.3 2.6 - - 
CO2 emissions 1990 20,662 4,826 3,112 1,019  -   2,290 591 - 
CO2 emissions 2002 23,928 5,815 3,175 1,164 1,492 3,347 1,063 - 
CO2 emissions % 2002 100 % 24.3 % 13.3 % 4.9 % 6.2 % 14.0 % 4.4 % 32.9 %
 

Table 2: CO2 Emissions from Energy (Million tonnes CO2) 43 

 

                                                 
41 IPCC Third Assessment Report 
42 Ibid. 
43 Energy & Transport in Figures 2004 
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The situation for the recent decade shows that CO2 emissions have increased, particularly in 

nations in transition, like India and China, see Figure 12. Increased emissions can be seen also 

in most industrialised countries, although the EU countries have managed to keep their 

emissions at a constant level. The substantial decrease of emissions in Russia, as is the case 

also in many other Eastern European nations is mainly explicable with a depressed economic 

situation as well as a recent technological development. The last decade has been influenced 

by a restructured industry and more open cooperation with western countries, giving access to 

environmentally better technology. 
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Figure 12: CO2 Emissions from Energy. The emission scale is indexed to the value of 199044 

 

Looking closer at the different sectors, power and heat generation and transport are the sectors 

contributing most to CO2 emissions. Together they are responsible for 65.5 % of the total CO2 

emissions in the EU. 

 Total Power & 
Heat* 

Industry Trans-
port 

of which 
Road 

House-
holds 

Services 
& other 

1990 3,775 1,487 723 793 675 500 273 
2002 3,750 1,472 593 986 835 454 246 
% 2002 100 % 39.2 % 15.8 % 26.3 % 22.3 % 12.1 % 6.5 % 
* Includes "own use" by power and heat generation sector 

Table 3: CO2 Emissions from Energy (EU-25, Million tonnes CO2)45 
 

Over the past decade, the transport sector is the sector that has experienced constantly 

increasing emission levels. Some of the yearly variations in the other sectors can be explained 

                                                 
44 Energy & Transport in Figures 2004, Figure 2.8.5 
45 Energy & Transport in Figures 2004, Figure 2.2.8 
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with weather conditions – a cold winter leads to increased heat production and higher CO2 

emissions. The long-term development for each sector however, can be seen in Figure 13. 
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Figure 13: EU-25 CO2 Emissions from Energy. The emission scale is indexed to the value of 1990 46 

 

2.2.5 External Effects – Cost of Emissions47 
Taxes and fees, as well as environmental certification are attempts to make the emitter aware 

of the external effects he is causing. Further steps are defining a monetary value for external 

effects from emissions, creating ownership of emissions through introducing emission 

allowances and then trade these on a market, the difficulty in this being to define a monetary 

value to a certain amount of emissions. Some attempts to do this have been made, for example 

by the European Commission in the project called ExternE. The study could state that 

estimating the cost of emissions of GHG is combined with great difficulties. It has however 

come up with four monetary values for this; €3.7, €17.5, €44.8 and €135.3 per tonne CO2.48 

The wide range of results underlines the difficulties of estimating the external cost of GHG. 

An investigation49 initiated by the Swiss advisory body on climate change (OcCC – Organe 

consultatif sur les changements climatiques) has stated that GHG emissions not only affect the 

global climate, but also the local environment in various ways, generating external costs. The 

OcCC has identified secondary benefits of GHG reductions - the reduction of external costs in 

the local environment. They have investigated the occurrence of secondary benefits in the 

                                                 
46 Energy & Transport in Figures 2004, Figure 2.2.8 
47 Carlson, 1999 
48 Carlson, 1999, p. 56. The values have been calculated from values in Swedish Kronor, using the rate of 
exchange of 1 Euro = 9,2 Swedish Kronor 
49 OcCC, 2000 
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areas of science, health, ecology and environment, as well as research and technology, and 

come to the conclusion that except for improving the global climate, GHG emission 

reductions will lead to significant secondary benefits at national level. The OcCC presents this 

as a “key argument for a rapid implementation of efficient measures to reduce greenhouse 

gas emissions”50. 

2.3 Recognition of the Situation – International Cooperation 
Being established in 1992, the UN Framework Convention on Climate Change (UNFCCC)51, 

was the first international cooperation working towards limiting GHG emissions. “The 

ultimate objective of the UNFCCC […] is to achieve stabilisation of GHG concentrations in 

the atmosphere at a level which prevents dangerous anthropogenic interference with the 

climate system.”52 As a first step, almost 200 signatory countries decided that developed 

countries should stabilise their GHG emission rates to the level of 1990 by the year 2000. 

This, however, was only a recommendation. Having recognised that this was not enough for 

reaching the long-term objective and wanting to establish a plan of action for the years after 

2000, the Convention adopted the Kyoto Protocol in 1997. This is to be seen as a complement 

to the UNFCCC that transforms the UNFCCC objective to reduce GHG emissions into 

quantifiable reduction targets and suggests measures for reaching them. 

2.3.1 Scope of the Kyoto Protocol53 
To enter into force, it was required that the Kyoto Protocol was ratified by at least 55 nations, 

together responsible for at least 55 % of industrialised countries’ emissions in 1990. When 

Russia ratified the Protocol on the 18th of November 2004 these requirements were fulfilled 

and 90 days later, the 16th of February 2005, the Kyoto Protocol entered into force. The 

industrialised signatories have agreed to reduce their GHG emissions by on average 5.2 % 

over the period 2008-2012 compared with 1990 levels. The emission reduction targets have 

been decided individually for each signatory state based on for instance historical emission 

facts and the possibilities the particular state has to carry out further emission reduction 

measures. 

The EU has chosen to make use of a so called “bubble” solution. This means that the EU as 

an entity has agreed to a certain reduction target and its Member States have individually set 

targets summing up to it. The EU has agreed to reduce its emissions by 8 %, and the reduction 
                                                 
50 OcCC, 2000, p. 33 
51 The UNFCCC came into force in 1994. 
52 Council Decision 2002/358/EC, (1), p. 1 
53 MEMO/03/154 
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targets of its Member States, set in June 1998 in the so called “Burden Sharing Agreement”, 

are presented in Table 4. 

Member State Emission 
reduction target 

Austria -13 % 
Belgium -7.5 % 
Denmark -21 % 
Finland 0 % 
France 0 % 
Germany -21 % 
Greece +25 % 
Ireland +13 % 
Italy -6.5 % 
Luxembourg -28 % 
Netherlands -6 % 
Portugal +27 % 
Spain +15 % 
Sweden +4 % 
United Kingdom -12.5 % 
Members that joined the EU in 2004 -8 % 
Hungary and Poland -6 % 
Cyprus and Malta No target 
 

Table 4: The EU Member States’ individual GHG emission reduction targets for the period 2008-20012 in 
relation to 1990 levels54 

 

On the 29th of April 2005 150 nations accounting for 61.6 % of GHG emissions had ratified 

the Protocol.55 Of the world’s industrialised countries, Australia and the USA have not ratified 

the Protocol.  

2.3.2 Flexible Mechanisms 
Based on the fact that GHG emissions and climate change is a global problem, i.e. that 

emission reductions have the same effect no matter where they are carried out, the Kyoto 

Protocol suggests three so called “flexible mechanisms” as tools for reducing GHG emissions. 

Although the mechanisms called Joint Implementation and Clean Development Mechanism 

are not in the scope of the thesis, they will be briefly described in this chapter. 

2.3.2.1 Emissions Trading 
Basically described, a limit for a total amount of emissions allowed during a certain period is 

decided and emission allowances, representing this total amount created. The possession of 
                                                 
54 MEMO/03/154, Table 1 
55 Kyoto Protocol, Status of Ratification 
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one emission allowance gives the possibility to emit a certain amount of GHG (for example 

one tonne of CO2e). The emission allowances are distributed among companies emitting GHG 

based on e.g. historical emission levels. Allowing for trading of allowances makes it possible 

for companies that need to emit more GHG than they are initially allowed to, to buy 

allowances from other companies that do not need all their allowances. The desired reduction 

of emissions will be reached by limiting the amount of allowances distributed among the 

companies and demanding costly penalty fees from the companies exceeding their limits.56 

Demand and supply decide the price of one emission allowance and the price level has effect 

on the companies’ willingness to invest in emission reducing projects. Measures to reduce 

emissions will be carried out as long as they cost less than buying allowances. 

2.3.2.2 Joint Implementation 
Joint Implementation (JI) makes it possible for industrialised countries and their companies to 

conduct projects that lead to reduced emissions in other industrialised countries, with Kyoto 

Protocol targets of their own. For achieved reductions they receive Emission Reduction Units 

(ERU:s), that can be transformed into emission allowances and used to fulfil the agreed to 

reduction targets. The projects carried out must lead to long-term reductions from measures 

that would not have been carried out otherwise.57 

2.3.2.3 Clean Development Mechanism 
Clean Development Mechanism (CDM) allows, like JI, emission reduction projects in other 

countries. The difference is that CDM projects take place in developing countries, with no 

emission reduction targets within the frame of the Kyoto Protocol. For reduced emissions due 

to a CDM project, a nation or company receives Certified Emission Reductions (CER:s), 

which like the ERU:s can be used to fulfil the own reduction target. Reductions from CDM 

projects must, just as for JI projects, be of long-term nature and the measures must be such 

that they would not have been carried out had the industrialised country or foreign firm not 

invested in it.58 

The possibility to make use of JI and CDM in the EU ETS is limited. Reductions as a result of 

such projects may only cover up to 6 % of the total reductions that signatories have agreed to 

perform under the Kyoto Protocol.  

                                                 
56 MEMO/03/154 
57 Ibid. 
58 Ibid. 
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2.4 EU Emission Trading Scheme 
Although the Kyoto Protocol was not yet ratified, in 2003 the EU decided to start working 

towards reducing GHG emissions to the level agreed to under the Protocol. In order to do this 

the EU created the framework for an international emissions trading scheme in accordance to 

the suggestion in the Kyoto Protocol. The EU Emissions Trading Scheme (EU ETS) was 

initiated in January 2005. 

2.4.1 Sectors covered by the EU ETS 
Approximately 12,000 energy intensive companies from the EU’s 25 Member States, 

responsible for almost 50 % of the EU’s total CO2 emissions, or about 30 % of its total GHG 

emissions, have started trading with emission allowances for CO2. The years 2005 to 2007 are 

supposed to be a testing period, covering only certain energy-intensive industry to evaluate 

how the EU ETS is working in reality. CO2 emissions from the following activities are 

covered in this “warm-up phase”59 as it sometimes is called:60 

Energy activities 

• Combustion installations with a rated thermal input exceeding 20 MW (except hazardous 

or municipal waste installations) 

• Mineral oil refineries 

• Coke ovens 

Production and processing of ferrous metals 

• Metal ore (including sulphide ore) roasting or sintering installations 

• Installations for the production of pig iron or steel (primary or secondary fusion) including 

continuous casting, with a capacity exceeding 2,5 tonnes per hour 

Mineral industry 

• Installations for the production of cement clinker in rotary kilns with a production 

capacity exceeding 500 tonnes per day or lime in rotary kilns with a production capacity 

exceeding 50 tonnes per day or in other furnaces with a production capacity exceeding 50 

tonnes per day 

                                                 
59 Runge-Metzger, 2003 
60 Directive 2003/87/EC, Annex I 
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• Installations for the manufacture of glass including glass fibre with a melting capacity 

exceeding 20 tonnes per day 

• Installations for the manufacture of ceramic products by firing, in particular roofing tiles, 

bricks, refractory bricks, tiles, stoneware or porcelain, with a production capacity 

exceeding 75 tonnes per day, and/or with a kiln capacity exceeding 4 m3 and with a setting 

density per kiln exceeding 300 kg/m3 

Other activities 

• Industrial plants for the production of 

(a) pulp from timber or other fibrous materials 

(b) paper and board with a production capacity exceeding 20 tonnes per day 

 

The so called installations mentioned in the Directive are defined as “[…] a 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”61. 

According to Article 30 of the Directive, the Commission had the opportunity to propose 

inclusion of other activities and GHG than the ones mentioned in the EU ETS until the 31 

December 2004.62 No such proposals have however been made. 

The number of installations covered by the EU ETS per EU Member State is presented in the 

following table. 

                                                 
61 Directive 2003/87/EC, Art. 3 (e) 
62 Directive 2003/87/EC, Art. 30, 1. 
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Member State CO2 allowances 
in million tonnes 
2005-2007 

Installations 
covered 

Estimated 
number of 
installations63 

Covered sectors 
share of the nations 
total emissions64 

Austria 99 205  40 % 
Belgium 189 363  45 % 
Czech Republic n.a. n.a. 500  
Cyprus 17 13   
Denmark 101 362  49 % 
Estonia 57 43   
Finland 137 535  52 % 
France 470 1,172  28 % 
Germany 1,497 2,419  51 % 
Greece n.a. n.a. 185 56 % 
Hungary 94 261   
Ireland 67 143  34 % 
Italy n.a. n.a. 2,000 46 % 
Latvia 14 95   
Lithuania 37 93   
Luxembourg 10 19   
Malta 9 2   
Netherlands 286 333  48 % 
Poland n.a. n.a. 1,150  
Portugal 115 239  45 % 
Slovak Republic 92 209   
Slovenia 26 98   
Spain 524 927  46 % 
Sweden 69 499  38 % 
United Kingdom 736 1,078  46 % 
Total so far 4,642 9,089 3,835  
 

Table 5: Emission allocations and number of installations covered by the EU Emissions Trading Scheme 
per Member State (indicative table based on national allocation plans approved up to January 2005) and 
their Kyoto emission targets65 

 

2.4.2 Allocation of emission allowances 
As mentioned, each Member State has its national emission reduction target in line with the 

burden sharing agreement made in the bubble solution used by the EU under the Kyoto 

Protocol. The accession countries were not part of the bubble solution, but all have accepted 

individual reduction targets of 8 % under the Kyoto Protocol (except for Poland and Hungary, 

that have reduction targets of 6 %), in correspondence to the commitment of the EU. 

                                                 
63 European Commission, 2004. National Allocation Plan Progress Table 
64 Econ Analysis AB, Report 2004-081 
65 European Commission, 2004. EU emissions trading. 
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Of the total amount of CO2 that a Member State is allowed to emit under the Kyoto Protocol 

one part is allocated to the sectors taking part in the EU ETS and the rest may be emitted by 

the remaining sectors. The emissions of the trading sectors are toggled in the Trading Scheme, 

while the emissions of the latter have to be controlled in other ways, e.g. with taxes, fees or in 

some cases local or sector-wide trading systems. 

The first step for companies taking part in the EU ETS is to apply for a so called “greenhouse 

gas emissions permit”. This permit, issued by the appropriate authorities of the Member States 

grants “[…] authorisation to emit greenhouse gases from all or part of an installation if it is 

satisfied that the operator is capable of monitoring and reporting emissions.”66 Having a 

permit, the company in question gets a certain amount of so called “emission allowances”. 

One allowance gives an installation the “[…] allowance to emit one tonne of carbon dioxide 

equivalent during a specified period […]”67 The allowances are allocated to participating 

installations through a so called “National Allocation Plan” (NAP) following certain criteria 

listed in the Directive. 

The difference between a permit and an allowance is that the permit certifies an installation to 

emit GHG and monitor and report its emissions, while the allowance is the tradable unit of the 

Trading Scheme. 

For each period68 of the EU ETS, Member States are to work out an individual plan, a NAP, 

revealing how many allowances in total they intend to issue for that specific period and how 

the allowances are to be allocated among the participating installations. The NAP:s are to 

build on “[…] objective and transparent criteria, including those listed in Annex III […]”69 

of the Directive, to ascertain competitive fairness among participating installations and 

stimulate working towards meeting agreed upon reduction targets. The Commission has 

created a guidebook70 to assist Member States in creating the NAP:s according to the criteria 

in Annex III of the Directive. Some of the most important criteria are the following: 

• A NAP has to correspond to a Member State’s individual emission reduction target under 

the Kyoto Protocol and reflect its current progress towards fulfilling it. 

                                                 
66 Directive 2003/87/EC, Art. 6  
67 Directive 2003/87/EC, Art. 3 (a) 
68 The first period, the warm-up phase, runs for three years from 2005 to 2007. From 2008 onwards the Trading 
Scheme will continue to run in five-year periods 
69 Directive 2003/87/EC, Art. 9 
70 Commission Communication COM(2003)830 
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• When allocating allowances to an installation, the emission reduction potential from all its 

activities must be regarded. The amount of allowances allocated to an installation must 

not be greater than it is believed to need. 

 

The NAP:s shall according to the Directive be “[…] published and notified to the 

Commission and to the other Member States […]”71 at the latest 18 months before the new 

period begins. That means that the plans for the first commitment period under the Kyoto 

Protocol have to be finished in June 2006. All NAP:s have to be reviewed and approved by 

the Commission. Some of the NAP:s for the first period of the EU ETS had not yet been 

approved before the trading commenced.  

As stated in the Directive, Member States may auction up to 5 % of the allowances in the test 

period and up to 10 % in the first commitment period. The rest must be distributed to the 

participating installations for free.72  

Allowances are tied to a particular year during which they are valid. Once every year 

emissions are accounted for and an amount of allowances, equivalent to the verified emissions 

of that year have to be handed in. The used allowances are cancelled, meaning they cannot be 

used again. Surplus allowances may be sold or kept for use in the future. 

In Table 6 the EU Member States’ base year emissions and allocation levels for the first 

period of the EU ETS are presented. The figures are representing emissions only from the 

sectors already part of the EU ETS. 

                                                 
71 Directive 2003/87/EC, Art. 9 
72 Directive 2003/87/EC, Art. 10 
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Member State Average base 
year emissions, 
MtCO2 / year 

Annual 
allocation, 
MtCO2 / year 

Allocation as 
percentage of base 
year emissions 

Austria 30.2 33.2 110 % 
Denmark 30.9 33.5 108 % 
Finland 36.7 45.5 124 % 
Germany 501 499 100 % 
Ireland 20.9 22.5 108 % 
Italy 256.6 279.1 109 % 
Netherlands 97.2 98.3 101 % 
Portugal 36.5 40.8 112 % 
Sweden 20.2 22.9 113 % 
UK 245.9 245.3 100 % 
Latvia 4.2 4.6 110 % 
Lithuania 9.3 14.2 153 % 
 Emissions 2000 Estimated 

proportional 
allocation 

Allocation as 
percentage of base 
year emissions 

Belgium 51.3 46.6 91 % 
France 106.6 108.1 101 % 
Greece 67.4 67.7 100 % 
Spain 149.1 135 91 % 
Czech Rep. 77.4 86.6 112 % 
Hungary 29.7 35.6 120 % 
Estonia 14.7 23.7 161 % 
Slovakia 22.9 27.9 122 % 
Poland 210 232.3 111 % 
    
Luxemburg - - - 
Slovenia - - - 
Cyprus - - - 
Malta - - - 
    
 

Table 6: Base year emisisons and allocation levels in the first period of the EU ETS73 

 

2.4.3 Upstream vs. Downstream Approach Deciding Responsibility for 
Trading 

There are different possibilities of who should be responsible for keeping emission 

allowances. In a downstream approach of allowance distribution the end consumer i.e. the 

emitter of GHG is responsible for having one emission allowance for each emitted tonne of 

CO2e. The other possibility, the upstream approach, is to let an actor at a higher level in the 

                                                 
73 Econ Analysis AB, Report 2004-081, pp. 12-13 
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supply-chain, for instance the distributor of fossil fuel be responsible for trading with 

emission allowances. This actor on the market may not physically be emitting GHG, but must 

have an allowance for a certain amount of sold fossil fuel that will be combusted in a later 

step of the value chain and thus resulting in GHG emissions. The upstream suggestion builds 

on the fact that the amount of GHG emitted is proportional to the amount of fossil fuel used. 

The allocation of allowances to installations currently trading is made using the downstream 

approach. In other words, all trading installations are carrying out activities that lead directly 

to emissions of CO2 and must hand in allowances for the amount of emitted CO2. 

2.4.4 Monitoring and Reporting Emissions 
Monitoring and reporting of GHG emissions and allowances transactions are made in 

accordance to guidelines74 agreed to under the Directive.  

Once a year, operators of participating installations have to hand in emission reports, which 

are checked and verified by an independent controller. If a report is not accepted, the operator 

looses its right to sell allowances and the report has to be revised before the restriction is 

raised. 

Based on the fact that the amount of emitted CO2 is proportional to the amount of used fossil 

fuel, most installations are reporting their emissions by the means of emission factors. The 

quantity of fuel that has been used75 is multiplied with a so called emission factor, e.g. how 

much CO2 one tonne of coal contains, to determine how much CO2 has been emitted in the 

process. Formulas and instructions for how to do this have been established for every relevant 

process that comes in question during the first period of the EU ETS.76 In the table below, the 

emission factors of used fossil fuels are presented to give a possibility to compare different 

fossil fuels regarding the amount of CO2 that is emitted when generating a certain amount of 

energy through combusting them.  

                                                 
74 Commission Decision 2004/156/EC 
75 in some cases other specific production data is used 
76 Commission Decision 2004/156/EC 
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Fuel CO2 emission 
factor (tCO2/TJ) 

Fuel CO2 emission 
factor (tCO2/TJ) 

Liquid Fossil  Solid Fossil  
Primary Fuels  Primary Fuels  
Crude Oil 73.3 Anthracite 98.3 
Orimulsion 80.7 Coking Coal 94.6 
Natural Gas Liquids 63.1 Other bitumen Coal 94.6 
Secondary Fuels  Sub-bitumen Coal 96.1 
Gasoline 69.3 Lignite 101.2 
Kerosene 71.9 Oil Shale 106.7 
Shale Oil 77.4 Peat 106 
Gas / Diesel Oil 74.1 Secondary Fuels  
Residual Fuel Oil 77.4 BKB & Patent Fuel 94.6 
Liquid Petroleum Gas 63.1 Coke Oven / Gas Coke 108.2 
Ethane 61.6 Gaseous Fossil  
Naphta 73.3 Carbon Monoxide 155.2 
Bitumen 80.7 Natural Gas (Dry) 56.1 
Lubricants 73.3 Methane 54.9 
Petroleum Coke 100.8   
Refinery Feedstocks 73.3   
Other Oil 73.3   
 

Table 7: Fossil fuel emission factors77 

 

Actual emissions of CO2 may as another option be measured directly using continuous 

emission measurement systems (CEMS). The condition for this is that the method has been 

acknowledged as being more precise than the calculating method. However, their 

accurateness has to be verified and supported by calculations. 

2.4.5 Trading With Emission Allowances78 
There is no proposition of how and where to trade with emission allowances in the Directive. 

Today buyer and seller interact directly or via an intermediary like a bank or broker. Recently, 

regular exchanges have formed and now it is possible to trade allowances among others on the 

Nordpool exchange, the Point Carbon exchange and EEX (European Energy Exchange). In 

the future, it is likely that all trading will take place on specially designed trading places, like 

at any stock exchange, but with allowances instead of shares. As in any other market, supply 

and demand will decide the price of one emission allowance. Hence, it is important that 

                                                 
77 Commission Decision of 29/01/2004, 
78 MEMO/04/44 and European Commission, 2004. EU emissions trading. 
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players on the market can trade without prohibitive transaction costs, so that high traded 

volumes can result in a valid allowance price. 

Figure 14 illustrates the development of the emissions allowance on the EEX. To this figure 

has to be said that the volumes that are traded are still quite small. 
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Figure 14: Price development of EU ETS allowances79 

 

To keep track of the trading, each Member State must have a national allowance registry, in 

which all transactions, cancellations, current holding status and the issue of allowances, as 

well as matters concerning the use of JI and CDM credits are registered and monitored.  The 

systems for the registry must be standardised80. In addition to the national registries, the 

Commission runs an all-covering, independent registry monitoring and controlling all actions, 

and having the possibility to stall transactions in case of suspected irregularities. This instance 

is supposed to “[…] provide for public access and confidentiality as appropriate and to 

ensure that there are no transfers incompatible with obligations resulting from the Kyoto 

Protocol.”81 All bookkeeping will be handled electronically, i.e. certificates representing 

emission allowances will not be printed on paper. 

                                                 
79 European Energy Exchange, 2005 
80 using UN data exchange standards 
81 Directive 2003/87/EC, Art. 19, 3. 
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The Trading Scheme is open for anyone interested in trading, i.e. consumers, companies not 

participating in the first period of the EU ETS, institutions and organisations have the 

opportunity to buy and sell allowances in the same way as operators of obligatorily 

participating installations.82 They can either speculate in buying and selling allowances or 

only buy allowances and keep them until they expire, to prevent companies from emitting 

GHG. 

2.4.6 Other Agreements 
The EU ETS builds on various, more or less significant, regulations and agreements. The key 

issues have been presented in the chapters above. This chapter takes up some of the other 

rules, important to fully understand the idea of the Trading Scheme. 

2.4.6.1 Penalties for Exceeding Emission Limits83 
A company emitting more GHG than having allowances for is obliged to pay a penalty fee of 

€40 (2005-2007), respectively €100 (2008-2012) per tonne CO2. In addition to having to pay 

the fee, the firm is obliged to acquire additional allowances to cover its “over-emission”. 

Further, the names of the companies exceeding their limits will be published with the 

intention of giving the right incentives to other firms not to emit more than their allowed 

level. 

2.4.6.2 Linking to JI and CDM Projects84 
The EU ETS principally accepts credits from JI and CDM projects acknowledging one ERU 

or CER to being equivalent to one emission allowance85. This not only gives participating 

companies more flexibility in reaching their emission reduction targets, but also helps EU 

Member States to comply the reduction targets agreed upon in the Kyoto Protocol to a lower 

cost. The opportunity to carry out JI and CDM projects should improve the liquidity of the 

allowances market and lead to a lower allowances price. As a result, the total cost of the EU 

emission reductions should be lowered. 

Given the fact that JI and CDM credits generated from GHG reductions in any sector or type 

of GHG listed in the Kyoto Protocol are eligible, Member States and companies participating 

in the EU ETS are given the opportunity to carry out a wide range of projects.86 Credits from 

                                                 
82 European Commission, 2004. EU emissions trading. 
83 Ibid. 
84 http://europa.eu.int/comm/environment/climat/pdf/linkingprojectcredits.pdf 
85 European Commission, 2004. EU emissions trading. 
86 Econ Analysis AB, Report 2004-081 
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CDM projects may already be used or banked for the next period of the EU ETS, whereas 

credits from JI projects will be accepted from the start of the first commitment period in 2008.  

However, the flexible mechanisms JI and CDM are suggested to be used only as supplements 

– the Kyoto Protocol emphasises that the signatories should carry out the main part of their set 

emission reductions within their own borders. Initially the limit for the amount of JI or CDM 

generated credits allowed for is 6 % of the total amount of EU ETS allowances. When the 

limit is reached a review could lead to an increase to 8 %. 

A positive side-effect of CDM projects is the transfer of new, environmentally efficient 

technologies to developing countries, helping them to establish sustainable development. 

2.4.6.3 Banking of Emission Allowances 
Banking of allowances, i.e. saving surplus allowances from one year to use them to 

compensate for emissions in a later year is allowed at full scale within a period of the EU 

ETS. Banking between the first two periods is generally not allowed87, but the Member States 

may decide individually in the matter, i.e. they may set up national conditions and restrictions 

for allowing banking to some extent. Between all following periods banking is principally 

allowed.88 

2.4.6.4 Linking to Other Trading Schemes89 
The Directive allows for other national or international emissions trading schemes or non EU 

countries to incorporate with the EU ETS. The only requirement is that the countries in 

question have ratified the Kyoto Protocol. 

Potential candidates to entering into the EU ETS are mainly Norway, Iceland and 

Switzerland, but also Japan and Canada. Some US states have also made first steps in creating 

a trading scheme for CO2 allowances and could at a later stage join the EU ETS.  

2.4.6.5 Review 
In 2006, the EU ETS will be evaluated based on the experience gained up to then. Potential 

adjustments, as well as, amongst other, the possibilities to include other GHG and sectors 

(such as chemicals, aluminium and transport) will be considered.90 The evaluation report, 

                                                 
87 Econ Analysis AB, Report 2004-081 
88 Kruger & Pizer, 2004  
89 Ibid. 
90 European Commission, 2004. EU emissions trading. 
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containing proposals, is according to Article 30 of the Directive to be submitted to the 

European Parliament and the Council by 30th of June 2006.91 

An important contributor to the success of the Trading Scheme and its development will be 

continuously reviewing the situation and adjusting the framework. The Scheme operates by 

the motto “learning by doing”92.93 

2.4.7 The Years After the Warm-up Phase 
For the years 2008 to 2012, the first commitment period under the Kyoto Protocol, other 

sectors and installations as well as other GHG may be included in the EU ETS. The GHG that 

may be included are the ones mentioned in Chapter 2.2.94 The main difference compared to 

the test period is that emission reduction requirements will be more demanding and penalty 

fees much higher in the first commitment period. In total, participating units are to reduce 

their emissions by 8 % compared to 1990 levels. 

Table 8 illustrates emission levels from 1990, projected emission levels in 2010 and desired 

emission levels according to the Kyoto Protocol target. 

Member State CO2 emissions 
1990 (Mt CO2)95 

GHG emissions 
1990 (Mt CO2e) 

Projected 
emissions 201096 
(Mt CO2e) 

Kyoto target 
2008-2012 
(Mt CO2e) 

Austria 62.1 77.2 107 67.2 
Belgium 114 145 179 134.1 
Denmark 53 69.5 84 54.9 
Finland 62.5 77.2 101 77.2 
France 385.5 542.7 709 542.7 
Germany 1,014.5 1,218.2 1,346 962.4 
Greece 84.3 107 162 133.8 
Ireland 31.6 53.8 81 60.7 
Italy 437.7 521 637 487.1 
Luxembourg 10.2 12.7 1 9.2 
Netherlands 161.2 212 282 199.3 
Portugal 44.1 64.9 107 82.4 
Spain 226.1 207 436 238.1 
Sweden 54.8 70.4 96 73.2 
United Kingdom 583.5 744.7 956 651.6 
EU-15 3,325.4 4,123.3 5,286 3,773.9 
 

Table 8: EU-15 base year emission and reduction requirements97 

                                                 
91 Directive 2003/87/EC, Art. 30 
92 Runge-Metzger, 2003 
93 European Commission, 2004. EU emissions trading. 
94 i.e. CH4, N2O, HFCs, PFCs and SF6 
95 SOU:2003:60, Table 7.1, p. 202 
96 ECOFYS Energy and Environment and AEA Technology Environment, 2001, Annex 6 
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In columns one and two the Member States’ emission levels in 1990, their base year emission 

levels are presented. Column one contains figures of only CO2 emissions, while column two 

contains figures of total GHG emissions. In column three the Member States’ projected GHG 

emissions in 2010 are presented. The figures represent the case of a frozen technology 

scenario and are the result of a “bottom-up” study98 that intended to identify a least-cost 

reduction structure for the EU to meet its Kyoto target of 8 %. Column four contains the GHG 

emission levels that the EU’s Member States have to reach according to their commitments 

under the Kyoto Protocol. The table illustrates to what extent emission reductions have to be 

made in the period 2008-2012. 

Since the Member States’ NAP:s for the first commitment period have to be handed in for 

inspection in June 2006, the work on deciding the basic outline for them has to commence 

very soon. Having the 8 % emission reductions in mind, meaning that the NAP:s for this 

period will have to be much more demanding than the last ones, it is easy to suspect that the 

work shaping them will not proceed without problems.   

Other than the decision that the Trading Scheme will continue to run in five-year phases, 

agreements for the time after 2012 have not yet been made. However, the intention at later 

stages is to require further emission reductions at a greater pace. The EU ETS is also 

supposed to function as a model for emissions trading in a greater international perspective. 

As mentioned, Kyoto Protocol nations outside the EU can be incorporated in the EU ETS and 

it may be connected to other international trading schemes. 

2.4.8 Economic Evaluation of the EU ETS 
In a report99 from 2004, Econ Analysis AB mentions some studies that have been made about 

the emission allowance price in the EU ETS. Some of the results were the following: 

• In a KPI (Kyoto Protocol Implementation) Technical Report from 2003 the emission 

allowance price was estimated to €26 per tonne CO2 in the EU-25 without making use of 

CDM and JI projects. If CDM and JI were to be used the price would drop to €4.8 - €12 

per tonne. 

                                                                                                                                                         
97 Econ Analysis AB, Report 2004-081, Table 2.3, p. 16 
98 ECOFYS Energy and Environment and AEA Technology Environment, 2001 
99 Econ Analysis AB, Report 2004-081, pp. 28-29 
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• In a report from 2003 by Bergman and Radetzki, the emission price, given that all sectors 

are part of the Trading Scheme, was estimated to €35.9 per tonne CO2 in the EU-15.  

These results can be compared to figures presented in a report100 from 2004 by Kruger and 

Pizer. The figures they present origin from a report by Criqui and Kitous made in 2003. 

According to them the allowance price in the EU-25 in 2010 will be between €26 and €14 per 

tonne CO2, depending on to what extent CDM and JI projects will be used. Not using them at 

all results in the higher price, while using them to cover 6 % of total emission reductions in 

the EU results in the lower price. 

The total cost for the EU to reduce its emissions to the level agreed upon in the Kyoto 

Protocol has also been estimated as follows. 

According to studies initiated by the Commission, using the EU ETS will cut costs for 

reducing GHG emissions in the EU to the level agreed to under the Kyoto Protocol with 35 % 

compared to a scenario in which reductions are made separately in each Member State. 

According to the EU Commission, “the scheme should allow the EU to achieve its Kyoto 

target at a cost of between € 2.9 and € 3.7 billion annually. This is less than 0.1 % of the EU’s 

GDP. Without the scheme, compliance costs could reach up to € 6.8 billion a year.”101  

This is to compare with estimates made by the European Commission that show that, using 

the most efficient strategies overall to reduce GHG emissions, the total costs of fulfilling the 

targets of the Kyoto Protocol can be 0.06 % of the EU projected GDP in 2010.102  

Based on the figures from the same study103 that generated the projected emission figures 

presented in Table 7, curves for marginal cost of GHG emission reductions for all sectors and 

for the transport sector exclusively in the EU-15 have been created, illustrated in Figures 15 

and 16104. According to this study GHG emissions in the EU-15 in a frozen technology 

scenario in 2010 will be 5,286 million tonnes CO2e to compare with the Kyoto Protocol target 

level of 3,801 million tonnes CO2e. Hence, emission reductions of 1,485 million tonnes CO2e 

have to be made to fulfil the commitment. The marginal cost curve in Figure 15 implies that 

this could be made with reduction measures that have a marginal cost of under €20 per tonne 

                                                 
100 Kruger & Pizer, 2004, pp. 27-29 and p. 44 
101 European Commission, 2004. EU emissions trading., p. 6 
102 MEMO/02/120 
103 ECOFYS Energy and Environment and AEA Technology Environment, 2001 
104 The sector study on transport considers options for reducing GHG emissions only from passenger cars and 
freight vehicles 
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CO2e105. Reductions up to about 1,200 tonnes can in this case be made at no cost or even 

generating a profit.  
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Figure 15: Marginal cost of GHG emission reductions for all sectors in the EU-15106 

 

This marginal cost curve also reveals how high the allowance price in a trading scheme 

covering all sectors and GHG will be given the amount of reductions that have to be made.  

The specific marginal cost curve for GHG emissions in the transport sector, Figure 16, 

implies that reductions up to about 70 tonnes CO2e can be made at costs below €20 in this 

sector. GHG emissions in the transport sector, according to the study, in 1990 were 776 

million tonnes CO2e and its frozen technology emission level in 2010 was estimated to 1,134 

million tonnes CO2e. This means that in order to reduce GHG emissions in the transport 

sector to a level 8 % below the level in 1990, looking at the marginal cost curve in Figure 16, 

huge investments would have to be made.   

                                                 
105 The exact marginal cost of reducing emissions by one tonne more than 1,500 Mt is €19 
106 ECOFYS Energy and Environment and AEA Technology Environment, 2001 
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Figure 16: Marginal cost of GHG emission reductions for the transport sector in the EU-15107 

 

The recommendation of the study that, as mentioned, intended to identify a least-cost 

reduction structure for the EU to meet its Kyoto target is to let the transport sector increase its 

emissions by 38 %108. Instead reduction measures should be made in other sectors, at lower 

cost, as mentioned above, in total lower then €20 per tonne CO2e. 

2.4.9 Challenges Facing the EU ETS 
Being the first international emission trading scheme and spanning over a great number of 

nations, sectors and companies, the EU ETS has to and will have to face many challenges and 

deal with many problems – foreseen as well as unforeseen. In their report, Kruger and Pizer 

have tried to identify some of them, summarised in the following list.109 

• The difficulties uniting the jurisdictional uniqueness of the EU Member States 

The Commission needs to take into concern a great number of jurisdictional systems, i.e. 

one for each Member State, in every suggestion and resolution they make. This premise 

gives rise to a risk of compromises and time-consuming decision making, affecting the 

effectiveness of the whole system. 

• The tight timetable for implementing the Trading Scheme 

The plan for implementing the EU ETS does not give the Commission or the Member 

States any room for mistakes. Unforeseen difficulties, e.g. turned down NAP:s or certain 

                                                 
107 ECOFYS Energy and Environment and AEA Technology Environment, 2001 
108 ECOFYS Energy and Environment and AEA Technology Environment, 2001, Table 0.1. 
109 Kruger & Pizer, 2004 
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development regarding the international opinion on climate could lead to significant 

setbacks jeopardising the credibility of the whole system. 

• The lack of accurate information about emissions and usage of fossil fuel 

Some Member States, particularly the ones that joined the EU in 2004, have a weaker 

tradition in environmental work, making it difficult always to present reliable statistics. 

This makes the developing of e.g. NAP:s more complex and could have effect on equity in 

the system. 

• Possibilities of controlling and enforcing the directives of the Trading Scheme 

The EU Member States are at different levels regarding their experience with 

environmental regulation. In the ones with weaker tradition in environmental work, the 

enforcement of directives and control of compliance may be difficult. 

• Uncertainty about the future 

The uncertainty about the future is considerable regarding factors such as the development 

of conditions, reactions among Member States, technological development etc. The 

uncertainty might generate a significantly fluctuating allowance price and more costly 

reduction measures than necessary. Also, it hinders participating companies to efficiently 

plan their businesses and trading with allowances. 

2.5 The Transport Sector 
The transport sector has been identified as a great contributor to GHG emissions and is not 

included in the first phase of the EU ETS. This section presents facts and prospects about 

GHG emissions in this sector. 

2.5.1 Situation of Today 
In the “Energy & Transport in Figures 2004” fact book a statistical overview over transport in 

the EU is presented. Among others it contains the following facts (the figures are from the 

year 2002):110 

• Household expenditure 

Private households in the EU-25 spent € 745 billion or roughly 14 % of their total 

consumption on transport. 

About one sixth of this sum (€ 124 billion) was spent for purchased passenger transport 

services, the rest (€ 621 billion) for private transport (mainly cars). 

                                                 
110 Energy & Transport in Figures 2004 
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• Goods transport 

The demand for the four transport modes road, rail, inland waterways and pipelines in the 

EU-25 added up to 2,158 billion tonne kilometres or 4,764 tonne kilometres per person. 

Road accounted for 72.0 % of this total, rail for 16.4 %, inland waterways for 6.0 % and 

pipelines for the remaining 5.6 %. 

These figures, however, do not include maritime transport, nor air transport. For the EU-

15, maritime transport alone had a share of almost 41 %. 

• Passenger transport 

Intra-EU-25 and domestic transport demand using passenger cars, buses & coaches, 

railways as well as tram & metro was ca. 5,092 billion person kilometres or 11,240 person 

kilometres per person. Passenger cars accounted for 82.5 % of this total, buses & coaches 

for 9.5 %, railways for 6.8 % and tram & metro for 1.1 %. 

These figures, however, do not include air transport which, in the EU-15, had a share of 

5.7 % of total transport performance. 

• Transport growth 

Goods transport: ca. 2.4 % per year (1995-2002). 

Passenger transport: ca. 1.7 % per year (1995-2002). 

 

The last decade transportation of passengers and goods has increased steadily. A strong 

correlation between the development of GDP and transport demand can be seen in Figure 17. 

An increasing GDP, depending on an increasing production rate, import and export, demands 

increased transportation. 
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Figure 17: Transport Growth EU-25111 

 

The transport sector was responsible for about 21 % of the total GHG emissions in the EU in 

the year 2000. Due to the increase in road transport, leading to increasing road fuel 

consumption, the emissions from this sector have increased by about 18 % between 1990 and 

2000.112 

To give an overview over the company structure in the transport sector Table 9 presents the 

number of enterprises by mode of transport in the EU-15 in the year 2001.  

Road freight 
transport 

Road passanger 
transport 

Sea 
transport 

Air 
transport 

Railways Inland water 
transport 

421,939 201,277 6,026 2,773 569 7,821 
 

Table 9: EU-15 Number of Enterprises by Mode of Transport 2001113 

 

The number of companies working with road transportation is by far exceeding the number of 

companies working with other modes of transport. 

                                                 
111 Energy & Transport in Figures 2004, Figure 3.1.4 
112 Second ECCP Progress Report 
113 Energy & Transport in Figures 2004 
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2.5.2 Prospects 
With constant GDP growth the demand for transport is believed to continuously increase in 

the future. An increase of CO2 emissions of 26 % by 2010 respectively the level of 1998 is 

predicted. Road transport would account for about 50 % of this increase and passenger air 

traffic for a great part of the rest.114 

This scenario implies that if the EU is to fulfil the reduction targets agreed to under the Kyoto 

Protocol, measures are required that effectively regulate the long-term trend of increasing CO2 

emissions in the transport sector.  

2.5.3 The Fuel Supply Chain in the Transport Sector 
The fuel for vehicles driven by private persons is bought exclusively at petrol stations, while 

many of the transportation companies have their own places for refuelling. The gasoline and 

diesel is delivered to the petrol stations and transportation companies from depots in which it 

is stored after having been refined or imported. The crude oil, the raw material input for 

refineries is mostly import from outside the EU, but some is produced within EU borders. 

The UK and Denmark are the only EU Member States that are net exporters of oil; the 

remaining Member States are all net importers of oil with high import dependency. Table 10 

reveals the origin of the crude oil imported to the EU-15 in 2002. 

Origin Mt crude 
oil 2002 

Share 
2002 (%) 

Former USSR 123.2 26 
Norway 101.6 21.5 
Saudi Arabia 53.1 11.2 
Libya 38.8 8.2 
Iran 25.9 5.5 
Middle East not spec. 19.6 4.1 
Other origin 110.7 23.4 
Total Imports 472.9 100 
 

Table 10: EU-15 Crude Oil Imports in 2002115 

 

To give a picture of how many companies that are involved at the different levels in the 

supply chain the situation in Sweden is described: There are seven companies delivering 

gasoline, diesel, residual fuel oil and LPG (liquefied petroleum gas) to existing depots, either 

through direct import or refining crude oil. These seven companies are responsible for all 

                                                 
114 Second ECCP Progress Report 
115 Energy & Transport in Figures 2004, Figure 2.2.4 
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deliveries of gasoline and 97-98 % of diesel and residual fuel oil deliveries. In addition to this 

there are two companies delivering aviation gasoline. On the lower level in the supply-chain 

there are 34 holders of gasoline depots and 235 holders of depots for residual fuel oil, other 

oils and LPG. Of the latter it is not clear how many are holding also diesel in their depots.116 

2.5.4 Price Elasticity in the Transport Sector 
This section contains a presentation of the specific elasticity figures in the transport sector. In 

his report about the effect of the gasoline price on CO2 emissions Nylund compares 

elasticities for fuel demand calculated by different sources. The following table is the result of 

this comparison. The distinction between the periods for short, medium and long term 

elasticities is not totally clear. According to Bergman long term is 12 to 15 years or as long as 

it takes to substitute the fleet of vehicles in a country.  

 Short term Medium 
term 

Long term 

Source Bergman and 
Goodwin 

Kayser Nylund Bergman and 
Goodwin 

Edwards Espey

Fuel demand 
elasticity 

-0.27 -0.23 -0.2 -0.71 -0.4 / -0.8 -0.58 

 

Table 11: Gasoline price elasticity for transport117 

 

The figures shown in the table imply that elasticities are very low in the transport sector, 

meaning an increased fuel price would not significantly affect the demand for fuel. 

2.5.5 Calculating Emissions in the Transport Sector 
When calculating emissions in the transport sector, emission factors are used. Knowing that 

the amount of emitted CO2 is proportional to the used amount of fuel118, the latter is 

multiplied by the emission factor of the fuel type. In Table 7 the emission factors for gasoline 

and diesel oil were presented. 

2.5.6 Possible Emission Reduction Measures in the Transport Sector 
The marginal cost curve for GHG emission reductions in the transport sector was presented in 

Chapter 2.4.8, Figure 16. The reduction measures that can be made can be divided into the 

three categories; operational, strategic and demand related measures.119 The operational 

                                                 
116 Kågeson P., 2004 
117 Nylund, H (2002), p. 34 (the table has been changed) 
118 Nylund, H (2002), p. 5 
119 ECOFYS Energy and Environment and AEA Technology Environment, 2001 
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category contains measures that are related to driving the vehicle, e.g. driver training. 

Strategic measures are the ones that can be carried out on a higher level, e.g. when 

constructing the vehicle. Examples of such measures are to improve a vehicle’s rolling 

resistance, construct aerodynamic vehicles or increase efficiency of energy use. The measures 

in the third category rely on the behaviour of the consumer of transportation. Reductions take 

place when the means of transportation are used less. Demand for transportation can decrease 

e.g. through improving logistical planning of goods transportation. Then there is also a 

possibility to reduce emissions simply through substitution. Either fossil fuel can be 

substituted by alternative sources of energy or emissions-causing transportation can be 

substituted by means of transportation that do not cause the same amount of emissions. 

2.5.7 The Effects of Allowance Price Level on Fuel Prices 
A study made by the European Commission implies that the price of one emission allowance 

would be approximately €10 on a market including the companies in EU-15 covered by the 

EU ETS today. On a market including all sectors the price of one allowance would rise to 

approximately €30.120 These figures can be compared to the ones presented in Chapter 2.4.8. 

and the actual allowance price level presented in Chapter 2.4.5. Using emission factors, i.e. 

knowing the amount of CO2 that is emitted when one litre of fuel is combusted, the emission 

allowances effect on the fuel price has been calculated. In Table 12 the figures are presented 

for gasoline and diesel oil for the price for one emission allowance of €10, €30, and €100. The 

last price is presented as comparison because it is the penalty fee that companies have to pay 

when they have emitted more than having emission allowances.  

Price of emissions allowance (€) 
 

10 30 100 

Fuel type Emission Factor (tonne CO2 / l) Effect on fuel price (€ cent / litre) 

Gasoline 0.0024 2.4 7.1 23.6 

Diesel Oil 0.0025 2.5 7.6 25.4 

 

Table 12: The effect of the emission allowance price on the fuel price 

 

                                                 
120 Kågeson, 2004 in  SOU 2005:10 appendix 3, p. 225 
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If a future Trading Scheme covers the transport sector, the price of gasoline will probably 

increase by between 2.4 and 7.1 Cent per litre, and the price of diesel by between 2.5 and 7.6 

Cent per litre due to the trading with emission allowances. 
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3 Problem Analysis 
In this chapter the objective of the thesis is looked at and the thoughts behind it presented. 

Further, using the information from the frame of references, the basis for the scenarios that 

will be discussed in the analysis is created.  

3.1 Motivation for Posing the Particular Question 
A first question to be answered is what generates the objective of the thesis, hence, this 

section summarises the essential findings of the frame of references to describe the reasoning 

leading to the main questions asked. 

3.1.1 Environmental Problems 
The world’s climate is changing to the worse. It is believed that due to global warming, 

flooding and storms occur more frequently and the polar ices are melting. Scientists believe 

one fundamentally contributing cause to this, to be the increasing amount of GHG in the 

atmosphere. GHG, consisting mainly of CO2, are released into the atmosphere by man, most 

commonly through combustion of fossil fuels. If this development is allowed to continue, it 

may in the future have even graver consequences on the climate. 

There are two interesting facts about the consequences caused by GHG emissions. The first is 

that local emissions cause global effects, meaning that GHG released into the atmosphere 

from one single city or nation may affect the climate of the entire world. Thus, any reduction 

of emissions is of benefit, regardless of where it is made. It is also necessary to gather all the 

world’s nations in working with emission reductions since reducing emissions in one part of 

the world and at the same time increasing them in another part will result in no effect at all. 

Secondly there is the long term effect of GHG emissions implying that the effects seen today 

are results from emissions made over the last century. Similarly, emissions made today will 

affect climate several decades, or even centuries from now, implying that climate change 

caused by GHG emissions cannot be stopped over night. The effect of past emissions must be 

considered and reductions have to be made as soon as possible to limit future impact. 

3.1.2 Recognition of Situation and Global Cooperation 
Scientists have recognised the danger of the development in climate change and society has 

come to the conclusion that GHG emissions must be reduced. The nature of the problem, i.e. 

the global effects, requires a common effort from all the world’s nations. Small steps towards 

a change have already been made through the United Nations Framework Convention on 
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Climate Change, adopted in 1994 as the first internationally legally binding agreement with 

the intention to toggle emissions of GHG.  

The Kyoto Protocol, first established in 1997, took the process a step further, setting up 

concrete targets for GHG emission reductions for its signatories. It also suggested marked-

based means for reduction, the so called “flexible mechanisms”, to keep costs for reduction 

measures as low as possible.  

3.1.3 EU Using Emissions Trading for Reaching the Goal 
The European Union as an entity has under the Kyoto Protocol committed to reduce its GHG 

emission levels in the years 2008-2012 by an average of 8 % below the level of 1990. To 

achieve this, the EU has chosen to use a so called “bubble” solution, making it possible to 

divide the total commitment between its Member States, taking into consideration a single 

nation’s reduction possibilities and recent development.  

In order to reach the set targets in a financially efficient way, the EU has decided to make use 

of the three flexible mechanisms allowed under the Kyoto Protocol. One of these is the 

International Emissions Trading of Assigned Amount Units (AAUs). According to this, the 

Member States distribute a certain number of allowances among its companies, allowing them 

to emit a certain quantity of GHG. The number of allowances distributed to a single company 

is based on its historical emission levels and reduction measures already made. These 

companies will then have the possibility to buy and sell their allowances on a market to cover 

their need for emissions. Total reductions will always correspond to the amount of allowances 

distributed. Companies emitting more GHG than their share of allowances permits are obliged 

to pay a high penalty fee. 

Being the first international emission trading system in the world, the EU ETS started in 

January 2005. The years 2005-2007 are considered to be a test period covering only CO2 

emissions from energy-intensive industries. Approximately 12,000 companies, accounting for 

almost 50 % of the EU’s CO2 emissions are participating in this first period. 

In the year 2008 the so called “First Commitment Period” under the Kyoto Protocol will start, 

lasting until 2012. From 2008, the amount of allowances will be limited according to the 

levels agreed to under the Kyoto Protocol. 

From this period on, emissions of another five GHG may be included in the system. 

Furthermore, the Trading Scheme may be enlarged to cover other companies and sectors than 

the ones participating in the first period.  
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3.1.4 Enlarging the EU ETS to More Efficiently Toggle Emissions 
Provided that the Trading Scheme is well functioning, i.e. that the price of an emission 

allowance is decided by the market, companies that can carry out emission reductions of low 

cost will find it more profitable to do so and sell their surplus allowances. Reduction measures 

will be implemented where they are the cheapest, and, as a result, the total reduction cost will 

be the lowest possible among the companies participating in the EU ETS.  

The companies that are part of the EU ETS from the start account for only half of the total 

GHG emissions in the EU. To reach the Kyoto target, emissions from companies outside the 

EU ETS will have to be controlled with other means such as taxes, possibly leading to 

inefficient measures taken. 

Given that the EU ETS will function properly, the economically most efficient solution would 

be to include all sectors and GHG, in order to cover all GHG emissions with the Trading 

Scheme. In a long perspective the Trading Scheme should be enlarged to cover all the 

signatories of the Kyoto Protocol and other nations.  

3.1.5 The Transport Sector - an Important Contributor to GHG Emissions 
The transport sector is another immense contributor to emissions of GHG. In contrast to most 

of the other sectors, that in recent years have reduced or kept their emissions at a stable level, 

the CO2 emissions of the transport sector in the year 2000 had increased by 18 % compared to 

1990. As a consequence, the transport sector in 2001 was responsible for 21 % of the total 

GHG emissions in the EU. A continuously growing economy and international markets lead 

to increased usage of transporting services, causing an increased amount of GHG emissions. 

Regarding the importance of transports it is recognisable that the GHG emissions in that 

particular sector must somehow be controlled. 

Considering the processes generating GHG emissions and the technological progress in the 

sector, it is assumable that reduction measures in the transport sector are expensive. Hence, 

reducing GHG emissions in the transport sector with legal measures like taxes and regulations 

is most likely combined with relatively large expenses. According to the reasoning about the 

efficient market based mechanism, the trading with emission allowances, the most efficient 

way would be to integrate the transport sector, and all other sectors, in the EU ETS. This 

sector would then probably buy allowances from other sectors, paying them to reduce their 

emissions, possibly the easiest way for the transport sector and the most efficient way for 

reaching the goal of reduced GHG emissions. 
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3.1.6 When the Transport Sector Can Be Included in the EU ETS 
According to Article 30 in the Directive, the Commission had the opportunity to suggest the 

inclusion of other installations and GHG than mentioned in the Directive until the 31st of 

December 2004. Since no such suggestions were made, the next opportunity will be in 

connection to handing in a review report to the European Parliament and the Council by the 

30th of June 2006.121 Since also the NAP:s for the first commitment period are to be handed in 

that day, it seems logical that including other sectors and GHG will not be possible before the 

year 2013.122 The schedule for deciding on including the transport sector, preparing the 

Trading Scheme for it and deciding on a framework for, completing and approving the NAP:s 

for the transport sector until 2008 seems too tight. For example concessions would have to be 

made on when to hand in the NAP:s. From an economic point of view however, it would be 

desirable to include other sectors already from 2008, to make the Trading Scheme more 

efficient and be able to more accurately reduce emissions to the level agreed to under the 

Kyoto Protocol. 

3.1.7 How Can the Transport Sector Be Included in the EU ETS? 
The scenario this thesis discusses builds on the argumentation in the parts above. Having 

recognised that including more sectors in the EU ETS will make it more efficient the ambition 

must be to include also the transport sector in the Trading Scheme. The question that arises is 

which possibilities there are to do this and what the effects of it would be, like it is written in 

the Introduction: 

“The objective of the thesis is to investigate in what way it is possible to include the transport 

sector in the EU ETS and what the effects of this would be.”  

More specifically, repeated from the Introduction, the following questions will be discussed: 

• Is it possible, from the Trading Scheme’s perspective, to expand to covering also the 

transport sector? How and when can this best be done? 

• Is it possible, from the transport sector’s perspective, to be included in the Trading 

Scheme? Which is the best way to do this, i.e. which is the best way to administrate 

emissions trading in this sector and when can it be done? 

• What are the effects of including the transport sector in the EU Emissions Trading 

Scheme regarding emissions reductions? 

                                                 
121 In accordance with Directive 2003/87/EC, Art. 30, 2., p. 40 
122 SOU 2005:10 
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In order to answer these questions a scheme corresponding to the situation in the transport 

sector was created. Rooted in this scheme some suggestions of how to include the transport 

sector in the EU ETS were made and then discussed during the interviews. Based on the 

information gained in the interviews and the frame of references the questions posed above 

are discussed and as far as possible answered. The idea was that focusing the interviews on 

discussing the possibilities to administrate emissions trading in the transport sector, enough 

information is given to answer also the other questions posed. 

Again looking at the figure illustrating the method of the analytical part of the thesis, Figure 

18, it is possible to confirm that the basic information input symbolised by the boxes on the 

top has been presented in the frame of references.  
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Figure 18: Scheme of the analytical part of the thesis 

 
To discuss the responsibility of trading the possible candidates for this assignment were 

identified from the consumers, distributors and producers of oil based fossil fuel in the 

transport sector.  

3.2 Creation of Scheme 
Based on the knowledge gained working with the background information, as mentioned, a 

chart was created to help visualise the situation concerning oil-based fossil fuel consumption 

in the EU’s transport sector, focusing on road transportation. The chart was continuously 
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revised when new important information came up during the interviews, the result of it being 

Figure 19. 

Pr
iv

at
e

tra
ns

po
rta

tio
n

C
om

m
er

ci
al

tra
ns

po
rta

tio
n

Personal 
cars

Road

Depot

Retail

Production

Manufacturing, 
refining

Import

Motorcycles

Boats

Motorised
tools

Air

Rail

Sea

Consumer-side Supplier-side

End-user:

Private 
persons

End-user:

Contractors, 
(Companies, 

organisations)

Purpose:

Private 
interest

Purpose:

Creating 
valueO

rd
er

ed
by

 c
om

pa
ni

es
in

 
ne

ed
of

 tr
an

sp
or

ta
tio

n

Dispatcher

Central

Haulage
contractor

EU-borders

 

Figure 19: The oil-based fossil fuel supply-chain in the EU’s transport sector 

 

Looking at the supplier-side of the chart, starting at the top and going downwards, crude oil is 

brought into the EU market either through import or production within EU borders. The crude 

oil is brought to refineries, where among other, gasoline and diesel oil are manufactured, to 

later be transported to and stored in depots. A part of the refined fuel stored in the depots is 

imported directly from non-EU countries. From the depots gasoline and diesel are distributed 

to retailers, the place where the fuel is sold to the end-consumer. A not insignificant part of 

the fuel is also delivered directly from the depots to large-scale consumers within commercial 

transportation123. 

Regarding the consumer-side of the chart, the first distinguishing fact to notice is the 

consumers being divided into a commercial transportation and a private transportation branch. 

                                                 
123 Stated in one of the interviews with a representative from the supplier side of the fuel supply-chain  
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The CO2 emissions from the private transportation branch is generated when people use their 

private cars, motorcycles, motorised tools and so on, the purpose for it being private interest, 

i.e. without anyone ordering the transport and paying for it. The consumers in this segment 

most commonly buy the fuel at a retailer – the local gasoline station. 

The commercial transportation branch is divided into different means of transportation; road, 

rail, shipping and aviation of which road transportation is in focus in this thesis. CO2 

emissions are in this case generated when for example a contractor drives his truck, the 

purpose of this being, in contrast to the case of private transport, to carry out an ordered 

service, creating value. The commercial road transportation is, based on information from one 

of the interviews124, further divided into three levels; dispatcher, central and haulage 

contractor. In the same interview was stated that there are about 12,000 haulage contractors in 

Sweden, of which about 6,000 are single drivers, i.e. one person owning one truck. The 

smaller haulage contractors are organised in centrals, where transports are coordinated and 

assignments distributed. Often the central also functions as a petrol station for their 

contractors, acquiring the fuel directly from the depot on the supplier-side of the fuel supply-

chain. Then there is the dispatcher level, consisting of companies organising the transports for 

the ordering companies. The dispatchers most commonly do not own means of transportation 

of their own, but buy all transport services from contractors or send an order to a central. They 

have the advantage of being able to choose among all means of transportation and making use 

of large-scale benefits. 

The last step on the consumer-side of the fossil fuel supply-chain is symbolised by the box on 

the far left, the companies or organisations ordering the transportation. These are companies 

not emitting transportation generated GHG themselves, but are ordering the service from 

contractors, centrals or dispatchers. Since they are the owners of the goods being transported, 

it is possible to say that they are indirectly responsible for the emissions the transportation of 

their goods is causing. The larger companies in this category often have some transportation 

means of their own, if it is not a fleet of trucks it might be motorised tools such as forestry 

machines.  

The fuel in the commercial transportation branch is only to a smaller extent bought from 

retailers. The main part is delivered to contractors or centrals directly from the depots and 

some fuel is even imported directly from non-EU countries. 

                                                 
124 with a representative of the commercial transport sector 
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4 Analysis 
Assuming that the trading scheme in the future will be expanded to including the transport 

sector; how can this best be put into practice, and what will the effects of it be? More 

specifically, in this chapter the question of responsibility of trading in the transport sector is 

discussed. 

4.1 The Scenarios 
The suggestions are to use an upstream or a downstream approach to decide the responsibility 

of trading, or to make the companies ordering the transportation service responsible for it. The 

downstream and the upstream approaches are suggestions that have already been mentioned 

and to some extent discussed in existing literature. Per Kågeson has discussed them in his 

report125 which a delegation commissioned by the Swedish government has used as a base for 

the recommendations on how Sweden should act in this matter.126 Shortly, the 

recommendation is that Sweden should promote for an inclusion of the transport sector in the 

EU ETS, on the condition that this applies to all Member States. Further the delegation has 

identified the upstream approach as the one most likely to be accomplished, and that an 

inclusion of the transport sector can probably be made at the earliest in 2013. 

4.2 The Downstream Approach 
In this section the idea of the downstream approach for deciding responsibility of trading with 

emissions allowances is presented. Its strengths and weaknesses, as well as possibilities and 

concerned parties willingness’ to undertake it are discussed based on information gathered in 

the interviews and from the frame of references. Furthermore, incentives for emission 

reductions generated by this approach are mentioned. 

4.2.1 Structure and Idea of Downstream Approach 
The idea of using the downstream approach when deciding responsibility for trading with 

emission allowances is to move downwards in the supply-chain to the end-user, the level 

where the GHG are actually emitted, i.e. where the fossil fuels are used in a combustion 

process. In the created scheme this would mean going down to the level where the vehicles 

emitting the GHG are driven. (See Figure 20) 

                                                 
125 Kågeson P., 2004 
126 SOU 2005:10 
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Figure 20: Downstream allocation of responsibility for trading 

 

For private transportation the responsibility for trading with emission allowances, and once 

every year handing in an amount of allowances corresponding to the emissions actually made, 

would lie on the private persons driving their cars or motorcycles or using their motorised 

tools, like lawnmowers. A swift calculation, assuming that a private person drives his car 

about 20,000 kilometres per year and occasionally using his boat or motorised tools would 

result in a quite average person using about 2,000 litres of gasoline every year.127 Given the 

emission factor 0.0024 tonne CO2 per litre gasoline, this person emits 4.8 tonnes of CO2 per 

year for private transport. Hence, he would every year have to acquire128 about 5 emission 

allowances for the CO2 emissions he is causing. 

The downstream approach for the commercial transportation branch has to be divided into 

two categories; the first containing transportation by aviation, shipping or railway, and the 

second one containing road transportation, which is the category discussed in this thesis.  

Concerning the first category, statistics about fuel consumption is well known at airline 

companies, shipping companies and train companies. These companies would in their yearly 
                                                 
127 20 000 km x 0,09 litres of gasoline per km + 200 litres for other consumption = 2 000 litres 
128 The method how these allowances should be acquired is not discussed in this thesis. The most logical 
alternative however, is that they are bought.  
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budget have to account for the total amount of fossil fuel they have used, knowing that it is 

easy to calculate the amount of CO2 emissions their business has caused using emission 

factors. They would then be made responsible of handing in an amount of emission 

allowances corresponding to their emissions.  

The second category, road transportation, is a little bit more complex than the first. The basic 

idea of the downstream approach implies that the haulage contractor should be made 

responsible for trading with allowances. This would mean that the person owning and driving 

the truck or the larger companies, owning several trucks would have to account for their 

emissions and acquire a sufficient amount of allowances. The structure of the haulage 

contractor companies, i.e. there being a large number of smaller contractors acting via a 

central and there being dispatchers, however, opens for two more possibilities. Either the 

responsibility could be laid upon the central or the dispatcher. The central would in this case 

have to rely on its contractors to report to it how much fuel they have used and account for the 

total amount of fuel used by its contractors carrying out transportations that the central has 

coordinated. On the dispatcher level it is in somewhat the same case, only taken one step 

further and widened to cover other means of transportation. The companies on this level 

would have to rely on fuel use reporting by the contractors or centrals they have hired. Since 

they have the possibility to choose among all means of transportation, the contractors they 

have to rely on could be the ones mentioned in the first category of commercial 

transportation. This entails the question whether it is up to the dispatcher or e.g. airline 

company to keep emission allowances, or whether the dispatcher should account for 

emissions caused only by road transportation. 

4.2.2 Evaluation 

4.2.2.1 Private Transportation 
Concerning the downstream approach for the private transportation branch the reaction from 

almost all interviews was that it might be theoretically possible to let every fuel consumer 

trade with emission allowances, but it would call for enormous administrational efforts, e.g. 

every consumer must apply for and have an emissions permit and every transaction would 

have to be managed and registered. Furthermore there is no way of measuring or controlling 

exactly how much fuel one person is using per year, and in order to know this, some system 

would have to be developed and implemented, leading to great investments having to be 

made. One formal argument speaking against this approach is that emission allowances at the 
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moment are traded at a minimum contract size of 1,000 tonnes CO2 per transaction129. This is 

not applicable to a private person in the need of about 5 allowances. Another common 

question was about how to allocate emission allowances to private persons. Would they get an 

average amount of allowances needed for free or would they have to by allowances on the 

market? This is another issue130 that would have to be settled before this approach comes in 

question. 

A quite common opinion though, was that it from an economic market perspective would be 

desirable to make the actual emitter responsible for keeping emission allowances. Prevented 

that trading could be made without greater efforts, some advantages would be that the 

awareness of emissions caused is built up and the freedom to choose whether to reduce 

emissions or buy allowances is present. 

Summarising the arguments above, it was quite early made clear that the downstream 

approach is not applicable for private transportation; reason enough is the enormous amount 

of administrational work that such an approach would cause. 

4.2.2.2 Commercial Transportation 
Having dismissed the downstream approach for private transportation, the commercial 

transportation branch was discussed. Discussing the issue of administration as well as control 

and measurements of emissions, i.e. fuel consumption, gave mostly the answer that these are 

not a hurdle too big to take. Statistics about fuel consumption are well documented and 

administrating allowances trading for larger consumers is possible to do. A problem occurred 

however, when the structure of the haulage contractor firms was known. As mentioned, in 

Sweden about 6,000 contractors are single drivers, i.e. one driver owning one truck, of in total 

about 12,000 contractors. These are in the same situation as the private persons of the private 

transportation branch – they use too small amounts of fuel to motivate them to trade with 

allowances, and they spend their working time driving a truck, hence would not have time to 

care about acquiring or trading the allowances. This means that for administrational reasons, 

the responsibility for their emissions would have to be moved up to a higher level in the 

value-chain, namely to the central or the dispatcher level. Discussing private transportation, 

the awareness of emissions caused and the freedom to choose whether to reduce emissions or 

buy allowances are identified as advantages of the downstream approach. These advantages 

would be lost moving the responsibility of trading upwards. A way to apply the downstream 

                                                 
129 Nord Pool, 2005  
130 An issue that, as mentioned, is not discussed in this thesis. 
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approach for commercial transportation would probably be a mixture of allocation of the 

responsibility. The larger contractors could trade themselves, while the smaller ones would 

have to trade through some kind of agent, probably the central coordinating their transports. 

About the companies’ willingness to be made responsible the following can be said. In 

general, the transport sector as an interest group is optimistic about being included in the EU 

ETS. The sector and its GHG emissions are growing and the EU ETS is an opportunity to 

keep growing and emitting the amount of GHG required for this. Instead of undertaking costly 

reduction measures within the sector, it could buy allowances to a lower cost, whereas the 

money spent on allowances can be invested in more efficient reduction measures within other 

sectors, leading to greater and cheaper reductions in total. The larger contractors within the 

sector would not seriously oppose being made responsible for trading, while the smaller 

companies have no possibility of doing so. The opinion of the centrals and dispatchers in this 

matter was not made clear in the interviews. 

4.2.2.3 Incentives for Reduction Measures 
Next the incentives for emission reductions deriving from this approach are discussed. As 

stated in the interviews, the potential for emission reductions in the contractor, central and 

dispatcher level is quite good. Starting at the bottom, educating truck drivers in efficient 

driving has a theoretical fuel use reduction potential of about 7 %131. At the larger contractors, 

the centrals as well as the dispatchers, there is a not insignificant potential of fuel use 

reduction through thorough logistical planning. It is of course already today desirable to 

always have a fully loaded truck and drive the shortest route possible, but there are 

possibilities to further optimise the logistics planning process and make use of technological 

means to do so. Any figures of the width of such reduction measures were not mentioned in 

the interviews. At the dispatcher level there is another possibility to reduce emissions. Since 

the dispatcher only is managing the transports, and does not own any means of transportation 

by itself, it has the possibility to substitute GHG emitting means of transport with other 

means. For example road transportation could in some cases be replaced by rail, not directly 

emitting any GHG at all132. The dispatcher naturally seeks to use the means of transportation 

that for the purpose is the most efficient, i.e. the cheapest. The reduction potential for the 

substitution of GHG emitting means of transport has not been mentioned in figures. 

                                                 
131 Information from one of the interviews with a representative from the consumer side. 
132 Provided that the railway runs on electricity, in which case it indirectly causes emissions if the supplier of 
electricity uses fossil fuel to produce it. 
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The most important though, no matter which of these three levels is made responsible, is to 

deliver the goods on time to the right place. In this case the ambition to do it as cheap as 

possible or with as little GHG emissions as possible comes in second hand. 

4.2.2.4 Aviation and Shipping 
At this point road transportation has been thoroughly discussed and though not being the main 

objective in this thesis, some words have to be said about aviation and shipping. The airline 

and shipping companies have as mentioned good control over the amount of fuel they use and 

since a single company often uses a large amount of fuel, the control and administration for 

these companies to trade with allowances are possible. Both means of transportation see the 

EU ETS as an opportunity. Shipping considers itself to have large scale advantages over other 

means of transportation and good possibilities to reduce GHG emissions. Aviation is a 

strongly growing business, which fears that not being able to buy emission allowances in the 

EU ETS, i.e. having to reduce emissions using other measures133, would diminish current 

development. Both means of transportation, in particular aviation drives the question to 

include the transport sector in the EU ETS, at least their means of transportation. 

4.2.2.5 Summary 
Here follows a summarisation of the most important conclusions made about the downstream 

approach to allocate the responsibility for keeping emission allowances:  

Statements 

• It is not possible to use the downstream approach for private transportation 

• The downstream approach can not to full extent be used for commercial transportation 

Advantages 

• The downstream approach brings awareness of emissions caused and the freedom to 

choose whether to reduce emissions or buy allowances 

• Good possibilities for emission reduction measures 

• Aviation and shipping are well prepared and motivated for entering the EU ETS 

Disadvantages 

• There can be difficulties measuring and controlling emissions caused by the smaller 

companies 

                                                 
133 The most obvious being simply to reduce flying 
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• A large number of companies and many smaller companies require much administration 

• There are problems deciding on which level (contractor, central or dispatcher) to allocate 

the responsibility 

• The downstream approach allocating responsibility at dispatcher or central level is no 

longer a pure downstream approach and therefore some of the benefits from a downstream 

approach are lost 

4.3 The Upstream Approach 
In this section the idea of the upstream approach for deciding responsibility of trading with 

emission allowances is presented. Its strengths and weaknesses, as well as possibilities and 

concerned parties’ willingness to undertake it are discussed based on information gathered in 

the interviews and from the frame of references. Furthermore the incentives for emission 

reductions that this approach generates are mentioned. 

4.3.1 Structure and Idea of the Upstream Approach 
The idea of using the upstream approach when assigning the responsibility for trading with 

emission allowances is to move upwards in the supply chain, reducing the number of market 

participants and at the same time covering a larger number of consumers. This means that not 

the process actually emitting the GHG, but one of the instances supplying the fossil fuel that 

in a later stage is combusted, is made responsible for keeping emission allowances 

corresponding to the emissions caused by the fuel they are selling. 

In the scenario looked at in this thesis, moving upwards in the supply chain entails two 

possibilities for allocating the responsibility of trading. From the top and downwards they are; 

at the import and production level and at the depots. (See Figure 21) The manufacturing, as 

well as the retailer level, i.e. the petrol stations in the EU are not taken into consideration 

because not all fuel passes them. As shown in the figure of the whole supply-chain, an 

extensive amount of fuel is delivered directly from the depots to large scale consumers. 

Correspondingly, as displayed in Figure 21, some ready refined products are imported directly 

to the depots. 
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Figure 21: Upstream allocation of responsibility for trading 

  

At the top level there are quite few companies importing or producing crude oil or ready 

refined products. The statistics of imported and produced quantities are well known, since 

imports have to go through customs. Making the companies at this level responsible for 

keeping emission allowances would mean that future emissions caused by combusting fuel 

made out of the crude oil that has been imported or produced had to be calculated using 

emission factors. Some of the products refined within the EU are exported to non-EU nations. 

Moving down to the depot level the number of companies is still not that large. Almost all 

fuel passes through the depots from which it is later distributed to retailers or directly to 

consumers. Statistics of fuel passing through the depots are well known, and it is at this level 

that taxes are drawn today. Because of this, methods for measuring, controlling and reporting 

are well developed at the owners of depots. The amount of emission allowances that have to 

be kept at this level would have to be calculated using emission factors. 

4.3.2 Evaluation 

4.3.2.1 Import and Production Level 
Allocating the responsibility for keeping emission allowances at the import and production 

causes some problems. For one, some of the crude oil passing this level is refined within the 

EU and later exported to non-EU countries. If one company is importing the crude oil and 

another refining and exporting some of it, how should emission allowance regulations be 

formed? Should the importing company have allowances for everything it has imported or 

only for the amount that at a later stage is sold within the EU? Another problem is that some 
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of the products imported or produced are delivered directly, without being refined, to the 

industry, where it is used in industrial processes. In these cases the companies using it are 

often already part of the Trading Scheme, meaning the emissions caused by the fuel are 

already accounted for. It would be necessary to identify the part of the oil that is used for such 

processes and the part that is later used for transport. 

4.3.2.2 Depot level 
Based on this reasoning, allocating the responsibility for keeping emission allowances to the 

depot level is the most efficient and credible solution. At this level it is clear how much fuel 

will be sold within the EU and for what purpose. Another great benefit from choosing this 

alternative is that the measuring, controlling and reporting function already is built up and 

well trained due to tax regulations. It is better to use this existing and well functioning 

instance instead of building up a new one, which is most certainly combined with great costs. 

Trading with emission allowances on the depot level will probably not be any problem. 

Except for the controlling function already being available, the responsibility to trade would 

be laid upon only a few companies, each emitting134 larger amounts of GHG, making 

administration very easy. Another advantage of this approach is that fuels like aviation 

gasoline and residual fuel oil, also passing through the depots could easily be included in the 

emissions trading. Often the company that owns a refinery also owns the depots in which the 

refined fuel is stored. Since refineries are already taking part in the EU ETS the companies for 

which this is the case would be well prepared for trading with emission allowances. 

Moreover, these companies have the willingness to take on emission trading. 

4.3.2.3 Upstream Approach in General 
Having stated that an upstream approach should be used at the depot level, the next step is to 

move on to discussing the upstream approach in general. 

The way the Directive is formulated today an upstream approach for keeping emission 

allowances is probably not possible.135 The Directive omits an operator the “[…] obligation to 

surrender allowances equal to the total emissions of the installation […]”136 that he is 

managing. Using an upstream approach the installation that is concerned, i.e. the depot, does 

not emit any GHG. This means that the regulations of the Directive, built on the idea that it is 

the installation of an operator that is emitting the GHG, can not be used for making the 

                                                 
134 Of course the depots are not directly emitting any GHG, what is meant is that the fuel they are selling at a 
later stage will be combusted, generating emissions proportional to the amount of fuel sold. 
135 SOU 2005:10 
136 Directive 2003/87/EC, Article 6, 2. (e), p. 35 
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holders of fuel depots responsible for keeping emission allowances. In order to do this the 

Directive would have to be revised and rewritten, something that will probably take much 

time to do. It should however be possible to get this done until 2013, the year that most 

probably is the soonest the transport sector could be included in the EU ETS. 

What will the effects of the upstream approach be then? Acquiring emission allowances at the 

depot level will generate additional costs for their operators. To cover for these costs the fuel 

prices will have to be increased. In the chapter about the effects of emission allowance price 

level on the fuel price it was calculated that an allowance price of €30, a very high estimation 

of the allowance price, leads to an increased fuel price of 7.1 Cent for gasoline and 7.6 cent 

for diesel. The consumer would probably not be aware of that this increase is due to emissions 

caused by the usage of fuel, but instead experience this increased price level the same way as 

any other tax or fee. Since the price elasticity in the transport sector is very low, such an 

increase in fuel prices would not have particularly great effects on the demand for 

transportation. Given the price elasticity of -0.2137 in the transport sector, an increase of the 

gasoline price with 7.1 Cent would lead to a reduction of fuel use with 1.3 %138, a much too 

small reduction to meet the reduction targets under the Kyoto Protocol. Hence the transport 

sector would keep consuming the fuel they need, meaning the holders of depots have to 

acquire more allowances, and the money invested in allowances will be used within another 

sectors to reduce emissions in the EU. Comparing the increase of price due to emission 

allowances to the part of the price generated from taxes139 and to the fluctuation due to a 

changing crude oil price, it is assumable that the small increase due to emission allowances 

hardly will be noticed. 

4.3.2.4 Incentives for Reduction Measures 
The incentives to reduce GHG emissions are smaller in the upstream approach then in the 

downstream approach. First of all increased costs on this level will be compensated by 

increased fuel prices. Secondly this level provides what the market is demanding – fuel for 

transportation, which because of the low elasticity in this sector will stay at a steady level. 

There are however one kind of reduction measures that can be carried out on this level; 

substitution of fossil fuel to bio-fuel, fuel that is not made out of fossil fuel. The 

implementation of these measures has already started, mixing 5 % of ethanol into gasoline. 
                                                 
137 Because the period discussed in this thesis extends no longer than to 2017, the end of the third EU ETS 
period, the medium term elasticity is chosen.  
138 Assuming a gasoline price of Euro 1.1, 7.1 Cent is a price increase of 6.5 %. 6.5 % times 0.2, the elasticity in 
the transport sector, equals 1.3 %. 
139 In Sweden the tax part of the gasoline price that the consumer is paying is about 70 %.  
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What the companies on the depot level can do is to promote for mixing bio-fuel into 

conventional fuel and work actively to distribute bio-fuel to retailers in the EU. This would 

make it easier to in the future buy and use vehicles that run entirely on bio-fuel. 

4.3.2.5 Summary 
It is now time to summarize the most important findings from discussing the upstream 

approach for allocating the responsibility for keeping emission allowances in the transport 

sector:  

Statements 

• The upstream approach is best applicable on the depot level 

• The Directive is not ready for an upstream approach 

Advantages 

• Well functioning measuring, controlling and reporting procedures 

• Few actors and existing procedures make administration easy on this level 

• Residual oil, aviation gasoline and other fossil fuel consumption is automatically covered 

Disadvantages 

• The Directive has to be rewritten 

• Leads to increased fuel prices for the consumer, who is not aware of what is causing it 

• Existing taxes and fluctuating oil price obstruct the effect of trading with emission 

allowances  

• Few possibilities to carry out emission reducing measures 

4.4 Making the Companies Ordering the Transport Responsible 
In this section a third idea for deciding the responsibility of trading with emission allowances 

is presented. Its strengths and weaknesses, as well as possibilities and concerned parties’ 

willingness to undertake it are discussed based on information gathered in the interviews and 

from the frame of references. The effects of choosing this approach and the incentives it 

generates also are discussed. 

4.4.1 Structure and Idea of Third Suggestion 
A third suggestion for the allocation of responsibility is to lay it upon the companies that 

order the transport, i.e. the owner of the goods being transported, causing emissions, to keep 
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emission allowances. This suggestion is naturally only applicable for commercial 

transportation and the transportation of goods. Transports are an important part of the 

processes in most producing companies. They often rely on efficient means to transport a 

product to its customer or from one production site to another, to let it go through another 

process. The idea of this suggestion is to give the companies ordering the transport an 

incentive to actively do something to reduce emissions, or at least have the possibility to 

choose whether to do so instead of only accepting a higher price on transportation services 

that the downstream and upstream approach probably entail. Based on information from the 

haulage contractors, the company ordering the transport could know how much emission the 

transport of its goods have caused. This company could then be made responsible for 

accounting for allowances covering these emissions. (See Figure 22) The information coming 

from the haulage contractor would have to be based on how much fuel he has used 

transporting the goods. 
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Figure 22: Allocation of responsibility for trading at the companies ordering the transportation 

  

On a technological basis, it is today possible for a haulage contractor to keep track of how far 

and the amount of goods he is transporting and to which company the goods belong.140 There 

                                                 
140 Stated in one of the interviews with a representative from the consumer-side 
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are well developed computerised systems capable of doing this, which can be built into 

trucks. This technology however, is not spread among all contractors yet and further 

investments have to be made before that is the case. 

4.4.2 Evaluation 

4.4.2.1 First Reactions 
The most common spontaneous reaction from the interviews when presenting this idea was 

that it could never be done. There is no possibility of knowing how much of the used fuel to 

allocate to which company. And although it might be giving the companies ordering the 

transportation some freedom of choice it will never be possible to persuade them to answer 

for GHG emissions that they are not directly causing. There were some however, seeing a 

great potential in this approach. For one, there are possibilities of carrying out measures that 

would drastically reduce GHG emissions. Consider a large company that has several 

production sites, transporting goods between them, and letting their products pass through 

different processes at different sites. At this level it could be possible to plan production and 

manufacturing sites to minimise transportation. On longer term such measures could lead to 

immense emission reductions. 

4.4.2.2 Requirements 
The truth is that the technology needed to be able to calculate the amount of emissions that the 

transporting of goods belonging to a certain company generates is well developed. It will 

however not be possible to do this with perfect accuracy. A truck is often loaded with goods 

from several different companies. The goods are loaded off at different locations along the 

route this truck is driving. Having loaded off some goods it is desirable to fill up the empty 

space picking up new goods along the route. It seems complicated to keep track of the goods 

being transported, how far it has been transported, whom it belongs to and how fully loaded 

the truck was when transporting the goods. It would nevertheless be theoretically possible to 

allocate the used amount of fuel to the goods being transported, and thus to the companies 

having ordered the transportation. But if a truck is driving a route not fully loaded, the 

average emissions per good are higher. Then the cause for this would have to be investigated. 

Is it because the contractor or its central has a poor logistics planning or because the company 

ordering the transport has had certain demands considering time and location? The costs 

would in the end have to be allocated using some kind of allocation key, based on for example 

yearly average fuel use per transported tonne kilometre. So, except for that the technology for 
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allocating used fuel amounts to the companies ordering the transportation has to be built out, a 

method for calculating it has to be developed before this solution comes in question. 

4.4.2.3 Who Can Be Made Responsible 
Another difficulty choosing this approach is how to handle the companies that order 

transportation only to small extents. Think for example of a company that constructs 

specialised equipment, without emitting any GHG from the processes, and delivers few 

products, maybe two or three every year. Should this company be made responsible for the 

emissions that these two or three shipments per year cause? The amount of fuel used for it 

would probably not be more than a couple of hundred litres. The answer is no. It is not 

economically defendable to let such a company acquire and trade with one or two emission 

allowances every year. Hence this allocation approach is only applicable on companies that 

need much transportation. The emissions caused by small consumers of transportation would 

have to be covered in other ways, something that further complicates the difficulty to allocate 

used fuel to the companies ordering transportation. 

One solution, or step in the right direction could be to use this approach on companies already 

covered by the EU ETS. They could except for being responsible for the emissions their 

processes are causing, also be made responsible for the emissions that are indirectly caused 

during the transportation of their products. These companies are already well prepared for and 

used to deal with emission allowances and adding some responsibility to the one they already 

have should not cause any severe problems. This way, some part of the emissions from 

transportation could be included in the EU ETS at an earlier stage than 2013, possibly already 

with the beginning of the next EU ETS period in 2008. The question following this idea is 

what would happen to the rest of the transport sector. How should their emissions be handled, 

and how could fairness regarding competition be assured on the market? In some way the 

involved firms would have to be compensated for their additional effort, maybe they could get 

money back on their taxes equal to the amount they have spent on emission allowances. There 

are more options to speculate in, all causing some amount of administrational work.  

4.4.2.4 Summary 
The chapter ends with a summary of the most significant results from the discussion about 

whether it is a good idea to make the companies ordering transportation services responsible 

for trading with emission allowances corresponding to the emissions caused when their goods 

are being transported: 
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Statements 

• Only applicable for companies in need of much transportation service 

Advantages  

• It could be possible to, at an early stage, already 2008 include parts of the emissions from 

the transport sector in the EU ETS 

• Opens for possibilities to drastically reduce emissions when planning production or 

building a new production site 

Disadvantages 

• Difficult to persuade the involved companies to take on responsibility for emissions they 

are not directly causing 

• Difficulties deciding how much emissions the transportation of one particular firm’s 

goods has caused 

• Great amount of administrational work handling only parts of the transport sector  

4.5 Common Evaluation 
Except for discussing the three suggestions of where to allocate the responsibility for keeping 

emission allowances, some other interesting statements were made during the interviews. 

They are presented and briefly discussed in this section. 

4.5.1 How to Handle Emissions from Motorised Equipment 
Many of the companies covered by the Trading Scheme today in their daily work use 

machines that run on fossil fuel. Examples of such are forestry machines, machines used for 

in-house transportation, motorised tools and others. The emissions caused by these are not 

accounted for in today’s Trading Scheme. During the interviews the question about how to 

include these emissions in the Trading Scheme came up. One suggestion was based on the 

assumption that the amount of fuel used by these machines is well known and accounted for 

in common cost calculations. Hence, it would not be a problem to know how many 

allowances a company would have to acquire to justify the emissions made. One problem 

however, could be that the company already pays taxes on the fuel that it buys. If it would 

have to acquire emission allowances, it also would have to be compensated for the taxes that 

have already been paid, or for the additional costs that allowances cause. Using the upstream 
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approach the fuel used by these machines is automatically included in the Trading Scheme 

and all other problems are avoided since all fuel passes the depot. 

4.5.2 Taxes and Oil Price Disturb the Effects of Emissions Trading 
A statement often made during the interviews was that the existing tax structure cancels the 

effect of trading with emission allowances. Tax levels are too high to notice a price effect 

from emissions trading and the oil price fluctuation will be by far more important to keep 

track of then the allowance price level. Something that is desirable is to change the tax 

structure on fuel prices, remove the CO2 tax on fuel existing in Sweden today and maybe even 

completely remove fuel taxes and use the Trading Scheme as the only financial means to 

control emissions. Since this is not a realistic scenario, at least not on short term, the least that 

has to be done is to harmonise taxes within the EU. It is important that the companies from all 

Member States can compete on equally conditions on today’s global markets. 

Irrespective of how the tax structure is formed it is important to attain transparency among 

cost generators, i.e. to ensure the possibility to identify the part of total costs that heritages 

from emission allowances, fees and taxes. This is a condition for companies being able to 

consciously forming strategies regarding emissions trading. 

4.5.3 Effects of the Alternative, Controlling Emissions by Other Means 
Representatives from firms that are already part of the Trading Scheme have raised concerns 

that including the transport sector in the EU ETS will lead to it buying itself free from 

reduction measures through buying emission allowances. This would lead to an increasing 

allowance price, which could strike hard on industries that are emitting large amounts of CO2 

or are using much electricity, since electricity production in many cases generates GHG 

emissions. 

In the end though, every nation has to reach its target under the Kyoto Protocol. Therefore, 

not including the transport sector, and other sectors, in the EU ETS, means that the emissions 

in these sectors have to be limited by other means. If this is the case for the transport sector, 

total costs for emission reductions will be higher than using the Trading Scheme. In this case 

it is important to understand that total costs will increase for all sectors – the costs from 

mitigating emissions in the transport sector will be carried on to its customers via increased 

prices for transportation services. It is better to let the transport sector buy allowances and 

even increase emissions and instead invest in reduction measures in other sectors. 
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Moreover fuel should be used where it is most efficient. This could mean that in the future, 

fossil fuel is used mainly for transportation, assuming that power plants and industry have 

better possibilities to use biomass in their processes. 

4.5.4 Sector-Wide Emission Trading Scheme as a First Step 
Because of uncertainties about what will happen with the price of emission allowances, and 

what the effects of including the transport sector in the EU ETS will be, a suggestion made is 

to start with creating a sector-wide trading scheme, only for the transport sector. After some 

time such a trading scheme could be evaluated, and if it is well functioning and the allowance 

price in this scheme does not differ too much from the one in the Community Scheme, the EU 

ETS could be enlarged to include also this sector-wide scheme. This way risks are minimised 

and unwanted effects are avoided. The Directive states in point 16 of the preface that it has no 

objection against the establishment of national trading schemes regulating emissions from 

other sectors than the ones covered by the Community Scheme.141 

4.5.5 On Long Term all the World’s Nations Must Restrict Emissions 
On long term the EU cannot act on its own. When restrictions get too harsh in the EU its 

companies will have no chance competing with companies from nations that do not have any 

limitation of emissions. Companies from the EU might move their production sites to such 

nations when competition gets too hard. In a long perspective all the nations of the world have 

to join in some kind of emissions trading, in order to let all companies on the global market 

compete under the same conditions.  

                                                 
141 Directive 2003/87/EC, (16), p. 32 
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5 Conclusion 
Emission reductions must be made, one way or another, to reach the emission level agreed to 

under the Kyoto Protocol. The Trading Scheme is a way to divide the cost of reductions 

among the ones contributing to emissions. If the transport sector will have to lower its 

emissions using other means, the cost of the total reductions that have to be made will be 

greater than the costs using the Trading Scheme. The extra cost generated by making the 

transport sector curb its emissions will be passed on through the value chain, in the end being 

paid by the consumer of transport, i.e. the companies ordering transportation services. The 

most efficient solution for all parts, according to economic theories, is to include all sectors in 

the EU ETS. 

For private transportation, only an upstream approach is possible and credible. For 

commercial transportation however, three approaches are possible, upstream, downstream and 

allocating the responsibility for trading to the companies ordering the transportation service. It 

is difficult to decide which alternative is the best; all three have their strengths and 

weaknesses. The major arguments for a downstream approach are that it makes the emitter 

aware of the emissions he is causing and generates good incentives for carrying out reduction 

measures. The main reasons for choosing the upstream approach are that it is easy to 

administrate and automatically covers the emissions from a great part of the fossil fuel used. 

The issue motivating to choose the third alternative is that it makes it possible to at an early 

stage include some of the emissions from the transport sector in the trading scheme. 

A recommendation built on this thesis would be to choose the upstream approach. The costs 

generated from keeping and trading emission allowances in the transport sector are too small 

to be an incentive to drastically reduce emissions; taxes, the oil price and costs other than fuel 

costs are much more important for the GHG emitters. Using the upstream approach would at 

least involve the transport sector in being responsible for, i.e. paying for reducing emissions to 

the level agreed to under the Kyoto Protocol. This way, the economically most efficient 

solution could be reached, when the Trading Scheme covers all sectors, to the lowest 

administrational cost. At the same time however, it would be good to include some of the 

emissions from the transport sector in the EU ETS at an earlier stage than 2013, maybe by 

using the approach of the third suggestion. It is also important not to totally stop the emission 

reducing development in the transport sector, only because it is possible to buy more 

allowances. Research and development in this matter must be stimulated in other ways. 
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Having made the analysis and summarised the conclusions made from it, it is once again time 

to regard the figure illustrating the method of the analytical part of the thesis, Figure 23. The 

output of the discussion is that three suggestions, or scenarios, of how to administrate 

allowances trading in the transport sector have been created. Their strengths and weaknesses, 

i.e. advantages and disadvantages as well as the effects have been identified and discussed. 

The discussion has focused on the possibility to implement the suggestions, the administrative 

structure of trading, the willingness of involved parties to take on their new assignment as 

well as the incentives for emission reductions that are generated. In other words, it is now 

possible to conclude that the output that was planned to come has been generated. 
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Figure 23: Scheme of the analytical part of the thesis 

 

5.1 Important Issues No Matter What Solution Is Chosen 
Regardless of which solution is chosen, there are some issues that always are important to 

consider: 

• The entire EU must act unanimously when including other sectors or GHG in the EU ETS 

• EU-wide harmonisation of tax-structure is called for to make the EU ETS more efficient 

• International competition has to be taken into consideration when planning for the future 
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• Decision makers need to “get the big picture”, i.e. understand the width of the EU ETS 

and consequences of the Kyoto Protocol 

• Using too many different financial means at the same time might cancel their intended 

effects 

5.2 Further Subjects in Need of Investigation 
During the work with the thesis questions arose that have not yet been answered in literature 

and were not directly in the scope of this thesis. These questions, some of them listed below, 

are in need of further investigation. 

5.2.1 Allocation of Emission Allowances 
There are different methods that can be used when the emission allowances are initially 

handed out to market participants – auctioning, free allocation and benchmarking are the most 

commonly discussed. These different methods will give rise to different distributional effects. 

Possibly, other effects, positive as well as negative, can be identified. Investigating this 

question and attempting to evaluate which method would give rise to the most efficient 

situation can be of interest for future periods in the EU ETS as well as other possible trading 

schemes created in the future.  

5.2.2 Evaluation of Means of Controlling Emission Levels 
Having a trading scheme such as the EU ETS has its advantages as well as disadvantages 

compared to other instruments to control emission levels. Depending on factors such as 

market structure, information asymmetries regarding production inputs and outputs, the effect 

of regional redistribution of pollution and many others, different instruments will differ in 

their efficiency. Therefore, it would be of interest to evaluate the structure and the situation of 

the European market in particular to try to draw a conclusion about which system might be 

the most suitable for Europe. This system alone should then be used. 

5.2.3 The Other Flexible Mechanisms 
The Kyoto Protocol suggests three flexible mechanisms. Except for International Emissions 

Trading it suggests also Joint Implementation and Clean Development Mechanisms. Some 

studies of the latter mechanisms’ effect on the EU ETS allowance price have been made. 

Another question that would be interesting to investigate is how these mechanisms could be 

used the most efficient way, i.e. who is allowed to make use of them, to what extent and 

which are the best suited projects for them. 
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Abbreviations 
AAU Assigned Amount Units 

CDM Clean Development Mechanism 

CEMS Continuous Emission Measurement Systems 

CER Certified Emission Reductions 

GHG Greenhouse gas 

ECCP European Climate Change Programme 

ERU Emission Reduction Unit 

EU ETS European Union Emissions Trading Scheme 

GWP Global Warming Potential 

IET International Emissions Trading 

IPCC Intergovernmental Panel on Climate Change 

JI Joint Implementation 

NAP National Allocation Plan 

UNFCCC United Nations Framework Convention on Climate Change 
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Appendix I – Climate Development in the 20th Century 
20th century changes in the Earth’s atmosphere, climate, and biophysical system 

Indicator Observed Changes 
GHG Concentration 

Atmospheric concentration 
of CO2 

280 ppm for the period 1000–1750 to 368 ppm in year 2000 (31±4 % 
increase). 

Terrestrial biospheric CO2 
exchange 

Cumulative source of about 30 Gt C between the years 1800 and 2000; 
but during the 1990s, a net sink of about 14±7 Gt C. 

Atmospheric concentration 
of CH4 

700 ppb for the period 1000–1750 to 1,750 ppb in year 2000 (151±25% 
increase). 

Atmospheric concentration 
of N2O 

270 ppb for the period 1000–1750 to 316 ppb in year 2000 (17±5 % 
increase). 

Atm. conc. of HFCs, PFCs, 
and SF6 

Increased globally over the last 50 years. 

Weather 
Global mean surface 
temperature 

Increased by 0.6±0.2°C over the 20th century; land areas warmed more 
than the oceans (very likely). 

Northern Hemisphere 
surface temperature 

Increase over the 20th century greater than during any other century in 
the last 1,000 years; 1990s warmest decade of the millennium (likely). 

Diurnal surface 
temperature range 

Decreased over the years 1950 to 2000 over land: night time minimum 
temperatures increased at twice the rate of daytime maximum 
temperatures (likely). 

Hot days / heat index Increased (likely). 
Cold / frost days Decreased for nearly all land areas during the 20th century (very likely). 
Continental precipitation Increased by 5–10 % over the 20th century in the Northern Hemisphere 

(very likely), although decreased in some regions (e.g., north and west 
Africa and parts of the Mediterranean). 

Heavy precipitation events Increased at mid- and high northern latitudes (likely). 
Frequency and severity of 
drought 

Increased summer drying and associated incidence of drought in a few 
areas (likely). In some regions, such as parts of Asia and Africa, the 
frequency and intensity of droughts have been observed to increase in 
recent decades. 
Biological and physical observations 

Global mean sea level Increased at an average annual rate of 1-2 mm during the 20th century. 
Duration of ice cover of 
rivers and lakes 

Decreased by about 2 weeks over the 20th century in mid- and high 
latitudes of the Northern Hemisphere (very likely). 

Arctic sea-ice extent and 
thickness 

Thinned by 40 % in recent decades in late summer to early autumn 
(likely) and decreased in extent by 10–15 % since the 1950s in spring 
and summer. 

Non-polar glaciers Widespread retreat during the 20th century. 
Snow cover Decreased in area by 10 % since global observations became available 

from satellites in the 1960s (very likely). 
Permafrost Thawed, warmed, and degraded in parts of the polar, sub-polar, and 

mountainous regions. 
El Niño events Became more frequent, persistent, and intense during the last 20 to 30 

years compared to the previous 100 years. 
Growing season Lengthened by about 1 to 4 days per decade during the last 40 years in 

the Northern Hemisphere, especially at higher latitudes. 
Plant and animal ranges Shifted poleward and up in elevation for plants, insects, birds, and fish. 
Breeding, flowering, and 
migration 

Earlier plant flowering, earlier bird arrival, earlier dates of breeding 
season, and earlier emergence of insects in the Northern Hemisphere. 

Coral reef bleaching Increased frequency, especially during El Niño events. 
Economy 

Weather-related economic 
losses 

Global inflation-adjusted losses rose an order of magnitude over the 
last 40 years. Part of the observed upward trend is linked to socio-
economic factors and part is linked to climatic factors. 
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