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1. Abstract 
This paper analyzes the use of market-based emission regulation instruments to address the carbon              

dioxide emissions of transportation. Simulations with an on-line model for evaluating GHG emissions             

show that a tax based approach does not grant European emission goals for the transport sector. By                 

analyzing abatement cost curves generated by the model, this thesis investigates the effects of              

including road transport in the EU ETS after the third trading phase. It stresses that the arguments                 

and worries brought up not to include transportation to ETS are not sufficient in the year 2020. The                  

thesis suggests that including transportation into the European emission trading scheme after the             

third trading phase is superior to a continued tax-based approach. Furthermore, it is stressed that the                

efficient part of a tax-based approach, namely increased use of bio fuels, can be reached using a                 

quota requirement in combination with an inclusion of transportation to a trading scheme.  

 

2. Introduction 
In 1997 the Kyoto protocol was initiated as a response to growing worries on global warming and the                  

costs it might have. The Kyoto protocol was intended to cut global greenhouse gas emissions. Aiming                

at 2012, 37 “Annex 1 countries”, classified as industrialized countries and countries in transition,              

agreed on reducing their collective emissions by 5.2 % from the levels in 1990. Within this overall                 

target, each member state had a differentiated reduction target. The Kyoto protocol for the first time                

introduced the possibility of collective emission targets to reach global goals, which resulted in              

bringing emission trading schemes (ETS) under debate. In 2005 the EU ETS was implemented for               

certain sectors in Europe and has since then been on-going.  

 

The EU ETS is a steered market for CO2 emissions. Large emitters of carbon dioxide are obliged to                  

monitor their pollutions. They must also report them, in order to be allocated a certain share of                 

allowances. If the company is exceeding their share, more emissions need to be bought from the                

government. If an installation within the scheme performs well and decreases its need for              

allowances, its shares can be sold. The allowances are bought for a certain amount of years (a trading                  

period) in advance based on previous emissions. While the amount of available allowances decreases              

each trading period, there are alternative methods of becoming “bonuses” such as CDM and JI which                

are not discussed in this paper.  

 

Since 2009 the emission targets have turned to binding legislation in the EU Climate and Energy                

Package and been developed to include aviation and to aim at higher capture goals. In the meantime                 

road transport, which stands for 28% of European CO2 emissions, has been increasing and is               

projected to continue to do so. A globalising world needs transport but how much can we allow                 
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transport to grow on the behalf of clean air? What the true costs of transport are and how we can                    

internalize these are major topics for the research on transport policy. The rate of growth of                

transport‘s GHG emissions has the potential to undermine the EU‘s efforts to meet potential,              

long-term GHG emission reduction targets if no action is taken to reduce these emissions.  

 

One possible action to control the amount of emissions resulting from transport and thereby put a                

price on the emissions from transport in relation to other emitting sources is to introduce transport                

to the EU ETS. There is however great uncertainty on how an introduction of road transport would                 

affect sectors within the ETS. While the debate is still on-going the EU has decided to develop existing                  

taxes as an action to steer emissions in- and outside of the trading scheme by fiscal means. The                  

revised energy directive with a minimum energy tax is meant to account for greenhouse gas (GHG)                

pollution from other transport than aviation as well as to balance the tax base in Europe.  

 

This thesis investigates the potential of the revised energy taxes in terms of decreasing total               

emissions as well as it discusses a future introduction of transport to EU ETS. The prognosis tool                 

GAINS has been used to account for the effects. GAINS is a database on pollutions based on                 

abatement costs. It enables the user to create scenarios and returns an output of how different                

sectors and countries affect each other. 

3. Objectives 
The objective of this thesis is to present and analyse the revised tax as well as its main fiscal policy                    

alternatives to reduce emissions resulting from transport within the EU. Special notice is given to the                

perception of different policies at both stakeholder and expert level. The thesis aims at forecasting               

2020 in terms of effects in emission reduction for various sectors and countries based on four                

scenarios. The scenarios are policies which have been chosen based on the discussion in literature.               

The base scenario, the case of a high tax on CO2, the case of a tax on energy efficiency, and a                     

scenario where transport is included in EU ETS are compared using both qualitative and quantitative               

analysis. It is the goal to make recommendations for the future policy making both in the ETS and in                   

the non-constrained sector. The main objectives are summarized below. 

● To analyze different policies for emission reduction in European road transport 

o Historical facts and future plans 

o Ongoing discussions from the academia 

o Ongoing discussion from the stakeholders 
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● To estimate the effects of including road freight in the trading sector to different actors in                

Sweden in contrast to the purposed energy taxes 

o Effects on abatements in different sectors 

o Effects on total greenhouse gas emissions 

o Effects on CO2 price 

● To make recommendations for the future of environmental taxes in the transport sector. 

● To assess the use of GAINS in policy considerations 

 

4. Background 
Road transport accounts for 28 % of European carbon dioxide (CO2) emissions (EU transport, 2011)               

and is predicted to continue increasing its share, yet it is not part of the trading scheme for                  

emissions. EU developed a white paper on transport in April 2011 which focuses on a 60% decrease                 

in emissions 2050 based on mainly modal shift and a shift to nonconventional fuel. In a short term                  

perspective, the main focus lies on creating conditions for a Single European Transport Area with               

more competition and a fully integrated transport network.  

One important issue in developing a Single European Transport Area is differing taxation policies on               

different fuels in Europe. For example, bio fuels which are often exempted from fuel tax in Europe,                 

and subsidized instead might distort the competition and weaken the transparency of emission             

reduction. Subsidies caused by differing taxation policies might also lead to other disadvantages such              

as lock-in effects, overcompensation and dependency (Kågeson, 2008). Another problem is that fuel             

tax rates vary considerably across member states, with some states profiting from sales of cheaper               

fuel to outsiders, while others are inhibited from raising duty to desired levels because of this                

cross-border competition. Disparities in taxation practice arise from a very broad range of historical              

factors and different political priorities on the part of Member States. They may have an adverse                

effect on the single market, and cause a number of specific problems for Member States with high                 

duty rates – notably with fuel tourism and in some areas, smuggling. An energy tax (p.3) that taxes                  

fuel according to the amount of energy might be an efficient instrument to solve this. It is                 

controversial though, if taxes on traditional fuel create subsidies on alternative fuel and how these               

affect the total amount of greenhouse gas emissions (GHG). The point has been raised (Wibe, 2010)                

that subsidies on alternative fuel will decrease the price on all fuel since the supply increases.                

Moreover, in the same report, an increased use of biofuels is said to increase the amount of GHG                  

emissions. Another option would be to include transport fuel in emission trading with other CO2               
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polluters. Aviation (Kerosene) is to be included in the EU Emission Trading Scheme (EU ETS) from                

2013, while excluded fuel probably will be obliged to a minimum emission and energy tax. 

 

An inclusion of transport to the EU ETS would most probably have consequences on the rest of the                  

trading sector and the non trading sector. In the trading sector competition on emission rights raises.                

Based on Kågesons theory (2008) it is assumed that the non trading sector is affected through                

variations in transport tax rates and that the fluctuations in the non trading sector will in turn disturb                  

and distort emissions trading. In case of an inclusion of transport to ETS the question remains how to                  

solve this tug of war between transport and the non trading sector. 

 

In 2011 EU ETS cover energy power plants and energy intensive sectors in EU27 as well as Norway,                  

Lichtenstein and Iceland, which must monitor and annually report their CO2 emissions, they are              

obliged to return an amount of emission allowances every year to the government. The quantity is                

equivalent to their CO2 emissions in that year. The development of the system is divided into                

periods; the second period ends in 2012. Up to now the majority of the emission rights (60%) have                  

been allocated, but during the third period (2013-2020) only 40 % will be allocated and the rest                 

auctioned. The emission trading scheme is not yet fully developed and The European Union (White               

paper on transportation, working doc. 2011) has announced that the inclusion of land transport              

within EU ETS is to be assessed further.  

This master thesis in transport analysis aims at assessing the results of including transport in EU ETS                 

versus the main alternative, energy taxes. Four alternatives are compared. One is a base scenario,               

the second is a CO2 tax scenario, the third is an energy tax on energy efficiency, and the fourth is a                     

scenario where transport is included in EU ETS. Unlike previous studies on simulations with an on-line                

model for evaluating GHG emissions, such as Zetterberg et al. (2006), this study discusses abatement               

costs in relation to perceived costs. Furthermore, this study prolongs the time span to the forth                

trading period (from the year 2020) since it is assumed that the year of possible introduction for road                  

freight is 2020. Until 2020 the two-fold tax is likely to have been fully implemented and to have                  

harmonized the carbon tax within Europe. Adding a discussion on what abatement costs are and the                

“agreed upon” values of abatements widens the spectra of the subject.  

Research questions 
I focus on four research questions stated below. Because of differing national conditions conflicts              

between member states must be taken into account and therefore international effects are studied.              

International effects in this case consider how the different EU countries are affected in relation to                

each other. The legally binding European carbon reduction goals for 2020 are conditioned for the               

sectors within EU ETS but it is raised as a research question if the targets can be reached outside of                    

EU ETS. The difference in acceptance between a tax and emission rights is researched since one of                 
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the arguments for taxes is that it is more user-friendly. Also, GAINS as a free online prognosis tool on                   

global emissions is analysed. 

- What international effects might the new legislation bring about? 

- Will the European carbon reduction goals be reached in 2020 outside of the ETS,              

using the minimum taxation proposal? 

- Is there a difference in the acceptance of a new tax in comparison to a trading                

scheme, regarding the objectives of reduced emissions? 

- Is a “GAINS interpretation” useful for estimating the effects from an inclusion of             

transport to ETS? 

The answers to these questions will lead to a deeper understanding of the level of fulfilment of                 

European targets using today’s policies. Also the answers are needed to understand the possibilities              

in terms of reduced emissions of new fiscal policies. 

5. Literature study 

Taxes or Trade 
The efficiency of a trading system for transport depends on the abatement costs of the transport                

sector relative to others (Mandell, 2010). Marginal abatement costs are difficult to value, especially              

on the demand side, but are often calculated as higher in the transport sector than in other sectors                  

within EU ETS (Zetterberg et al. 2006). Because of this Zetterberg argues that including road transport                

in the same trading scheme as the industry will create significant structural impacts on the later, such                 

as redistribution of costs and emissions. Rising CO2 prices force the industry to cut emission or even                 

drive them to bankruptcy because of their lower Marginal Abatement Costs (MACs). On the other               

hand taxes are under debate as well. The taxation level needed to fulfill certain abatements is unsure                 

in advance while the decrease in emissions is definitive using trading schemes, at least within Europe.                

The risk of some industries reallocating production outside of the Unions border might then be bigger                

because of high emission costs and low marginals. In the ideal situation the reduction potential of                

CO2 decreases or vanishes if the CO2 market is separated into one constrained and one               

unconstrained market since variations in tax rates in the unconstrained market will disturb and              

distort emissions trading (Kågeson 2008). This is explained by the theory that any company with               

increasing costs on taxes will eventually decrease its production and need for emission rights,              

resulting in a lower price on CO2 in the trading market. Additionally emission systems are more                

accepted as international policy tools since the EU Treaty requires all decisions on tax levels to be                 

unanimous. The perceived effectiveness is also higher for trading than for taxes, which could have               
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major impact on response of the system (Harwatt, 2007). This has resulted in a compromise at EU                 

level to suggest a minimum tax of €20/ ton CO2. 

The revised energy taxation directive 
The European Commission has presented a proposal to overhaul the rules on taxation of energy               

products in the European Union, which the EU claims to be out-dated (EU Press release IP/11/468).                

Under the current regulation, the tax to be paid is calculated according to the quantity of fuel that is                   

consumed. The Commission is interested in changing this taxation method, to instead calculate the              

tax according to carbon dioxide (CO2) emissions and the energy content of the fuel that is consumed.                 

Fuels with high CO2 emissions and low energy content would be taxed most heavily. The new rules                 

aim to restructure the way energy products are taxed to remove current imbalances and take into                

account both their CO2 emissions and energy content. The CO2 tax will be adjusted to the price set                  

by the EU ETS, starting at €20 per tonne, and the energy efficiency tax will be adjusted every third                   

year starting at €9,6 for motor fuel. 

The energy efficiency tax is targeted at the demand side, i.e., the producer and importer of vehicles.                 

It is intended to renew the car fleet in Europe with more environmental friendly cars. The energy tax                  

would be based on the actual energy that a product generates measured in gigajoules (GJ), which                

would be favourable for biofuel and electricity. 

What an introduction of transport to ETS would look like 
Emission permits can be targeted at the polluter (downstream trading), the producers and importers              

of the fuel (upstream trading) or at the producers and importers of vehicles (midstream trading). A                

downstream approach has been decided to be implemented for aviation in 2013. Due to a large                

number of polluters a downstream approach must overcome large transaction costs if introduced to              

road transport. A midstream approach in which car manufacturers have to hold lifetime permits of               

the sold vehicles has the advantage that it directly affects specific emissions of new cars. Like the EU                  

Energy tax, a midstream approach favours more environmental friendly cars but has the             

disadvantage to regulate emissions only in an indirect way. Hence, fuel prices and modal choice stay                

unaffected. Abrell (2009) argues that in a perfect market, a downstream approach and an upstream               

approach lead to the same results in fuel price. He therefore bases his thesis on a downstream                 

approach, where permits are given to producers, importers and wholesalers of transportation fuel.             

In our imperfect reality, fuel price is not directly affected in a downstream approach. If a perfect ETS                  

is the goal or a system which covers all sources of CO2, fuel producers should be targeted. Different                  

approaches will be evaluated in this study. In the Swedish national inquiry of expanding the               

constrained sector to include transport (SOU 2005:10), Kågeson recommended to target the            

importers and processors of diesel. 
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There are several possibilities for allocation of emission rights such as auctioning, benchmarking and              

grandfathering. These are discussed in IVL (2006). The EU has decided on a combined system. While                

auctioning of carbon allowances is limited during the first and second trading period, it will be the                 

main allocation method as of 2013. Sectors and sub-sectors found to be exposed to a significant risk                 

of carbon leakage will receive allowances for free, based on ambitious benchmarks, but for              

non-exposed industry such allocations will be phased out.  

The final report of the national delegation to investigate effects of the ETS in Sweden reached the                 

conclusion that emissions trading including transport will result in two major effects: (1) social              

surplus in Sweden and a loss of the same to some other countries within EU25; (2) the price of                   

allowances will increase with an inclusion. Nonetheless, the delegation urges the Swedish Parliament             

to advocate an inclusion (SOU 2005:10). A social surplus in Sweden is the result of competitive                

advantages in relation to countries which have no or smaller taxes on CO2. An increase of the carbon                  

price has been criticized as causing carbon leakage. If it is more costly to reduce emissions through                 

technological or administrative actions than to buy emission allowances, Swedish industries will have             

to buy allowances, but if buying allowances causes a production price more expensive than in outside                

EU countries, the production might be moved abroad. The transport sector has been claimed to have                

more expensive emission reduction possibilities and no foreign competition, which increases the            

price of allowances. Consequently, to introduce transport, it has to be shown that the sector has                

abatement potentials equal to other sectors in all or most EU countries. 

This thesis states the year of possible introduction for road freight to be 2020. Until 2020 the                 

two-fold tax is likely to have been fully implemented and to have harmonized the carbon tax within                 

Europe. 

Constraints for freight transport to reduce total European CO2 emissions 
The main constraint on decreasing the emissions by including road transport in a downstream trading               

approach can be pointed out in the supply side of the sector: (1) due to the inelasticity of the                   

transport sector, neither taxation nor emission trading will be able to create enough incentives to               

lower CO2 emissions within the sector; (2) high Marginal Abatement Costs for technological             

improvements in the transport sector causes unbalances in trading with other sectors (Tamm 2011).              

These two constraints are discussed further next. 

High willingness to pay 
Many sectors need cheap European transports and since there is no international competition for              

fuel the willingness to pay is assumed to be high. Some studies underline that the transport sector’s                 

willingness to pay would exert upward pressure on the price of emission allowances which could               

create problems for industries subject to global competition (Kågeson, 2011). Nevertheless, the            

elasticity on the demand side of road transport is uncertain in most of the literature though, the                 
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prognosis for freight transports in Sweden 2010-2021 (Vägverket, Banverket, 2009) states as an             

example. While the model calculated elasticity of road freight to be -1, if major investments in                

railway were made, a more appropriate elasticity would be -0,2 according to the authors. Therefore               

the effects of increasing fuel prices might have been underestimated as they were adjusted to -0,2.                

Despite this, the report reveals broad reductions on the amount of heavy duty truck travel on                

Swedish roads in 2020 due to investments in railway. Additively, AEA (2010) points out differing               

assumptions when measuring behavioural (demand side) measures. In their report on the non-ETS             

CO2 emitting sector, they conclude that demand side measures have the potential to deliver              

additional savings over and above the technical measures.  

High Marginal Abatement Costs  
Marginal Abatement cost curves can indicate the potential gains from emissions trading for various              

parties and the extent to which those parties would wish to resort to emissions trading. In Figure 3                  

and Figure 4 each rectangle represents a certain measure within the sector which potentially could               

abate emissions. The measures are plotted with the least costly alternative left and rising in costs.                

Tamm 2011 argues that high MACs for technological improvements due to the many entities are               

constraining the possibilities to reduce emissions.  

6. Qualitative Analysis 
 

This thesis aims at estimating possible effects on various economic sectors of expanding EU ETS into                

the transport sector. The results in terms of economic costs and benefits are strongly dependent on                

how different sectors choose to react at a higher competition for emission rights. While the               

quantitative part of this research aims at analysing the results from a top down perspective the                

qualitative study focuses on the perception of the market in a bottom up perspective. Interviews of                

stakeholders and experts on the behavioural context have been conducted via telephone. The aim is               

to engage, understand and interpret the key features of the participant’s point of view. This               

approach is meant to provide insights of how taxes and trading schemes affect society and to                

highlight differing perceptions of the possibilities and problems, meaning perceptions of European            

economists and perceptions of the national practitioners. 

6.1 Interview methodology 
Deep interviews were used to verify results and assumptions made in the model. Results on differing                

abatements costs between the literature review and the model indicates high administrative costs             

and differing willingness to pay. Therefore interviewees were asked to answer questions on             

perceived abatement possibilities within their own sector. 
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Six interviewees were chosen based on criteria of knowledge on the subject and stand point. Three of                 

the interviewees are researchers or experts in economic theory whereas three of the interviewees              

are stakeholders or working for a stake holding organization.  

Based on the literature study three main actors/sectors were identified as being most affected by the                

possible scenarios, the fuel industry, the transport industry and the “trading sector” meaning the              

industries which are bounded to the ETS. The Swedish Petroleum and Bio fuel Institute was               

interviewed as representatives of the fuel production industry. Nordic Transport is a small road              

transport company; their opinion was asked for to reflect the many small transport companies which               

might be charged of emission rights. The Swedish Steel Producers Association was considered as              

representatives of the trading sector. The organization looks after the interest of the Swedish Steel               

Industry. Three experts from different fields, namely transport policy, energy prices and transport             

modelling, were asked for their opinions.  

The same questions were asked to all of the interviewees. The point was to find out what the                  

perception of taxes and trading schemes is in different sectors and to weigh it to economic theory.                 

Lobbying might play an important role for the decision making therefore it is useful to know the                 

standpoint of the sectors to analyse the quantitative results.  

The interview scheme was constructed according to Kerlinger (Cohen et al). Open-ended questions             

and fixed alternative questions were mainly used; secondarily scales were used to check the data               

from the open-ended questions. The questions concerned controversial topics which were revealed            

in the literature study, for example how big the carbon leakage can be appreciated to today and                 

which abatements can be done at what price. Respondent were asked to compare willingness to pay                

with assumptions on price elasticity. The full list of questions follows with the results in 6.2. 

6.2 Interview results 
The main results from the interviews conducted are summarized below. Generally, interviewees on             

higher posts of the industry were negative to the subject and showed a big mistrust in environmental                 

taxation policies. Economic experts showed mistrust in European policies because of low incentives. 
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● How do you think the EU ETS will look like in 2020? 

 

The steel industry organization worries that already after 2013 production losses within the sector will be                

significant. With road transport in the ETS the effects will be even bigger. Economic experts worry                

about carbon leakage. 

 

● How do you think the minimum energy and CO2 tax will look like in 2020 and what has been                   

affected? 

Introducing energy taxes is probable to level differences in environmental taxation within the EU              

according to the economists, but the effects on the use of bio fuel are questioned. One of the                  

interviewees believe that the use of E10 in Europe rather depend on national, compulsory quota               

systems, than new taxation policy.  

● What do you think will happen if transport is included to EU ETS? 

 

Stakeholders within the transport sector believe acceptance to be higher for trading schemes than              

for environmental taxes, while the interviewed economists argue about it. Higher acceptance could             

mean higher willingness to pay as well as lower administrative costs.  

Transport stakeholders believe their willingness to pay is overestimated. The willingness to pay in the               

transport sector will decide in which sector the cuts will be made.  

● How is Sweden affected in each scenario? 

 

The opinion was raised that since the proposed European taxation policy is lower than the Swedish, it could                  

cause Swedish transport firms to be less competitive than other European countries. A reduction was               

not found probable in Sweden. 

 

● How big do you think that the carbon leakage can be appreciated to today? (scale) 

Representatives for the steel industry claim European carbon leakage to be significant already in the               

base scenario. ETS causes production losses which cannot be measured, while politicians are afraid of               
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admitting carbon leakage and not reaching the CO2 cap. Researchers believe leakage to be limited               

today but fear that it might be uncontrolled in the future. 

● How big abatements can be done in the transport sector? (scale) 

Efficient loading of goods have been reported from transport stakeholders to be abatement potential              

if carbon tax rises. Goods transporting companies in Sweden have a perception of cheaper              

abatement potentials than the industries, on the contrary to the results of the literature study. The                

production industry could not see any emission reduction potential within their sector at all in               

several cases. 

7. Quantitative Analysis 
A quantitative analysis was conducted to answer the research questions whether if the European              

carbon reduction goals can be reached for European transport in various cases. It also aims at making                 

a comparison in efficiency between the different policies. The answers found are compared to the               

qualitative analysis in the Discussion. 

7.1 Modelling methodology 
The GAINS model is a European model of emissions and their costs returning from emission intensive                
activities and control strategies. It focuses on interactions and synergies between greenhouse gases             
and traditional air pollutants. It does this by accounting for both gases which are harmful to humans                 
and gases which are harmful to the environment. The model uses optimization to account for gases                
which are harmful to both and evaluates them double in socioeconomic costs. Emissions are              
calculated as the product of the activity levels, the “uncontrolled” emission factor in absence of any                
emission control measures, the efficiency of emission control measures and the application rate of              
such measures. Costs are calculated at production level and are country-specific. The model was              
developed by International Institute for Applied Systems Analysis (IIASA) in 2007 and has been              
updated regularly. GAINS and its predecessor, RAINS, have been applied to assist key policy              
negotiations on improving air quality in Europe. These include the review (2008) and revision of the                
Gothenburg protocol (on-going), the revision of the National Emission Ceilings Directive (2007-), the             
Climate and Energy Package (2008-) and others. A scheme of the workflow in GAINS can be found in                  
Figure 1.  
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Figure 1 Workflow in Gains 

A central assumption in the GAINS cost calculation is the existence of a free market for (abatement)                 

equipment throughout Europe that is accessible to all countries at the same conditions (Amann,              

2004). This might lead to lower abatement costs than expected. It is also assumed that European                

emission targets as they are developed today are reached in 2030. 

 

Because of the supposed side effects from including transport in the ETS system, the GAINS model                

for Europe was found by the author of this thesis to be useful as it focuses on synergetic emissions of                    

different activities and control strategies as well as on synergies between regions. The PRIMES 2009               

base scenario was chosen since it was designed to support technology assessment at the energy               

system level on behalf of the European Union Commission, Department for Mobility and Transport.              

While these data are stored in the GAINS database, they are exogenous input to the GAINS model.                 

Unfortunately, some of the assumptions in PRIMES are not made public, like the price elasticity of                

demand. For the chain of European economic models and linkages see Figure 2. 
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Figure 2 European economic modelling tools and the linkage between them. 

When a scenario has been chosen in GAINS all predicted data is available to download. It is                 

aggregated into three major components of energy systems: heat generation, fuel production and             

energy conversion, as well as final energy use in industry, domestic sector, transport and non-energy               

use of fuels. The data is aggregated into energy carriers, and the consumption of fuel in a given                  

economic sector determines the level of energy-related activity used in emissions calculations. The             

transport sector is divided into transportation by road, other non-road mobile sources and sources              

from national sea traffic. Road transport is separated into vehicles with 2-stroke engines, mopeds              

and motorcycles with 4-stroke engines, buses and cars with 4-stroke engines, light duty trucks (LDT)               

with 4-stroke engines, heavy duty buses (HDB) and heavy duty trucks (HDT). For this study, two                

groups of transport have been used, light duty vehicles and heavy duty vehicles. For each vehicle                

type activity data is adjustable on fuel consumption by fuel type (in PJ), total annual               

vehicle-kilometres driven (VKT) and vehicle numbers. As for the control strategies of the road              

transport sector the in data contains assumptions on the penetration of emission control             

technologies (in percentage) in a given emission scenario and the removal efficiency of each              

technology.  
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The forecast fuel prices from PRIMES which are used in the GAINS model are presented in detail in                  

Table 1. PRIMES model does not take into account an implementation of energy taxes. 

Table 1 oil prices in the base scenario (PRIMES, 2011) 

Oil prices        

 PRE TAX PRICE (in €/ tonne of oil equivalent) 

 2010 2015 2020 2025 2030 2035 2040 2045 2050 

Diesel oil 553,6 617,5 861,2 985,5 1051,0 1125,2 1197,1 1263,3 1354,7 

Crude oil 540,7 600,8 834,9 955,2 1020,4 1093,7 1164,6 1229,5 1318,9 

 

7.2 Approach 
Three scenarios and their effect on emissions from transport are studied and compared to a baseline                

scenario. The revised energy tax is parted into a CO2 tax scenario and an energy tax scenario for                  

2020. The aim is to compare the two parts of the new tax and their effects separately since they                   

could be implemented one by one and combined with an implementation of transport to EU ETS. The                 

third scenario is an implementation of transport to EU ETS in 2020 which is studied using marginal                 

abatement cost curves (MACCs).  

The baseline scenario represents emissions for the PRIMES Baseline 2009 energy projections for the              

period 2000 - 2030. These include a precondition on a 30 % reduction of GHG relative to 1990 levels                   

in the ETS sector. The precondition does not embrace transport. A full description of the assumptions                

in PRIMES can be found in the PRIMES manual (Capros, 2011).  

In CO2 tax scenario the new energy directive is simulated in terms of changes in activity paths. An EU                   

global CO2 tax on 25 Euros per tonne of CO2 emitted is predicted to lead to an increase in transport                    

costs of 2-7 % EU wide (Kouvaritakis, 2005). The elasticity in the EU report is used and it is found to                     

decrease transport emissions by approximately 1 %. 

In the third scenario “energy tax” the mix of biofuels in petroleum and diesel in Europe are predicted                  

to rise to 10 % thanks to an energy tax targeted at energy inefficient fuels. In 2020 all EU 27 countries                     

are predicted to a mix of bio fuel of 10 %. The decrease in transport emissions is found to be 25 % if                       

the target of E10 is reached. 

An inclusion of transport to EU ETS is studied using the MACCs of the model. A cap is set on CO2                     

emissions to reach a 20 % reduction and the effects are measured in each ETS sector.  

1990 emissions are used to evaluate the European emission reduction goals, seen in (EEA pivot               

application, 2011). For the EU in general the goals were set to a 20 % cut in 2020 relative to 1990                     
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levels. This aim implies 620 Mt in total for the three sectors handled in this study. The goal for the                    

ETS sector has later been set to a decrease by 30 % and an increase allowed by 10% for the non-ETS                     

sector relative to 1990 levels EU Commission, 2010 265). 

Table 2 Emissions in 1990 [Mt CO2e/year] by country  

Sector EU27 France German
y Poland Spain Swede

n 
Energy production 1688.1 65.7 428.1 229.4 77.7 9.9 
Manufacturing industries  828.7 83.2 177.3 43.3 46.8 12.3 
Transport 771.5 119.9 163.9 25.3 55.1 19.0 
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7.3 Modelling results 
Table 3 Table of Scenarios 

 PRIMES CO2 tax Energy tax Transport in the 
EU ETS 

transport included in 
EU ETS 

No No No Yes 

use of biofuel todays level, ca 
0-10 %, country 
specific 

todays level, ca 
0-10 %, country 
specific 

10% all countries As in PRIMES 

Cost of fuel historic 
development 

€25/tCO2 historic 
development + fuel 
specific tax 

historic 
development + 
€ 1/tCO2 

Abatement costs used GAINS GAINS GAINS GAINS 
transport increase 
2005-2020 

19% 18% 19% unknown 

Transport emission 
goals reached in 2020 

No No No Unknown 

Transport emission 
goals reached in 2030 

Unknown No No Yes 
(precondition) 

Energy production 
emission goals in 2020 

Yes Unknown Yes unknown 

Energy production 
emission goals in 2030 

Unknown Unknown Unknown Yes 
(precondition) 

 

 

The results of the quantitative part of this study are summarized in a brief table. More detailed 

descriptions of the results can be found under each scenario. The PRIMES scenario should be seen as 

a base alternative. Transport is included in the EU ETS only in the last alternative. While the cost of 

fuel increases in all alternatives directly, or indirectly the biggest changes in emissions occurs when 

oil based fuel is exchanged to biofuel. Transport emission targets are not reached in 2020 in any 

alternative though in the last alternative it is a precondition to reach global emission targets  in 2030. 

 

2020 PRIMES Scenario 
The PRIMES scenario in 2020 is a scenario of today’s trends and the development with no                

intervention in policies concerning European GHG emissions. Transport emissions (all transport           

excluding aviation and maritime) increases in all EU27 and do not reach European goals whereas               

emissions from energy production decreases by 20%, which is a precondition in the PRIMES scenario.               

Actual levels in the base scenario for transport seem to continue and reach 1146 Mt CO2 in 2020 for                   
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EU27, an increase by nearly 48 % from 1990 levels. The harsh increase in Spain and Poland might be                   

explained by heavy investments in roads infrastructure over the last ten years. 

Table 4 Emissions in 2020 PRIMES Scenario [Mt CO2e/year] by country 

Sector EU 27 France 
German
y Poland Spain 

Swede
n 

Energy production 
1353.1
8 30.95 320.94 183.77 112.04 6.52 

manufacturing industries 756.1 100.88 140.75 39.43 57.22 10.63 

transport 
1146.4
5 151.92 169.4 67.12 141.95 28.79 

2020 CO2 tax 
The 2020 Tax scenario is based on the report impacts of energy taxation in the enlarged Europe. It                  

implies a minimum energy tax of €25 which is expected to result in an average increase on oil prices                   

for goods transport by 7 % and for personal transport by 2 %. This corresponds to a decrease in fuel                    

consumption of 2 % in 2030 in total transports in comparison to the base scenario in the GEM E3                   

model used for Kouvaritaki (2005). An interpolation of the decrease results in 0,8 % in 2020 which                 

corresponds to a development of fuel consumption in transport equal to 18 % from 2005 to 2020 in                  

PRIMES.  

No emission differences can be seen in the ETS sector compared to the base scenario. This appears to                  

be unrealistic especially in comparison to the increasing trips (in France, Germany and Sweden)              

which should benefit manufacturing industries. The reason might be that no cross-elasticity between             

the sectors is accounted for in GAINS, which is a definite shortage of the model. Therefore the EU                  

point of view that labour intensive sectors are benefitting EU-wide from the reduction in labour cost                

relative to transport, cannot be strengthened using GAINS.  

Never the less, the development of transport emissions relative to the base scenario can be studied.                

In the case of Sweden, transport emissions in the tax scenario hardly differ from the PRIMES                

scenario. This is explained by the fact that a CO2 tax already exists in Sweden, so the development of                   

emissions in PRIMES is already linear. While the base scenario projects exponential increases of fuel               

consumption in most countries, the average development of 18 % fuel consumption between 2005              

and 2020 is similar to what the base scenario accounts for in Sweden. Emissions from France and                 

Germany increase. Differences on separate countries might occur due to the fact that this study is                

made on an EU level. In general, a tax of €25/Mt CO2 seems to lower the emissions on an EU level by                      

1.3 %. In Kouvaritaki (2005) the effects of a CO2 tax hit other industries harder than transport,                 

especially energy production. 
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The CO2 tax on an EU level is intended to increase over time, and as this study shows, it has to                     

increase a lot to have effects in the transport sector. 

Table 6 Emissions in 2020 CO2 tax scenario [MtCO2e/year] by country 

Sector EU 27 France 
German
y Poland Spain 

Swede
n 

Energy production 
1353.1
8 30.95 320.94 183.77 112.04 6.52 

Manufacturing industries 756.1 100.88 140.75 39.43 57.22 10.63 

transport 
1131.5
2 165.4 182.31 61.18 132.44 29.92 

 

2020 Energy tax 
This scenario describes the effects of the PRIMES scenario with a biofuel mix of 10 % in petroleum                  

and diesel in all EU countries in 2020. The revised energy tax aims at targeting non-energy efficient                 

fuels with a higher tax. Under the current minima, coal is the least taxed and ethanol is the most                   

taxed. As the current rate is based on volume, rather than energy content, products with lower                

energy content such as renewable fuel sources carry a heavier tax burden compared to the fuels they                 

are competing with. EU hopes that the energy part of the tax will create incentives to use biofuels.                  

An E10 mix in all EU countries abates 25 % of the emissions in the base scenario. This part of the tax                      

is interpreted to be the most efficient one, compared to the changes in fuel consumption which a                 

higher oil price would cause in scenario “CO2 tax”. It is only for Poland in the test countries where                   

the energy tax does not seem to make a big difference in comparison to the CO2 tax. This might be                    

due to the fact that Polish transport fuel consists of one third liquefied petroleum gases (LPG), which                 

is not mixed with biofuels in Europe today. LPG have a high calorific value and will therefore also be                   

taxed more heavily than biofuels, although its emissions of CO2 are relatively low (81 % of oil                 

emissions). A change to less LPG fuel in Poland could cause somewhat higher emissions than               

accounted for in the table in favour of a European single transport area. 

Table 7 Emissions in 2020 Energy tax scenario [Mt CO2e/year] by country 

 EU 27 France 
German
y Poland Spain 

Swede
n 

Energy production 
1353.1
8 30.95 320.94 183.77 112.04 6.52 

manufacturing industries 756.1 100.88 140.75 39.43 57.22 10.63 
transport 1029.5 133.3 147.76 61.67 124.73 25.32 

2030 Transport inclusion in the EU ETS 
An inclusion of transport to ETS is predicted by experts to cause an increase in oil price and in turn a                     

decrease in fuel consumption, as well as technological measures to decrease the need of oil based                
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fuel. Since GAINS model does not take into account effects in industries as a consequence of a                 

change in transport behaviour, the analysis which was used for the other scenarios could not be                

used. Instead, the inclusion of transport has been studied using abatement cost curves generated by               

GAINS. The case of an inclusion has been studied in comparison to the case of a continuation of the                   

ETS as it is. In Figure 3 Cost of CO2 and abatement potential in the ETS sectors targeting 30 %                    

decrease of emissions from 1990 levels in 2020 indicates how much abatements must be done in the                 

ETS sectors as it is to keep the reduction goals (a 30 % reduction in comparison to 1990 emissions in                    

2030). The results indicate a negative cost (savings). Such measures would be autonomously             

adopted by perfect economic actors, even in the absence of any CO2 mitigation. This result               

might occur due to different market imperfections or due to lacking data on perceived costs               

(administration etc.). In the PRIMES analysis, only technical costs have been measured. The actual              

chart might therefore be interpreted as shifted upwards.  

 

 

Figure 3 Cost of CO2 and abatement potential in the ETS sectors targeting 30 % decrease of emissions from 1990 levels in                      
2020 

The new ETS including transport would mean a higher price on CO2 by approximately one Euro per                 

tonne emitted seen in Figure 4. The exact price of CO2 in 2020 is not possible to estimate since the                    

actual costs are not equal to the technical costs. The distribution of emissions reductions amongst               
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the test countries can be seen in Table 8. GAINS forecasts a relatively equal spread in abatement                 

potential across the countries, which means that technological improvements are possible to the             

same implementation prices, even though they might be at different technological steps. In total, the               

four test countries have similar marginal costs no matter of whether the country is a new member                 

state or not. 

Table 8 Abatement potential [Mt CO2] in all sectors by country, (GAINS, 2011) 

Marg Cost 
Swede
n Poland Austria Spain 

-100 49 251 56 305 
-20 97 501 111 609 
-18 146 751 166 912 
-17 194 1001 221 1216 
-16 242 1251 276 1515 
-15 290 1501 331 1815 
-14 338 1751 385 2114 
-13 386 2000 440 2413 
-12 434 2250 494 2712 
-11 482 2498 548 3010 
-10 530 2747 602 3307 
 

Abatement potentials at low costs are the highest for the transport sector of the three sectors                

evaluated. At medium costs the energy producing sector is facing similar abatement possibilities. The              

transport sector seems to have the cheapest abatement potential in Sweden, Spain and Austria,              

whereas the Polish energy and manufacturing sectors foresee cheaper abatements.  

Keeping the transport sector outside of the scheme, hoping that it will not increase emissions more                

than ten per cent in 2020 relative to 1990, results in a decrease need in the ETS of 22600 Mt CO2.                     

Introducing transport to the trading scheme could result in a guaranteed 20 % decrease in total GHG                 

emissions for all sectors. The transport sector has abatements to do at equal possibilities as the                

energy producing sector at a marginal cost of -€10/MtCO2 abated. This implies that the emissions               

from the transport sector might not rise by 10 % as is the case allowed if the sector is not included                     

and a more equally spread burden among polluting sectors, not considering willingness to pay.  
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Figure 4 Abatement potential in the EU 27 and the resulting costs at the fixed 20 % reduction goal, relative to 1990 levels. 

 

tran_tot PP_tot Ind_tot 
1267 640 206 
2535 1280 411 
3554 2539 1201 
4572 3785 1992 
5588 5020 2782 
6602 6248 3572 
7617 7468 4362 
8631 8682 5153 
9644 9893 5943 
10656 11097 6733 
11667 12295 7523 
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8. Discussion 
Looking at both the qualitative and quantitative results the discussion of abatement potentials is              

contradictive which it have been during the last decade of discussion as well. An inclusion of road                 

transport has been claimed (Zetterberg et al. 2006) to create significant structural impacts on the               

industry. Though Blom (2007) shows that the price effect of incorporating transportation into EU ETS               

create more efficient reduction potentials of CO2 (for EU25) than a tax alternative. He also claims                

that a Trade-Off between efficiency of the system that an inclusion would grant, and weaker               

competitiveness for some sectors is likely to be profitable in the long run. The main alternatives or                 

complement to a trading scheme are environmental taxes. Taxes are favorable since they adjust              

naturally to a higher oil price but on the other hand taxes are less flexible to the individual than                   

emission rights (Torvanger et al. 2008). Zetterberg et al. 2006 claims a system with both taxes and a                  

trading scheme to be most efficient. The EU has decided to agree on this conclusion and presented a                  

revision of the energy tax in April 2011 which is planned to be implemented in 2013. The revised                  

two-part energy minimum tax aims at linking energy efficiency and polluting characteristics to the              

taxation level of each specific fuel. Minimum rates will adapt to external developments such as               

inflation or increases/decreases of the CO2 price (Revision of the Energy Tax Directive 2011). Such               

characteristics increase the tractability but static features remain, such as a transition period of 10               

years.  

The report Roadmap to 2050 Assessment concludes that the non-ETS sector contributes less to the               

sectorial goal due to small possibilities for transport to abate costs in a short term perspective.                

Though looking at the data used in GAINS (table 2), this conclusion is wrong. In a European context,                  

industries have the smallest potential to abatements whereas transport has the best possibilities. The              

reason for the non ETS sector to contribute least to the sectorial goal might instead be the win-win                  

situation which arises from not having transport in the ETS. The industry and the energy sectors                

reach the emission decreases to a lower cost of CO2 while the transport industry continues               

increasing its share of emissions without any definite emission cap.  

These findings have strengthen Blom’s thesis and show that abatements can be done in the transport                

sector at the same marginal costs as in the manufacturing industry and the energy producing sector.                

They also show that what must be further discussed are the perceived costs for each sector to make                  

abatements since it seems as if the perception varies across sectors. Further on, abatement cost               

curves including not only technical measures should be estimated. To do this, transparency for the               

PRIMES data, which is the EU’s most used model on transportation, must be better. Assumptions on                

price elasticity which have been used in the model are not available for the public. In a European                  

context it is of great importance to make it transparent and to discuss the true value of price                  

elasticity, especially since experts question the long term sensitivity (Kågeson, 2004) and a different              

assumption on elasticity could drastically change policy-making in Europe. While sufficient studies            
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are lacking, the inclusion of aviation in 2013 will state as an example of the elasticity in the transport                   

sector.  

The prime alternative to an inclusion for transport are minimum CO2-energy taxes on all sectors               

which are not included in the ETS, proposed by the European Union. The most efficient component of                 

this alternative is the energy tax. A 10 per cent reduction of biofuels could also be reached by a quota                    

requirement, in such case it could be a definite cap of emissions in 2020. A quota requirement is                  

possible to combine with emissions trading (Lindblom, 2011).  

Critique can be expressed since a quota requirement or energy taxes causes some sort of subsidy to                 

bio fuels which have shown to be complicated in terms of lock-in effects. Other problems are                

discussed in Wibe, (2010) such as how increasing use of bio fuels lead to increasing GHG emissions. It                  

is claimed that biofuels cause more accumulated carbon dioxide emissions than petroleum, why this              

result can be questioned. In Wibe (2010) an increased use of bio fuels is predicted to substitute the                  

demand of oil followed by a price decrease on oil. 

Additively, in the discussion on which policy to use, acceptance within the sectors could mean higher                

willingness to pay as well as lower administrative costs. While the stakeholders within the              

constrained sector finds taxes easier than trading entities, the transport sector is more willing to pay                

emission permits. 

9. Conclusions and Recommendations 
 

A globalizing world increases the need of transport, and the relation between transport and other               

emitting sources need to be studied further. Any policy making intended to decrease total European               

CO2 emissions has to see to that the emission increase in transport does not over run the decrease in                   

other sectors. To do this, technology improvements must lead to decreases in the oil consumption.               

This can be steered by using fiscal instruments. Concluding this thesis it seems as if using the                 

currently planned policy of an energy tax to limit the amount of oil consumption in transport, might                 

not be enough to ensure the European goals for total emission reduction. On the contrary, an energy                 

tax which calls for competition on the fuel market might even lower the CO2 price and lead to yet                   

faster increasing emissions from the transport sector. Unfortunately, no conclusions can be drawn             

regarding how an inclusion would affect carbon leakage except that the fear is big among Swedish                

industries. This lacking of the study can be explained by the deficiencies in the model explained                

further on. 

Regarding expected national and international effects from an inclusion of transport, the study of              

abatement costs show that the difference is small across European countries. Consequently any new              
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member state aid might lead to distortion of the market. Out of the studied sectors (industries,                

energy production and transport), the transport sector would be affected most heavily. Total CO2              

emissions in Europe would decrease more efficient than by keeping transport out of the scheme. A                

cap which includes transport in the scheme results in a price increase per tonne of CO2 estimated to                  

approximately two Euros.  

For this study the GAINS model have been used which is regarded a good model in terms of                  

replicability and studies over time. The usefulness of the model is questionable though, since it does                

not account for relations between sectors. The result for this report is that the tax scenario can only                  

be estimated for the transport sector since the industry is dependent on the transport possibilities. If                

there would have been no limitations in time I would have used a base scenario where the price                  

elasticity was made public as well. Although PRIMES is the most used model for European studies,                

the transparency is lacking. The GAINS model is not recommended for results which are at EU level                 

since the input must be made nationally and consequently run time is long. The assumption in GAINS                 

of a free market for (abatement) equipment throughout Europe might overestimate the abatement             

potentials in the model. On the other hand, the interviews show that it is recommended for future                 

research to pay attention to and to verify elasticises which are commonly used in transport               

modelling. The gap between economic theory and reality should be further studied.  
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List of Abbreviations 
 

CGE model Central General Equilibrium model  
CO2 Carbon dioxide  
CO2e CO2 equivalent (used for the six greenhouse gases which         

are bounded by the Kyoto protocol) 
 

E10 10% Ethanol mixed gasoline  

EU ETS European Emission Trading Scheme  
EU27 EU Member countries as of 2011  

GAINS model Greenhouse Gas - Air Pollution Interactions and Synergies        
model 

 

Generalized 
cost 

The sum of the monetary and the non-monetary costs of a           
journey 

 

HDB Heavy duty buses  
HDT Heavy duty trucks  
Kgoe Kg of CO2 equivalent  
LDT Light duty trucks  
LPG Liquified Petroleum Gases  
MAC Marginal abatement cost  
MACC Marginal abatement cost curve  
Mton CO2 Million tonnes CO2  
PRIMES A CGE model used by the European commission  
Quota 
requirement 

kvotplikt  

Vkm Vehicle Kilometre  
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Appendix 2 
Table 7 Full output from the tax scenario in [Mt CO2] per sector 

Sector France Germany Poland Spain Sweden 
IN_BO 19,85 19,74 17,32 10,98 1,43 
IN_BO2 0,02 0,05 0,15 0 0,02 
IN_OC 0,1 0,22 0,17 0,09 0,03 
IN_OC2 0,08 0,04 0,06 0 0 
IN_OCTOT 35,89 54,18 21,54 37,29 5,74 
NONEN 14,68 21,4 5,67 8,12 2 
PP_EX_OTH 17,69 116,95 139,55 61,38 4,76 
PP_EX_OTH2 0 5,34 5,24 0,12 0,17 
PP_EX_WB 0 53,85 0 0 0 
PP_IGCC 0 0 0 0 0 
PP_IGCC_CCS 0 0 0 0 0 
PP_IGCC_NOCCS 0 0 0 0 0 
PP_NEW 0,12 1,13 0,31 0,4 0,15 
PP_NEW2 0 4,15 1,5 0,03 0 
PP_NEW_CCS 0 0,57 0,54 0,28 0 
PP_NEW_NOCCS 13,14 138,95 36,63 49,83 1,44 
PR_CEM 11,98 15,16 9,65 25,64 1,14 
PR_CEM_PK 0 0 0 0 0 
PR_CEM_SK 0 0 0 0 0 
PR_LIME 2,48 5,08 2,98 1,97 0,43 
TRA_OT 0 0 0 0 0 
TRA_OTS_L 0,15 0 0,18 0,86 0,33 
TRA_OTS_M 2,41 0 0 1,72 0,2 
TRA_OT_AGR 6,62 4,48 5,07 8,24 1,51 
TRA_OT_AIR_DOM 5,59 1,08 0 7,71 1,5 
TRA_OT_CNS 4,61 3,32 1,13 4,51 1,88 
TRA_OT_INW 2,07 1,07 0,03 0 0,32 
TRA_OT_LB 0,26 0,89 0 0 0,08 
TRA_OT_LD2 0,43 0,21 0,21 0,2 0,26 
TRA_OT_RAI 0,7 1,32 0,57 2,12 0,01 
TRA_RD_HDB 3,03 2,32 0,85 2,07 0,38 
TRA_RD_HDT 37,87 44,95 14,41 30,36 4,98 
TRA_RD_LD2 0,24 0,45 0,1 0,71 0,19 
TRA_RD_LD4C 77,5 106,49 26,95 44,51 13,43 
TRA_RD_LD4T 23,18 13,46 11,18 28,6 4,64 
TRA_RD_M4 0,74 2,27 0,5 0,83 0,21 
AERO 2,42 0,61 0,23 0,67 0,27 
AIRCON_B 1,17 2,24 0,19 3,31 0,2 
AIRCON_S 0,81 1,4 0,12 2,43 0,14 
ALU_NEW 0 0 0 0 0 
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ALU_PFPB 0,14 0,25 0,01 0,08 0,01 
ALU_SWPB 1,18 1,03 0 0 0 
ALU_VSS 0 0 0,09 0,92 0,45 
COMM_B 5,72 9,63 1,15 3,85 0,86 
COMM_S 2,86 4,24 0,64 2,14 0,48 
DOM_S 0,19 0,18 0,1 0,1 0,03 
GIS 0,84 0,76 0,03 0,25 0,07 
HCFC22 1,43 1,58 0 1,99 0 
HFC_OTH 0,55 0,05 0 0,21 0,07 
IND_B 2,06 4,63 0,49 1,04 0,37 
IND_FOOD 0,52 0,66 0,83 0,36 0,06 
IND_FOOD_NOC 0 0 0 0 0 
IND_FOOD_TRM 0 0 0 0 0 
IND_OCH 0,74 1,6 0,35 0,46 0,19 
IND_OCH_NOC 0 0 0 0 0 
IND_OCH_TRM 0 0 0 0 0 
IND_PAP 0,42 0,86 0,1 0,3 0,16 
IND_PAP_NOC 0 0 0 0 0 
IND_PAP_TRM 0 0 0 0 0 
IND_S 0,95 1,92 0,21 0,52 0,17 
INW_FOOD 10,9 12,8 6,14 6,64 1,4 
INW_OTH 0 0 0 0 0 
INW_PAP 1,13 2,15 0,31 0,7 0,42 
INW_RUB 0 0 0 0 0 
INW_TEX 1,34 1,4 0,51 1,27 0,1 
INW_WOOD 10,99 21,32 5,04 7,72 3,57 
MAC_B 1,99 4,28 1,19 2,08 0,29 
MAC_S 1,47 3,16 0,88 1,53 0,19 
MAGNPR 1,24 0,1 0 0,17 0,05 
MINE_BC 0 1,04 0,6 0,07 0 
MINE_BC_POST 0 0 0 0 0 
MINE_BC_PRE 0 0 0 0 0 
MINE_BC_VAM 0 0 0 0 0 
MINE_HC 0 0 6,4 0,5 0 
MINE_HC_POST 0 0 0 0 0 
MINE_HC_PRE 0 0 0 0 0 
MINE_HC_VAM 0 0 0 0 0 
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Appendix 3  
 

Table 10 Full emission output of the energy scenario, [Mt CO2] per sector 

Sector France Germany Poland Spain Sweden 
IN_BO 19,85 19,74 17,32 10,98 1,43 
IN_BO2 0,02 0,05 0,15 0 0,02 
IN_OC 0,1 0,22 0,17 0,09 0,03 
IN_OC2 0,08 0,04 0,06 0 0 
IN_OCTOT 35,89 54,18 21,54 37,29 5,74 
NONEN 14,68 21,4 5,67 8,12 2 
PP_EX_OTH 17,69 116,95 139,55 61,38 4,76 
PP_EX_OTH2 0 5,34 5,24 0,12 0,17 
PP_EX_WB 0 53,85 0 0 0 
PP_IGCC 0 0 0 0 0 
PP_IGCC_CCS 0 0 0 0 0 
PP_IGCC_NOCCS 0 0 0 0 0 
PP_NEW 0,12 1,13 0,31 0,4 0,15 
PP_NEW2 0 4,15 1,5 0,03 0 
PP_NEW_CCS 0 0,57 0,54 0,28 0 
PP_NEW_NOCCS 13,14 138,95 36,63 49,83 1,44 
PR_CEM 11,98 15,16 9,65 25,64 1,14 
PR_CEM_PK 0 0 0 0 0 
PR_CEM_SK 0 0 0 0 0 
PR_LIME 2,48 5,08 2,98 1,97 0,43 
TRA_OT 0 0 0 0 0 
TRA_OTS_L 0,16 0 0,15 0,49 0,31 
TRA_OTS_M 1,98 0 0 1,42 0,19 
TRA_OT_AGR 5,45 3,25 5,43 6,76 1,22 
TRA_OT_AIR_DOM 5,54 1,15 0 8,18 1,65 
TRA_OT_CNS 3,8 2,62 1,49 3,69 1,52 
TRA_OT_INW 1,9 1,07 0,03 0 0,28 
TRA_OT_LB 0,17 0,74 0 0 0,06 
TRA_OT_LD2 0,37 0,15 0,16 0,16 0,21 
TRA_OT_RAI 0,62 0,99 0,51 1,82 0,01 
TRA_RD_HDB 2,47 2,01 0,71 1,85 0,3 
TRA_RD_HDT 33,45 34,71 12,54 30,6 4,56 
TRA_RD_LD2 0,19 0,23 0,06 0,51 0,12 
TRA_RD_LD4C 58,21 81,79 27 39,67 10,31 
TRA_RD_LD4T 18,42 17 13,09 28,51 4,34 
TRA_RD_M4 0,57 2,05 0,5 1,07 0,24 
AERO 2,42 0,61 0,23 0,67 0,27 
AIRCON_B 1,17 2,24 0,19 3,31 0,2 
AIRCON_S 0,81 1,4 0,12 2,43 0,14 
ALU_NEW 0 0 0 0 0 
ALU_PFPB 0,14 0,25 0,01 0,08 0,01 
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ALU_SWPB 1,18 1,03 0 0 0 
ALU_VSS 0 0 0,09 0,92 0,45 
COMM_B 5,72 9,63 1,15 3,85 0,86 
COMM_S 2,86 4,24 0,64 2,14 0,48 
DOM_S 0,19 0,18 0,1 0,1 0,03 
GIS 0,84 0,76 0,03 0,25 0,07 
HCFC22 1,43 1,58 0 1,99 0 
HFC_OTH 0,55 0,05 0 0,21 0,07 
IND_B 2,06 4,63 0,49 1,04 0,37 
IND_FOOD 0,52 0,66 0,83 0,36 0,06 
IND_FOOD_NOC 0 0 0 0 0 
IND_FOOD_TRM 0 0 0 0 0 
IND_OCH 0,74 1,6 0,35 0,46 0,19 
IND_OCH_NOC 0 0 0 0 0 
IND_OCH_TRM 0 0 0 0 0 
IND_PAP 0,42 0,86 0,1 0,3 0,16 
IND_PAP_NOC 0 0 0 0 0 
IND_PAP_TRM 0 0 0 0 0 
IND_S 0,95 1,92 0,21 0,52 0,17 
INW_FOOD 10,9 12,8 6,14 6,64 1,4 
INW_OTH 0 0 0 0 0 
INW_PAP 1,13 2,15 0,31 0,7 0,42 
INW_RUB 0 0 0 0 0 
INW_TEX 1,34 1,4 0,51 1,27 0,1 
INW_WOOD 10,99 21,32 5,04 7,72 3,57 
MAC_B 1,99 4,28 1,19 2,08 0,29 
MAC_S 1,47 3,16 0,88 1,53 0,19 
MAGNPR 1,24 0,1 0 0,17 0,05 
MINE_BC 0 1,04 0,6 0,07 0 
MINE_BC_POST 0 0 0 0 0 
MINE_BC_PRE 0 0 0 0 0 
MINE_BC_VAM 0 0 0 0 0 
MINE_HC 0 0 6,4 0,5 0 
MINE_HC_POST 0 0 0 0 0 
MINE_HC_PRE 0 0 0 0 0 
MINE_HC_VAM 0 0 0 0 0 
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