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Aim of this thesis is to examine the possibility and measures to achieve a carbon neutral road 

transport in Häme region by 2050. The thesis focuses on passenger cars, buses, vans, and trucks 

and their GHG emissions in both Kanta- and Päijät-Häme. 

 

Three alternative scenarios were created and compared to current state. Scenario 1 represented 

moderate system change where fossil fuels were still slightly in use in 2050. In scenario 2, the 

future system consumed only electricity from renewable sources and biofuels, such as locally 

produced biogas from waste and other sidestreams. In scenario 3, the same power sources were 

adjusted as in scenario 1 but scenario 3 included different energy-saving measures, such as 

better energy-efficiency of vehicles, behavioural changes of individuals, and cargo 

optimization. 

 

100% reduction of GHG emissions was achieved in none of the three scenarios. According to 

the results, the measures to achieve the largest emission reduction are rapid increase of 

alternative power sources and improving the system’s energy efficiency while simultaneously 

cutting fossil fuel consumption. Incorporating variety of alternative power sources is 

recommended. Attention has to be paid to the sources of electricity generation when the amount 

of electric and hybrid vehicles are increased. As regards biofuels, their production from waste 

and sidestreams represented the most sustainable option, e.g. biogas and renewable diesel. 

Additionally, small changes in everyday lives of individuals were noticed to have significant 

impact on the emissions. 
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Tämän diplomityön tavoitteena on selvittää hiilineutraalin tieliikenteen mahdollisuutta Hämeen 

alueella vuonna 2050 sekä sen saavuttamiseksi tarvittavia keinoja. Työ keskittyy 

henkilöautojen, bussien, pakettiautojen ja kuorma-autojen kasvihuonekaasupäästöihin.  

 

Diplomityössä luotiin kolme vaihtoehtoista skenaariota, joita verrattiin nykytilanteeseen. 

Skenaario 1 edusti maltillista järjestelmän muutosta, jossa fossiilisia polttoaineita oli yhä 

hieman käytössä vuonna 2050. Skenaariossa 2 kulutettiin vain uusiutuvaa sähköä ja 

biopolttoaineita, kuten alueella tuotettua biokaasua jäte- ja sivuvirroista. Skenaarion 3 

käyttövoimat asetettiin skenaariota 1 vastaaviksi, mutta skenaariossa 3 otettiin käyttöön 

erilaisia keinoja energiankulutuksen vähentämiseksi, kuten ajoneuvojen energiatehokkuuden 

parantaminen, yksilöiden käyttäytymisen muutokset ja kuormien optimointi. 

 

100 %:n kasvihuonekaasupäästövähennystä ei saavutettu missään kolmesta skenaariosta. Työn 

tulosten mukaan keinot merkittävimpien päästövähennysten saavuttamiseksi ovat nopea 

vaihtoehtoisten käyttövoimien lisäys ja järjestelmän energiatehokkuuden parantaminen 

yhtäaikaisesti fossiilisista polttoaineista luopumisen kanssa. Erilaisten käyttövoimien 

yhdisteleminen on suositeltavaa. Sähköntuotannon energianlähteisiin on kiinnitettävä 

huomiota, kun sähkö- ja hybridiajoneuvojen määrää lisätään. Biopolttoaineista kestävimmiksi 

vaihtoehdoiksi esitettiin jäte- ja sivuvirtapohjaiset biopolttoaineet, kuten biokaasu ja uusiutuva 

diesel. Lisäksi pienillä ihmisten päivittäisten rutiinien muutoksilla huomattiin olevan 

merkittävä vaikutus päästöihin. 
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1 INTRODUCTION 

 

Since the industrial revolution, human activities, such as energy production and transport, have 

caused significant growth in the amount of greenhouse gas (GHG) emissions, especially carbon 

dioxide CO2, in the atmosphere. These anthropogenic, or human-induced, GHG emissions have 

increased the global temperature and further, caused global warming and climate change. 

Climate change has several effects on environment, both global and local ecosystems, such as 

more frequent extreme weather phenomena and lower crop yields. Changes in environment 

further affect the economies and societies. The resulting impact can be irreversible and difficult 

to predict, which is why it is crucial for individuals and governments to make their best effort 

to curb climate change and prevent the negative effects of it. (IPCC 2014, 2-8.) 

 

As world population is growing - carrying more and more consumers with it - running out of 

natural resources is becoming a major challenge, which is further worsened by climate change 

(Ilmasto-opas.fi a). As Gro Harlem Brundtland has said: “Sustainable development is 

development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs”. Sustainable development can be further divided in three 

dimensions: ecological, economic and social sustainability. (Ympäristöministeriö 2013.) In 

2016, United Nations (UN) has set 17 goals aiming for global sustainable development. For the 

future, affordable and clean energy is increasingly produced from renewable resources by more 

energy-efficient means, and, at the same time, accessible and affordable sustainable transport 

for the communities are targeted. (UN Environment.) 

 

Following Figure 1 shows the greenhouse gas emissions share per main sectors in 28 Member 

States of European Union (EU-28) in 2014. 
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Figure 1. Greenhouse gas emissions shares by sector in the EU-28 in 2014. LULUCF (Land Use, Land Use 

Change and Forestry) is not included. (EEA 2016a.) 

 

As it can be seen from Figure 1, transport comprised a share of 17.6% of the main sectors – 

excluding LULUCF - and produced 889.9 million tonnes carbon equivalents (Mt CO2-eq), 

which made the sector as the second largest emitter in EU-28 countries (EEA 2016a). Transport 

can be divided in road, water and railway transport, whereas aviation is often separated as its 

own sector. Road transport includes passenger and freight transport, and in Finland, road 

transport covered over 90% of the whole transport sector emissions in 2015. (Aho et al. 2017, 

10.)  From 1990 to 2015, when different source categories are compared, road transport caused 

the second largest increase, 19%, in GHG emissions in the EU-28 and Iceland, although there 

was a 23.6% decrease in total GHG emissions (EEA 2017a, vi). In addition, the sector produces 

air pollutants, for example nitrogen oxides (NOx) and particulate matter (PM), which are 

harmful for both health and environment, e.g. causing acidification and lung diseases (EEA 

2016b, 5, 9-10).  

 

Carbon neutral system means the state where net anthropogenic GHG emissions produced by 

the system equals zero in carbon dioxide equivalents, CO2-eq, over determined time period, for 

example a year (Seppälä et al. 2014, 5). Finnish government is targeting nearly zero-emissions 

road transport by 2050, which aligns with both global and EU level policies, too (Aho et al. 

2017, 10). This socio-technical transition requires strategic planning at system-level 

simultaneously taking societies, economies, and all stakeholders within into consideration 

(Auvinen & Tuominen 2014). 
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1.1 Objectives and scope 

 

This master’s thesis examines the possibility of a carbon neutral road transport in Häme region 

in 2050. Research questions that are examined in the thesis are the following: 

 

1. Is it possible to achieve a carbon neutral road transport in Häme by 2050? 

2. What are the needed measures in order to achieve the new system? 

3. What kind of challenges are possible in the transition? 

 

Both passenger and freight transport in Päijät- and Kanta-Häme are studied. The thesis 

concentrates on road transportation system from technological aspect. In this paper, passenger 

transport includes passenger cars and buses, whereas freight transport represents vans, trucks 

and trailer trucks. However, the emissions of other vehicles have been estimated to be low. For 

example in Finland in 2016, GHG emissions of motorcycling and driving a moped or a microcar 

cover about 1.3% of total road transport emissions (Liikennefakta 2018). Thus, motorcycles, 

mopeds, tractors, motorsleighs and motor-driven machines are not included in the scope of the 

thesis. Regarding the emissions, the focus is on greenhouse gas emissions, including carbon 

dioxide CO2, methane CH4 and nitrous oxide N2O, that are produced during the use phase of 

vehicle and the fuel production. These emissions are reviewed and considered in the 

calculations. Whereas, certain air pollutants, such as nitrogen oxides NOx, carbon monoxide 

CO and volatile organic compounds VOCs, and manufacturing phase of vehicles are not 

included in the emission reduction calculations, yet they are reviewed and discussed. 

 

1.2 Methodology and structure 

 

Answers for the research questions are searched for by determining alternative future scenarios, 

and comparing them to the current system. Initial data concerning current state is mainly 

collected from national databases and statistics. In the scenarios, different power sources of 

vehicles, and travel types are combined based on information about national and EU’s targets, 

and expert estimations concerning future state of the transport system.  

 

In the beginning of the thesis, impact of the emissions from road transport is explained and 

national and EU’s targets concerning GHG emissions and emission regulations for vehicles are 
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reviewed. Next, different technologies in road transport are gone through. The second part of 

the study, starting from chapter 5, examines current and future system in Häme. In the fifth 

chapter, Häme region is reviewed in terms of road transport, and initial values for the reference 

year are presented. Alternative scenarios for the future and their initial values are reviewed and 

explained in chapter 6. Results from reference and future scenarios and their analysis can be 

seen in the7th chapter. Finally, conclusions and summary are given in chapter 8.  
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2 EMISSIONS FROM ROAD TRANSPORT 

 

This chapter reviews the emissions of GHGs and air pollutants produced by road transport 

sector. Since this study concentrates on carbon neutral transport, GHGs and their climate impact 

are in the main role. However, from the aspect of overall environmental impact, it is relevant 

to review other air pollutants in this chapter, too. 

 

2.1 Greenhouse gas emissions 

 

2.1.1 Greenhouse effect and climate change 

 

Greenhouse effect of the atmosphere is caused by greenhouse gases which prevent part of 

infrared, i.e. thermal, radiation from returning to outer space and further warm Earth’s climate. 

Without this natural phenomenon, Earth’s surface temperature would be approximately 30 °C 

lower. The most significant anthropogenic GHGs in the atmosphere are carbon dioxide CO2, 

methane CH4, nitrous oxide N2O and tropospheric ozone O3 of which concentration human has 

increased during recent century simultaneously causing global warming and further climate 

change. Contrary to anthropogenic GHGs, water vapour H2O is naturally occurring GHG which 

mainly causes the natural greenhouse effect. (Ilmasto-opas.fi b.)  

 

Climate change or global warming has major impact on our climate system. From year 1880 to 

2012, land and ocean surface has warmed average 0.85 °C, which has caused rise of the sea 

level and losses of snow cover and glaciers. In addition, other observed changes have been 

increase of precipitation in Northern areas, and acidification of the ocean. (IPCC 2014, 2-4.). 

These changes have further caused, for example difficulties in food production and alterations 

in natural ecosystems, such as regarding species’ habitat, and more common extreme weather 

phenomena, for example floods and wildfires (IPCC 2014, 6-7). 

 

Each GHG’s global warming potential (GWP) indicates how much a specific gas absorbs 

energy in comparison to CO2 during certain time period. When using GWPs levels of various 

greenhouse gases are convenient to compare to each other. The amount is often indicated as 

carbon dioxide equivalents, CO2-eq. (EPA 2017.) The values of GWP100 - meaning a time 

horizon of 100 years - for carbon dioxide, methane and nitrous oxide according to the IPCC 
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(Intergovernmental Panel on Climate Change) Fifth Assessment Report (AR5) from 2014 are 

sequentially as follows: 1, 28 and 265 (Greenhouse Gas Protocol 2016). In other words, for 

example N2O warms the climate 265 times more than CO2 when 100-year period is under study. 

 

2.1.2 Greenhouse gases from road transport 

 

Figure 2 below shows the amount of GHG emissions by fuel from road transport in Finland in 

1990 and 2015. 

 

 

Figure 2. Greenhouse gas emissions by consumed fuel in road transport in Finland in 1990 (green bar on left) 

and in 2015 (purple bar on right) (EEA 2017a, 250-268). 

 

As it can be seen from Figure 2, CO2 emissions from the consumption of diesel oil and petrol 

are the most significant contributors of road transport in total GHG emissions in Finland, as 

they are in EU. (EEA 2017a, 250-268.) In 1990, the emissions of gaseous fuels were not 

produced in Finland, or gaseous fuels were not in use. CO2 emissions from diesel have increased 

about 28% since 1990 which is not as much as in EU altogether. Whereas, petrol-based 

emissions have decreased about 31%. (Figure 2.) Recent shift from petrol-fuelled passenger 

cars (PCs) to diesel-fuelled PCs can explain these changes (Motiva 2016a). 
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Carbon dioxide CO2 is the most significant anthropogenic greenhouse gas. Carbon cycle means 

the movement of carbon between atmosphere, biosphere, oceans, sediments and Earth’s 

interior. Plants produce sugar from CO2 and water in their photosynthesis. Therefore, plant 

biomass can be regarded as carbon sink. Whereas, fossil fuels have formed from dead and 

buried organisms in the Earth’s sediments over the history of millions of years. During the 

recent decades, human has switched natural carbon cycle by deforestation and consumption of 

fossil fuels, such as oil, coal and natural gas, simultaneously releasing CO2 to the atmosphere. 

CO2 emissions of this moment can cause global warming impact even for hundreds of years to 

the future (Ilmasto-opas.fi c.) The most amount of CO2 from road transport is released when 

petrol, diesel oil, or fossil gaseous fuels are used (EEA 2017a, 237). 

 

Global warming potential of methane CH4 is 28 times bigger than carbon dioxide’s value 

(Greenhouse Gas Protocol 2016). When compared to CO2, methane has a shorter lifetime in the 

atmosphere, about 12 years. CH4 is released when organic material decomposes in anaerobic 

conditions by microbes, which occurs for example at landfills, in the digestive system of 

ruminants, and in wetlands. Additionally, natural gas and biogas consist mostly of methane. 

Natural gas is stored below Earth’s ground and under glaciers, from where methane can be 

released to atmosphere due to drilling or melting of ice. (Ilmasto-opas.fi d.) Biogas can be 

produced for energy purposes in a process called anaerobic digestion where anaerobic microbes 

decompose organic matter (Rasi et al. 2012, 8). Concerning road transport sector, major part of 

methane emissions is released to atmosphere from the consumption of petrol (EEA 2017a, 237). 

 

As it was already mentioned, GWP100-value of N2O is 265 (Greenhouse Gas Protocol 2016). 

N2O has a lifetime of about 110 years because it degrades only at upper atmospheric layers. 

Agriculture sector is the major contributor to global N2O emission levels, since the gas is 

released when fertilizer nitrates decompose in the soil. (Ilmasto-opas.fi e). N2O also causes 

ozone depletion in the stratosphere (Wang et al. 2014). Stratospheric ozone protects the plant 

from excessive solar radiation, and, consequently, ozone depletion has a negative impact on 

human health and ecosystems. (Ympäristö.fi 2013.) Related to road transport, nitrous oxide is 

released as a by-product when gasoline or diesel oil are combusted (EEA 2017a, 237). 

 

Ground-level ozone O3 is formed in the troposphere when atmospheric oxygen and certain air 

pollutants, such as nitrogen oxides, carbon monoxide and hydrocarbons, react with each other 

in the sunlight (Ilmasto-opas.fi f). Ozone’s concentration varies a lot depending on location, yet 
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it both has global warming potential and causes irritation to eyes and damage to respiratory 

system (EEA 2016b, 9; Ilmasto-opas.fi f). 

 

2.2 Emissions of air pollutants 

 

Air pollutant emissions originate from fossil fuel combustion, industrial operations, agriculture 

and waste treatment.  Air pollutants worsen the air quality and, thus, affect human health by 

harming respiratory system. In addition, air pollutants have a negative impact on the 

environment, for example by ocean acidification. Air quality risks are higher in urban areas due 

to greater amount of fossil fuel consumption. (EEA 2017b.) Air pollutants from road transport 

can be divided in primary and secondary pollutants. Primary pollutants are carbon monoxide 

(CO), nitric oxide (NO), benzene, particulate matter (PM) and lead (Pb), whereas secondary 

pollutants are nitrogen dioxide NO2 and ozone O3. (EEA 2016c.) Nitrogen oxides NOx refers 

to nitric oxide NO and nitrogen dioxide NO2. In addition, vehicles can emit other air pollutants, 

such as ammonia NH3 and sulphur oxides SOx. (EEA 2016b, 9-10.) The following Figure 3 

shows the amount of main air pollutant emissions from road transport in Finland in 1990 and 

2015. 

 

 

Figure 3. Air pollutant emissions from road transport in Finland in 1990 (lower green rectangle) and in 2015 

(upper blue rectangle). SOx = Sulphur dioxides, Pb = lead, NH3 = ammonia, PM = particulate matter, CO = 

carbon monoxide, NMVOC = non-methane volatile organic compounds and NOx = nitrogen oxides. (EEA 

2017c.) 
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As it can be seen from Figure 3, carbon monoxide, nitrogen oxides and non-methane VOC 

emissions have been the most significant pollutant emissions also in Finland, as they have been 

in EU, too (EEA 2017c). The decrease of these emissions has been almost in line with EU 

values except for NOx emissions. The decrease of NOx emissions has been slightly bigger in 

Finland than in EU. (Figure 3; EEA 2017c). 

 

Carbon monoxide CO is released when fuel is combusted incompletely. This can especially 

occur in combustion engines and minor combustion processes. Since the beginning of 1990s, 

CO concentration has decreased a lot due to the incorporation of catalytic converters into new 

petrol-fuelled vehicles. (Ilmatieteen laitos.) It is important to acknowledge that CO increases 

methane and ozone levels in the atmosphere, which is why it indirectly contributes to global 

warming (Tilastokeskus a). 

 

The term of nitrogen oxides NOx refers to nitric oxide NO and nitrogen dioxide NO2 which are 

formed in fuel combustion (EEA 2016b, 9-10). In 2011, road transport produced 41% of EU’s 

NOx emissions, although the amount has been decreasing about 3% annually in 1990-2011 

mainly because of the implementation of three-way catalysts to gasoline vehicles (EEA 2014). 

Non-methane volatile organic compounds (NMVOCs), such as benzene, are released for 

example from incomplete combustion, industrial processes, usage of adhesives and paints, and 

distribution of gasoline (Ympäristö.fi 2014). Reactions between NMVOCs and NOx inflected 

by solar radiation can generate ground-level ozone, which may result in formation of 

photochemical smog (Tilastokeskus b; EEA 2016b, 9.) 

 

3 CLIMATE TARGETS AND EMISSION REGULATION 

 

This chapter reviews climate targets related to road transport in EU and Finland. Furthermore, 

current and forthcoming emission regulation for vehicles are gone through.  

 

3.1 EU targets 

 

EU has presented a roadmap towards low-carbon economy, and the roadmap aims for a 

greenhouse gas emissions reduction of 80% from 1990 levels by 2050. The roadmap includes 

milestones that will help in achieving the goals: 2020 climate and energy package and 2030 
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climate and energy framework. (European Commission 2017a.) These packages are shown in 

Figure 4 below. 

 

 

Figure 4. Roadmap towards low-carbon economy in EU. The measures for transport are marked in green. 

(European Commission 2017a; European Commission 2017b; European Commission 2018a.) 

 

As regards GHG emissions reduction compared to 1990 levels, 40% reduction by 2030, and 

60% reduction by 2040 are set before 2050. Whole transition covering all the sectors requires 

an additional investment of 270 billion euros but, on the other hand, it is evaluated that the 

transition would bring economic growth, self-sufficiency and health benefits, and it would 

reduce the use of resources, too. (European Commission 2017a; European Commission 2017b.) 

At first, 10% share of renewables is aimed for transport sector by 2020, and more efficient 

petrol and diesel engines would be developed (Figure 4). By 2030, EU is targeting a 25% share 

of biofuels in transport sector (Motiva 2017a). Later on, further increased use of biofuels in 

freight transport and hybrid and electric vehicles would be achieved (Figure 4).  

 

European Commission has included sustainability criteria for transport biofuels in a revised 

Renewable Energy Directive. The criteria defines, for example, that the use of biofuel has to 

achieve GHG reduction of at least 60% versus fossil fuels for new production plants in 2018, 

biofuels are not allowed to be grown in wetlands or forests or on other land with previous high 

carbon supply, and biomass for biofuel production is not allowed to be grown on highly 

biodiverse land. (European Commission 2017c.) 

 

EU has also proposed the White Paper 2011 concerning future transport system. In the 

implementation report, ten operational goals are presented. For example, the first goal aims for 
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reduction of oil use by halving the number of conventional cars by 2030, and taking them totally 

out of use by 2050, whereas the third goal concerns long-distance, meaning over 300 km, road 

freight transport which should be gradually shifted to rail or maritime shipping. Concerning 

passenger transport, White Paper emphasizes a transition towards rail transport and alternative 

modes of mobility, for example walking, car-sharing and public service transport. (European 

Commission 2016a, 18-27.) 

 

3.2 National and regional targets 

 

As a final target, Finland aims at zero-emissions road transport by 2050 (Aho et al. 2017, 10). 

Until 2030, energy targets are stated in the National Energy and Climate Strategy. Estimations 

of the emission reduction potentials have also been made in the transport sector by 2030. They 

are divided in three categories as follows: emission reduction of 1 Mt/a by changes at transport 

system level, 0.6 Mt/a by better energy efficiency of vehicles, and 1-2 Mt/a by increasing the 

share of renewable and zero-emissions fuels. (Ministry of Economic Affairs and Employment 

2017, 50, 53.) Altogether, these measures would reduce the GHG emissions of transport by 

approximately 50% (Jääskeläinen 2017). 

 

The fastest policy of the GHG emissions reduction in transport sector is to increase the share of 

fuels from renewable or other lower emissions sources. (Ministry of Economic Affairs and 

Employment 2017, 50, 53.) Committee of the Ministry of Employment and the Economy has 

assessed that Finland has good opportunities in increasing production of domestic renewable 

energy, which would simultaneously benefit the economics, employment and improve regional 

situation, e.g. in rural areas. Distribution obligation is regulated by national legislation under 

the Act on promoting the use of biofuels for transport (446/2007). According to the obligation, 

fuel distributors have to deliver at least 20% biofuels of total fuels by 2020, which is two times 

the share in EU targets (Figure 4). (Ministry of Employment and the Economy 2014, 42, 68.) 

In the National Energy and Climate Strategy, the share of renewable fuels has been further set 

as 40% by 2030. These percentages have been calculated by the double credit method where 

the energy content of the following biomasses has been doubled: biofuels from waste and other 

sidestreams, non-food cellulose and lignocellulose. (Ministry of Economic Affairs and 

Employment 2017, 26, 57-58.) 

 



16 

 

As regards electricity- and gas-powered vehicles in 2030, the number of electric vehicles, 

hydrogen vehicles and plug-in hybrid vehicles has been set as at least 250 000, and gas vehicles 

at least 50 000. (Ministry of Economic Affairs and Employment 2017, 26, 57-58.) In 2030, all 

new registered vehicles would be alternatively fuelled, meaning plug-in hybrid cars, electric 

cars, gas vehicles, hydrogen vehicles or petrol- or diesel-fuelled vehicles with high biofuel 

content. (Jääskeläinen 2017.) Specific targets for the shares of these alternative technologies in 

the future can be seen in Table 1 below. 

 

Table 1. Target shares for plug-in hybrid cars, electric cars, gas vehicles, hydrogen vehicles and petrol- or 

diesel-fueled vehicles with high biofuel content, and numbers of passenger cars (PCs) in Finland for the 

upcoming decade (Jääskeläinen 2017). 

  

Share of 

PCs 

Total number 

of alternative 

PCs 

Number 

of electric 

cars 

Number 

of gas 

vehicles 

Share of 

vans 

Share of 

trucks 

Share of 

buses 

2020 20% 60 000 20 000 5 000 20% 40% 40% 

2025 50% 300 000 100 000 15 000 50% 60% 60% 

2030 100% 750 000 250 000 50 000 100% 100% 100% 

 

Numbers of different types of PCs in the Table 1 are bigger than the predictions by VTT 

Technical Research Centre of Finland (Jääskeläinen 2017). 

 

At the system level, energy consumption has to be reduced in order to achieve emissions 

reduction. Energy efficiency of the system can be improved by alternative and intelligent 

transport modes. For example, 30% increase of journeys by foot and/or bicycle is targeted by 

2030, and applying of the “Mobility as a Service” (MaaS) model would promote both public 

transport and sharing economy services. At the same time, advanced engine technology and 

lightweight vehicles among other new technologies help in the process. In freight transport, 

digitalization and cargo size optimization are the specified measures for increased energy 

efficiency. (Ministry of Economic Affairs and Employment 2017, 53-56.) 

 

3.3 Emission regulations for vehicles 

 

At the moment, EU road transport legislation regulates the emissions of CO2, hydrocarbons 

(HCs), carbon monoxide (CO), particulate matter (PM) and nitrogen oxides (NOx). Therefore, 

the following pollutants are not directly included in the legislation: certain acidifying pollutants, 

e.g. ammonia (NH3) and sulphur dioxide (SO2); carcinogenic and toxic organic pollutants, e.g. 

polycyclic aromatic hydrocarbons (PAHs) and dioxins; and heavy metals, e.g. lead and arsenic. 
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(EEA 2016b, 9-10.) Limit values for NOx, PM, CO and HC emissions for specific vehicles are 

set in EURO emission standards as g/km. The higher the EURO classification is, the less 

pollutants the vehicle may emit. Current standard, EURO 6, has been applied for registration 

and sale of new vehicles since 1.9.2015. Among other things, EURO 6 standard has determined 

a limit of 80 mg/km for a diesel car’s NOx emissions, while the limit was 180 mg/km in previous 

EURO 5 standard. (Motiva 2017b.) 

 

Since 1980s, vehicle manufacturers in EU have used the New European Driving Cycle (NEDC) 

laboratory test in order to measure exhaust gas emissions. Due to development of technology 

and driving conditions, EU has designed a new test, the Worldwide Harmonised Light Vehicle 

Test Procedure (WLTP), which will be adopted gradually by 2021. WLTP is based on 

worldwide reality data, whereas NEDC test defines emission values according to theoretical 

data. (Trafi 2017a.) In addition, when comparing these two procedures, WLTP takes longer 

time to run, and it includes more driving in urban area, faster speed in highways, and more 

acceleration and braking, which allows more accurate information about fuel consumption and 

produced emissions. (Trafi 2017b.) Because of WLTP’s real-life imitating features, it is 

estimated that implementation of the procedure will cause an increase of 20-30% in the official 

fuel consumption levels (Motiva 2017b).  

 

Regulation of CO2 emissions concerns the average level of annual emissions from registered 

manufacturers. Sanction per manufactured vehicle is 40 €/exceeded gram of CO2 which will 

increase to 95 € in 2019. (Motiva 2017b.) In 2015, the average CO2 emissions of new PCs in 

EU could be less than 130 gCO2/km, and further in 2020, they can be 95 gCO2/km at the most 

(Ministry of Employment and the Economy 2014, 42). For a comparison, average value for a 

petrol-fuelled PC in 2016 was 159 gCO2/km and for a diesel-fuelled PC 141 gCO2/km (VTT 

2017a). Concerning new registered vans, an average limit of 175 gCO2/km and a limit of 6.6 

litres diesel per 100 km were set in EU in 2017. For 2020, the targets are 147 gCO2/km and 5.5 

l/100 km. (European Commission 2018b.) WLTP will change EU’s definition for future 

emission targets. Target values will not be indicated as absolute values (gCO2/km) but 

percentage reductions compared to year 2021. Proposed average emissions of new cars and 

vans in EU will be for 2025 15% lower than in 2021, and for 2030 30% lower than in 2021. 

(European Commission 2017d.) 
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At the moment, carbon emissions of trucks and buses are not monitored. Vehicle Energy 

Consumption Calculation Tool (VECTO) has been developed by European Commission in 

order to begin calculating CO2 emissions and fuel consumption of new lorries from 1.1.2019. 

With the tool, cost-efficient and reliable calculations for specific types of trucks are possible to 

carry out. (European Commission 2018c.) 

 

4 POWER SOURCES OF ROAD TRANSPORT 

 

Technologies for passenger and heavy transport vehicles are presented in this chapter. Both 

currently used conventional technologies and alternative power sources, that are included in 

future scenarios, are reviewed. Table 2 below shows the number of different vehicles in the 

transportation of Finland in the end of September 2016 according to Finnish Transport Safety 

Agency data. 

 

Table 2. Number and shares of used vehicle types in Finland in 2016 (Trafi 2016a). 

Type of vehicle Number in Finland Share 

Passenger cars 2 629 432 86.3% 

Vans 311 376 10.2% 

Trucks 94 780 3.1% 

Semi-trailers 26 584  

Other trailers >750 kg 135 095  

Buses 12 471 0.4% 

total 3 048 059 100.0% 

 

Information in Table 2 concerns only the vehicle types in the scope. Therefore, special cars 

(e.g. measurement or filming car), two-wheelers and other trailers or motor-driven vehicles are 

not presented in the table. Other trailers -category means towed vehicles suitable for passenger 

or heavy loads transport weighing over 750 kg. (Trafi 2017c.) Tractor units are included in 

trucks – thus, they are not included in semi-trailers or other trailers (Trafi, e-mail 30.1.2018). 

Power sources of the vehicles shown in Table 2 can be seen in the following Figure 5. 



19 

 

 

Figure 5. Number of vehicles by power source in Finland in 2016 (rounded to the nearest hundred) (Trafi 

2016b). 

 

Other power sources in Figure 5 include, for example, liquefied petroleum gas (LPG) and motor 

kerosene that are more common for motor-driven machines than for vehicles in transport use. 

As it can be seen from the Figure 5, the most used power source is petrol fuel. However, freight 

transport vehicles and buses are diesel-driven for the most part: for trucks, the diesel share is 

98.20% and for buses 99.18%. (Trafi 2016b.) 

 

4.1 Conventional petrol and diesel fuels 

 

Petrol or gasoline is the most common power source for PCs. Petrol-fuelled car is reliable and 

inexpensive on moderate distances. (Motiva 2016b.) In Finland, as a part of vehicle tax, the tax 

on driving power does not regard petrol-fuelled vehicles (Trafi 2016c). Petrol is refined from 

fossil oil and used as a fuel in otto-cycle engines. In the four-stroke otto-cycle, the cylinder of 

the engine is filled with hydrocarbon-based petrol and air, the mixture is compressed, and 

ignited by ignition plugs. In the end of the otto-cycle, flue gases are released from the motor’s 

cylinder. Combustion of the fuel produces kinetic energy for pistons, which finally gives the 

movement for wheels. Conversion of fuel’s chemical energy into kinetic energy occurs usually 

at 20-25% efficiency. Flue gases from petrol combustion consist of for example CO2, carbon 

monoxide, nitrogen oxides, and particulate matter. With a three-way catalyst, emissions of 

hydrocarbons, carbon monoxide and nitrogen oxides can be reduced by more than 90%. In 

Finland, ethanol from renewable sources is mixed with fossil petrol in order to fulfil EU’s 
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targets concerning bio-based fuels. The most common petrol fuels are 95 E10 which includes 

10% ethanol at the most, and 98 E5 including 5% ethanol at the most. (Motiva 2017c.) 

 

Diesel oil is the other main fossil fuel in road transport (Trafi 2016b). Diesel-fuelled PC has 

better efficiency, about 40% at its best, and lower fuel consumption, than a petrol car, because 

diesel engine has a higher compression ratio and compression losses does not occur because 

inlet air is not restricted by a throttle valve. Contrary to otto-cycle engine, ignition valves are 

not needed in diesel engine because increased pressure ignites the diesel fuel. Diesel car 

produces lower CO2 emissions than a petrol car, but diesel cars produce more air pollutants, 

which contributes significantly to air quality. Major pollutants in diesel flue gases are nitrogen 

oxides and particulate matter emissions. Exhaust Gas Recirculation (EGR) and Selective 

Catalytic Reduction (SCR) are the methods to control NOx emissions. SCR system requires an 

additive, AdBlue, which consists of urea and water. However, the technology is quite 

expensive. In the future, because of the need for more complicated control system, diesel cars 

may become less competitive versus petrol cars. (Motiva 2016a.) 

 

4.2 Bio-based and other alternative fuels 

 

Biofuels are produced from biomass and they can be in a liquid or gaseous form (Ministry of 

Economic Affairs and Employment). Transport biofuels are often divided in different 

generations that define biofuel’s raw material and production, and their environmental 

sustainability. The first generation biofuels are bioethanol from plants containing sugar and 

starch, and biodiesel from oil plants and other bio-based material. Contrary to the first 

generation biofuels, biofuels of the second and third generations are considered more 

sustainable because their production produces less emissions and there is a smaller chance that 

the production does not compete against food production. The third generation biofuels are still 

under development and not approaching the sales in the near future. (Motiva 2017a.) Raw 

material for the third generation biofuels can be, e.g. microalgae or microbes, which would 

provide higher production rate than other biofuel materials. Microalgae-based fuels could be 

methane, diesel or hydrogen. (Alam et al. 2015, 764.) 
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4.2.1 Ethanol- and diesel-based biofuels 

 

A flexible-fuel or flexfuel vehicle (FFV) runs on mixture of petrol and high-concentration 

ethanol, such as E85, but it can also run only on petrol (Motiva 2017d). Ethanol is produced 

from sugar- and starch-containing raw material in a fermentation process. In Finland, for 

example biowaste and by-products from food processing and baking industries, and 

communities, and also sawdust are used in order to produce domestic ethanol for transport 

(Biotalous.fi 2014). (Öljy- ja biopolttoaineala ry 2018.)  E85 is inexpensive fuel and bio-based 

by 85 percentage of its volume. However, a flexfuel engine requires preheating at extreme cold, 

supply of different FFV models is poor, and the engine consumes about 30% more fuel than a 

standard petrol engine. Nevertheless, the price per litre is lower for E85 than for petrol. (Motiva 

2017d.) In Finland, E85 is produced from biowaste: St1 produces RE85 from industrial, 

commercial and household biowaste fractions, whereas ABC stations provide Eko E85 fuel 

produced from wastage bread, for instance (ABCasemat.fi; St1 2018). In Häme, the number of 

FFVs is still quite low, below 1% of total PCs (Trafi 2016b). However, FFV retrofits for older 

petrol-fuelled cars can be seen as a part of the solution in GHG emission reduction before other 

alternative technologies, such as electric vehicles, become more common (Hollmén 2016). 

 

In Finland, distribution obligation concerning biodiesel has been mainly carried out by 

renewable diesel. Renewable diesel differs from the traditional first generation biodiesel fuels, 

fatty acid methyl ester (FAME) and rapeseed methyl ester (RME). Renewable diesel can be 

used in high proportions in standard diesel engines. The fuel can be produced from waste 

streams and residues when GHG emission reduction compared to fossil fuels can be up to 90%. 

(Motiva 2017e; Motiva 2017a.) For example, the proportion of plant-based oil (Hydrogenated 

Vegetable Oil, HVO) and waste animal fat in the diesel can be about 30% at maximum. 

However, proportion of first generation biodiesel fuels, FAME and RME, can be 7% at 

maximum, and they can cause fouling and weakening of motor oil. (Motiva 2016a; Motiva 

2016c; Motiva 2017a.) For example, Neste has developed their renewable diesel product from 

waste animal fat and vegetable oil, whereas UPM from tall oil from the residue of pulp 

production, and these both can be used even at 100% concentration (Neste; UPM Biofuels 

2018). 

 

In addition to already mentioned, other alternative liquid fuels have been developed. Partially 

bio-based ethers can be produced from ethanol and hydrocarbons. They are used as an additive 
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instead of lead compounds in order to improve combustion process and reduce emission levels. 

For example, ethyl tert-butyl ether (ETBE) or tertiary amyl ethyl ether (TAEE) can be mixed 

with petrol 22% by volume at maximum.  (Öljy- ja biopolttoaineala ry 2018.) ED95 is a 95% 

ethanol-based fuel that can be used in specially modified diesel engines in buses and freight 

transport. In Sweden, ethanol for ED95 is produced from cellulose in sugarcane. (SEKAB; 

Öljy- ja biopolttoaineala ry 2018.) For example, Scania has utilized ED95 technology to their 

new trucks fulfilling Euro 6 standards (Scania 2015). Cellulose-containing raw materials seem 

promising for ethanol production because they would make it possible to utilize straw from 

agriculture and fractions of municipal solid waste, for instance (Öljy- ja biopolttoaineala ry 

2018). 

 

4.2.2 Gaseous fuels 

 

Gas vehicle can run by natural gas or biogas. PCs usually have a bi-fuel system which can use 

gas or petrol depending on need. Used natural gas or biogas is typically compressed: either 

compressed natural gas (CNG) or compressed biogas (CBG). Liquefied natural gas (LNG) or 

biogas (LBG) are already used in freight transport vehicles. Gas technology is reliable, and it 

enables utilization of domestic biogas from renewable sources or waste streams, such as 

biowaste and manure. (Motiva 2017f; Motiva 2013.)  

 

As a by-product in the biogas process, digestate can be used as a nutrient-rich fertilizer 

including more usable nitrogen for crops than manure. Furthermore, energy and transport fuel 

production provides the possibility of self-sufficiency for farm owners. Although, biogas has 

to be cleaned and refined suitable for energy use. (Motiva 2013, 3, 13.) On the other hand, in 

the current situation, there are not enough refuelling stations and there is poor supply of 

different vehicle models. In addition, a bi-fuel car is more expensive than a petrol-fuelled car 

but lower CO2 emissions of the gas vehicle balances total costs. With one refill, a bi-fuel car 

runs 300-600 km on gas and 250-700 km on petrol. (Motiva 2017f.) 

 

Dimethyl ether (DME) can be used as an alternative fuel for diesel engines, and it has been 

remarked as a promising fuel for freight transport vehicles. As a product, DME is a liquefied 

gas that is heavier than air. It can be produced from fossil resources, such as natural gas and 

crude oil, but also from renewable by-products and biomass, municipal waste and forest 

products for instance. It provides more complete combustion than conventional diesel fuel due 
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to DME’s higher cetane number, and its combustion produces slightly less CO2 emissions than 

that of diesel. Additionally, DME fuel is simpler to store than CNG or LNG; the storing is not 

expensive and does not require special considerations, for example exposure to sun. However 

when compared to diesel, the storing of DME requires higher pressure similar to LPG, and a 

DME-fuelled vehicle consumes more fuel, which, consequently, increases the size of the fuel 

tank and further, the weight of the vehicle. (Patten & McWha 2015, 1, 13, 15, 19, 85-86.) 

Furthermore, retrofit for a diesel-fuelled vehicle would require completely new high-pressure 

injection system, and the distribution of DME may become a major challenge in the future 

(Nylund & Aakko-Saksa 2007, 75; Kallberg 2012). 

 

4.3 Electricity-based technologies 

 

Power source technologies that use electricity are battery electric vehicles (BEVs), hybrid 

electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), and fuel cell electric vehicle 

(FCEV) or hydrogen vehicle. 

 

4.3.1 Electric and hybrid technologies 

 

BEV is a full electric vehicle that obtains its power for driving from the electric energy stored 

in battery cells. Electric energy is converted into kinetic energy by creating a fluctuating 

electromagnetic field between coils in the battery. While braking, engine works as a generator 

that recharges extra energy into the battery or, in some vehicles, into capacitors that are able to 

release electric charge faster than batteries. (Motiva 2016d.) The most common battery 

technologies for BEVs are nickel metal hydride (NiMH) and lithium ion (Li-ion) (Young et al. 

2013). Electric engine efficiency is about 72% better than that of petrol engine (VTT 2017a). 

Electric vehicles are also silent, and their tail-pipe emissions are zero. However, when 

estimating GHG emissions of BEV – and hybrid - driving, the emissions from electricity 

production has to be taken into account. (Motiva 2016d.) Furthermore, the sustainability aspects 

of battery manufacturing has to be acknowledged, when comparing different vehicle power 

sources. Major challenges in BEVs in current situation relate to the great mass and price of the 

batteries. For example, battery capacity of a new BEV is 20-30 kWh allowing a range of 150-

200 km and weighing about 300 kg. Additionally, low energy density – about 0.1 kWh/kg for 
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a lithium battery – allows only short distance travels. Improvement is expected to take place in 

the future nevertheless (Motiva 2016d.) 

 

Hybrid electric vehicle, HEV, runs on a petrol or diesel engine with an auxiliary electric engine. 

While braking and in lighter driving battery cells are charged, which allows full electric driving 

for a few kilometres. Whereas, an electric engine of a mild hybrid vehicle is used only during 

starting. (Motiva 2017e.) Plug-in hybrid electric electric vehicle, PHEV, has a larger set of 

accumulators and the possibility to external charging, which allows full electric driving as much 

as 20-80 kilometres. In a series PHEV or extended range electric vehicle the electric engine 

alone gives the movement to the car, and the combustion engine is used only for charging during 

long-distance driving. Whereas, a serial-parallel PHEV uses electric engine alone in slower 

urban driving, and the combustion engine supports the system in longer distances. This causes 

lower top speed and acceleration for electric driving. Charging of a PHEV takes 2-7 hours 

depending on the charging method and the vehicle model. Fast-charging in public charging 

stations can take only about 30 minutes instead. (Motiva 2017g.) 

 

In comparison with petrol and diesel vehicles, driving a HEV reduces fuel consumption, amount 

of emissions from fuel combustion, and noise. However, HEVs are heavier than conventional 

diesel or petrol vehicles, still quite high-priced, and the supply of different models is limited. 

The PHEV has the same downsides as the HEV, yet a PHEV is more expensive and requires 

more space for the batteries. Obviously, driving a PHEV consumes less fuel and, consequently, 

the emissions from the fuel combustion is lesser when compared to a HEV. (Motiva 2017g.) 

Brake systems in both PHEVs and HEVs wear slower than the ones in combustion engine 

vehicles, but the high voltage components of hybrid vehicles require more specialized 

maintenance measures (Motiva 2017e; Motiva 2017g). 

 

4.3.2 Hydrogen technology 

 

A fuel cell electric vehicle, FCEV, or a hydrogen vehicle runs on electricity produced from 

compressed hydrogen gas H2 and atmospheric oxygen O2 in several fuel cells (Hydrogen 

Mobility Europe). One fuel cell consists of two electrodes: an anode and a cathode. Hydrogen 

gas from the fuel tank is fed to the anode where it degrades into protons and electrons. Protons 

travel to the cathode through a membrane, whereas electrons travel to the cathode through an 

external electric circuit, which generates electric current. Simultaneously, oxygen from air 
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supply is fed to the cathode where water and heat is released. Finally, produced electricity is 

converted into kinetic energy by traction inverter module and transaxle. (Mikkola, 4-7.)  

Hydrogen is usually obtained from natural gas, yet it is possible to produce it from renewable 

sources or nuclear energy (Hydrogen Mobility Europe). For example, by gasifying solid 

biomass hydrogen gas can be separated and collected. Another method is to use electricity to 

split water into hydrogen and oxygen in electrolysis, which can be also called as power to 

hydrogen -method. (Motiva 2016e.)  

 

Fuel cells are efficient, reliable, small-sized and silent (Mikkola, 4-7). When compared to 

BEVs, FCEVs have a longer driving range, 385-700 km on a full tank, and they take shorter 

time to refuel, 3-5 minutes. These features represent competitiveness versus the petrol and 

diesel cars. (Hydrogen Mobility Europe.) However, storaging hydrogen has been found 

challenging. It requires high-pressured tanks in gaseous form and continuous cooling in liquid 

form. The most secure option for storaging would be binding hydrogen with metal hydrides, 

which would however require relatively heavy container. (Motiva 2016e.) Additionally, 

scarcity of gas supply, high material price, and risk related to usage at low temperatures are still 

challenges that have to be considered when compared to other alternative power sources 

(Greene & Duleep 2013, 8, 32, 37). Sustainability aspects of FCEVs relate to the materials of 

fuel cells and the method how hydrogen fuel is obtained (Motiva 2016e). 

 

5 REFERENCE SYSTEM 

 

Initial values and other background data for the calculation concerning reference year in Häme 

are reviewed in this chapter. 

 

5.1 Region Häme 

 

Location of the area under study can be seen in the following map of Finland. 
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Figure 6. Borders of Finnish regions and municipalities. Region 5 is Kanta-Häme and region 7 is Päijät-Häme 

(Kuntaliitto 2017a). 

 

As it can be seen from Figure 6, Häme region is located near the capital of Finland. In 2014, 

the population of Kanta-Häme was 175 350 and of Päijät-Häme 202 009 (Tilastokeskus 2015a). 

Overall, Päijät-Häme is more densely populated than Kanta-Häme (Kuntaliitto 2017b; Regional 

Council of Häme; Päijät-Hämeen verkkotietokeskus 2014).  

 

Kanta-Häme is located between Helsinki and Tampere, and the zone will be developing 

continuously. About 90 million euros of annual financing is used for the transport system in 

Kanta-Häme, excluding non-recurring major extension or developing investments. Regional 

Council of Häme has planned a transport system strategy towards 2040. Population of Kanta-

Häme is estimated to grow approximately 17% by 2035. Increasing the use of renewable energy 

has good potential especially in the area of dispersed settlement (Regional Council of Häme 

2014, 5-7) 

 

Also Päijät-Häme has a central location, and several highways intersect the region, such as 

highway 5 from Päijät-Häme to Savo and further, Lapland, and highway 12 from Western 

Finland to Kymenlaakso. The most congested area concentrates on Lahti surroundings. At the 

moment, highway 12 goes through the city centre of Lahti, which has caused several issues for 

safety, environment and land use. In their strategy, Regional Council of Päijät-Häme has 

emphasized sustainable mobility, regional accessability, transport safety, and attractivity of 
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Lahti nuclear centre. From 2010, the population of Päijät-Häme is estimated to grow about 16% 

by 2035. (Päijät-Hämeen liitto 2014, 3, 11−12, 18.) 

 

5.2 Road transport system 

 

Table 3 shows the share of different vehicles under the study scope in Häme region. 

 

Table 3. Number of different vehicles in use in Häme at the end of 2016 (Trafi 2016a). 

 Number in Häme Share 

Passenger cars 190 031 86.3% 

Vans 21 782 9.9% 

Trucks 6 828 3.1% 

Semi-trailers 1 125  

Other trailers >750 kg 9 795  

Buses 1 434 0.7% 

total 220 075 100.0% 

 

As in Table 2, also in Table 3, tractor units are included in trucks, and semi-trailers and other 

trailers are only towed vehicles (Trafi, e-mail 30.1.2018). Road transport system is divided in 

passenger and freight transport. PCs and buses are included in passenger transport and the rest 

of the vehicles from Table 3 in freight transport. 

 

5.2.1 Passenger transport 

  

Latest passenger transport research was conducted between 2010−2011. Information about 

mobility of Finnish people, factors affecting it and its variations were investigated in the 

research, and this information is used in this study. (Liikennevirasto 2012a.) Mileages by travel 

type in a day for an average person living in Päijät- and Kanta-Häme can be seen in the 

following Table 4. 

 

Table 4. Kilometres by travel type for an average person in a day in Häme (Liikennevirasto 2012b). PC equals 

passenger car. 

  

[km/d per person]  

by foot by bicycle PC driver PC traveller by bus other 
train, subway, 

tram 
 

Päijät-Häme 1.248 0.627 24.245 8.461 2.017 1.554 2.863  

Kanta-Häme 1.037 0.625 18.872 12.053 2.731 2.201 3.452 total 

Häme average 1.14 0.63 21.56 10.26 2.37 1.88 3.16 40.99 
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Category of others in the Table 4 includes driving for example a moped, microcar, motorcycle 

and boat. Kilometres by the purposes of travels for an average Finnish person are in Table 5. 

 

Table 5. Kilometres by travel type and purpose for an average Finnish person per day (Liikennevirasto 2012a, 

34). PC equals passenger car. 

 [km/d per person]  

  
by 

foot 

by 

bicycle 
PC driver PC traveller by bus other 

train, subway, 

tram 
 

other leisure 0.7 0.29 3.87 2.95 1.02 1.04 0.77  

summer cottage 0 0 1.14 0.83 0 0.04 0.26  

visiting 0.06 0.07 3.76 2.67 0.34 0.35 0.62  

shopping, services 0.14 0.12 4.83 1.66 0.25 0.29 0.12  

business 0.01 0 1.66 0.37 0.27 1.52 0.55  

school/study 0.08 0.08 0.28 0.17 0.54 0.13 0.15  

work 0.07 0.17 5.26 0.45 0.49 0.53 0.7  

total 1.06 0.73 20.80 9.10 2.91 3.90 3.17 41.67 

 

In Table 5, work means travelling between home and workplace, whereas business includes 

other work-related trips. From Table 5, the shares by travel type are calculated to the following 

Table 6. 

 

Table 6. Travel purpose shares by travel type for an average Finnish person (Liikennevirasto 2012a, 34). PC 

equals passenger car. 

  
by foot 

by 

bicycle 
PC driver PC traveller by bus other 

subway, 

tram, train 

other leisure 66.0% 39.7% 18.6% 32.4% 35.1% 26.7% 24.3% 

summer cottage 0.0% 0.0% 5.5% 9.1% 0.0% 1.0% 8.2% 

visiting 5.7% 9.6% 18.1% 29.3% 11.7% 9.0% 19.6% 

shopping, services 13.2% 16.4% 23.2% 18.2% 8.6% 7.4% 3.8% 

business 0.9% 0.0% 8.0% 4.1% 9.3% 39.0% 17.4% 

school/study 7.5% 11.0% 1.3% 1.9% 18.6% 3.3% 4.7% 

work 6.6% 23.3% 25.3% 4.9% 16.8% 13.6% 22.1% 

total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 

Next the average values in Table 4 are multiplied by the percentages in Table 6, and 

consequently, daily kilometres linked to travel purpose for a Häme citizen are attained. They 

are shown in Table 7. 
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Table 7. Daily passenger transport mileages by travel type for an average Häme citizen in reference year. PC 

equals passenger car. 

  

[km/d per person] 

by foot 
by 

bicycle 
PC driver PC traveller by bus other 

subway, 

tram, train 

other leisure 0.75 0.25 4.01 3.33 0.83 0.50 0.77 

summer cottage 0.00 0.00 1.18 0.94 0.00 0.02 0.26 

visiting 0.06 0.06 3.90 3.01 0.28 0.17 0.62 

shopping, services 0.15 0.10 5.01 1.87 0.20 0.14 0.12 

business 0.01 0.00 1.72 0.42 0.22 0.73 0.55 

school/study 0.09 0.07 0.29 0.19 0.44 0.06 0.15 

work 0.08 0.15 5.45 0.51 0.40 0.26 0.70 

total 1.14 0.63 21.56 10.26 2.37 1.88 3.16 40.99 

 

From Table 7, mileages driven by PC and bus are further used in chapters 6 and 7 when 

calculating results for reference year and future scenarios. However, emissions of the vehicles 

depend on used power sources. Table 8 below shows the current number of PCs in Häme by 

power source. 

 

Table 8. Power sources of passenger cars (PCs) in Häme in 2016 (Trafi 2016b). 

 Number of PCs 

in Häme 
Share 

Petrol 145 552 74.1% 

Diesel 50 186 25.5% 

Electric 53 0.03% 

Natural gas 42 0.02% 

Petrol/CNG, bi-fuel 254 0.1% 

Petrol/Electric -hybrid 172 0.09% 

Petrol/Ethanol, FFV 239 0.1% 

Diesel/Electric -hybrid 18 0.01% 

Other 11 0.01% Share in Finland 

total 196 527 100.0% 7.2% 

 

Petrol is the most common fuel and diesel oil the other main fossil fuel for PCs in Häme. (Table 

8.) As regards buses in Finland, their power sources can be seen in Table 9. 
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Table 9. Power sources of buses in Finland in 2016 (Åland is excluded) (Trafi 2016b). 

  
Number of buses 

in Finland 
Share 

Petrol 28 0.2% 

Diesel 12 369 99.2% 

Electric 5 0.04% 

CNG 38 0.3% 

LNG 3 0.02% 

Diesel/Electric 2 0.02% 

Other 18 0.1% 

total 12 463 100.0% 

 

Emission factors in CO2 equivalents of each power sources can be obtained by using quantities 

per passenger kilometre (g/pkm) for CO2, CH4 and N2O from LIPASTO-database (VTT 2017a) 

and GWP100-values for each GHG (1, 28 and 265) (Greenhouse Gas Protocol 2016). For 

example, emission factors of each GHG for a petrol car are 93 gCO2/pkm, 0.0012 gCH4/pkm 

and 0.001 gN2O/pkm (VTT 2017a), in which case the emission factor for a petrol-fuelled PC is 

 

1 ∙ 93 gCO2 pkm⁄ + 28 ∙ 0.0012 gCH4 pkm⁄ + 265 ∙ 0.001 gN2O pkm⁄  

= 93.3 gCO2 − eq pkm⁄ . 

 

LIPASTO-database doesn’t include an emission factor for an electric car because the exhaust 

gas emissions are zero but, nevertheless, energy demand value is given (VTT 2017a). Therefore 

in this thesis, the emission factor for the electric car is based on the emission amount released 

from the electricity production. Energy authority has reported that in 2014 175.1 gCO2-eq is 

released per kWh of produced energy on average in Finland (Energy Authority 2018). 

Regarding hybrid vehicles, utility factor (UF) defines the share of electricity-driven kilometres 

of total kilometres. With UF, emission factor and energy demand of hybrid vehicles can be 

calculated in relation to the share of petrol and electric driving. Plötz et al. (2017) has listed 

mean UFs for specific PHEV models with petrol engines as follows: 78.5% for Chevrolet Volt, 

72% for Opel Ampera, 47% for Mitsubishi Outlander, 30% for Toyota Prius, and 49% for 

Volvo V60. 42.5% is obtained as a weighted average for these models, and it is used in this 

paper for PHEVs running on diesel engines, too. 

 

According to LIPASTO-database, gas fuel used in vehicles consists of 40% biogas (VTT 

2017b). The values for a bi-fuel car were calculated according to an assumed share of 50% for 

driving on gas consisting of 40% biogas (VTT 2017a). 50% share is based on the information 
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that one refill of gas covers 46.2−54.5% of total kilometres driven by one refill (Motiva 2017f). 

Emission factors for cultivation, processing, transport and distribution of biofuels are available 

in the Annex V of the Renewable Energy Directive (2009/28/EC). Renewable sources and 

waste fractions can be used to produce ethanol but sugar beet is more generally used 

(Biotalous.fi 2014; Öljy- ja biopolttoaineala ry 2018; Härmälä 2010). A default value of sugar 

beet ethanol, 40 gCO2-eq/MJ, (2009/28/EC, Annex V) and energy demand, 1.2 MJ/pkm, from 

LIPASTO-database (VTT 2017a) are used for FFVs. It is also assumed that E85 consists of 

72.4% biofuel of its calorific value and the rest is petrol (VTT 2017a). However in the future, 

it is more probable that the ethanol is produced from renewable sources and by-products. Values 

for other power sources are assumed to be the same as for diesel cars.  

 

As regards buses, the vehicles are divided in city and long-haul buses that run on diesel, gas or 

electricity, of which all values can be found in LIPASTO-database. For city buses running on 

diesel and gas, average values between street and arterial road driving in half loads, meaning 

18 out of 43 passenger per bus, are used. Gas is assumed to be CBG as 40% of its calorific 

value, and electric buses are assumed to drive only on urban streets. (VTT 2017b; VTT 2017a.) 

Emission factor for electric bus is based on its energy demand and was defined similarly as for 

electric PC. In addition to these, kilometres accumulate from driving by liquefied natural gas 

(LNG) and diesel-hybrid buses (Table 9). For LNG, the ratio for emission factors of LNG and 

CNG per energy unit was used and compared to the gas bus values in order to obtain needed 

parameters. Now, emission factor of LNG is 55.8 t/TJ and CNG 55.3 t/TJ, and so the ratio is 

1.009. (Tilastokeskus 2018a.)  For hybrid buses, the same UF, 42.5%, was assumed for 

electricity-driven kilometres as in previous case for PCs (Plötz et al. 2017). 

 

Finally, all emission factors, and values for energy demand of PCs and buses at current state 

are listed in Table 10. 
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Table 10. Initial values for passenger cars and buses, excluding emissions from the production of fuels (VTT 

2017a; Tilastokeskus 2018a; Energy Authority 2018; Plötz et al. 2017 Greenhouse Gas Protocol 2016; VTT 

2017a; Motiva 2017f). 

  

Emission factor 

[gCO2-eq/pkm] 

Energy demand 

[MJ/pkm] 

PASSENGER CARS   

Petrol 93.3 1.30 

Diesel 82.8 1.20 

Electric 17.5 0.36 

Gas 41.3 1.10 

Petrol/CNG, bi-fuel 67.3 1.20 

Petrol/Electric -hybrid 49.7 0.76 

Petrol/Ethanol, FFV 60.5 1.20 

Diesel/Electric -hybrid 45.3 0.72 

Other 82.8 1.20 

BUSES   

City buses Diesel 45.5 0.69 
 Gas 38.8 0.76 
 Electric 13.7 0.28 

Long haul buses Diesel 36.5 0.54 

LNG 39.1 0.77 

Diesel/Electric -hybrid 27.2 0.45 

 

5.2.2 Freight transport 

 

Currently there are a total of 21 782 vans and 6 828 trucks in transport use in Häme. Trucks can 

be further divided in delivery, semi-trailer combination, full-trailer combination and earth-

hauling trucks of which properties differ from each other regarding emissions and energy 

demand. (Trafi 2016a.) However, Finnish Transport Safety Agency’s statistics (Trafi 2016a) 

does not give exact numbers for these specific types, except for semi-trailer combination trucks. 

Therefore, it is assumed that the number of full-trailer combination trucks is equal with semi-

trailer combination trucks, and the rest is equally divided between delivery and earth-hauling 

trucks. According to Statistics Finland, total mileage for freight transport in Finland was 26.8 

million tkm. The value was attained as the sum of the 4. quarter of 2016 and 1.−3. quarters of 

2017. (Tilastokeskus 2017.) Values concerning the calculation of freight transport mileages 

have been collected in Table 11. 
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Table 11. Initial values for freight transport mileages in reference year (Trafi 2016a; Tilastokeskus 2017). 

  

Kanta-

Häme 

Päijät-

Häme 

Häme 

total 

Finland 

total 

Vehicle 

shares in 

Finland 

Mileage 

in Finland 

[tkm/a] 

Vehicle 

shares in 

Häme 

Mileage 

in Häme 

[tkm/a] 

Vans 10 802 10 980 21 782 311 376 76.7% 2.05E+10 7.0% 1.44E+09 

Delivery trucks 1 152 1 137 2 289 20 806 5.1% 1.37E+09 11.0% 1.51E+08 

Semi-trailer combination trucks 647 478 1 125 26 584 6.5% 1.75E+09 4.2% 7.42E+07 

Full-trailer combination trucks  647 478 1 125 26 584 6.5% 1.75E+09 4.2% 7.42E+07 

Earth-hauling trucks  1 152 1 137 2 289 20 806 5.1% 1.37E+09 11.0% 1.51E+08 

total 14 400 14 210 28 610 406 156 100.0% 2.68E+10 7.0% 1.89E+09 

 

In Table 11, mileage in Häme was calculated according to the share of vehicles in Häme in 

relation to total vehicle amount in Finland. In addition to this information, emission factors, and 

values for energy demand are needed in the study. They are listed below. 

 

Table 12. Initial values for emission factors and energy demand per ton kilometre on different road types for 

reference system. Vehicles are assumed to carry full loads and run on diesel including 11.5% renewable sources 

(VTT 2017a). The capacities are given in brackets and the data sources under the table. 

  

Emission factorsa 

[gCO2-eq/tkm] 

Energy demanda 

[MJ/tkm] 

Mileage share 

on each road 

typeb 

VANS (load 1.2 t) 

Highways 173.9 2.60 74.7% 

Streets 231.8 3.50 25.3% 

DELIVERY TRUCKS (average load 6.25 t) 

30% on highways 85.4 1.25 100.0%c 

SEMI-TRAILER COMBINATION TRUCKS (load 25 t) 

Highways 38.3 0.58 80.4% 

Streets 66.4 1.00 19.6% 

FULL-TRAILER COMBINATION TRUCKS (average load 45.5 t) 

Highways 29.2 0.44 80.4% 

Streets 52.7 0.08 19.6% 

EARTH-HAULING TRUCKS (load 19 t)  

Highways 40.4 0.60 80.4% 

Streets 72.5 1.10 19.6% 

Sources: aVTT 2017a; bLiikennevirasto 2017, 8; cbased on own assumption 

 

As regards delivery trucks in Table 12, their initial values already take into account the mileage 

share driven on each road type, on highways and streets (VTT 2017a). 
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6 SCENARIO SETTING 

 

In this chapter, the development and assumptions for scenarios 1, 2 and 3 are reviewed and 

discussed. Initial assumptions for all three scenarios can be seen in Appendix I. In general, 

scenario 1 represents the development and state in 2050 where national targets would be 

achieved but fossil fuels are still slightly in use in both transport and electricity generation. 

Whereas in scenario 2, shares for conventional power sources, meaning fossil-fueled vehicles, 

are set as zero in 2050. This means greater shares for vehicles running on electricity, biogas, 

and other renewable sources, and also more renewable sources in electricity production than in 

scenario 1. On the other hand, with scenario 3, effects of improved energy efficiency in the 

system and vehicles are studied when keeping the shares of power sources equivalent to the 

ones in scenario 1. In scenario 3, improvement of energy efficiency takes place by lowering the 

energy demand of vehicles, incorporating different behavioural changes, such as shifting 

towards public transport or bicycling, and cargo optimization. 

 

6.1 Population 

 

In order to attain the amount of total person kilometres in a year and further obtain the results 

concerning CO2 emissions, future population of Häme has to be estimated. Regional population 

forecast until 2040 has been made in 2015 by Statistics Finland. This forecast is used when 

forming a population graph for the future of Kanta- and Päijät-Häme. (Tilastokeskus 2015a.) 

Next, development after 2040 is extrapolated by assuming the population growth to be 

exponential. Finally, following Figure 7 is formed. 
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Figure 7. Population forecast for Kanta- and Päijät-Häme (Tilastokeskus 2015a). 

 

From the equations in Figure 7, the population of Kanta- and Päijät-Häme in 2050 can be 

attained as follows. 

 

131 312 ∙ 𝑒0.0002∙2050 = 197 863 people in Päijät-Häme and 

 

13 382 ∙ 𝑒0.0013∙2050 = 192 272 people in Kanta-Häme. 

 

Thus, the population of Häme region is 390 135 in 2050. Values for each year are collected to 

the following Table 13. 

 

Table 13. Population of Häme in reference system and in the future. Values for 2050 represent calculated 

estimations from Figure 7. (Tilastokeskus 2015a.) 

Year 
Kanta-

Häme 

Päijät-

Häme 
total 

2017 176 043 202 132 378 175 

2020 176 887 202 527 379 414 

2030 179 635 203 483 383 118 

2040 180 820 202 677 383 497 

2050 192 272 197 863 390 135 
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6.2 Energy sources of electricity production 

 

Emissions from electric and hybrid vehicles originate from electricity generation emissions 

(Motiva 2016d). Therefore, it is essential to estimate from which sources electricity is produced 

until 2050, and calculate emission factors for electricity generation for the upcoming years. In 

the reference scenario the value of 175.1 gCO2-eq/kWh is used. This value represents average 

Finnish electricity production in 2014. (Energy Authority 2018.)  

 

Scenarios 1 & 3 

 

European Commission has published a report concerning trends for greenhouse gas emissions 

from energy until 2050. Report’s data of electricity generation by source was used when 

estimating emission factors in scenarios 1 and 3. (European Commission 2016b, 158.) This data 

is presented in Appendix II. Emission factor for each year is attained when emissions of specific 

energy source use is known. These values can be found from Fuel classification conducted by 

Statistics Finland (Tilastokeskus 2018a). The values are shown in Table 14 below. 

 

Table 14. Emission factors by source converted to gCO2-eq/kWh produced energy (Tilastokeskus 2018a). One 

kWh equals 3 600 kJ. Average value between milled and sod peat was used for peat share, municipal mixed 

waste value for waste share, and biomass was assumed to cause zero emissions. 

 Energy source [tCO2-eq/TJ] [gCO2-eq/kWh] 

Solids (coal) 93.2 335.5 

Oil (heavy fuel oil, average of <1% and >1% sulphur) 78.8 283.7 

Gas 55.3 199.1 

Biomass/waste (0.2% peat, 5.6% waste, 75.3% biomass) 2.4 8.8 

Nuclear, hydro, wind & solar 0 0 

 

In the end, final emission factors are achieved by using the shares of energy sources in Appendix 

II and values in Table 14. Attained values are proportioned to the reference value, 175.1 gCO2-

eq/kWh, which is assumed to represent the situation in 2015. These values can be seen in next 

Table 15. 
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Table 15. Emission factors for electricity generation. Proportional values on the right column are used in 

scenarios 1 and 3. 

Year 

Calculated 

emission factor 

[gCO2-eq/kWh] 

Proportional 

emission factor 

[gCO2-eq/kWh] 

reference 66.0 175.1 

2020 61.1 162.2 

2025 66.2 175.7 

2030 62.7 166.4 

2035 51.4 136.4 

2040 29.3 77.8 

2045 20.8 55.2 

2050 22.7 60.2 

 

Scenario 2 

 

For scenario 2, it is assumed that the emission factor value decreases linearly to zero by 2050, 

as can be seen below. 

 

Table 16. Emission factors for electricity generation in scenario 2. 

Year 

Proportional 

emission factor 

[gCO2-eq/kWh] 

reference 175.1 

2020 150.1 

2030 100.1 

2040 50.0 

2050 0 

 

Table 16 shows that electricity generation produces zero GHG emissions in 2050. In other 

words, energy system would be completely relying on renewable sources including solar, wind, 

hydro and biomass. Additionally, due to seasonal variation of renewable energy supply, energy 

storaging is required, for example in the form of synthetic gas. (Child & Breyer 2016, 529−530) 

 

6.3 Power sources 

 

When estimating power source shares in the future, total number of vehicles is assumed to stay 

constant while the quantities of each vehicle type variate. Share of each type is used to calculate 

driven kilometres for each power source. Chosen alternative power sources for passenger cars 

(PCs) and buses are renewable diesel, electric vehicle (BEV), plug-in hybrid electric vehicle 
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using renewable diesel (PHEV), and biogas (CBG). Additionally, DME is another option in 

freight transport. Whereas, petrol, diesel, CNG, bi-fuel, dual fuel, petrol and diesel hybrids, 

FFV and other power sources are referred as conventional power sources from this chapter on. 

Power sources for all scenarios are shown in Appendix III. 

 

6.3.1 Scenarios 1 & 3 

 

Passenger cars 

 

Passenger cars, PCs, in Häme cover 7.2% of the amount in Finland (Table 8). This value, and 

the target numbers in Finland for years 2020, 2025 and 2030 from Table 1 are used when 

calculating the quantities of vehicles running on alternative power sources in Häme in scenarios 

1 and 3. It is also assumed that half of the electric cars is BEVs including hydrogen vehicles, 

and the other half is PHEVs using renewable diesel. In addition, gas vehicles run on CBG, and 

the rest of the new alternative vehicles run on renewable diesel. For example, the number of 

BEVs in 2030 is calculated as follows: 

 

0.072 ∙
250 000

2
= 9 034. 

 

In 2030−2050, the increase of alternative power sources is assumed to stay the same as in 

2017−2030. Thus, the number of BEVs in 2050 is 

 

9 034 + (2 050 − 2 030) ∙
9 034 − 53

2 030 − 2 017
= 22 851. 

 

Quantities of other alternative vehicle types are attained similarly. Because total amount of 

vehicles remains constant, the rest is divided between other conventional power sources in a 

way which takes the current share of each conventional technology into account. Assumed 

conventional power sources are: petrol, diesel, natural gas, bi-fuel, petrol hybrid, diesel hybrid, 

FFV and other. At the moment, petrol share of the conventional sources is 74.1%, for instance. 

Furthermore, in 2050 the total amount of alternative PCs would be 137 511, whereupon, the 

amount of conventional vehicles is 59 016. Number of petrol cars in 2050 is then 43 720 which 
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covers about 22.2% of PCs in Häme. Overall development of PCs in scenarios 1 and 3 can be 

seen in Figure 8. 

 

 

Figure 8. Quantity of passenger cars by power source in 2017 and in scenarios 1 and 3. 

 

Final shares for power sources are: 42.0% renewable diesel, 22.2% petrol, 11.6% BEV, 11.7% 

renewable diesel hybrid, 7.7% diesel, and 4.7% CBG (Appendix III).  

 

Buses 

 

From Table 3 and Table 9, Häme region bus share is attained: 11.5%. It is assumed that the 

shares of alternative power sources of PCs in 2020, 2025 and 2030 are equal with those of 

buses, and increasing number of alternative buses that replace conventional diesel is based on 

the amount of new registered buses as an average of 5 recent years (2013−2017) in Finland 

which is 541 buses in a year (Autoalan tiedotuskeskus 2018). This amount equals about 4.3% 

of the bus fleet (Table 9). Thus, for example by 2020, when total bus fleet in Häme is 1 433 

vehicles, the amount of accumulated new buses in three years is 

 

0.043 ∙ 1 433 ∙ 3 = 187.  

 

The amount of buses that use alternative power sources can be calculated from the target shares 

in Table 1. Now, by 2020 the number of alternative buses is 
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0.4 ∙ 187 = 75. 

 

Attained amount has been further divided between different power sources − renewable diesel, 

electric, biogas, and electric hybrid using renewable diesel – according to attained shares for 

PCs in 2020, 2025 and 2030. Calculated values can be seen in Table 17 below. 

 

Table 17. Number of alternative buses in Häme in 2020, 2025 and 2030. 

 
2020 

Number of 

buses in 2020 
2025 

Number of 

buses in 2025 
2030 

Number of 

buses in 2030 

Number of new buses 187  311  311  

Number of alternative buses 75  261  572  

Renewable diesel 58% 44 62% 161 60% 343 

Electric 17% 12 17% 44 17% 95 

CBG 8% 6 5% 13 7% 38 

Renewable diesel hybrid 17% 12 17% 44 17% 95 

 

The increase of these alternative power sources is assumed to stay the same from 2030 until 

2050 as was assumed for PCs, too. Additionally, as was calculated for PCs, also in this case, 

the rest of the total amount is shared between conventional power sources, diesel, natural gas, 

diesel hybrid, and LNG, taking into consideration current share of each of these sources. After 

that, it could be seen that amount of diesel buses is negative in 2050, which means that their 

amount achieved zero between 2045 and 2050. In order to maintain total number of buses 

constant, this negative value is taken away from the 2050 quantities of alternative power sources 

according to their shares in 2030 as seen in Table 17. Final values for 2050 are presented in the 

end of this chapter. Overall development of the power sources of buses in scenarios 1 and 3 can 

be seen in the following Figure 9. 

 



41 

 

 

Figure 9. Quantity of buses by power source in 2017 and in scenarios 1 and 3. 

 

Thus, conventional diesel is no more in use in 2050 (Figure 9). Power source shares for buses 

are: 60.0% renewable diesel, 16.7% renewable diesel hybrid, 16.6% electric, and 6.7% CBG 

(Appendix III). 

 

Vans 

 

2050 target values for the amount of vans running on alternative power sources were defined 

according to projected technology scenario for low commercial vehicles by International 

Energy Agency, IEA. In IEA’s outlook, technology uptake is presented as amount of vehicles. 

(Teter 2018.) However in this thesis, percentages of these values are used. As assumptions for 

scenarios 1 and 3, diesel and petrol in the outlook, covering about 66.8% of the fleet, are both 

included in renewable diesel, and hybrid vehicles in the outlook are included in plug-in hybrid 

vehicles. Altogether, hybrid vans cover about 28.6%, and electric vans approximately 3.2% of 

the fleet in 2050. (Teter 2018.) On the other hand, DME has been acknowledged as an option 

for future freight transport, and CBG is assumed to replace natural gas in the future (Patten & 

McWha 2015, 81). Since the outlook doesn’t include DME and CBG in the scenario, but the 

rest is CNG or LPG, the rest of the share is equally divided between DME and CBG: 0.7% 

share for both fuels (Teter 2018). These fuels are assumed to derive from renewable sources. 

Altogether, alternative power sources are assumed to increase linearly to the target share by 

2050. As regards annual amount of conventional diesel vans, the rest of the total amount is set 

as diesel vehicles by 2050. Future development of vans can be seen in the Figure 10. 
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Figure 10. Quantity of vans by power source in 2017 and in scenarios 1 and 3. 

 

Finally, the fleet of vans in 2050 comprises: 66.8% renewable diesel, 28.6% renewable diesel 

hybrid, 3.2% electric, 0.7% CBG, and 0.7% DME (Appendix III). Conventional diesel is no 

more used for vans in 2050. 

 

Trucks 

 

Trucks are further divided into delivery trucks and other trucks. The latter includes semi-trailer, 

full-trailer and earth-hauling trucks. Future system for these vehicles is determined as was 

performed for vans, according to IEA’s reference truck scenario for medium and heavy freight 

trucks. Based on the payload of trucks, delivery trucks are considered as medium freight trucks, 

and other trucks are considered as heavy freight trucks. Same assumptions were made for trucks 

as were made for vans concerning hybrid, diesel, DME and CBG: plug-in hybrid and hybrid 

trucks in the outlook are considered as plug-in hybrid trucks, diesel or petrol trucks as renewable 

diesel trucks, and the rest as half CBG and half DME. Thus, regarding delivery trucks in 2050, 

77.5% of the fleet is renewable diesel vehicles, 9.8% PHEVs, and the rest runs on CBG, 6.4%, 

and DME, 6.4%. Whereas for other trucks, 90.5% of the fleet runs on renewable diesel, 5.6% 

on plug-in hybrid electricity, and the rest on CBG 2.0% and DME 2.0%. (Teter 2018.) 

Furthermore, the increase of these power sources is assumed to occur linearly by 2050. The 

amount of trucks over the forthcoming years can be seen from the next Figure 11. 
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Figure 11. Quantity of trucks by power source in 2017 and in scenarios 1 and 3. 

 

Also in the case of trucks, there is no more conventional diesel in use in 2050 (Figure 11). As 

can be seen from Appendix III, truck fleet consists of: 86.1% renewable diesel, 7.0% renewable 

diesel hybrid, 3.5% CBG, and 3.5% DME. 

 

6.3.2 Scenario 2 

 

In scenario 2, there is a larger share of alternative power sources when compared to scenarios 

1 and 3, and conventional power sources are assumed to reach zero level. As regards gas 

vehicles, local biogas production is assumed to increase, and the share of CBG vehicles is based 

on biogas potential in Häme. Calculation of biogas potential and its assumptions can be seen in 

Appendix IV. In the future, biomass produced in Häme area, including straw, grass, half of the 

generated animal manure, wastewater sludge, and biowaste from households and industries, 

would be fed into anaerobic digestion. Eventually, 70% of the final product would be upgraded 

to transport fuel, CBG. According to the calculation, CBG would be produced 1974.5 TJ in a 

year, which would mean 45 244 PCs, 330 buses, 5 015 vans, 527 delivery trucks and 1 045 

other trucks running on CBG. (Appendix IV.) These values were set as targets for 2050. 

 

Passenger cars 

 

In scenario 2, 45 244 PCs would be running on CBG in 2050, as was estimated from biogas 

potential in Häme (Appendix IV). Until 2050, CBG car amount is assumed to increase linearly. 
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On the other hand, petrol, diesel, gas, bi-fuel, petrol and diesel hybrid, FFV and other power 

sources, would decrease at zero by 2050. In order to define the values for the rest - BEVs, 

PHEVs using renewable diesel and renewable diesel vehicles - the ratio between electric 

vehicles and renewable diesel is used from Table 1: 33.3% electric vehicles and 66.7% vehicles 

with high biomass content - meaning renewable diesel here. As in scenarios 1 and 3, electric 

vehicles is assumed to include 50% BEVs and 50% PHEVs. For example in 2050, when CBG 

vehicle amount is reduced from the total vehicle amount, 151 283 vehicles is left over which is 

shared between BEVs, PHEVs and renewable diesel. In that case, for example the amount of 

PHEVs in 2050 is 

 

151 283 ∙ 0.333

2
= 25 214. 

 

Thus, quantities of BEVs and renewable diesel vehicles, 100 855 and 25 214 were obtained 

accordingly. From 2017, the development of electric vehicles and renewable diesel is assumed 

to occur linearly. Overall development of power sources for PCs can be seen from the Figure 

12 below. 

 

 

Figure 12. Quantity of passenger cars by power source in 2017 and in scenario 2. 

 

In scenario 2, final shares for the PC power sources in 2050 are: 51.3% renewable diesel, 23.0% 

biogas, 12.8% BEVs, and 12.8% hybrid cars (Appendix III). 

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

200000

2017 2020 2030 2040 2050

other

FFV

renewable diesel

hybrid
diesel hybrid

petrol hybrid

bi-fuel

CBG

gas

BEV

renewable diesel

diesel

petrol



45 

 

Buses 

 

Number of gas buses, 330, in 2050 is based on the calculation of biogas potential (Appendix 

IV). As was carried out for PCs, the number of CBG buses is assumed to increase linearly, and 

buses running on diesel, natural gas, dual-fuel, diesel hybrid or LNG are assumed decrease at 

zero by 2050, too. In order to define the shares for the rest - renewable diesel, electric and 

renewable diesel hybrid buses - relations between these power sources is obtained from PC 

percentages. In that case, the percentages are 66.7% renewable diesel, 16.7% electric and 16.7% 

hybrid using renewable diesel. Thus, when the CBG buses are reduced from the total amount 

of buses in 2050, the difference is 1 103, and, for example, the amount of renewable diesel 

buses further is 

 

1 103 ∙ 0.667 = 735. 

 

Development of all power sources can be seen in the next Figure 13. 

 

 

Figure 13. Quantity of buses by power source in 2017 and in scenario 2. 

 

Finally the shares for buses are in 2050: 51.3% renewable diesel, 23.0% biogas, 12.8% electric 

buses, and 12.8% hybrid buses. When buses in scenario 2 are compared to other scenarios, it 

includes 8.7 percentage units less renewable diesel, 16.3 percentage units more CBG, and 

3.8−3.9 percentage units less electric and hybrid buses. (Appendix III.) 
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Vans 

 

As for PCs and buses, also in the case of vans, amount of biogas vehicles is set at first according 

to the calculation in Appendix IV. 5 015 CBG vehicles was attained as a result for vans 

(Appendix IV). In scenario 2, target values for the amount of vans running on renewable diesel, 

electricity and hybrid electricity were defined according to modern truck scenario for low 

commercial vehicles by IEA. It is assumed that hybrid vehicles in the outlook are considered 

as PHEVs, and their share of the three power sources is 30.0% in 2050. The share of electric 

vans is 54.2%, and the rest, 15.8%, is assumed to run on renewable diesel. (Teter 2018.) Thus, 

the number of these vehicles is attained when total amount of vans is assumed to stay the same, 

21 782 vehicles in 2050, and CBG van amount is reduced from the total van fleet. Furthermore, 

number of vans running on conventional diesel is set as zero in 2050. Changes are assumed to 

occur linearly from the current to the future state. Development of power sources of vans can 

be seen in the following Figure 14. 

 

 

Figure 14. Quantity of vans by power source in 2017 and in scenario 2. 

 

Thus in 2050, the shares for different power sources of vans are: 41.7% electric vans, 23.1% 

hybrid vans, 23.0% biogas, and 12.2% renewable diesel (Appendix III). 
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Trucks 

 

In scenario 3, biogas vehicle amount is 527 for delivery trucks and 1 045 for other trucks in 

2050 (Appendix IV). As regards other alternative power sources, modern truck scenario for 

medium and heavy freight trucks is used from IEA outlook. Medium freight trucks are 

considered here as delivery trucks and heavy freight trucks as semi-trailer, full-trailer and earth-

hauling trucks. According to the modern truck scenario, 16.9% of delivery trucks would run on 

electricity and 57.1% on plug-in hybrid electricity. (Teter 2018.) Rest of the delivery trucks, 

26.0%, is assumed to run on renewable diesel, since conventional diesel vehicles are no longer 

in use in 2050. As regards other trucks, shares between plug-in hybrid vehicles and renewable 

diesel are sequentially 67.7% and 32.3% (Teter 2018). Number of each type of vehicle can be 

calculated when the amount of biogas vehicles is first reduced from the total fleet. Total amount 

is assumed to remain constant meaning 2 289 delivery trucks and 4 539 other trucks. 

Development is assumed to occur linearly. Before 2050, the leftover amount is set for 

conventional diesel trucks. Overall situation of trucks in scenario 2 can be seen in the Figure 

15 below. 

 

 

Figure 15. Quantity of trucks by power source in 2017 and in scenario 2. 

 

Final results for the power source shares of trucks are in 2050: 74.3% hybrid trucks, 34.9% 

renewable diesel, 34.6% biogas, and 6.6% electric trucks. 
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6.4 Emission factors and energy demand values 

 

In scenarios 1 and 2, emission factors of power sources already in use are assumed to remain 

the same as in reference year 2017, apart from electric and hybrid vehicles because their 

emission factors decrease due to emission reductions in electricity generation. However, in 

scenario 3, reductions in emission factor values are presumed to take place because energy 

efficiency is improved at both system and technological level. Additionally, new power sources, 

e.g. renewable diesel and biogas, are included in all of the future scenarios, and their emission 

factors have to be defined, which is carried out in this chapter. All emission factors and energy 

demand values for the scenarios can be seen in Appendices 5 and 6. 

 

6.4.1 Scenario 1 & 2 

 

Scenario 1 and 2 include renewable diesel and biogas as new alternative power sources in 

passenger transport. Freight transport of both of these scenarios includes electric, and hybrid 

vehicles, too. In scenario 1, there are also vans and trucks running on DME. (Appendix III.) 

Energy demand values and emission factors of these new vehicle types have to be determined 

before the emissions can be calculated. In scenarios 1 and 2, emission factors and energy 

demand values of diesel and renewable diesel for the upcoming years are assumed to be the 

same as diesel in reference year, as shown in Table 10 and Table 12. Consequently, the energy 

demand values for hybrid vehicles using renewable diesel are the same as for conventional 

diesel hybrid vehicles. As regards PCs and buses running on biogas, their values are assumed 

to correspond the values of natural gas. (Table 10; Table 12.) 

 

Concerning electricity and biogas in freight transport, their energy demand values are based on 

corresponding values of buses by comparing the values of electric and biogas buses to diesel 

buses and multiplying by the value of diesel van or truck. For example, when energy demand 

of a diesel bus on streets is 0.69 MJ/pkm, an electric bus 0.28 MJ/pkm and a diesel van on 

highways 2.60 MJ/pkm (Table 10; Table 12), energy demand of an electric van on highways is 

 

0.28

0.69
∙ 2.60 MJ pkm⁄ = 1.06 MJ pkm⁄ . 
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The same calculation method is used for electricity and biogas in freight transport in all three 

scenarios. Because DME corresponds liquefied gas, energy demand value of vehicles using 

DME is calculated by using the relation of emission factors between LNG and CNG, as was 

concerned for LNG buses in chapter 5.2.2, and comparing the value to diesel as was conducted 

for electric and biogas vehicles. For example, when emission factor ratio for LNG and CNG is 

1.009 (Tilastokeskus 2018a), energy demand of a diesel bus on streets is 0.69 MJ/pkm, a biogas 

bus 0.76 MJ/pkm and a diesel van on highways 2.60 MJ/tkm (Table 10; Table 12), energy 

demand of a van running on DME on highways is 

 

1.009 ∙
0.76

0.69
∙ 2.60 MJ tkm⁄ = 2.91 MJ tkm⁄ . 

 

Energy demand of a hybrid vehicle using renewable diesel is calculated similarly as for PCs 

running on conventional diesel by using the same UF, 42.5%, for electricity-driven mileage and 

combining both energy demand values, renewable diesel and electricity of certain vehicle (Plötz 

et al. 2017). Energy demand values for scenarios are shown in Appendix V. 

 

In scenario 1, emission factors of electric and hybrid vehicles diminish because the emissions 

from electricity generation decrease by 2050, which can be seen in Table 15. Nevertheless, 

electricity generation emissions reach zero level in scenario 2 by 2050, as presented in Table 

16. Therefore, emission factor of hybrid vehicles is lower than in scenario 1, and electric vehicle 

emissions are zero in 2050. 

 

When defining the emission factor for renewable diesel, CBG and DME vehicles, values from 

Annex V of the Renewable Energy Directive (2009/28/EC) were used. From the directive, total 

amount of emissions from cultivation, processing, transport and distribution of specific fuel 

was taken, and emissions from the use phase was assumed to be zero for biogas and other 

biofuels (2009/28/EC, 55). A default value for waste vegetable oil or animal oil biodiesel, 14 

gCO2-eq/MJ, was assumed to correspond renewable diesel. For biogas, an average between 

three default values was used. These values were for CBG produced from municipal organic 

waste, wet manure and dry manure as follows: 23, 16 and 15 gCO2-eq/MJ. (2009/28/EC, Annex 

V.) As a result, an average of 18 gCO2-eq/MJ was applied for the calculation. Whereas for 

DME, an average of 6 gCO2-eq/MJ was used. This was attained from the default values for 

farmed and waste wood DME: 5 and 7 gCO2-eq/MJ (2009/28/EC, Annex V). These values per 



50 

 

energy unit are multiplied by energy demand values in order to achieve carbon equivalents per 

pkm or tkm. Then, emission factor of a DME van on highways is, for instance, 

 

6.00 gCO2 − eq MJ⁄ ∙ 2.91 MJ tkm⁄ = 17.46 gCO2 − eq tkm.⁄  

 

6.4.2 Scenario 3 

 

In scenario 3, energy consumption of road transport is reduced by increasing the efficiency of 

vehicles. This is achieved by improving engine technology and reducing vehicle weight, for 

instance (Ministry of Economic Affairs and Employment, 54). Energy demand of each vehicle 

type is assumed to increase 10% by 2050. For example for a petrol car, this means a change 

from 1.30 to 1.18 MJ/pkm (Table 10). New values concerning energy demand have been 

collected to Appendix V. Additionally concerning freight transport, capacities of vans and 

trucks are assumed to increase 10%. This would mean the change of load capacity from 6.25 to 

6.90 tons for a delivery truck, for instance (Table 12). On the other hand, PC and bus loads are 

assumed to increase whilst carpooling and other sharing economy services become more 

frequent (Ministry of Economic Affairs and Employment 2017, 54). Now, 25% increase of 

loads is assumed, which would result in change of load for PCs from 1.70 to 2.17 and for buses 

from 18 to 23 (VTT 2017a). Development of loads of different vehicles in scenario 3 can be 

seen below. 

 

Table 18. Development of vehicle loads in person or ton kilometres in scenario 3 (VTT 2017a; Table 12). 

 
2017 2020 2025 2030 2035 2040 2045 2050 

Passenger car load [pkm] 1.70 1.74 1.80 1.87 1.94 2.02 2.09 2.17 

Bus load [pkm] 18.00 18.41 19.11 19.83 20.58 21.36 22.17 23.01 

Van capacity [tkm] 1.20 1.21 1.23 1.25 1.27 1.29 1.31 1.33 

Delivery truck capacity [tkm] 6.25 6.31 6.40 6.50 6.60 6.70 6.80 6.90 

Semi-trailer truck capacity [tkm] 25.00 25.23 25.61 26.00 26.39 26.79 27.20 27.61 

Full-trailer truck capacity [tkm] 45.50 45.91 46.61 47.32 48.03 48.76 49.50 50.25 

Earth-hauling truck capacity [tkm] 19.00 19.17 19.46 19.76 20.06 20.36 20.67 20.98 

 

Emission factor is decreased in the same relation with the average change between load and 

energy demand. Now, emission factor for a petrol car in 2050 is, for instance, when current 

value is 93.3 gCO2-eq/pkm (Table 10) 
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1

2
∙ (93.3 ∙

1.18

1.30
+ 93.3 ∙

1.70

2.17
) gCO2 − eq/pkm = 78.89 gCO2 − eq/pkm. 

 

All emission factors can be seen in Appendix VI. 

 

6.5 Mileages 

 

6.5.1 Passenger transport 

 

In scenarios 1 and 2, mileages of passenger transport don’t change from the reference values 

calculated in chapter 5.2.1 (Table 7). Whereas in scenario 3, reduction of energy consumption 

in passenger transport is achieved by decreasing mileages that are presented in Table 7. This 

can be done by making behavioural changes in everyday life. Walking and biking mileages are 

assumed to increase 30% by 2050. Assumption is based on the stricter objective for 2030 

presented in National Energy and Climate Strategy (Ministry of Economic Affairs and 

Employment 2017, 53−56). Arbitrarily chosen, half of the target, covering 15%, is assumed to 

decrease kilometres travelled by PCs and other motor vehicles, e.g. motor bicycles and boats. 

Thus, the other half is assumed to decrease kilometres travelled by public transport modes, e.g. 

bus and train. In addition to these changes, arbitrary 10% increase in public transport modes is 

assumed to take place by 2050, which at the same time decreases the mileages of PC use, both 

driving and travelling. 

 

In the future, more flexible working methods become more frequent (Alasoini et al. 2012, 18). 

In the scenario 3 by 2050, this is assumed to take place by increasing working hours from home 

by arbitrary 5%, which simultaneously decreases work-related trips the same amount. It is also 

estimated that increasing amount of online purchases, for example for groceries, decreases 

shopping trips, which on the other hand, increases the demand for freight transport the same 

proportion (Valli et al. 2015, 86). Here, arbitrarily chosen 5% increase of online purchases is 

assumed to occur by 2050. 

 

In reference year, summer cottage trips by foot, bicycle and bus, and business trips by bus had 

zero mileages (Table 7). Thus, previous proportional changes don’t have an effect on these 

trips, and specific consideration is needed in order to increase travelling to summer cottages by 

bus and business-related biking in scenario 3. At first, total summer cottage mileage is assumed 
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to remain constant, 2.40 km. and, therefore, when kilometres travelled by PC and other vehicles 

is going to decrease, the leftover is assumed to be bus kilometres. Thus in 2050, after 

behavioural changes take place, 0.55 kilometres is left for travelling by bus. As regards business 

trips, difference between reference year and future regarding kilometres driven by a PC is 

assumed to be driven by a bicycle in the future. For example in 2050, this would mean 0.52 

kilometres of business trips by bicycle. New passenger transport mileages in 2050 for scenario 

3 can be seen in the following Table 19. 

 

Table 19. Passenger transport mileages by travel type for an average Häme citizen in 2050 for scenario 3. PC 

equals passenger car. 

  

[km/d per person] 

by foot 
by 

bicycle 
PC driver PC traveller by bus other 

subway, 

tram, train 

other leisure 0.981 0.323 3.008 2.494 0.791 0.426 0.729 

summer cottage 0.000 0.000 0.886 0.702 0.545 0.016 0.246 

visiting 0.084 0.078 2.923 2.257 0.264 0.143 0.587 

shopping, services 0.189 0.129 3.504 1.310 0.184 0.112 0.108 

business 0.013 0.516 1.204 0.292 0.198 0.585 0.493 

school/study 0.112 0.089 0.218 0.144 0.419 0.053 0.142 

work 0.094 0.182 3.816 0.355 0.360 0.204 0.628 

total 1.473 1.318 15.560 7.553 2.759 1.540 2.931 33.134 

 

When comparing reference year and 2050 in scenario 3, it can be seen that total mileage has 

decreased approximately 19%, and PC use about 27%. On the other hand, walking and biking 

have altogether increased about 58% and travelling by bus approximately 16%. (Table 7; Table 

19.) 

 

6.5.2 Freight transport 

 

As regards freight transport in all scenarios, estimated data concerning mileages of heavy goods 

and light commercial vehicles in Finland was used. The data was found from Appendix II of 

the European Commission’s report about the 2050 trends regarding energy, transport and GHG 

emissions. (European Commission 2016b, 159.) Annual mileages can be seen below. 

 

Table 20. Total annual mileage of freight transport in Finland in the future (European Commission 2016b, 159). 

  2020 2025 2030 2035 2040 2045 2050 

[Gtkm] 30 31 34 35 37 38 39 
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As can be seen from Table 20, freight transport mileage increases in the future. Additionally in 

scenario 3, assumed 5% increase of the mileage is incorporated due to growing amount of online 

purchases (Valli et al. 2015, 86). Häme proportion of total mileage is calculated for each vehicle 

type by using the same vehicle shares as in reference system (Table 11). For example in 2050, 

the following results are attained for each scenario. 

 

Table 21. Freight transport mileages for all scenarios in 2050 (Table 11; Table 20). 

 Mileage in Häme in 2050 [tkm/a] 

 S1 S2 S3 

Vans 2.09E+09 2.09E+09 2.20E+09 

Delivery trucks 2.23E+08 2.23E+08 2.35E+08 

Semi-trailer combination trucks 1.08E+08 1.08E+08 1.13E+08 

Full-trailer combination trucks 1.01E+08 1.01E+08 1.06E+08 

Earth-hauling trucks 2.23E+08 2.23E+08 2.35E+08 

total 2.75E+09 2.75E+09 2.88E+09 

 

When comparing reference year and 2050, freight transport mileage has increased about 46% 

in scenarios 1 and 3, and about 53% in scenario 3 (Table 11; Table 21). 

 

7 RESULTS AND INTERPRETATION 

 

This chapter reviews and discusses the results which include quantities and development of 

emissions in each scenario. The results were obtained by using initial values and calculation 

methods that were presented in previous chapters 5 and 6. At first, overview of the results is 

presented including, the amount of emissions, mileages, and energy demand of each scenario. 

Next emissions for each vehicle type are reviewed. Afterwards, evaluation of the calculations 

is carried out and the results are discussed. Comprehensive tables of the results are included in 

Appendix VII. 

 

7.1 Results 

 

7.1.1 Overview 

 

Following Table 22 shows the total amount of emissions in 2017 and in 2050 for all three 

scenarios. 
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Table 22. Comparison of emissions between reference system and future scenarios for 2050 as tCO2-eq/a. 

 

Passenger 

cars 
Buses Freight Total 

Reference year 2017 397 312 13 306 296 633 707 251 

share 56.2% 1.9% 41.9%  

S1 169 080 4 622 94 610 268 313 

reduction -57.4% -65.2% -68.1% -62.1% 

share 63.0% 1.7% 35.3%  

S2 63 862 4 289 56 498 124 648 

reduction -83.9% -67.8% -81.0% -82.4% 

share 51.2% 3.4% 45.3%  

S3 104 766 4 749 89 843 199 359 

reduction -73.6% -64.3% -69.7% -71.8% 

share 52.6% 2.4% 45.1%  

 

It can be seen from Table 22 that the biggest emission reduction occurred in scenario 2, 82.4%. 

When examining different transport modes, the biggest emission reduction, 83.9%, could be 

reached for passenger cars (PCs) in scenario 2. Whereas the smallest change, 62.1%, in total 

emissions was obtained in scenario 1 and there reduction of 57.4% for PCs. PC share of the 

emissions was the biggest in scenario 1, and the smallest in scenario 2. On the other hand, 

scenario 2 reached the biggest freight emissions share, whereas the smallest was in scenario 1. 

(Table 22.) Table 23 below presents the situation for mileages in all scenarios. 

  

Table 23. Comparison of mileages between reference system and future scenarios for 2050. 

 

Passenger cars 

[106 pkm/a] 

Buses  

[106 pkm/a] 

Freight 

[106 tkm/a] 

Reference year 2017 4 392 328 1 886 

S1 4 531 338 2 747 

change 3.2% 3.2% 45.6% 

S2 4 531 338 2 747 

change 3.2% 3.2% 45.6% 

S3 3 291 393 2 885 

change -25.1% 19.9% 52.9% 

 

As it is shown in Table 23, the only decreased mileage by 2050 occurred for PCs in scenario 3. 

Total mileages in 2050 were equal in scenarios 1 and 2. Freight transport mileage increased in 

all scenarios when compared to 2017; the most in scenario 3. Bus mileage increased also the 

most in scenario 3. (Table 23.) Next Table 24 reviews the energy demand of each scenario. 
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Table 24. Comparison of energy demand between reference system and future scenarios as GWh/a. 

 

 Passenger 

cars 
Buses Freight Total 

Reference year 2017  1 553 56 1 232 2 841 

share  54.7% 2.0% 43.4%  

S1  1 338 55 1 603 2 996 

change  -13.8% -1.3% 30.2% 5.5% 

share  44.7% 1.8% 53.5%  

S2  1 268 58 1 274 2 600 

change  -18.4% 4.9% 3.5% -8.5% 

share  48.8% 2.2% 49.0%  

S3  879 58 1 522 2 459 

change  -43.4% 3.7% 23.6% -13.4% 

share  35.8% 2.3% 61.9%  

 

Total energy demand decreased in scenarios 2 and 3, the most in scenario 3, but increased in 

scenario 1. In all scenarios, freight transport required the most of the energy, although the 

difference between the energy demand of PCs and freight was the smallest in scenario 2 and 

the largest in scenario 3. Energy demand of buses decreased solely in scenario 1, whereas for 

passenger cars, it decreased in all scenarios – the most in scenario 3. (Table 24.) Next, the 

emissions from PCs, buses, vans and trucks are reviewed in more details. 

 

7.1.2 Passenger transport 

 

Passenger cars 

 

Next Figure 16 presents emission development for passenger cars. 
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Figure 16. Emissions from passenger cars in all scenarios. 

 

As can be seen from Figure 16, total PC emissions have decreased the most in scenario 2, 

83.9%, and the least in scenario 1, 57.4%. In scenario 3, the emissions decreased 73.6%. In 

2050, it can be seen that most of the emissions in scenarios 1 and 3 come from petrol use. The 

share of emissions from the use of conventional power sources is then 72.8% in scenario 1 and 

71.8% in scenario 3. In scenario 2, all of the emissions come from alternative power sources in 

2050: renewable diesel 61.2%, biogas 32.3% and renewable diesel hybrid 6.5%. (Appendix 

VII; Figure 16.) 

 

Buses 

 

Emissions of buses are shown in the following Figure 17. 
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Figure 17. Emissions from buses in all scenarios. 

 

Differences between the emissions from buses in different scenarios were not large (Figure 17). 

The biggest emission reduction by 2050 occurred in scenario 2, 67.8%, whereas the smallest 

reduction in scenario 3, 64.3%. The reduction was 65.3% in the first scenario. In 2050, majority 

of the emissions originate from the use of renewable diesel in all scenarios: 73.8% in scenario 

1, 68.0% in scenario 2, and 73.9% in scenario 3. (Appendix VII.) 

 

7.1.3 Freight transport 

 

Vans 

 

Emission development for vans can be seen in the following Figure 18. 
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Figure 18. Emissions from vans in all scenarios. 

 

It can be clearly seen from Figure 18 that between 2017 and 2020 the emissions released by 

vans increased in all three scenarios. To be precise, they increased 4.6% in scenario 1, 4.1% in 

scenario 3, and 4.0% in scenario 2. By 2050, the biggest emission reduction took place in 

scenario 2, 86.2%, and the smallest in scenario 1, 67.8%, whereas in scenario 1 the emissions 

decreased 69.4%. (Appendix VII.) 

 

Trucks 

 

Emissions for truck in each scenario are shown in the following Figure 19. 

 

0

50000

100000

150000

200000

250000

300000

2017 2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050

S1 S2 S3

tC
O

2
-e

q
/a

Diesel Renewable diesel Electricity CBG DME Renewable diesel hybrid



59 

 

 

Figure 19. Emissions from trucks (delivery, semi-trailer, full-trailer and earth-hauling) in all scenarios. 

 

As was noticed for vans in Figure 18, also the emissions of trucks increased between 2017 and 

2020 in all scenarios (Figure 19). Growth percentages by 2020 for scenarios 1, 2 and 3 were 

sequentially: 3.9%, 3.2%, and 3.5%. Total reduction of emissions from trucks was the greatest 

in scenario 2, 83.7%, whereas the values for scenarios 1 and 3 were sequentially as follows: 

71.1% in scenario 1, and 72.5% in scenario 3. (Appendix VII.) 

 

7.2 Validity of the calculations 

 

Initial values were taken from databases by different national agencies, such as Finnish 

Transport Safety Agency and Statistics Finland. Some assumptions were conducted arbitrary, 

because of the approximate characteristic of the study. Thus, it is challenging to obtain precise 

answers. The main references for the future estimations included different reports by EU and 

national research institutes, and research papers which can be qualified valid.  

 

Wide variety of data sources may also contribute to the results. However, large-scale errors 

could be avoided by using the same data source for all scenarios. For example, the same IEA’s 

outlook was used for all scenarios when estimating the shares of different power sources for 

freight transport (Teter 2018). The difference between values based on already occurred 

situation and future state should be noticed and viewed critically. This was seen as the reason 

for the increase of van and truck emissions between 2017 and 2020 in all scenarios. For 
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example, freight mileage was estimated to grow 12% until 2020 – in only three years − while 

the growth was assumed to be smaller later on.  

 

Daily passenger transport mileages were taken from the results of national passenger transport 

survey by Transport Agency. Recent version of the survey was finished on March 2018. 

However, since this thesis was mainly carried out earlier than that, older results from the 

research from 2010-2011 were used (Liikennevirasto 2012a; Liikennevirasto 2012b). New 

research was conducted by different methods and, consequently, the results of these two are not 

directly comparable. (Liikennevirasto 2018.) Nevertheless, it is important to acknowledge that 

small changes might have occurred during these five years – between the two studies − that 

could have altered the results regarding PCs and buses. 

 

Population of Häme was estimated already in fall 2017. Consequently, the value in reference 

year 2017, 378 135, was taken from a forecast conducted in 2015 (Tilastokeskus 2015a). When 

the situation is reviewed in retrospect, in April 2018, the actual population was 373 948 

(Tilastokeskus 2018b). Thus, it can be said that the results concerning reference system show a 

bit higher in relation to the results from future scenarios. Nevertheless, this does not affect the 

conclusions that are drawn when the three scenarios are compared to each other. 

 

In order to evaluate the validity of results quantitatively, attained emissions are compared to 

statistical data found from Internet. In 2016 road transport emissions were 10.3 million tCO2-

eq/a (VTT 2017c). Since PCs produce major part of the emissions, their Häme share in Finland, 

7.2% from Table 8, is used in order to estimate the regional amount. Thus, 741 600 tCO2-eq/a 

is obtained. When this amount is compared to the result of this thesis for reference year 2017, 

707 251 tCO2-eq/a, it can be seen that the result of this paper is 4.6% smaller which is not a big 

difference. Value from VTT, 10.3 million tCO2-eq/a, is according to LIISA 2016 calculation 

method. In the method, calculation has been based on annual mileage per car and emissions per 

kilometre, and the mileage given by the Finnish Transport Agency was shared between 

municipalities and different speed limit areas. (VTT 2017d.) The method in this thesis was a bit 

different, it didn’t take into consideration the differences between separate municipalities or 

several speed limit areas, and hence the method might have caused smaller emissions. 

 

Emissions were calculated according to driven kilometres per one person or cargo ton. Emission 

factors were taken from unit emissions database by Technical Research Centre of Finland 
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(VTT) and are thus evaluated by experts. As regards freight transport, vehicles were assumed 

to carry full loads, and in scenario 3, the loads further increased because cargo optimization 

took place. This increase of loads was assumed to decrease the emissions because fuller loads 

raise capacity utilization rate and energy efficiency of the vehicle. However, when the loads 

become relatively larger and energy efficiency decreases, more GHG emissions are released. 

Related to this, vans were classified as freight transport in order to simplify the calculations, 

whereas in reality, vans are also a component of passenger transport. As a part of freight 

transport, they produce more emissions because fuel is consumed relatively more due to larger 

loads than when part of passenger transport. This is why the emissions for vans might have 

resulted a bit higher than expected. 

 

Emission factors for petrol and fossil diesel included only emissions released from the fuel 

combustion (VTT 2017a). On the other hand, emission factors of biofuels included cultivation, 

refining, transport and distribution processes (2009/28/EC, Annex V). For petrol and diesel, 

total emissions from these processes have been estimated to be sequentially 14 gCO2-eq/MJ 

and 16 gCO2-eq/MJ (Autoalan tiedotuskeskus). These values are close to the values of 

renewable diesel and biogas corresponding 15-18% of the total well-to-wheel emissions of 

petrol and diesel. The share is relatively low especially when the future scenarios are considered 

because there the consumption of petrol and diesel is very low or zero. When examining the 

emissions from the combustion of biofuels, e.g. renewable diesel and biogas, released CO2 is 

biogenic which means that the CO2 is fixed in the production, and it is often excluded from life 

cycle calculations, as was performed in this thesis. However, it should be remembered that the 

timespan of the inspection and production methods affect the question whether the production 

can be considered sustainable. (Väisänen 2014.) 

 

Complete life cycle emissions of vehicles and batteries were not included in the calculations. 

When reviewing the literature, it is important to point out that the emissions from BEV 

manufacturing and raw material supply exceed the petrol car’s equivalent. However, regional 

sources for electricity generation contributes significantly to the complete life cycle emissions. 

This is why total life cycle emissions reduction potential of BEVs begins to take place only if 

the energy sources for electricity generation is optimized and fossil fuel consumption is 

reduced. (Zhixin et al. 2018.) 
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In scenario 3, bus mileage increased because travelling by a passenger car was replaced by a 

bus. Simultaneously, bus amount remained constant, which would mean that the mileage per 

bus would increase. However in reality, it would be more probable and practical that the amount 

of buses would increase. Similarly, the vehicle amount was constant in all scenarios. Increase 

of the number of vehicles would at the same time increase the amount of emissions from 

manufacturing phase. Since the manufacturing phase was excluded from the scope, chosen 

assumption can be considered as valid. 

 

7.3 Discussion 

 

Emissions decreased the most in the second scenario, 82.4%, when compared to the reference 

year, and there the largest reduction occurred for passenger cars (Table 22). The reduction was 

able to achieve by two means: 1. by increasing the share of alternative power sources, and 2. 

by abandoning the consumption of conventional power sources in the road transport system. 

However, in order to obtain the best results, energy consumption of the system has to be 

decreased, too. This was noticed from the results of scenario 3 where the total energy demand 

decreased the most and reduction of emissions was 71.8% even if the vehicle fleet was similar 

with scenario 1 when it came to power sources. On the other hand, emissions decreased 62.1% 

in scenario 1 where total energy demand of the system increased by 2050. (Table 22; Table 24.) 

The fact that the mileages were equal and they increased in scenarios 1 and 2 confirms that the 

rapid replacement of conventional power sources is effective when reducing the emissions 

(Table 23). However, decreasing driven kilometres leads to additional benefits, for example 

traffic flow relief when less PCs congest the roads. When comparing the third scenario to the 

second, more trips were travelled by public transport vehicles, bicycle and/or foot instead of 

PCs, and engines were more energy efficient in scenario 3. Besides, adjusted shifts concerning 

energy consumption in scenario 3 were not very large, such as the change in PC load from 1.70 

to 2.17 persons or 10% decrease of the vehicles’ energy demand by 2050. The measures in 

scenarios 2 and 3 were similar as in EU’s White Paper 2011 where operational goals for 2050 

were set (European Commission 2016a, 18-27). 

 

When reviewing the results for PCs, the emissions between 2017 and 2020 decreased only 

slightly compared to the total reduction, particularly in scenario 1 (Figure 16). The cause for 

this was relatively small decrease of conventional power sources versus small increase of 
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alternative power sources and their impact on emissions. Share of PC emissions was the 

smallest in scenario 2 but only slightly less than in scenario 3. Bus emissions were the lowest 

in scenario 2, which can be explained by zero emissions from electric buses and a greater share 

of biogas vehicles: 22.9 percentage units more CBG buses than in other scenarios. On the other 

hand, bus emissions in 2050 were the highest in scenario 3, which was because of bigger 

mileage versus other scenarios (Table 23). (Table 22.) This was further due to replacing PC 

travelling by public transport. Consequently, freight share of the emissions was the largest in 

scenario 2 and the smallest in scenario 1 but the emission amount from freight transport between 

scenarios 1 and 3 differed only a bit since the reduction in scenario 1 was 1.4 percentage units 

more than in scenario 3. (Table 22.) Thus, it can be said that when decreasing GHG emissions 

in freight transport, the replacement of conventional diesel by renewable fuel or electricity in 

scenario 2 is more efficient than the energy-saving measures in scenario 3.  

 

When it comes to the power sources, including electric vehicles in the road transport system 

seemingly decreases emissions in the use phase of vehicle, provided that the electricity is 

produced from renewable sources, such as photovoltaics, hydro, wind and/or hydrogen from 

renewable sources (Zhixin et al. 2018). Nevertheless, since battery material resources are not 

available limitless amount, battery manufacturing should be reviewed more in the future 

estimations in order to establish general view of the electric vehicles’ sustainability. Recycling 

all the available leftover material is also necessary in order to maintain an efficient use of 

resources. Additionally, the development of battery price and size affects significantly how 

widely electricity can be used in road transport. Particularly the development of battery size in 

freight transport should be studied more. Furthermore, hydrogen could play a bigger role in the 

future than what was expected in this thesis. Hydrogen vehicle would represent a competitive 

option for petrol and diesel cars, and also for electric vehicles, due to hydrogen vehicle’s longer 

range and shorter refuelling time. 

 

Renewable diesel’s role was rather significant in the study, which was justified by relatively 

large-scaled renewable diesel production in Finland (Neste; UPM Biofuels 2018). Additionally, 

renewable diesel’s feasibility is fair for existing vehicles because it can be used without any 

modifications to the technology (Motiva 2017a). It was also assumed that the production will 

be increased and new solutions, for example utilization of microalgae, will be developed in the 

future (Alam et al. 2015, 764). Challenges in the renewable diesel production relate to land use 

changes in the cultivation. For example, consumption of biofuels from forest biomass cause 
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more GHG emissions than fossil fuel consumption, whereas hydrotreated oils represent a role 

in emission reduction. (Uusitalo et al. 2014 111.) If waste fractions represent the most 

sustainable option, their availability for the production is also an issue to be considered in the 

future.  

 

According to the results, 23% of the vehicle fleet in Häme would be running on biogas if various 

biomass fractions produced in area were digested and 70% of the final product was processed 

to transport fuel (Appendix IV). Manure is often applied on fields as it is, when digestion of 

manure in the biogas process would increase its nutritive value in the form of sludge whereas 

the final product, biogas, would provide energy in forms of transport fuel, heat and/or electricity 

(Motiva 2013, 3, 13). Clarifications about the willingness on biogas production, and financial 

support towards it would be beneficial in order to increase the production. When analyzing the 

global situation, biofuel production measures may still neglect environmental and social issues, 

and can not be directly considered sustainable (Araújo et al. 2017, 16). However, the resources 

of waste streams are not limitless in any location and in order to stabilize fuel supply, it is 

important to incorporate variety of alternative power sources to the system. 

 

Challenges that slow down the transition towards carbon neutral road transport are mainly 

social and economic. Identified social challenges relate to attitudes and deeply embedded habits 

that need to be changed. For example, it may be difficult to give up convenience of PC driving 

if one has travelled by a PC most of his or her work and leisure trips so far. A challenge is also 

how to attract citizens to buy alternative vehicles that – at least at the moment − are more 

expensive than conventional ones. Overcoming these challenges would need policies to lead 

behaviour into right direction. Valid research on the matter further directs the decision-makers. 

In order to attract people to make the right purchase decision, considerably higher taxes for 

fuels with higher emissions and lower taxes or even a rewarding system for choosing an 

alternative vehicle would help, for instance. Whereas, more extensive bus networks and well-

maintained bicycle lanes would help people to choose bus or a bicycle over a PC. These 

measures would also ease rush hours in city centres.  

 

At global level, population is growing fast and transport demand with it. Attention has to be 

brought also to other transport sectors. Particularly the GHG emissions from aviation and 

maritime are estimated to grow significantly in the future. By 2050, total share of aviation and 

maritime emissions has been predicted to rise approximately to 40% of total global emissions. 
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Behavioural change and offsetting measures may be essential in order to curb the growth for 

these sectors. (European Parliament 2015, 9-10, 41.) Offsetting may be one measure to be 

merged in road transport sector, too, in order to meet the climate targets and keep the global 

temperature below 2 °C. 

 

Because air pollutants were excluded from the calculations, the amount of released air 

pollutants from alternative power sources was not reviewed. However, it would be important 

to study that area of road transport, too, because the impact of air pollutants on ecosystems and 

human health is clear. What else to consider more is the increasing amount of different smaller 

motor vehicles, such as scooters and electric bicycles, particularly in urban environment. Other 

innovations, such as autonomous vehicles and joint use cars, are matters that may revolutionize 

whole system. Overall electrification of transport sector is a matter that should be taken into 

account in future energy scenarios and when planning residential and public infrastructure.  
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8 CONCLUSIONS AND SUMMARY 

 

Human contribution to climate change is evident. EU’s roadmap towards low-carbon economy 

in 2050 is targeting 80% greenhouse gas emissions reduction from 1990 levels by 2050. When 

aviation was excluded, transport sector comprised about 18% of total emissions in EU in 2014, 

and the majority of this originated from fossil fuel consumption in road transport. In Finland, 

nearly carbon neutral road transport is aimed at by 2050, and it is necessary to study the system 

change within: what the new system would demand in order to realize, and what kind of 

challenges have to be faced before that.  

 

Aim of this thesis was to find out the possibility and measures to achieve a carbon neutral road 

transport. The study focused on passenger cars, buses, vans and trucks in Häme region, 

including Kanta- and Päijät-Häme. Three scenarios were created in order to review the future 

situation and compare it to the current state in 2017. Scenario 1 represented moderate system 

change where petrol and diesel were still slightly in use in 2050. Whereas, in scenario 2, fossil 

fuels were no more consumed in 2050 and the system was based on renewable energy sources 

and biofuels. Additionally in scenario 2, biogas vehicle amount was calculated by estimating 

production potential of biogas in Häme. Scenario 3 was created to represent more energy-

efficient version of scenario 1. In the third scenario, different energy-saving measures took 

place at both systemic and technological level, including lower energy demand of vehicles, 

cargo optimization, and behavioural changes, such as choosing walking or biking over 

passenger car driving. 

 

Totally carbon neutral road transport was achieved in none of the three scenarios. However, 

scenario 2 provided the most significant emission reduction, 82.4% less than in reference year. 

The second largest emission reduction occurred in scenario 3, 71.8%, which confirms that daily 

habits of traffic users and development of energy-efficient engines have a major contribution 

to emissions. Adjusted shifts in energy consumption were not impossibly large in the study, and 

thus, it is desirable for individuals to both make small changes in their everyday lives and 

encourage others to do the same. Scenario 1 caused an emission reduction of 62.1% and showed 

that national targets towards 2030 concerning the amount of vehicles running on alternative 

power sources are not enough alone if carbon neutral road transport is aimed. When it comes 

to freight transport, the results showed that replacing conventional diesel reduces more 
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emissions than energy-saving measures. As the conclusion, the best results would be achieved 

by incorporating both rapid increase of alternative power sources and energy efficiency of the 

system while cutting fossil fuel consumption on road transport. 

 

Concerning different power sources, it is recommended to include more electricity, biogas, 

renewable diesel and other second generation biofuels in the road transport system, and 

simultaneously investigate and develop new alternatives. Provided that electricity is produced 

from renewable sources, use phase emissions can be greatly reduced by including electric 

vehicles in the road transport system. However, battery manufacturing, feasibility of batteries 

in freight transport and raw material availability are issues to be considered in future studies. 

Additionally, hydrogen production pathways and its application on transport, especially on 

freight, should be studied more.  

 

Biomass from waste and side streams was acknowledged to represent the most sustainable 

option for biofuel production. Land use changes and cultivation methods affect the GHG 

emissions from raw material acquisition. In Häme region, there is a lot of potential to produce 

biogas from agricultural side streams, such as manure, straw, and grass. Biogas production for 

road transport would help to decrease emissions. In rural area, digested biomass would provide 

enhanced nutrient source for cultivation, and energy use of biogas would improve self-

sufficiency. Concerning other biomass-based fuels, renewable diesel could be considered as a 

better option than bio-based ethanol fuels in Finland due to renewable diesel’s frost tolerance 

and suitability as 100% proportion in engines.  

 

Identified challenges relate to attitudes of individuals that concern the change of deeply 

embedded habits and costs that accumulate from raw material supply and developing new 

distribution networks. In order to overcome the obstacles, policy-makers are invoked to fund 

research related to the subject, and alter taxation to support more sustainable modes of 

travelling. Employers could give more support towards working from home, carpooling, and 

commuting by bicycle or foot instead of a passenger car. Additionally, the maintenance of 

bicycle lanes is important since they will be used more in the future, and carbon offsetting may 

become justified as an auxiliary measure in road transport sector. When mentioned actions and 

considerations are managed, carbon neutral road transport become practicable with high 

probability. 
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Appendix I, 1 

Main assumptions for all scenarios 

 

Assumptions excluding mileages are presented in the following tables 1 and 2. 

 

Table 1. Main assumptions and data sources for each scenario. Green colour refers to more radical changes. 

  Scenario 1 Scenario 2 Scenario 3 

Power sources       

Passenger cars and buses 

National target values for electric, gas, 

bio-fueled vehicles in 2030 

(Jääskeläinen 2017) 

More electric and bio-fueled vehicles, 

biogas potential calculated from available 

biomass, conventional fuels set as zero 

National target values for electric, gas, bio-

fueled vehicles in 2030 (Jääskeläinen 2017) 

Freight transport 
According to Reference truck scenario 

(Teter 2018) and CBG and DME 

According to Modern truck scenario 

(Teter 2018) and biogas potential 

According to Reference truck scenario (Teter 

2018) and CBG and DME 

Electricity generation emissions 

According to EU Reference scenario 

2050 (European Commission 2016b, 

158) 

Renewable energy system, zero emissions 
According to EU Reference scenario 2050 

(European Commission 2016b, 158) 

Energy demand of vehicles MJ/pkm or tkm No change No change 10% decrease by 2050 

Loads in passenger cars and buses 
No change, 1.7 persons in a PC and 18 

persons in a bus 

No change, 1.7 persons in a PC and 18 

persons in a bus 
25% increase by 2050 

Cargos in vans and trucks No change No change 10% increase by 2050 

Behavioural changes affecting mileages    

Public transport No change No change 
10% increase in public transport; 10% 

decrease in PC driving by 2050 

Walking & biking No change No change 

30% increase in walking and biking by 2050: 

15% decrease in PC driving, travelling and 

using other vehicles, and 15 % decrease in 

public transport 

Working from home No change No change 5% decrease in work/business trips by 2050 

Online shopping No change No change 
5% increase in freight transport, 5% decrease 

in shopping trips by 2050 
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Table 2. Common assumptions and their data sources for all scenarios. 

Population of Häme 
390 135; forecast based on information by Statistics Finland 

(Tilastokeskus 2015a) 

Liquid fuel proportion in PHEV 42.5% petrol/diesel (Plötz et al. 2017) 

Liquid fuel proportion in bi-/dual-fuel 50% petrol/diesel (Motiva 2017f) 

Bioethanol in FFV 72.4% (VTT 2017b) 

Renewable diesel emissions 
14 gCO2-eq/MJ waste vegetable oil and animal oil biodiesel 

(2009/28/EC, Annex V) 

CBG emissions average 18 gCO2-eq/MJ (2009/28/EC, Annex V) 

FFV emissions 40 gCO2-eq/MJ sugar beet ethanol (2009/28/EC, Annex V) 

DME emissions 
average 6 gCO2-eq/MJ farmed wood and waste wood 

(2009/28/EC, Annex V) 
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Electricity generation by source in Finland in the future (European Commission 2016b, 158) 

 

Year Nuclear Solids Oil Gas 
Biomass/ 

waste 
Hydro Wind Solar 

Other 

fuels 
Total 

Total 

[GWhe] 

2015 32.4% 12.0% 0.9% 10.9% 18.7% 22.0% 3.2% 0.01% 0% 100.0% 71 479 

2020 41.6% 12.7% 0.1% 8.6% 15.1% 15.9% 6.1% 0.01% 0% 100.0% 88 841 

2025 38.1% 12.5% 0.3% 11.2% 16.3% 15.1% 6.6% 0.01% 0% 100.0% 97 303 

2030 30.9% 10.5% 0.3% 12.4% 22.0% 16.2% 7.7% 0.01% 0% 100.0% 93 419 

2035 31.5% 7.4% 0.1% 12.2% 23.7% 17.1% 8.1% 0.02% 0% 100.0% 91 590 

2040 37.8% 2.8% 0.01% 8.8% 25.4% 16.9% 8.2% 0.02% 0% 100.0% 93 070 

2045 43.0% 1.6% 0.01% 6.6% 24.3% 16.2% 8.2% 0.02% 0% 100.0% 96 737 

2050 41.3% 1.5% 0.01% 7.8% 24.7% 16.3% 8.4% 0.02% 0% 100.0% 100 606 
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Power sources in transport use in 2050 for all scenarios 

 

In tables 1 and 2, other trucks includes semi-trailer, full-trailer and earth-hauling trucks, 

ren. means renewable, and hyb. means hybrid. 

 

Table 1. Number and share of vehicles in 2050 for scenarios 1 and 3. 

Power source 
Passenger 

cars 
share Buses share Vans share 

Delivery 

trucks 
share 

Other 

trucks 
share 

Petrol 43 720 22.2% - - -  -  - - -  -  

Diesel 15 075 7.7% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 

Ren. diesel 82 555 42.0% 860 60.0% 14 555 66.8% 1 773 77.5% 4 107 90.5% 

Electric 22 851 11.6% 238 16.6% 703 3.2% - - -  -  

CNG 13 0.01% 0 0.0% -  -  - - -  -  

CBG 9 173 4.7% 96 6.7% 151 0.7% 146 6.4% 90 2.0% 

Bi-fuel 76 0.04% - - -  -  - - -  -  

Petrol hyb. 52 0.03% - - -  -  - - -  -  

Diesel hyb. 5 0.003% 0 0.0% -  -  - - -  -  

Ren. diesel hyb. 22 932 11.7% 239 16.7% 6 223 28.6% 224 9.8% 252 5.6% 

FFV 72 0.04% - - -  -  - - -  -  

DME -  -  - - 151 0.7% 146 6.4% 90 2.0% 

Other 3 0.002% - - -  -  - - -  -  

Total 196 527 100.0% 1 433 100.0% 21 782 100.0% 2 289 100.0% 4 539 100.0% 

 

Table 2. Number and share of vehicles in 2050 for scenario 2. 

Power source 
Passenger 

cars 
share Buses share Vans share 

Delivery 

trucks 
share 

Other 

trucks 
share 

Ren. diesel 100 855 51.3% 735 51.3% 2 647 12.2% 458 20.0% 1 128 24.9% 

Electric 25 214 12.8% 184 12.8% 9 090 41.7% 297 13.0% -  -  

CBG 45 244 23.0% 330 23.0% 5 015 23.0% 527 23.0% 1 045 23.0% 

Ren. diesel hyb. 25 214 12.8% 184 12.8% 5 030 23.1% 1 007 44.0% 2 366 52.1% 

Total 196 527 100.0% 1 433 100.0% 21 782 100.0% 2 289 100.0% 4 539 100.0% 
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Calculation of biogas potential for scenario 2 

 

Table 1. Biogas potential calculation in Häme based on the properties and amount of each biomass type. TS = Total Solids, VS = Volatile Solids. 

 

Cattle Pigs 
Horses, 

dry 

manure 

Sheep & 

goats, 

litter 

manure 

Bio-

waste1 

Waste, 

kitchen 

and 

canteen 

Process 

waste, 

dairy 

industry 

Cooking 

oils and 

edible 

fats 

Vegetable 

waste, 

primary 

production 

Process 

waste, 

beverage 

industry 

Wastewater 

sludge, 

mass and 

paper 

industry 

Straw 

Wastewater 

sludge, 

households  

Grass2 

BIOMASS 

PROPERTIES3 

liquid 

manure 

dry 

manure 

liquid 

manure 

dry 

manure 

CH4 production 

[m3/tVS] 
200 200 300 300 250 100.5 400 400 420 800 400 300 300 230 300 230 

TS% 6% 19% 4% 24% 32% 35% 27% 66% 6% 40% 27% 20% 20% 85% 20% 85% 

VS/TS ratio 80% 60% 85% 80% 60% 77% 90% 90% 70% 90% 90% 70% 70% 91% 70% 91% 

CALCULATION                 

biomass amount4 

[t/a] 345 831 221 040 187 374 7 384 72 234 165 73 916 85 17 2 1 50 21 469 271 689 47 022 44 991 

VS in biomass 

[t/a] 
16 600 25 199 6 371 1 418 13 869 44 17 961 50 1 1 0 7 3 006 210 151 6 583 34 800 

CH4 [m3/a] 3.32E+06 5.04E+06 1.91E+06 4.25E+05 3.47E+06 44 693 7.18E+06 20 077 300 576 97 2 100 9.02E+05 4.83E+07 1.97E+06 8.00E+06 

CH4 [MJ/a] 8.13E+07 1.23E+08 4.68E+07 1.04E+07 8.49E+07 1.09E+05 1.76E+08 4.92E+05 7 347 14 112 2 381 51 450 2.21E+07 1.18E+09 4.84E+07 1.96E+08 
1) From households and industries, from public and private sectors. 2) Grass is assumed to have same properties as straw. 3) Data from: Rasi et al. (2012, 13) (except for grass). 4) Data from: Biomass map 

application conducted by Natural Resources Institute Finland (Luke). Biomass amount values are averages between data from Häme ELY-centre and regional data from Kanta- and Päijät-Häme (Luke). In this 

calculation, 50% of total manure from the sheds and storages is included. 

 

From the table 1, total biogas volume is 8.06 ∙ 107 m3/a and energy content 1 974.5 TJ/a. In order to define the number of each type of 

biogas vehicle for scenario 2, following tables 2 and 3 were conducted based on reference year 2017. 
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Table 2. Values for loads, energy demand and shares of different vehicle types. PC refers to passenger car. 

 PCs buses vans delivery trucks other trucks 

load, persons or tons 1.70 18.00 1.20 6.25 29.83 

energy demand [MJ/km] 2.21 23.40 1.56 8.13 38.78 

vehicle type share 86.7% 0.6% 9.6% 1.0% 2.0% 

 

Annual energy demand per vehicle can be calculated when annual mileages are known. These 

values are calculated to table 3 by using the values in table 2. 

 

Table 3. Calculation of energy demand per vehicle in a year. PC refers to passenger car. 

 PCs buses freight 

total number of vehicles 196 527 1 433 28 610 

mileage pkm or tkm/a 4.38E+09 3.27E+08 1.89E+09 

mileage pkm or tkm/a per vehicle 22 306 228 450 65 930 

km/vehicle in a year 13 121 12 692 10 726 

MJ/vehicle in a year 28 997 296 984 85 709 

 

As a result from table 3, average energy demand of a vehicle is attained when the share of each 

vehicle type from table 2 is multiplied by its annual energy demand value, as follows: 

 

0.867 ∙ 28 997 MJ a⁄ + 0.006 ∙ 296 984 MJ a⁄ + 0.126 ∙ 85 709 MJ a⁄  

= 37 854 MJ a⁄ . 

 

Taking into account attained biogas potential from table 1, total number of biogas vehicles is 

 

1 974.5 ∙ 106MJ/a

37 854 MJ/a
= 52 161. 

 

This result is divided between vehicle types by using the shares in table 2. Final results for 

biogas vehicles are: 45 244 passenger cars, 330 buses, 5 015 vans, 527 delivery trucks and 1 045 

other trucks. 
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Energy demand values for all scenarios 

 

  2017 2020 2030 2040 2050 

  reference S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

PASSENGER CARS [MJ/pkm]                      

petrol 1.30 1.30 1.30 1.29 1.30 1.30 1.25 1.30 1.30 1.21 1.30 1.30 1.18 

diesel 1.20 1.20 1.20 1.19 1.20 1.20 1.15 1.20 1.20 1.12 1.20 1.20 1.09 

renewable diesel 1.20 1.20 1.20 1.19 1.20 1.20 1.15 1.20 1.20 1.12 1.20 1.20 1.09 

BEV 0.36 0.36 0.36 0.36 0.36 0.36 0.35 0.36 0.36 0.34 0.36 0.36 0.33 

Gas 1.10 1.10 1.10 1.09 1.10 1.10 1.06 1.10 1.10 1.03 1.10 1.10 0.99 

CBG 1.10 1.10 1.10 1.09 1.10 1.10 1.06 1.10 1.10 1.03 1.10 1.10 0.99 

bi-fuel 1.20 1.20 1.20 1.19 1.20 1.20 1.15 1.20 1.20 1.12 1.20 1.20 1.09 

petrol hybrid 0.76 0.76 0.76 0.75 0.76 0.76 0.73 0.76 0.76 0.71 0.76 0.76 0.69 

diesel hybrid 0.72 0.72 0.72 0.71 0.72 0.72 0.69 0.72 0.72 0.67 0.72 0.72 0.65 

renewable fuel hybrid 0.72 0.72 0.72 0.71 0.72 0.72 0.69 0.72 0.72 0.67 0.72 0.72 0.65 

FFV 1.20 1.20 1.20 1.19 1.20 1.20 1.15 1.20 1.20 1.12 1.20 1.20 1.09 

other 1.20 1.20 1.20 1.19 1.20 1.20 1.15 1.20 1.20 1.12 1.20 1.20 1.09 

BUSES [MJ/pkm]                           

diesel 0.69 0.69 0.69 0.68 0.69 0.69 0.66 0.69 0.69 0.64 0.69 0.69 0.62 

long-haul diesel 0.54 0.54 0.54 0.53 0.54 0.54 0.51 0.54 0.54 0.50 0.54 0.54 0.48 

renewable diesel 0.69 0.69 0.69 0.68 0.69 0.69 0.66 0.69 0.69 0.64 0.69 0.69 0.62 

electric 0.28 0.28 0.28 0.28 0.28 0.28 0.27 0.28 0.28 0.26 0.28 0.28 0.25 

gas 0.76 0.76 0.76 0.75 0.76 0.76 0.73 0.76 0.76 0.71 0.76 0.76 0.69 

CBG 0.76 0.76 0.76 0.75 0.76 0.76 0.73 0.76 0.76 0.71 0.76 0.76 0.69 

dual-fuel 0.72 0.72 0.72 0.72 0.72 0.72 0.69 0.72 0.72 0.67 0.72 0.72 0.65 

diesel hybrid 0.45 0.45 0.45 0.45 0.45 0.45 0.43 0.45 0.45 0.42 0.45 0.45 0.41 

renewable diesel hybrid 0.45 0.45 0.45 0.45 0.45 0.45 0.43 0.45 0.45 0.42 0.45 0.45 0.41 
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LNG 0.77 0.77 0.77 0.76 0.77 0.77 0.74 0.77 0.77 0.71 0.77 0.77 0.69 

VANS [MJ/tkm]                          

Highways                    

diesel 2.60 2.60 2.60 2.58 2.60 2.60 2.50 2.60 2.60 2.42 2.60 2.60 2.35 

renewable diesel 2.60 2.60 2.60 2.58 2.60 2.60 2.50 2.60 2.60 2.42 2.60 2.60 2.35 

electricity 1.06 1.06 1.06 1.1 1.06 1.06 1.02 1.06 1.06 0.99 1.06 1.06 0.96 

CBG 2.88 2.88 2.88 2.86 2.88 2.88 2.77 2.88 2.88 2.69 2.88 2.88 2.61 

DME 2.91 2.91 2.91 2.88 2.91 2.91 2.80 2.91 2.91 2.71 2.91 2.91 2.63 

renewable diesel hybrid 1.72 1.72 1.72 1.7 1.72 1.72 1.65 1.72 1.72 1.60 1.72 1.72 1.55 

Streets                    

diesel 3.50 3.50 3.50 3.47 3.50 3.50 3.36 3.50 3.50 3.26 3.50 3.50 3.16 

renewable diesel 3.50 3.50 3.50 3.47 3.50 3.50 3.36 3.50 3.50 3.26 3.50 3.50 3.16 

electricity 1.43 1.43 1.43 1.42 1.43 1.43 1.38 1.43 1.43 1.33 1.43 1.43 1.29 

CBG 3.88 3.88 3.88 3.85 3.88 3.88 3.73 3.88 3.88 3.62 3.88 3.88 3.51 

DME 3.92 3.92 3.92 3.88 3.92 3.92 3.77 3.92 3.92 3.65 3.92 3.92 3.54 

renewable diesel hybrid 2.31 2.31 2.31 2.29 2.31 2.31 2.22 2.31 2.31 2.15 2.31 2.31 2.09 

TRUCKS [MJ/tkm]                            

Delivery                    

diesel 1.25 1.25 1.25 1.24 1.25 1.25 1.20 1.25 1.25 1.17 1.25 1.25 1.13 

renewable diesel 1.25 1.25 1.25 1.24 1.25 1.25 1.20 1.25 1.25 1.17 1.25 1.25 1.13 

electricity 0.51 0.51 0.51 0.51 0.51 0.51 0.49 0.51 0.51 0.48 0.51 0.51 0.46 

CBG 1.39 1.39 1.39 1.37 1.39 1.39 1.33 1.39 1.39 1.29 1.39 1.39 1.25 

DME 1.40 1.40 1.40 1.39 1.40 1.40 1.34 1.40 1.40 1.30 1.40 1.40 1.27 

renewable diesel hybrid 0.83 0.83 0.83 0.82 0.83 0.83 0.79 0.83 0.83 0.77 0.83 0.83 0.75 

Semi-trailer highways                    

diesel 0.58 0.58 0.58 0.57 0.58 0.58 0.56 0.58 0.58 0.54 0.58 0.58 0.52 

renewable diesel 0.58 0.58 0.58 0.57 0.58 0.58 0.56 0.58 0.58 0.54 0.58 0.58 0.52 

electricity 0.24 0.24 0.24 0.23 0.24 0.24 0.23 0.24 0.24 0.22 0.24 0.24 0.21 
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CBG 0.64 0.64 0.64 0.64 0.64 0.64 0.62 0.64 0.64 0.60 0.64 0.64 0.58 

DME 0.65 0.65 0.65 0.64 0.65 0.65 0.62 0.65 0.65 0.61 0.65 0.65 0.59 

renewable diesel hybrid 0.38 0.38 0.38 0.38 0.38 0.38 0.37 0.38 0.38 0.36 0.38 0.38 0.35 

Semi-trailer streets                    

diesel 1.00 1.00 1.00 0.99 1.00 1.00 0.96 1.00 1.00 0.93 1.00 1.00 0.90 

renewable diesel 1.00 1.00 1.00 0.99 1.00 1.00 0.96 1.00 1.00 0.93 1.00 1.00 0.90 

electricity 0.41 0.41 0.41 0.41 0.41 0.41 0.39 0.41 0.41 0.38 0.41 0.41 0.37 

CBG 1.11 1.11 1.11 1.10 1.11 1.11 1.07 1.11 1.11 1.03 1.11 1.11 1.00 

DME 1.12 1.12 1.12 1.11 1.12 1.12 1.08 1.12 1.12 1.04 1.12 1.12 1.01 

renewable diesel hybrid 0.66 0.66 0.66 0.65 0.66 0.66 0.63 0.66 0.66 0.62 0.66 0.66 0.60 

Full-trailer highways                    

diesel 0.44 0.44 0.44 0.44 0.44 0.44 0.42 0.44 0.44 0.41 0.44 0.44 0.40 

renewable diesel 0.44 0.44 0.44 0.44 0.44 0.44 0.42 0.44 0.44 0.41 0.44 0.44 0.40 

electricity 0.18 0.18 0.18 0.18 0.18 0.18 0.17 0.18 0.18 0.17 0.18 0.18 0.16 

CBG 0.49 0.49 0.49 0.48 0.49 0.49 0.47 0.49 0.49 0.46 0.49 0.49 0.44 

DME 0.49 0.49 0.49 0.49 0.49 0.49 0.47 0.49 0.49 0.46 0.49 0.49 0.45 

renewable diesel hybrid 0.29 0.29 0.29 0.29 0.29 0.29 0.28 0.29 0.29 0.27 0.29 0.29 0.26 

Full-trailer streets                    

diesel 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.08 0.08 0.07 

renewable diesel 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.08 0.08 0.07 

electricity 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

CBG 0.09 0.09 0.09 0.09 0.09 0.09 0.08 0.09 0.09 0.08 0.09 0.09 0.08 

DME 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.08 0.09 0.09 0.08 

renewable diesel hybrid 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Earth-hauling trucks highways                    

diesel 0.60 0.60 0.60 0.59 0.60 0.60 0.58 0.60 0.60 0.56 0.60 0.60 0.54 

renewable diesel 0.60 0.60 0.60 0.59 0.60 0.60 0.58 0.60 0.60 0.56 0.60 0.60 0.54 

electricity 0.25 0.25 0.25 0.24 0.25 0.25 0.24 0.25 0.25 0.23 0.25 0.25 0.22 
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CBG 0.67 0.67 0.67 0.66 0.67 0.67 0.64 0.67 0.67 0.62 0.67 0.67 0.60 

DME 0.67 0.67 0.67 0.67 0.67 0.67 0.65 0.67 0.67 0.63 0.67 0.67 0.61 

renewable diesel hybrid 0.40 0.40 0.40 0.39 0.40 0.40 0.38 0.40 0.40 0.37 0.40 0.40 0.36 

Earth-hauling trucks streets                    

diesel 1.10 1.10 1.10 1.09 1.10 1.10 1.06 1.10 1.10 1.03 1.10 1.10 0.99 

renewable diesel 1.10 1.10 1.10 1.09 1.10 1.10 1.06 1.10 1.10 1.03 1.10 1.10 0.99 

electricity 0.45 0.45 0.45 0.45 0.45 0.45 0.43 0.45 0.45 0.42 0.45 0.45 0.41 

CBG 1.22 1.22 1.22 1.21 1.22 1.22 1.17 1.22 1.22 1.14 1.22 1.22 1.10 

DME 1.23 1.23 1.23 1.22 1.23 1.23 1.18 1.23 1.23 1.15 1.23 1.23 1.11 

renewable diesel hybrid 0.73 0.73 0.73 0.72 0.73 0.73 0.70 0.73 0.73 0.68 0.73 0.73 0.66 

  reference S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

  2017 2020 2030 2040 2050 
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Emission factors for all scenarios 

 

  2017 2020 2030 2040 2050 

  reference S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

PASSENGER CARS [gCO2-eq/pkm]               

petrol 93.30 93.30 93.30 91.84 93.30 93.30 87.16 93.30 93.30 82.71 93.30 93.30 78.50 

diesel 82.80 82.80 82.80 81.50 82.80 82.80 77.35 82.80 82.80 73.41 82.80 82.80 69.66 

renewable diesel 16.80 16.80 16.80 16.54 16.80 16.80 15.86 16.80 16.80 15.34 16.80 16.80 14.87 

BEV 17.51 16.86 16.71 16.59 16.93 12.80 15.98 11.54 7.84 10.45 7.27 0.00 6.37 

Gas 41.30 41.30 41.30 40.65 41.30 41.30 38.58 41.30 41.30 36.61 41.30 41.30 34.75 

CBG 19.80 19.80 19.80 19.49 19.80 19.80 18.69 19.80 19.80 18.08 19.80 19.80 17.53 

bi-fuel 67.30 67.30 67.30 66.25 67.30 67.30 62.87 67.30 67.30 59.66 67.30 67.30 56.62 

petrol hybrid 49.72 49.35 49.26 48.57 49.39 47.01 46.23 46.29 44.16 41.16 43.84 39.65 37.02 

diesel hybrid 45.26 44.89 44.80 44.18 44.93 42.55 42.06 41.82 39.70 37.20 39.37 35.19 33.27 

renewable fuel hybrid 17.21 16.84 16.75 16.57 16.88 14.50 15.93 13.77 11.65 12.53 11.32 7.14 9.98 

FFV 60.50 60.50 60.50 59.78 60.50 60.50 57.46 60.50 60.50 55.23 60.50 60.50 53.09 

other 82.80 82.80 82.80 81.50 82.80 82.80 77.35 82.80 82.80 73.41 82.80 82.80 69.66 

BUSES [gCO2-eq/pkm]               

diesel 45.00 45.00 45.00 44.30 45.00 45.00 42.04 45.00 45.00 39.89 45.00 45.00 37.86 

long-haul diesel 36.25 36.25 36.25 35.68 36.25 36.25 33.86 36.25 36.25 32.14 36.25 36.25 30.50 

renewable diesel 16.80 16.80 16.80 16.54 16.80 16.80 15.86 16.80 16.80 15.34 16.80 16.80 14.87 

electric 13.62 13.12 13.00 12.91 13.17 9.96 12.43 8.97 6.10 8.13 5.66 0.00 4.95 

gas 38.80 38.80 38.80 38.19 38.80 38.80 36.25 38.80 38.80 34.40 38.80 38.80 32.64 

CBG 13.68 13.68 13.68 13.47 13.68 13.68 12.91 13.68 13.68 12.49 13.68 13.68 12.11 

diesel hybrid 26.96 26.67 26.60 26.25 26.70 24.85 25.01 24.28 22.63 21.63 22.38 19.13 18.94 

renewable diesel hybrid 14.97 14.68 14.61 14.45 14.71 12.86 13.89 12.30 10.65 11.19 10.39 7.14 9.17 

LNG 39.10 39.10 39.10 38.49 39.10 39.10 36.53 39.10 39.10 34.66 39.10 39.10 32.90 
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VANS [gCO2-eq/tkm]              

Highways               

diesel 173.9 173.9 173.9 172.33 173.9 173.9 167.2 173.9 173.9 162.2 173.9 173.9 157.4 

renewable diesel 36.40 36.40 36.40 36.07 36.40 36.40 34.99 36.40 36.40 33.94 36.40 36.40 32.92 

electricity 51.69 49.78 49.34 49.33 49.98 37.79 48.05 34.05 23.15 31.76 21.47 7.75 19.42 

CBG 51.92 51.92 51.92 51.45 51.92 51.92 49.91 51.92 51.92 48.41 51.92 51.92 46.96 

DME 17.46 17.46 17.46 17.31 17.46 17.46 16.79 17.46 17.46 16.28 17.46 17.46 15.79 

renewable diesel hybrid 45.19 44.09 43.84 43.69 44.21 37.20 42.50 35.05 28.78 32.68 27.82 19.92 25.16 

Streets               

diesel 231.8 231.8 231.8 229.7 231.8 231.8 222.9 231.8 231.8 216.2 231.8 231.8 209.7 

renewable diesel 49.00 49.00 49.00 48.56 49.00 49.00 47.10 49.00 49.00 45.69 49.00 49.00 44.31 

electricity 69.59 67.01 66.42 66.41 67.28 50.87 64.68 45.84 31.17 42.75 28.91 10.43 26.15 

CBG 69.90 69.90 69.90 69.27 69.90 69.90 67.19 69.90 69.90 65.17 69.90 69.90 63.21 

DME 23.51 23.51 23.51 23.30 23.51 23.51 22.60 23.51 23.51 21.92 23.51 23.51 21.26 

renewable diesel hybrid 60.84 59.36 59.02 58.82 59.51 50.08 57.21 47.18 38.75 44.00 37.45 26.82 33.87 

TRUCKS [gCO2-eq/tkm]                

Delivery               

diesel 85.44 85.44 85.44 84.67 85.44 85.44 82.14 85.44 85.44 79.69 85.44 85.44 77.31 

renewable diesel 17.50 17.50 17.50 17.34 17.50 17.50 16.82 17.50 17.50 16.32 17.50 17.50 15.83 

electricity 24.85 23.93 23.72 23.72 24.03 18.17 23.10 16.37 11.13 15.27 10.32 3.72 9.34 

CBG 24.96 24.96 24.96 24.74 24.96 24.96 24.00 24.96 24.96 23.28 24.96 24.96 22.58 

DME 8.40 8.40 8.40 8.32 8.40 8.40 8.07 8.40 8.40 7.83 8.40 8.40 7.59 

renewable diesel hybrid 21.73 21.20 21.08 21.01 21.25 17.88 20.43 16.85 13.84 15.71 13.37 9.58 12.10 

Semi-trailer highways               

diesel 38.32 38.32 38.32 37.97 38.32 38.32 36.84 38.32 38.32 35.74 38.32 38.32 34.67 

renewable diesel 8.12 8.12 8.12 8.05 8.12 8.12 7.81 8.12 8.12 7.57 8.12 8.12 7.34 

electricity 11.53 11.10 11.01 11.00 11.15 8.43 10.72 7.60 5.17 7.08 4.79 1.73 4.33 

CBG 11.58 11.58 11.58 11.48 11.58 11.58 11.13 11.58 11.58 10.80 11.58 11.58 10.48 



Appendix VI, 3 

 

DME 3.90 3.90 3.90 3.86 3.90 3.90 3.75 3.90 3.90 3.63 3.90 3.90 3.52 

renewable diesel hybrid 10.08 9.84 9.78 9.75 9.86 8.30 9.48 7.82 6.42 7.29 6.21 4.44 5.61 

Semi-trailer streets               

diesel 66.39 66.39 66.39 65.79 66.39 66.39 63.83 66.39 66.39 61.92 66.39 66.39 60.07 

renewable diesel 14.00 14.00 14.00 13.87 14.00 14.00 13.46 14.00 14.00 13.05 14.00 14.00 12.66 

electricity 19.88 19.15 18.98 18.97 19.22 14.53 18.48 13.10 8.91 12.21 8.26 2.98 7.47 

CBG 19.97 19.97 19.97 19.79 19.97 19.97 19.20 19.97 19.97 18.62 19.97 19.97 18.06 

DME 6.72 6.72 6.72 6.66 6.72 6.72 6.46 6.72 6.72 6.26 6.72 6.72 6.07 

renewable diesel hybrid 17.38 16.96 16.86 16.81 17.00 14.31 16.35 13.48 11.07 12.57 10.70 7.66 9.68 

Full-trailer highways               

diesel 29.23 29.23 29.23 28.97 29.23 29.23 28.10 29.23 29.23 27.26 29.23 29.23 26.45 

renewable diesel 6.16 6.16 6.16 6.10 6.16 6.16 5.92 6.16 6.16 5.74 6.16 6.16 5.57 

electricity 8.75 8.42 8.35 8.35 8.46 6.40 8.13 5.76 3.92 5.37 3.63 1.31 3.29 

CBG 8.79 8.79 8.79 8.71 8.79 8.79 8.45 8.79 8.79 8.19 8.79 8.79 7.95 

DME 2.96 2.96 2.96 2.93 2.96 2.96 2.84 2.96 2.96 2.76 2.96 2.96 2.67 

renewable diesel hybrid 7.65 7.46 7.42 7.39 7.48 6.30 7.19 5.93 4.87 5.53 4.71 3.37 4.26 

Full-trailer streets               

diesel 52.70 52.70 52.70 52.22 52.70 52.70 50.66 52.70 52.70 49.15 52.70 52.70 47.68 

renewable diesel 1.11 1.11 1.11 1.10 1.11 1.11 1.07 1.11 1.11 1.04 1.11 1.11 1.01 

electricity 1.58 1.52 1.51 1.51 1.53 1.16 1.47 1.04 0.71 0.97 0.66 0.24 0.59 

CBG 1.59 1.59 1.59 1.57 1.59 1.59 1.53 1.59 1.59 1.48 1.59 1.59 1.44 

DME 0.53 0.53 0.53 0.53 0.53 0.53 0.51 0.53 0.53 0.50 0.53 0.53 0.48 

renewable diesel hybrid 1.38 1.35 1.34 1.34 1.35 1.14 1.30 1.07 0.88 1.00 0.85 0.61 0.77 

Earth-hauling trucks highways               

diesel 40.40 40.40 40.40 40.03 40.40 40.40 38.84 40.40 40.40 37.68 40.40 40.40 36.56 

renewable diesel 8.40 8.40 8.40 8.32 8.40 8.40 8.07 8.40 8.40 7.83 8.40 8.40 7.60 

electricity 11.93 11.49 11.39 11.38 11.53 8.72 11.09 7.86 5.34 7.33 4.96 1.79 4.48 

CBG 11.98 11.98 11.98 11.87 11.98 11.98 11.52 11.98 11.98 11.17 11.98 11.98 10.84 
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DME 4.03 4.03 4.03 3.99 4.03 4.03 3.87 4.03 4.03 3.76 4.03 4.03 3.64 

renewable diesel hybrid 10.43 10.18 10.12 10.08 10.20 8.58 9.81 8.09 6.64 7.54 6.42 4.60 5.81 

Earth-hauling trucks streets               

diesel 72.50 72.50 72.50 71.84 72.50 72.50 69.70 72.50 72.50 67.62 72.50 72.50 65.60 

renewable diesel 15.40 15.40 15.40 15.26 15.40 15.40 14.80 15.40 15.40 14.36 15.40 15.40 13.93 

electricity 21.87 21.06 20.88 20.87 21.15 15.99 20.33 14.41 9.80 13.44 9.09 3.28 8.22 

CBG 21.97 21.97 21.97 21.77 21.97 21.97 21.12 21.97 21.97 20.48 21.97 21.97 19.87 

DME 7.39 7.39 7.39 7.32 7.39 7.39 7.10 7.39 7.39 6.89 7.39 7.39 6.68 

renewable diesel hybrid 19.12 18.66 18.55 18.49 18.70 15.74 17.98 14.83 12.18 13.83 11.77 8.43 10.64 

  reference S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

  2017  2020   2030   2040   2050  
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Emissions in reference year 2017 and all scenarios 

 

Vehicle type and power source 
reference 

2017 

S1 S2 S3 

2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050 

PASSENGER CARS total 396 941 391 561 312 457 240 352 169 080 369 372 273 173 170 755 63 862 375 847 260 620 173 154 104 766 

Petrol 303 177 297 817 222 697 157 676 94 035 276 777 186 319 93 252 0 285 865 185 618 113 136 57 475 

Diesel 92 770 91 130 68 144 48 248 28 774 84 692 57 013 28 535 0 87 473 56 798 34 619 17 587 

Renewable diesel 0 953 12 369 21 905 31 973 3 465 15 119 26 764 39 060 914 10 419 16 190 20 560 

BEV 21 273 3 463 4 167 3 832 862 2 880 3 124 0 262 2 916 3 055 2 437 

CNG 39 38 28 20 12 35 24 12 0 37 24 14 7 

CBG 0 160 1 620 2 868 4 187 1 826 7 989 14 149 20 652 154 1 364 2 120 2 692 

Bi-fuel 382 375 280 198 118 348 235 117 0 360 234 142 72 

Petrol hybrid 191 186 139 92 52 173 111 52 0 179 116 67 32 

Diesel hybrid 18 18 13 9 5 16 11 5 0 17 11 6 3 

Renewable diesel hybrid 0 273 3 451 4 988 5 986 864 3 262 4 640 4 150 262 2 907 3 672 3 833 

FFV 323 317 237 168 100 295 198 99 0 306 201 124 64 

Other 20 20 15 11 6 19 12 6 0 19 12 8 4 

BUSES total 13 294 12 925 10 172 7 377 4 622 12 594 10 092 7 313 4 289 12 910 10 132 7 376 4 749 

Diesel 13 249 12 617 8 073 3 952 0 12 095 8 142 4 075 0 12 602 8 023 3 900 0 

Renewable diesel 0 168 1 336 2 367 3 410 259 1 128 1 997 2 915 168 1 342 2 406 3 508 

Electricity 2 37 291 350 318 50 167 181 0 37 292 353 323 

CNG 39 37 24 12 0 35 24 12 0 37 23 11 0 

CBG 0 20 121 214 308 94 412 729 1 065 20 121 218 317 

Dual-fuel 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diesel hybrid 1 1 1 0 0 1 1 0 0 1 1 0 0 

Renewable diesel hybrid 0 42 325 481 586 56 216 316 310 42 326 488 601 

LNG 3 3 2 1 0 3 2 1 0 3 2 1 0 



Appendix VII, 2 

 

FREIGHT TRANSPORT total 296 633 310 087 267 469 192 465 94 610 311 317 267 422 184 864 56 498 308 677 262 198 185 745 89 843 

Vans total 270 774 279 977 229 000 152 332 57 994 281 657 233 479 152 542 37 256 281 919 240 075 170 440 82 738 

Diesel 270 774 275 776 208 364 113 375 0 275 776 208 364 113 375 0 274 523 204 261 109 426 0 

Renewable diesel 0 3 869 19 001 36 584 55 327 704 3 456 6 655 10 064 3 851 18 625 35 300 52 538 

Electricity 0 255 1 260 1 652 1 576 3 275 12 320 14 533 0 254 1 235 1 594 1 496 

CNG 0 0 0 0 0 0 0 0 0 0 0 0 0 

CBG 0 57 280 540 816 1 902 9 339 17 980 27 192 57 275 521 775 

Dual-fuel 0 0 0 0 0 0 0 0 0 0 0 0 0 

DME 0 19 94 182 275 0 0 0 0 19 92 175 261 

Renewable diesel hybrid 0 3 229 15 902 24 274 29 134 2 595 10 815 16 111 13 096 3 215 15 587 23 423 27 667 

Trucks total 25 860 26 827 22 302 15 454 6 996 26 679 21 524 13 821 4 204 26 758 22 123 15 305 7 105 

Diesel 25 860 26 337 19 899 10 828 0 26 337 19 899 10 828 0 26 218 19 507 10 450 0 

Renewable diesel 0 446 2 191 4 219 6 381 119 585 1 126 1 703 444 2 148 4 071 6 059 

Electricity 0 0 0 0 0 48 181 214 0 0 0 0 0 

CNG 0 0 0 0 0 0 0 0 0 0 0 0 0 

CBG 0 32 158 304 460 175 859 1 654 2 501 32 155 294 437 

Dual-fuel 0 0 0 0 0 0 0 0 0 0 0 0 0 

DME 0 11 53 102 155 0 0 0 0 11 52 99 147 

Renewable diesel hybrid 0 54 266 405 486 385 1 604 2 390 1 942 54 260 391 462 

TOTAL 706 868 714 572 590 098 440 194 268 313 693 283 550 687 362 932 124 648 697 434 532 950 366 275 199 359 

 

 


