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1 Introduction 
Reducing greenhouse gas emissions from transport in Europe is fundamentally 
important in meeting ambitious long-term, economy-wide GHG reduction targets. 
Decarbonising transport is likely to be challenging given that transport related 
greenhouse gas (GHG) emissions have continued to increase in recent years in 
spite of reductions in most other major sectors of the economy. This trend needs 
to be reversed in order not to undermine the EU ability to achieve its long-term, 
economy-wide GHG reduction objective. 

The objective of this report is to provide a structured, documented and transparent 
view of the GHG emission pathways in the transport sector in Europe and the MS 
until 2050. This report identifies and details comprehensively for passenger and 
freight transport respectively the various levers that influence GHG emissions now 
and in the future. For each lever, extensive documentation is provided to describe 
the various ambition levels ranging from a low ambition level to a disruptive 
ambition level.  

The calculation method is thoroughly explained, by detailing the scope, the choice 
of the parameters, the influence of a multitude of external factors and the 
calculation method. 

Extensive desk research, previous work on the Global Calculator (The Global 
Calculator is a model of the world's energy, land and food systems to 2050. It 
allows to explore the world's options for tackling climate change and see how they 
all add up1). and other national calculators and discussions with key experts have 
enabled to build the transport module. 
The various levers responsible for GHG emissions and energy consumption for 
transport are identified and defined in the report. Factors of influence for each 
lever are then identified and defined. Ambition levels are proposed based on most 
up to date research, historic trends and other relevant work and studies on 
transport.  

The levers can be grouped into three main categories [GIZ, 2015]: 

● Avoid/reduce: those levers consist in reducing transport activity and needs 
by changing behaviours, improving logistics, modifying urban planning, etc. 

● Shift: those levers consist in shifting to more efficient modes such as public 
transport by improving public infrastructures, changing behaviours, making 
public transport more attractive, etc. 

● Improve: those levers consist in making vehicles more energy efficient and 
less carbon-intensive. 

 
Note for the call for evidence: due to the short timeframe between internal and 
external review, all the comments from the internal review could not be addressed 
for this version of the document, prepared for the external review. These 
unaddressed comments have been removed from this version for the sake of 

 
1 
http://tool.globalcalculator.org/globcalc.html?levers=22rfoe2e13be1111c2c2c1n31hfjdce
f222hp233f211111fn2211111111/dashboard/en 
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clarity. Nonetheless, they are duly noted and will be addressed in the next version 
of this document. Furthermore, internal reviewers have been informed of the 
comments that were addressed and those that are kept for later. 
 
 

2 Trends and evolutions of the 
transport sector 

The goal of this section is to give a short overview of the context and current 
trends in the transport sector. The following figures and paragraphs have this 
objective.  

Final energy consumption in EU-28 by 
sector [EU-pocketbook, 2018] 

 

GHG emissions in EU-28 by sector [EU-
pocketbook, 2018] 

 

 

Transport represents around 33% of the EU-28 final energy consumption and 
around 24% of EU-28 GHG emissions in 2016.  

GHG emissions evolution by sector in EU-28 by sector [EU-pocketbook, 2018] 
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Transport is a growing concern in Europe, as it is the only sector which GHG 
emissions are increasing since 1990, reaching 126% of EU-28 1990’s emissions in 
2016. 

Shares of CO2 emissions from 
transport in EU-28 (excluding indirect 

emissions from electricity) [EU-
pocketbook, 2018] 

 

Shares of CO2 emissions from road 
transport in EU-28 (excluding indirect 

emissions from electricity) [EU-
pocketbook, 2018] 

 

Road transport represents 72% of EU-28 transport emissions while aviation and 
navigation represents 13.4% and 13.6%, including international bunkers. Aviation 
is the mode that increased the most on the period 1990-2016, reaching 196% of 
1990’s emissions in 2016. Railways, on the other way, is decreasing quickly (45% 
of 1990’s emissions in 2016).  
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In the road transport, cars represent more than 60% of road emissions. Trucks’ 
emissions are increasing more quickly than cars’ emissions, and represent in 2016 
around 38% of road emissions. 

Finally, the evolutions of goods and of passenger transport are very different. 
While passenger transport increases relatively smoothly since 1990, goods 
transport knows faster variations and seems to me more dependent on GDP 
evolutions. 

The two next sub-sections briefly describe the trends and potential evolutions for 
passengers and goods transport. 

Evolution of GDP, goods and passenger activity sinds 1995 [EU-
pocketbook, 20182] 

 

 
2 Source: EU-pocketbook, 2018, https://ec.europa.eu/transport/facts-
fundings/statistics/pocketbook-2018_en 
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2.1  Passenger transport 
While the share of urban population is increasing across Europe [Eurostat, 2016], 
resulting in shorter daily transportation needs and giving better access to public 
transport to a wider part of population, the EU global transport demand keeps 
growing. Indeed, long-haul travel demand is growing quickly [EU-pocketbook, 
2018] for leisure or professional reasons (city-trips, student exchanges, business 
trips, international congresses or conferences, etc.). The car stays the most 
important transportation mode, but aviation grows faster to answer this hyper-
mobility demand. 

Passenger transport is expected to deeply evolve in the next decades, changing 
the way we go from one point to another. Various trends are already observed 
today in this direction [EC, 2017], [ITDP, 2017], [RethinkX, 2017]. 

First of all, the development of more efficient communication and data 
management technologies opens the way to a whole new set of transport 
services called mobility as a service (MaaS) or mobility on demand. Based on web 
applications and two-ways communication directly with the users, those systems 
allow for more flexible and adapted public and private transport services. In some 
models, the user could have access, through a monthly payment, to a variety of 
mobility services adapted to his needs such as public transport, shared vehicles 
(bikes, cars, etc.), taxi drives, etc. 

Second, the sharing economy can also play a significant role in the evolution of 
the transport sector. In reality, car sharing is still very marginal, and carpooling is 
even decreasing in most EU regions. With adapted web applications and sufficient 
incentives, both trends could grow significantly. Ride-hailing (e.g. Uber), on the 
other hand, is already growing very quickly and is expected to take a significant 
place in the MaaS systems. In addition to reducing the car utilization impact, car 
sharing services can be a catalyst for the shift to public/alternative transportation: 
by giving easy access to a car when necessary, it makes it easier to give up car 
ownership and choose public transport. 

In addition to increased connection and the development of sharing economy, 
vehicle automation could also radically change the transport sector.  The impact 
of such a development is highly uncertain and will strongly depend on the context 
in which it is developed and on the legal framework in place. Here are a few 
potential impacts of vehicle automation: 

-      By giving access to car transport to a new part of the population (elderly 
persons, disabled persons or children who don’t have their licenses), 
automation can lead to a very important increase in car transport and car use. 

-      Car automation can also make car sharing and carpooling easier (drivers 
are not needed anymore, the car can move itself where it is needed, and it can 
optimize the carpooling routes), reducing the number of cars on the road and 
increasing the average number of person per car. 

-      But if automated cars are used at individual levels, it can also lead to a huge 
increase of car utilization and empty kilometers (e.g. instead of parking in an 
expensive parking spot, an automated car could drop its owner where needed 
and come back home to park, doubling the travelled kilometers of the car).  
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In any case, car automation will lead to a number of “empty kilometres” during 
which the car will travel empty. This needs to be taken into account in addition to 
the actual passenger demand.  

Automation could also have an important impact on public transport by changing 
cost structure of public transport services (e.g. no need for drivers anymore, need 
for new data management infrastructures). This could lead, for example, to the 
deployment of more, and smaller, public vehicles passing more frequently.  

Many other technological developments also have the potential to change the 
transport sector energy consumption and GHG emissions such as battery-electric 
vehicles, fuel cell vehicles, energy efficiency improvements, etc. 

Finally, lots of other evolutions can have a significant impact on the future of 
transport. A first example is the quick development of electric bikes and electric 
scooters in urban areas which could lead to a decrease in car utilization in those 
areas. Another example could be the development of very-high-speed trains (such 
as hyperloop), or “working bus services” which could replace some long-distance 
travels by airplane. In the long term, land organization and planning can also have 
a significant impact on transport demand. And of course, other unforeseen 
disruptive ideas can always appear and quickly change the picture.  

2.2  Freight transport 
Freight transport activity is highly dependent on economic activity. Different trends 
already influence freight transport and are expected to influence it in the future 
[PWC, 2019], [IEA, 2017], [T&E, 2017]. 

The development of e-commerce already has an important impact on freight 
activity, by giving consumers access to more consumption goods, available from 
anywhere, and faster than before. E-commerce is expected to keep growing, 
increasing at the same time the freight transport demand, generating a 
multiplication of delivery destinations which increases last mile delivery needs, and 
requiring more efficient and faster transport modes to satisfy consumer demand.  

Just as passenger transport, communication and data management technologies, 
sharing economy and automation can dramatically change the freight transport 
system. 

Communication and data management technologies could help to better 
optimize freight logistic, improve mode choice, increase the load factor and 
minimize the empty rides for example. 

Sharing economy could reduce consumer goods demand and therefore also the 
freight demand. 

And automation could help improve driving performances of vehicles and allow 
platooning3 for trucks. 

Finally, other types of evolution can also influence freight such as:  

 
3 “Truck platooning is the linking of two or more trucks in convoy, using connectivity technology and 
automated driving support systems. These vehicles automatically maintain a set, close distance 
between each other when they are connected for certain parts of a journey, for instance on 
motorways” (ACEA, platooning roadmap) 
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- new technologies: electric truck and e-highways, the development of 3D-
printing which could lead to a large decrease of freight demand for example.  

- new freight modes: drone delivery, development of active modes for 
urban/last mile delivery. 

- societal changes: acceptance of slower delivery rate which could allow to 
choose slower and less GHG-emitter modes, etc. 
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3 Questions addressed by the module 
The goal of EU-Calc Transport module is to quantify various impacts of the EU28+1 
transportation system in different scenarios. Of course, this module cannot 
quantify all impacts in all possible scenarios. The objective of this section is 
therefore to clarify the ambitions of the module. 

The transport module takes into account different types of impacts: the energy 
consumption and direct GHG emissions are computed directly in the module, other 
types of impacts (indirect emissions, resources use, economic impacts) are 
computed through other modules. The transport module also takes into account 
some impacts of the transport system on other sectors (power, manufacturing, 
land-use). 

In terms of scenarios, the module integrates the most important and known 
decarbonizing solutions such as transport demand reduction, societal changes, 
vehicle electrification, energy efficiency evolutions, etc. More innovative 
breakthrough were also investigated and integrated when it was considered as key 
for the transport decarbonization. Finally, technologies that are not directly related 
to decarbonization, and whose effects are not completely known (e.g. automation) 
are not directly integrated in the model. But its effects could be partially 
“reproduced” with the combinations of levers. 

The Table hereunder summarizes the ambitions of the transport module.  
 

 Theme Questions Ambition4 Progress 

What are the 
types of impacts 
we want to take 
into account in 
the model? 

Energy ● Energy consumption: What is the total energy consumption of 
the sector? And by energy vector?  

 Yes Done 

Emissions ● Direct emissions: What are the direct emissions of the sector?  Yes Done 

● Indirect emissions: What is the LCA impact of the technologies 
(is there an emission shift? (e.g. EV, new transport 
infrastructure, etc.) 

Partially through 
links with other 
modules 

Done 

Products, 
materials & 
resources 

● Resources use: what is the resource usage of the vehicles and 
infrastructure requirements? 

Partially through 
other modules 

Not done 

Economy ● Economy: What is the cost and economical impact of the 
different scenarios (e.g. jobs)? 

 Partially through 
links with other 
modules 

Not done 

Other ● Other: Biodiversity? Health? Resources? Land use? Partially through 
other modules 

Not done 

What are the 
existing 
solutions to 
decarbonize 
transport? 
 

Avoid ● Impact of demand reduction?  Yes Done 

● Impact of societal changes like car sharing, and higher 
occupancy and load factor, tele-working? 

 Yes Done 

Shift ● Impact of modal shift?  Yes Done 

Improve ● Impact of fuel switch /electrification?  Yes Done 

● Impact of BAU technology evolution (energy efficiency, scale 
up of Evs, etc.) 

 Yes Done 

 
4 Does this module ambition to answer that question? 
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Can we identify 
some potential 
breakthrough 
(technologies or 
societal) that 
could have an 
impact? 

Avoid ● What types of societal changes could we expect or hope for? 
Sharing economy? Changes in territorial organization? 
Urbanisation? Local consumption? Slower freight delivery? 

Partially5 Partially 
done 

Shift ● What would be the impact of breakthrough on transport 
modes (e.g. Hyperloop, drones) 

Partially2 No 

Improve ● What would be the impact of some technological 
breakthrough/innovation? (e.g. Electric planes, Catenary 
trucks, driverless and automation) 

Partially2 Partially 
done 

What are the 
impacts of 
transport on the 
other sectors? 

Power ● What is the impact of transport electrification on power 
networks?  

 Yes, through link 
with power 

Not done 

Land ● What is the impact of biofuels on land use?   Yes, through link 
with land-use  

Done 

Manufacturing ● What is the impact of modal shift, demand reduction, sharing 
economy, on the industrial sector? 

 Yes, through link 
with 
manufacturing 

Done 

● What is the impact of longer lifetime of vehicles?   Yes Done 
What are the 
impacts of other 
sectors on 
transport? 

Lifestyle ● What are the impacts of lifestyle changes?  Partially, through 
link with lifestyle 

Done 

Manufacturing ● What would be the impact of a reduction in industrial activity?  Yes, if possible Ongoing 
reflexion 

Others?        

Table 1. Questions addressed by the transport module 
  

 
5 The module should include the most important potential changes 
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4 Calculation logic and scope of module 
4.1 Overall logic 
The transport module is based on a bottom-up approach to compute energy 
consumption and GHG emissions from the transport sector. This calculation is 
based on historical data (sources for historical data are described in “Historical 
Data” section of this document), and on projections until 2050 (the different 
ambition levels are described in the “Description of levers and ambition levels” 
section of this document). 

The main outputs of the transport module are: 

● The direct GHG emissions from transport; 
● The energy demand from transport; 
● The number of vehicles required and new vehicles sales; 
● The need for infrastructures; 
● The total costs of the transport system. 

Transport indirect emissions are addressed by other WPs (e.g. The Supply module 
assesses the emissions related to the electricity production and the upstream 
emissions of fossil fuels, and the manufacturing module assesses the emissions 
related to the manufacturing of the vehicles and infrastructures)6. 

The calculation logic adopted here follows the logic described in Figure 1 in 
[Bongardt et al., 2013], and consists in six steps to successively estimate (see 
Figure 5): 

1. the transport activity for each mode (in vkm, pkm or tkm); 
2. the technology share for each mode (in %); 
3. the energy consumption of each technology in each mode (in MJ/vkm, 

MJ/pkm or MJ/tkm); 
4. the emission intensity of each type of fuel used in the various technologies 

(gCO2e/MJ); 
5. the needs for infrastructures depending on the activity level for each mode 

and technology (e.g: km of rail/vkm of trains); 
6. the costs for the purchase (CAPEX), O&M (OPEX) and fuel consumption of 

vehicles and of infrastructures (e.g: EUR/vehicle). 

The different modes, types and technologies of vehicles and types of fuels are 
further described below in the “Scope definition” section. 

 
6 WP5: Electricity and Fossil Fuels, WP3:Production and Manufacturing 
http://www.european-calculator.eu/research-approach-wps/ 
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Figure 5 - Calculation logic of transport module both for passenger & freight transport. 

The “Detailled calculation trees” section will dive deeper into the passenger and 
the freight sub-modules logic.  
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4.2  Scope definition 
4.2.1 Passenger transport 
Figure 6 defines the scope of the passenger transport modules in terms of: 

● The different modes and types of vehicles considered; 
● The technologies included in the model; 
● The types of fuels and vectors of energy taken into account. 

 
Figure 6 – Scope definition of the passenger transport module: modes, types of vehicles, 

technologies, types of fuels and vectors of energy (for Diesel, Gasoline & Gas) 

 

4.2.2 Freight transport 
Figure 10 defines the scope of the freight transport modules in terms of: 

● The different modes & types of vehicles considered; 
● The technologies included in the model; 
● The types of fuels and vectors of energy taken into account. 
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Figure 10 – Scope definition of the freight transport module: modes, types of vehicles, technologies, 

types of fuels and vectors of energy (for Diesel, Gasoline & Gas) 
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4.3  Interactions with other modules 
The transport module receives data from the lifestyle module and from the 
technology module and gives data to the supply module, the manufacturing 
module, the socio-economics module and the pathway explorer. 

 

4.3.1 Inputs 
4.3.1.1 Lifestyle 

The lifestyle module provides the passenger travel distance to the transport 
module, divided in three categories: 

1) The urban distance: this includes all the passenger-kilometers that are 
travelled inside of a urban area; 

2) The non-urban distance: this includes all the passenger-kilometers that are 
travelled outside of a urban area and that are considered as “shiftable” 
(explanation below); 

3) The shiftable distance: this includes all the non-shiftable distance. 

A distance is considered “shiftable” when it can be reasonably shifted from one 
mode to another. Concretely, the only types of distances that are considered as 
“non-shiftable” in this model are the long-haul passenger aviation distances, as it 
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is unlikely that passenger will shift from aviation to boat for that kind of travels. 
For short-haul aviation, we consider it possible to shift to very fast train for 
example. 

This data, provided by the lifestyle module, is the base of the whole passenger 
transport calculation and has an impact on all passenger results: activity, energy 
consumption and emissions. 

4.3.1.2 Technology 

The technology module provides all data related to the different transport 
technologies: 

- technology readiness level7; 
- technology share evolution set at four different levels (from the lowest to 

the highest effort); 
- fuel consumption; 
- lifetime of technology; 
- costs (CAPEX & OPEX); 
- other information such as: material demand (other than fuels) for the 

operation of technologies, air pollutant emissions in use, etc. 

4.3.2 Outputs 
4.3.2.1 Manufacturing 

The transport module provides a number of new vehicles, by type and technology, 
and new infrastructures to be produced by the industry sector, to the industry 
module. This data drives the automotive industry activity in the manufacturing 
module and has a big impact on steel, chemicals and cement (for infrastructures) 
demand.  

4.3.2.2 Supply (Electricity, Oil Refinery and Agriculture modules) 

The transport module provides the fuel and energy consumption of the transport 
system by energy vector (electricity, diesel, gasoline, gas, hydrogen, kerosene, 
biomass). The supply modules are therefore demand driven and provide the 
energy that is needed by the transport sector (including import if necessary). 
  

 
7  
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4.4 Detailed calculation trees 
The calculation trees presented hereafter represent the steps one to four of Figure 
5 (passenger transport). 

4.4.1 Passenger transport 
4.4.1.1 Passenger transport by mode 

The goal of this step illustrated in Figure 7 is to compute the passenger transport 
activity by transport mode (car, 2-wheel, bus, rail or plane).  

Aviation demand is handled separately of land transport for different reasons: 

● It is important to make the distinction between domestic, intra-EU and 
international aviation for various reasons: the technical solutions available 
depend on the flying range, and the legal framework makes it easier to take 
action for the decarbonisation of domestic and intra-EU aviation than for 
international aviation. 

● Modal shift from aviation to another mode is not as direct as modal shift 
between land transports, especially for long haul flights. 

The outputs of this calculation step are of two types: 

● Road passenger transport demand expressed in vkm: the main driver for 
road vehicle emissions are the vehicle-kilometres, which are determined as 
the km driven by road vehicles and can be reduced if the vehicle occupancy 
increases. 

● Rail and aviation transport demand expressed in pkm: for rail and aviation, 
it makes more sense to base our calculation on the passenger-kilometres 
for two reasons. First, the vehicle size is more variable and can be adapted 
based on the number of passengers that will travel. Second, public transport 
only works if the service offer and flexibility are sufficient. Diminishing the 
number of vehicles to have higher occupancy is therefore not always a 
consistent solution. 
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Figure 7 – Calculation tree to determine the passenger transport activity per mode 

Different inputs are required to compute passenger transport demand by mode: 

● Demography: the population input is provided by the lifestyle work package; 
● The land and aviation transport demand per capita; 
● The modal share (in land transport); 
● The occupancy of road vehicles; 
● The share of international aviation, and of intra-EU aviation: this is 

considered as a fix input, it is kept constant at the 2015 level. Those fixed 
inputs could be subject to a sensitivity analysis, to better reflect future 
evolutions8. 

The transport demand, modal share and occupancy levels are further discussed in 
Section 1. 

4.4.1.2 Fleet of new vehicles 

The goal of this step is to determine the technology share in new vehicle sales. 
This first step estimates the number of new vehicles needed each year, based on 
the renewal rate of existing vehicles9, and on the needs of new vehicles depending 
on transport demand. Then, the number of new vehicles needed is multiplied by 
the technology share in new vehicle sales, to obtain the yearly number of new 
vehicles for each technology.  

The output of this calculation step is the total number of new vehicles per 
technology (see Figure 8, developed for freight transport. The computation logic 
remains the same, but the modes change). 

 
8 Eurostat data 
9 It should be noted that the renewal rate is considered constant for the moment for 
LDV/2W/bus. It should normally be computed based on the average lifetime of the fleet at 
Y-1. This feature was not incorporated in the model yet as it considerably slowed down the 
model. 
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Figure 8 – Calculation tree to determine the characteristics of new vehicle sales fleet for passenger 

transport 

Different inputs are required: 

● The utilization rate of road vehicles; 
● The technology shares in new vehicle sales; 
● The average lifetime and number of vehicles in the existing fleet.  

The utilization rate and technology share are further discussed in Section 1. 

4.4.1.3 Total fleet of vehicles 

The goal of this calculation step is to update the characteristics of the existing 
vehicle fleet, taking into account the new vehicle sales. The average lifetime, 
average energy consumption of vehicles and the share of each technology in the 
vehicle fleet will be impacted by the new sales. Based on the total fleet 
characteristics, the energy consumption is computed by type of vehicle (see Figure 
9). 

The outputs are of two types: 

● The characteristics of the total vehicle fleet (average lifetime, average 
energy consumption and share per technology); 

● The total energy consumption per type of vehicle and per type of fuel.  
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Figure 9 – Calculation tree to determine the characteristics of total new vehicle fleet (existing fleet 

+ new sales) for passenger transport 

Different types of inputs are necessary to make those calculations: 

● Characteristics of the existing vehicle fleet: this is based on the previous 
year calculation results.  

● Characteristics of the new sales vehicles: lifetime and energy efficiency. This 
will be further discussed in Section 1. 

 

4.4.2 Freight transport 
The calculation trees presented in Figure 11 hereafter represent the steps one to 
four for the freight module. 

4.4.2.1 Freight transport by mode 

The goal of this step is to compute the freight transport activity per mode (HDV, 
train, ship, aircrafts).  

The outputs of this calculation step are of two types: 

● Road transport demand expressed in vkm: the main driver for road vehicle 
emissions are the vehicle-kilometres, which will be reduced if the load factor 
increases. 

● Maritime, IWW, rail and aviation transport demand expressed in tkm: for 
those modes, we have chosen to base our calculation on the ton-kilometres 
as the vehicle size is more variable and can be adapted based on the number 
of tons that will be transported.  
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Figure 11 – Calculation tree to determine the freight transport activity per mode 

Different inputs are required to compute freight transport demand by mode: 

 
● The freight transport demand; 
● The modal share; 
● The load factor of road vehicles; 
● The share of international aviation and maritime, and of intra-EU aviation 

and maritime: this is considered as a fix input, it is kept constant at the 
2015 level. 

4.4.2.2 Fleet of new vehicles 

The goal of this calculation step is to determine the technology share in new vehicle 
sales. This step first estimates the number of new vehicles needed each year, 
based on the renewal rate of existing vehicles10, and on the new needs of vehicles 
depending on transport demand. Then, the amount of new vehicle needed is 
multiplied by the technology share in new vehicle sales, to obtain the yearly 
number of new vehicles for each technology.  

The output of this calculation step is the total number of new vehicles per 
technology (see Figure 12). 

 
10 Same note as for passenger transport, considered constant for now for HDV, should be 
computed 
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Figure 12 – Calculation tree to determine the characteristics of new vehicle sales fleet for freight 

transport 

Different inputs are required: 

● The utilization rate of road vehicles; 
● The technology share in new vehicle sales; 
● The average lifetime and number of vehicles in the existing fleet: this data 

comes from the previous year calculation.  

4.4.2.3 Total fleet of vehicles 

The goal of this calculation step is to update the characteristics of the existing 
vehicle fleet, taking into account the characteristic of the new vehicle sales. The 
average lifetime, average energy consumption of vehicles and the share of each 
technology in the vehicle fleet will be impacted by the new sales. Based on the 
total fleet characteristics, the energy consumption is computed by type of vehicle 
(see Figure 13). 

The outputs are of two types: 

● The characteristics of the total vehicle fleet (average lifetime, average 
energy consumption & share per technology); 

● The total energy consumption per type of vehicle and per type of fuel. 
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Figure 13 – Calculation tree to determine the characteristics of total new vehicle fleet (existing fleet 

+ new sales) for freight transport 

Different types of inputs are necessary to make those calculations: 

● Characteristics of the existing vehicle fleet: this is based on the previous 
year calculation results; 

● Characteristics of the new sales vehicles. 

4.4.2.4 Emission intensity 

Finally, based on the energy consumption by type of fuel, on the “vector mix” 
(biofuel, conventional and e-fuel shares in diesel, gasoline, etc.) for each type of 
fuel and on the emission intensity per vector,  the total GHG emissions per 
technology and per vector is computed (see Figure 14). 
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Figure 14 – Calculation tree to determine the total emissions of freight transport 

Different types of inputs are necessary to make those calculations: emission 
factors and fuel mix.  

4.4.3 Infrastructures  
4.4.3.1 Scope 

We consider three different types of transport-related infrastructures: roads, rails 
and trolley cables. 

4.4.3.2 Calculation logic 

The need for infrastructures is driven by to factors: 

• The replacement/maintenance of existing infrastructure depending on its 
usage  

• The evolution of the transportation network with respect to the evolution of 
the transport demand and the modal split. 

The current focus (see calculation tree hereunder) is on the first factor, i.e. the 
maintenance and replacement of existing infrastructure. Indeed, the link between 
the evolution of the transport demand and the modal split on one side and the 
need for new infrastructures on the other side, is harder do establish, notably due 
to a lack of data. 
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4.4.4 Costs  
4.4.4.1 Ambition 
The table here after summarizes the ambition of the cost calculation for the transport module 

Theme Scope Ambition Progress 

Direct costs 
of energy 
system 

Vehicles CAPEX for new vehicles of all modes, differentiated by 
technology 

Yes Ongoing 

OPEX for existing vehicle fleet for all modes, depending on 
the activity of the fleet 

Infrastructures CAPEX for new infrastructures linked to new vehicle 
technologies: BEV charging stations for cars and trucks, FCEV 
charging stations for cars and trucks, e-highways 

CAPEX for the extension of existing transport infrastructures:  
- extension of rail network, extension of road network (?), 

airport extensions (?), extension of IWW network (?), etc. 
- Parkings, cycle paths, walking paths, other? 

OPEX for existing infrastructures (same types as above) 

Fuel 
consumption 

Fuel costs for all vehicle fuel consumption yes, 
through 
supply 
module 

Ongoing 

New transport 
trends 

Developments of car sharing platforms?  No  

Automation of vehicles? No  
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Other? No  

Indirect 
societal costs 

 Costs of congestions? No  

4.4.4.2 Calculation logic 

The cost calculation is based on 4 main inputs: 

- the average EU unit cost: this is the average cost per unit of activity at EU 
level (e.g. CAPEX cost per new car, OPEX cost per vkm, etc.) 

- the price level index for EU28+1 countries: this indicator measures the 
average cost level difference between one EU28+1 country and the EU 
average. By using this index, we are able to compute differentiated unit 
costs for each country. 

- the inflation rate compared to 2015: by using this information, we remove 
the inflation influence on the costs which makes it easier to compare costs 
of different years. 

- the cost of capital: this factor allows us to include an estimation of the cost 
of capital for investments.  

 
Each unit cost is multiplied by an activity level computed in the model (e.g. the 
unit CAPEX estimation for new vehicles is multiplied by the new vehicle needs, the 
OPEX estimation for LDVs is multiplied by the total vkm travelled by LDVs, etc.).  

4.5  Calibration 
The calibration process is introduced in the cross sectoral model documentation. 

4.5.1 Sources 
In the transport module, we currently calibrate three types of variables: 

1. Activity: passenger-kilometers (pkm) /ton-kilometers (tkm) per mode for  
passenger/freight transport 

The source for activity calibration is the PRIMES 2016 reference scenario for EU28 
[E3M, 2016]. The categories calibrated are the following 

● Heavy Duty Vehicles (tkm) 
● Internal Waterways (tkm) 
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● Rail freight (tkm) 
● Aviation (pkm) 
● Rail passenger (pkm) 
● Road private vehicles (pkm) = 2W+LDV 
● Road public transport (pkm) = bus 

 

2. Energy consumption (TWh) per mode 

The source for energy calibration is the Energy Balance [EUROSTAT, 2017]. The 
categories calibrated are the following 

● Domestic aviation (freight +passenger) 
● International aviation (freight + passenger) 
● Rail (freight + passenger) 
● Road (freight + passenger) 

 

Sources [E3M, 2016] and [EUROSTAT, 2017] are chosen together for activity and 
energy calibration respectively as they have the same scope. Therefore their 
activity and energy data are consistent with each other. 

 

3. Total GHG emissions (GtCO2e) for freight and passenger transport as a 
whole. 

The source for GHG emissions calibration is the GHG data from the UNFCCC for 
the transport sector as a whole. 

It has to be noted that the sources used for activity and energy calibration do not 
contain data for Switzerland, which means there is no calibration on these 
dimensions for Switzerland. 

4.5.2 Module improvement through calibration 
 

Calibration allows to flag incorrect data or hypotheses in the model and to change 
them in order to improve the quality of the model. 

The calibration process for the transport module highlighted two limitations. 

First, the energy consumption for rail transport did not match the reference data 
from the Energy Balances. This was due to the fact that electric and diesel train 
were considered to have the same energy efficiency. By considering different 
energy efficiency figures for electric and diesel trains, we could achieve a 
satisfactory average calibration rate of 89% for rail energy consumption at 
EU28+CH level. 

Then, the energy consumption of HDV freight transport did not match reference 
data either. This was caused by the fact that we initially only considered heavy 
trucks. Hence, all trucks were considered to have the energy efficiency of heavy 
trucks irrespective of their size, which tended to underestimate the energy 
consumption of HDV freight. 
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We now differentiate three types of trucks (light, medium and heavy) all along the 
modelling process which allows to consider appropriate energy efficiency 
depending on the truck size. This allows to obtain a satisfactory average calibration 
rate of 89% for HDV energy consumption at EU28+CH level. 

4.5.3 Current calibration rates 
We present in the following table the calibration rates obtained with the current 
version of the model. 

 
Dimension Mean 
activity: HDV 106% 
activity: IWW 96% 
activity: aviation 148% 
activity: rail-freight 109% 
activity: rail-passenger 98% 
activity: road-private 102% 
activity: road-public 105% 
emissions: total 91% 
energy: aviation-domestic 513% 
energy: aviation-international 117% 
energy: rail 89% 
energy: road 113% 
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5 Description of levers and ambition 
levels 

5.1 Lever list and description 
The International Council on Clean Transportation11 proposes the Avoid-Shift-
Improve approach as a bottom-up approach to calculate energy consumption and 
GHG emissions in transport. It is illustrated in Figure 1:  

 
Figure 15 Simplified Emission calculation method (ICCT, 2012) 

The Avoid/reduce-Shift-Improve approach12 illustrates the main factors of 
influence to reduce transport energy demand and GHG emissions (see Figure 2):  

● Avoid vehicle activity and further reduce the number of vehicles needed 
by: 

o reducing transport demand 
o increasing vehicle occupancy/load factor 
o increasing the utilization rate of vehicles 
o increasing the mileage lifetime of vehicles 

● Shift to more efficient/environmentally friendly modes (e.g. active modes 
or public transport) 

● Improve efficiency of transport by: 

 
11 The International Council on Clean Transportation (2012). Global Transportation 
Roadmap – Model Documentation and User Guide 
 
12 GIZ (2015). Transport NAMA handbook 
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o making more efficient new vehicles 
o shifting to more efficient fuels and technologies. 

 
Figure 2 – Avoid – Shift – Improve applied to the transport sector 

Each factor of influence mentioned here above is influenced by a multitude of 
external factors. Table 1 provides some examples. 

Table 1 – Categories of factors influencing the transport energy consumption and emissions 

 

  Factor of 
influence 

Examples of external drivers (non-exhaustive) 

A
v
o
i
d
/
R
e
d
u
c
e 

1. Transport 
demand 
 

● Social drivers: demography (population, age structure of 
population, etc.), societal trends (e.g. generalisation of 
teleworking), behaviour & awareness, etc. 

● Technological drivers: development of faster, more comfortable 
transports, autonomous vehicles, etc. 

● Economical drivers: fuel prices, GDP/capita, degree of globalization 
of the economy/industry (for freight), etc.  

● Political drivers: urban planning, etc. 
2.  Occupancy 

/load factor 
and 
utilization 
rates 
 

● Social drivers: societal trends (e.g. carpooling, car-sharing), 
behaviour changes, etc. 

● Economical drivers: fuel prices (could increase operational costs of 
fret hauls for example), GDP/capita, etc.  

● Political drivers: subsidies and other accompanying measures 
stimulating freight logistics efficiency 

3. Lifetime of 
vehicles 

● Technological drivers: availability of long-lasting vehicles  
● Economical drivers: Investment in R&D, material & vehicle prices, 

etc. 
● Political drivers: subsidies and other accompanying measures 

encouraging sustainable vehicles 
S
h
i
f
t 

4. Modal shift  
 

● Social drivers: demography (age structure of population, etc.), 
behaviour & awareness, etc. 

● Economical drivers: fuel prices, public transport prices, etc. 
● Political drivers: Public infrastructures availability, efficiency of 

public transport, etc. 
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I
m
p
r
o
v
e 

5. Evolution of 
vehicle 
efficiency 
 

● Technological drivers: availability of efficient vehicles on the 
market, etc. 

● Economical drivers: Investment in R&D,  
● Political drivers: subsidies and other accompanying measures 

stimulating energy efficient vehicles 
6. Changes in 

technology 
and energy 
vectors 
 

● Technological drivers: Maturity of new technologies, availability of 
alternative fuels,  

● Economical drivers: Costs of new technologies, etc. 
● Political drivers: Availability of adapted infrastructures, etc. 

5.1.1 Passenger transport 
To reduce the end user complexity, the team identified a combination of levers 
which can be aggregated in the three groups (avoid/reduce, shift and improve). 

Table 2 summarizes the proposed levers for passenger transport. 
Table 2 – List of levers for passenger transport module 

 Lever Short description 

1. Transport demand 

[pkm/capita] 

The transport demand is expressed as passenger km/capita per 
year and is broken down into land passenger demand and aviation 
demand. 

2.  Occupancy 

[passenger/vehicle] 

Occupancy is expressed as number of passengers per vehicle and 
has only an impact on road vehicles. 

3. Utilization rates 

[km/vehicle/year] 

The utilization rate is the number of kilometres travelled by a 
vehicle yearly.  

4. Lifetime of vehicles 

[total km/vehicle] 

The lifetime of vehicles is expressed in total kilometres that can be 
travelled by a vehicle before being discarded. It will be translated 
in years depending on the utilization rate.  

5. Modal share 

[%/mode] 

The modal share lever describes how passengers are travelling: by 
car, bus, train, etc.  

6. Vehicle efficiency 

[MJ/km] or [MJ/pkm] 

This lever describes how the efficiency of new vehicles evolves. 
The vehicle efficiency is expressed in MJ/km for road vehicles and 
in MJ/pkm for rail and aviation.  

7. Low Emission 
Technology development 

[% of new 
vehicles/technology] 

This lever described the level of adoption of low emission 
technologies.  

8. Fuel mix 

[%/fuel type] 

This lever described the fuel mix, taking into account biofuels and 
e-fuels (electricity is linked to the technology lever).  
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5.1.2 Freight transport 
Table 3 summarizes the proposed levers for freight transport. 

Table 3 – List of levers for freight module 

 Lever Brief description 

1. Transport demand 

[tkm] 

The transport demand is expressed as tkm. In this module, 
aviation, land transport and shipping are considered together.  

2.  Load factor 

[ton/vehicle] 

Load factor is expressed as tons per vehicle, and only has an 
impact on road vehicles.  

3. Utilization rates 

[km/vehicle/year] 

The utilization rate is the number of kilometres travelled by a 
vehicle yearly.  

4. Lifetime of vehicles 

[total km/vehicle] 

The lifetime of vehicles is expressed in total kilometres that can be 
travelled by a vehicle before being discarded. It will be traduced in 
years depending on the utilization rate. 

5. Modal share 

[%/mode] 

The modal share lever describes how goods are transported: by 
truck, train, boat or aircraft.  

6. Vehicle efficiency 

[MJ/km] or [MJ/pkm] 

This lever describes how the efficiency of new vehicles evolves. 
The vehicle efficiency is expressed in MJ/km for road vehicles and 
in MJ/tkm for rail, boat and aviation.  

7. Low Emission 
Technology development 

[% of new 
vehicles/technology] 

This lever described the level of adoption of low emission 
technologies.  

8. Fuel mix 

[%/fuel type] 

This lever described the fuel mix, taking into account biofuels and 
e-fuels (electricity is linked to the technology lever).  

5.2  Definition of ambition levels (move to overall 
documentation?) 

5.2.1 1, 2, 3, 4 
The Table here under describes the 4 ambition levels used for the transport 
module. 

Level 1 

This level contains projections that are 
aligned and coherent with the observed 
trends 

 

Level 2 

This level is an intermediate scenario, 
more ambitious than business as usual 
but not reaching the full potential of 
available solutions. 
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Level 3 

This level is considered very ambitious 
but realistic, given the current 
technology evolutions and the best 
practices observed in some 
geographical areas. 

 

 

Level 4 

This level is considered as 
transformational and requires large 
additional efforts such as strong 
changes in the way society is 
organized, a very fast market uptake of 
deep measures, an extended 
deployment of infrastructures, major 
technological advances and 
breakthroughs (but without relying on 
new fundamental research) , etc. 

 

5.2.2 Disaggregation methodology per Member State 
Based on the EU-wide levels of ambition, we use the Science-based target 
concepts [Science Based Target, 2015] to disaggregate ambition levels at the 
country level. 

The Science-based target uses two concepts to describe the targets evolution: the 
convergence and the compression concepts (see Figure 3 and Figure 4). 

 
Convergence concept [Science Based 

Target, 2015] 

Convergence: 

● The absolute 2050 ambition is 
the same for all countries (e.g. x 
kwh electricity/km for small 
electric vehicles) in 2050. 

 

● This results in some countries 
having to do greater efforts than 
others, depending on their 2015 
situation. 

The convergence is better suited when country-specific parameters have little to 
no influence on the long-term evolution of the lever value. This is usually 
accepted for technological levers such as energy efficiency of a given technology 
for example. 
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Compression concept [Science Based 

Target, 2015] 

Compression: 

● The relative 2050 ambition is the 
same for all countries (e.g. -30% 
passenger.km/year by 2050 vs 
2015 in each country) 

 

● This results in all countries 
having to do the same relative 
efforts based on their 2015 
situation 

The compression is better suited when local or country-specific parameters have 
an important influence on the long-term evolution of the lever value. This could 
be the case for transport demand, for example, for which urbanization rate, 
population density or local topography have an influence. 

We mostly use a hybrid calculation based on a weighted average of convergence 
and compression results.  

Generally, and if no literature source is found to justify another logic, we will use 
the following logic: 

- High convergence for parameters that are highly influenced by economic 
factors (e.g. car ownership and car modal share): indeed, economic 
convergence between countries is not only an ethical objective of EU 
[European Parliament, 2018], but is also practically observed [Butkus et al., 
2018]. 

 
Evolution of EU disparities between 1995 and 2014 [Butkus et al., 2018] 

- High compression for parameters that are mostly influenced by local 
parameters such as geographical parameters, regional territory planning, 
etc. (e.g. public transport networks). 
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The weights of the hybrid calculation that are used are specified for each lever in 
the following sections. 

Sources: 

[Butkus et al., 2018] Butkus, M., Cibulskiene, D., Maciulyte-Sniukiene, A., & 
Matuzeviciute, K. (2018). What Is the Evolution of Convergence in the EU? 
Decomposing EU Disparities up to NUTS 3 Level. Sustainability, 10(5), 1552. 

[European Parliament, 2018] M.Dolls, C.Fuest, C.Krolage, F.Neumeier, D.Stöhlker 
(2018). Convergence in EMU: What and How?. Available at: 
http://www.europarl.europa.eu/RegData/etudes/IDAN/2018/614502/IPOL_IDA(2
018)614502_EN.pdf  

[Science Based Target, 2015] CDP, UN Global Compact, WRI, WWF (2015). 
Science Based Target – How businesses are aligning their goals with climate 
science. 

5.2.3 Curve shapes 
It has been observed that uptake of new technologies is usually not linear but has 
a “s-shaped” trajectory (see figure below): the new technology starts slowly by 
reaching the innovators and early adopters who are a minority, then it accelerates 
and reaches the majority and finally it re-decelerate and reaches the laggards 
[Roger, 1995], [Felton, 2008]. 

 
For this reason, we have decided to implement different types of ambition levels 
curve shapes, in order to be as realistic as possible.  

The ambition levels trajectories between the base year (2015) and 2050 will 
depend on different parameters:  

- Starting time: when will the new trend or new technology start to spread? 
- Duration: how long will it take to reach its maximum potential? 
- Final ambition: what is the maximum potential we expect? 
- Shape of uptake: will it evolve smoothly, or is it most likely to start slowly 

and accelerate after this starting phase? 
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In order to reflects the variety of situations, the different levers can take different 
types of shapes: linear evolution (L-curve), S-shaped evolution (s-curve), or half-
S-shaped curve (HS-curve) in case the trend is already considered to be in its 
acceleration phase. If none of those curves are adapted, each lever can also be 
implemented with a custom curve.  

For the transport module, all levers are implemented with those 3 curve shapes. 

 

   

L-curve                      S-curve                  HS-curve                  

S-curve will usually be used for the diffusion of new technologies, and other types 
of curves will be used when necessary, based on expert judgment. 

Sources: 

[Felton 2008] Felton, N. (2008). Consumption spreads faster today. New York 
Times, 10. 

[Roger, 1995] Rogers, E. M. (1995). Diffusion of Innovation. 4th. New York: The 
Free. 

5.3  Lever specification  
5.3.1 Passenger transport demand 
The passenger transport demand given by the lifestyle module to the transport 
module. The explanation of this lever therefore appears in the lifestyle content 
document (WP1-Lifestyle module documentation) The lifestyle module determines 
the demand for products and services in the EUcalculator (e.g., passenger distance 
traveled). The outputs of the module are then used by subsequent modules as 
inputs through a variety of interfaces. The lifestyle module provides the transport 
module with demand for urban, non-urban and non-shiftable travel. In addition, 
also total population by country is passed on to the transport sector. 

 

5.3.2 Passenger modal share 
5.3.2.1 Lever description 

The modal share lever sets the share of each passenger transport mode into the 
passenger demand. Based on this lever, and on the total passenger travel demand, 
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the model is able to compute the total number of passenger-kilometers travelled 
with each transportation mode. 

In this model, we apply different modal shares on different types of travels:  

- a urban modal share is applied on urban distances. Urban distances typically 
allow more active transportation and more shared transportation like buses 
and metro/tram. 

- a non-urban modal share is applied on non-urban distances. 
- and the non-shiftable distances are considered to be 100% handled by 

aviation. 

5.3.2.2 Rationale for lever and level choices 

As explained in [G.Santos&T.vonBrunn, 2011] and in [J.Flode, et al., 2010], a 
large variety of factors influence modal share, such as: 

·         Cost of the different modes of transport; 

·         Car ownership; 

·         Transport time; 

·         Parking space limitations and parking charges; 

·         Public transport availability, reliability, frequency, etc.; 

·         Integrated ticketing. 

The modal share is an input of the model, and the interactions with those 
influencing factors are therefore not modelled. It is however useful to have those 
influencing factors in mind, as they can be the object of some specific policies to 
reach a given modal share. 

Current situation 

In practice, in 2015, the car is the main mode of transport in all European 
countries, reaching 64% of modal share in Hungary, 88% in Lithuania and 78% in 
average in EU countries. Bus and rail reach 9% of the modal share each in average 
in EU. 
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Modal shares in EU by country in 2015. Data sources: Eurostat, EU-pocketbook 

2017 and TRACCS 

We observe some significant differences in some countries: 

- the motorized 2-wheels modal share is significantly higher than in other 
countries in Greece, Spain, Croatia, Italy, etc. 

- Cyprus and Malta don’t have rail networks and therefore, rail modal share 
is 0% in 2015. 

Various scenarios for 2050 

Different scenarios are available in the literature about the modal share in 2050. 
The graphs here below give examples of modal share scenarios for the World, 
Europe and France. Those graphs don’t cover the same scope (e.g. some include 
active modes, shared mobility or more granular data) but give some interesting 
views on the possible futures. 

 
Modal share scenarios for the World for 2030 and 2050 [ITDP, UC Davis, 2017] 
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The 2 Revolutions (2R) scenario  includes both a rapid increase in electric (non-
autonomous) vehicles and, later, autonomous EVs. The 3 Revolutions (3R) 
scenario adds a major shift in mobility patterns (maximizing the use of shared 
vehicle trips) and overlays shared mobility and strong policies for urban planning 
that favour compact cities, walking, cycling, and public transport [ITDP, UC 
Davis, 2017]. 

 
Modal share scenarios for the Europe between 2015 and 2050 [Ricardo, 2016] 

 
This scenario is close to a BAU scenario at the EU level. The modal share evolves 
slowly between 79.2% of cars in 2015, to 78.4% in 2050. 

 
Modal share scenarios for France for 2050 [V.Kaufmann&E.Ravalet, 2016] 

 
Finally, [V.Kaufmann&E.Ravalet, 2016] shows contrasted future scenarios for 
France. The proximobility scenario is an ambitious scenario “based on the 
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hypothesis of a deceleration of lifestyles, resulting in a decrease in the intensity 
of travel in traffic volumes associated with a modal shift from single-occupancy 
car use towards alternative modes thanks to high-quality, integrated offerings 
allowing for lifestyles with very moderate car use” [V.Kaufmann & E.Ravalet, 
2016]. In this scenario, the car modal share goes from 74.4% in 2013 to 47% in 
2050. This is compensated by active modes and by public transport modes.  
 
Disaggregation methodology rationale 

[Maltha et al., 2017] shows that the two main factors influencing car ownership in 
the Netherlands are the household income and size. While the household was the 
most important influencing factor in 1987, the household size has become slightly 
more important in 2014.  

In this work, we make the assumption that the most important factors influencing 
car modal share are the same as for car ownership: household size and income.  

As explained in the disaggregation methodology section, we consider an economic 
convergence between countries in EU.  

As for the household size, it is globally decreasing in EU, but no evidence of 
convergence is found based on Eurostat values [Eurostat, lfst_hhantych, 2018]. 
 
Feedback from the stakeholder consultations 
 
During the stakeholder consultation, we have received different types of 
feedbacks about the modal share: 
● the ambition level for the buses modal share could go up to ~60%, in 

particular for high-density urban areas; 
● active transport could be included in the modal share; 
● aviation should be included in the modal share, to allow for modal shift 

from aviation to high speed trains for example; 
● there should be a differentiation between urban, non-urban and long-haul 

travelling. 

Based on those comments, we have decided to make the following changes: 

• We included active modes (walk and bike) in the model (calculation 
rationale), but still need to gather data for these modes 

• As explained below, we included the distinction between urban, non-urban 
and non-shiftable transportation but also still need to gather data for this 

5.3.2.3 Ambition levels & disaggregation method 

In the current model, the distinction between urban, non-urban and non-shiftable 
is already implemented. However, the corresponding data for all EU28 countries 
still needs to be gathered. Hence, the figures hereunder represent the modal share 
figures for the whole passenger transport sector irrespective of the urban/non-
urban/non-shiftable character of transport. The next version of this document will 
include a description of these data 
EU-Levels 
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The level 1 for modal share level is aligned on the EU reference scenario [E3M-
Lab, 2016]. Level 4 is based on the proximobility scenario of 
[V.Kaufmann&E.Ravalet, 2016] for France. Levels 2 & 3 are intermediate 
scenarios. 

 
Name / Unit 2015 1 2 3 4 

Car modal share (%) 78 75.1 68.2 61.3 54.4 

2W modal share (%) 4 4.3 3.6 3.0 2.3 

Bus modal share (%) 9 8.5 11.4 14.4 17.3 

Metro & tram modal share (%) 1.7 2.2 4.0 5.7 7.5 

Train modal share (%) 7.3 9.9 12.8 15.6 18.5 

 

 

EU modal share ambition levels by 2050 compared to 2015 

Disaggregation by country 

For this lever, the same logic is applied for all countries. 
 
For the car and 2W, we assume a 90% convergence by 2050 for all countries. 
This assumes a lifestyle harmonization across EU countries.  
For public transport modes, we apply a different rational. Indeed, public 
transport needs some specific infrastructure developments, which are at very 
different development stages in different countries (e.g. no rail network in CY, 
MT). Therefore, we don’t assume convergence for rail, but we assume the same 
breakdown as historically between rail modes (train, metro, tram) and road 
modes (buses). 
 

Name / Unit Disaggregation method Exceptions/outlyer
s 
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Car & 2W 90% convergence;  
10% compression 

none 

Bus, Metro & tram, Train Same breakdown 
between bus, metro/tram 
and train than in 2015 

none 

5.3.2.4 Source references 

[Eurostat, lfst_hhantych, 2018] Statistical Office of the European Communities 
(2018). EUROSTAT: Regional Statistics. Average number of persons per household 
by household composition, number of children and age of youngest child 
[lfst_hhantych] 

[E3M-Lab, 2016] P.Capros, et al. (2016) EU Reference Scenario 2016 – Energy, 
transport and GHG emissions Trends to 2050. European Commission 

[G.Santos&T.vonBrunn, 2011] Santos, Georgina; von Brunn, Thomas (2011): 
Factors influencing modal split of commuting journeys in 34 medium-sized 
European cities, 51st Congress of the European Regional Science Association: 
"New Challenges for European Regions and Urban Areas in a Globalised World", 30 
August - 3 September 2011, Barcelona, Spain 

[ITDP, UC Davis, 2017] Fulton, L., Mason, J., & Meroux, D. (2017). Three 
revolutions in urban transportation: How to achieve the full potential of vehicle 
electrification, automation, and shared mobility in urban transportation systems 
around the world by 2050 (No. STEPS-2050). 

[J.Flode, et al., 2010] Floden, J., Barthel, F., &Sorkina, E. (2010). Factors 
influencing transport buyer’s choice of transport service: A European literature 
review. In 12th World Conference on Transport Research Society, Lisbon, Portugal. 

[Maltha et al., 2017] Y.Maltha, M.Kroesen, B.Van Wee, & E.van Daalen (2017). 
Changing Influence of Factors Explaining Household Car Ownership Levels in the 
Netherlands. Transportation Research Record: Journal of the Transportation 
Research Board, (2666), 103-111. 

[Ricardo, 2016] Ricardo Energy & Environment (2016). SULTAN modelling to 
explore the wider potential impacts of transport GHG reduction policies in 2030. 

[V.Kaufmann&E.Ravalet, 2016] V.Kaufmann, E.Ravalet (2016). From weak signals 
to mobility scenarios: a prospective study of France in 2050. Transportation 
Research Procedia 19. 

5.3.3 Passenger vehicle occupancy 
5.3.3.1 Lever description 

The passenger vehicle occupancy lever sets the average number of persons in a 
vehicle. Based on this lever, the model is able to translate passenger-kilometers 
into vehicle-kilometers. For the same travel demand, expressed in passenger-
kilometers, and all other parameters being constant (size of vehicles, technology, 
energy efficiency, etc.), a higher occupancy rate will therefore be translated to a 
lower vehicle distance, expressed in vehicle-kilometer, which will in turn generate 
a lower energy demand and lower GHG emissions. 
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In this model, we use the occupancy lever for the following three modes: cars, 2-
wheelers, busses. For the other passenger transportation modes, by means of 
simplification, we do not use a specific occupancy and compute the energy use 
and emissions directly based on the passenger-kilometers. 

5.3.3.2 Rationale for lever and level choices 

A large panel of factors influence vehicle occupancy. For cars, we can cite the 
following examples [N.Levine & M.Wachs, 1996]: 

·    Day of week and time of day; 

·    Geographic area; 

·    Traffic density in the area; 

·    Trip purpose (work related, education, social/recreational, etc.); 

·    Trip distance. 

The vehicle occupancy is an assumption feeding the model, and the interactions 
with those influencing factors are not modelled. It is however useful to keep those 
factors in mind, as they can be the object of some specific policies to reach a given 
occupancy. The links between specific policies and the levers of our model should 
be developed in a later report. 

Current situation 

In 2015, average occupancy levels of transport the EU28 + Switzerland were as 
follows: 1.6 person/vehicle for cars; 1,1 person/vehicle for 2W and an average bus 
occupancy of 18.8 person/vehicle. These average hides different realities in the 
individual countries (sources: historical database, see D2.1) 

·    Car occupancy level varies from 1,03 person/car in Czech Republic to 2.1 
person/car in Poland; 

·    2W occupancy level varies from 1 person/vehicle in Finland to 1.4 
person/vehicle in Lithuania; 

·    Bus occupancy level varies from 6.8 person/vehicle in Poland to 35,1 
person/vehicle in Belgium, Luxemburg, Netherlands and Malta. 
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Occupancy in EU by country in 2015. Extrapolation based on TRACCS data 

 
Occupancy in EU by country in 2015. Extrapolation based on TRACCS data 

 

Various scenarios for 2050 

Different scenarios are available in the literature about vehicle occupancy by 2050. 
For cars, the development of car-sharing platforms and services are key to reach 
high occupancy.  



  

52 
 

[L.Fulton et al., 2017] estimates that car occupancy could reach around 1.7 
person/vehicle for shared vehicles by 2050 in the US. 

 

 
Average vehicle occupancy in US for private and shared vehicles, [L.Fulton et al., 
2017] 

In the 2013 zero-carbon Britain scenario [Zero Carbon Britain, 2013], the average 
occupancy of cars is supposed to increase from 1.6 person/vehicle to 2 
person/vehicle.  

And [TRANSvisions, 2009] estimates that car occupancy could reach up to 2.1 
person/vehicle for urban trips and 2.5 person/vehicle for interurban trips by 2050. 

Such changes in car occupancy are not trivial. As an example, an average 
occupancy of 1.6 person/vehicle could be reached with 55% of single-, 30% of 
double- and 15% of triple-passenger trips. To reach 2 person/vehicle could mean, 
for example, a switch to 35% of single-, 30% of double- and 35% of tripe-
passenger trips. And to reach a occupancy of 2.6 person/vehicle could mean, for 
example, 10% of single, 20% of double and 70% od tripe-passenger trips. This 
represents a massive lifestyle and societal organization change. 

Disaggregation methodology rational 
 
Car occupancy level is mainly cultural and behavioural and can change 
significantly with the development of new transport trends such as “transport as 
a service”, carpooling, autonomous vehicles and adapted incentive systems. This 
is particularly true for urban trips. Norms can also play a role, for instance by 
giving priorities on highways to car-pooled vehicles. 
 
For buses, the large variations between countries in the 2015 occupancy data 
probably reveals that the difference is not only cultural but also strongly depends 
on other factors, such as the population density of a region, territory 
development, urbanization, bus sizes, etc. We have therefore assumed a lighter 
convergence between countries for this mode of transport. 
 
Feedback from the stakeholder consultations 
 
During the stakeholder consultation, we have received one main feedback about 
the occupancy lever: the logic behind the definition of the passenger occupancy 
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lever is not clear and should be further explained and detailed. 
To further clarify the different levers, and the modelling hypothesis, we have 
restructured the report structure compared to the first version. The goal of this 
report is to give all the necessary information to the users and experts that will 
use the model. 

5.3.3.3 Ambition levels & disaggregation method 

EU-Levels 

For level 1, we consider a status quo compared to the 2015 occupancy levels for 
cars, 2Ws and buses, most probably in line with [E3M-Lab, 2016]. Level 2 is 
aligned with [Zero Carbon Britain, 2013], with a 2 person/vehicle occupancy. 
Levels 3 and 4 are coherent with the most optimistic scenarios of [TRANSvisions, 
2009]. 

Name / Unit 2015 1 2 3 4 

Car occupancy 1.6 1.6 2 2.3 2.6 

2W occupancy 1.1 1.1 1.2 1.25 1.3 

Bus occupancy 18.8 18.8 21.6 24.4 27.2 

 

Disaggregation by country 

As explained here above, we choose a strong convergence between countries for 
car and 2W occupancy, and a low convergence for buses. 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Car occupancy 90% convergence;  
10% compression 

none 

2W occupancy 90% convergence;  
10% compression 

none 

Bus occupancy 40% convergence;  
60% compression 

none 

5.3.3.4 Source references 

[E3M-Lab, 2016] P.Capros, et al. (2016) EU Reference Scenario 2016 – Energy, 
transport and GHG emissions Trends to 2050. European Commission 

[L.Fulton et al., 2017] L.Fultan, J.Mason, D.Meroux (2017). Three Revolutions in 
Urban Transportation – How to achieve the full potential of vehicle electrification, 
automation and shared mobility in urban transportation systems around the world 
by 2050.UCDavis, ITDP 

[N.Levine&M.Wachs, 1996] N.Levine, M.Wachs (1996).Factors affecting Vehicle 
Occupancy Measurement. The University of California Transportation Center 

[TRANSvisions, 2009] Tertaplan, Mcrit, ISIS and Leeds University (2009). How 
Europe will look like in 2050? – 100 main finding. Available online: 
http://81.47.175.201/transvisions/100main.html  
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[V.Duscha&L.Donat, 2017] V.Duscha, L.Donat (2017). Analysis of selected climate 
protection scenarios for European countries. 

[Zero Carbon Britain, 2013] P.Allen, L.Blake, P.Harper, A.Hooker-Stroud, P.James, 
& T.Kellner (2013). Zero carbon Britain: rethinking the future. Powys, UK: Centre 
for Alternative Technology. Available online: 
http://www.zerocarbonbritain.org/images/pdfs/ZCBrtflo-res.pdf  

5.3.4 Passenger vehicle utilization rate 
5.3.4.1 Lever description 

The passenger vehicle utilization rate lever sets the average number of kilometers 
travelled by a vehicle every year. Based on this lever, the model is able to translate 
vehicle-kilometers into a number of vehicles. For the same vehicle distance, 
expressed in vehicle-kilometers, and the same lifetime, expressed in kilometers, 
a higher utilization rate will therefore be translated to a lower number of vehicles, 
which will in turn generate a lower demand for new vehicles and a lower material 
demand. 

In this model, we use the utilization rate lever for the following three modes: cars, 
2-wheelers, buses. For the other passenger transportation modes, we do not use 
a specific utilization rate and compute the number of vehicles and new vehicles 
based only on a lifetime expressed in years. There are different reasons for this 
choice: first, utilization rate is expected to be a strong driver for cars and 2-
wheelers with the deployment of car sharing services and automation, but its is 
not expected to increase as much for other modes. Second, lifetime distance data 
is available for cars, 2-wheelers and buses, but is not easily available for the other 
modes.  

5.3.4.2 Rationale for lever and level choices 

For a given transport demand, modal share and vehicle occupancy, the utilization 
rate can be increased by the transition from individual cars to car sharing models. 
Various factors influence the adoption of car sharing in the population, such as 
[Lerro, 2015]: 

- localization/proximity of shared vehicles,  
- vehicle availability,  
- reservation system,  
- costs of the services, and savings compared to owned vehicle,  
- etc. 

The vehicle utilization rate is an input of the model, and the interactions with those 
influencing factors are not modelled. It is however useful to keep those factors in 
mind, as they can be the object of some specific policies to reach a given utilization 
rate. The links between specific policies and the levers of our model should be 
developed in a later report. 

Current situation 

In 2015, the EU28 + Switzerland area had an average car utilization rate of 12 
600 vkm/vehicle/year, an average 2W utilization of 4 300 vkm/vehicle/year and 
an average bus utilization of 53 000 vkm/vehicle/year. These average hides 
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different realities in the individual countries (sources: historical database, see 
D2.1): 

● Car utilization rate varies from 4 122 vkm/veh in Lithuania to 59 000 
vkm/veh in Luxemburg; 

● 2W utilization rate varies from 1 029 vkm/veh in Romania to 16 500 
vkm/veh in Ireland; 

● Bus utilization rate varies from 10 000 vkm/veh in Malta to 170 000 
vkm/veh in Luxemburg. 

 

 
Various scenarios for 2050 

Two scenarios for 2050 are considered. 

A first scenario considers an EU-wide total change of a bit over +400% in utilization 
rate for cars, which is a bit lower than the expected increase of utilization for 
shared cars [Element Energy Ltd, 2016].  

[RethinkX,2017] disruption scenario expects a strong EU-wide change of car 
utilization rate of +900% reaching 125 700 vkm/vehicle in average by 2050. 

This strong change in utilization rate can be explained by different factors : the 
deployment and generalization of car sharing platforms and the deployment of 
automation which could also ease car sharing. 

Disaggregation methodology rationale 

We assume that the most important driver of utilization rate is the development 
of new trends such as car sharing, “transport as a service”, etc. However, local 
factors such as urbanization rate and population density are key for the 
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deployment of such services. Hence, the projections for this lever include 
convergence as well as compression. 

Feedback from the stakeholder consultations 

No specific feedback was given regarding the utilization rate 

5.3.4.3 Ambition levels & disaggregation method 

EU-Levels 

 

Name 2015 
[vkm/veh] 

1 

[% wrt 2015] 

2 

[% wrt 2015] 

3 

[% wrt 2015] 

4 

[% wrt 2015] 

Car utilization rate 12 600 +0% +100% +400% +900% 

2W utilization rate 4 300 +0% +5% +10% +15% 

Bus utilization rate 53 000 +0% +15% +30% +45% 

 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Car utilization rate 90% convergence;  
10% compression 

/ 

2W utilization rate 90% convergence;  
10% compression 

/ 

Bus utilization rate 90% convergence;  
10% compression 

/ 

5.3.4.4 Source references 

[Lerro, 2015] G.Perboli, D.L.Gobbato & F.Lerro (2015). Car-sharing Services: 
Users’ Behavior and Factors of Adoption.  

[Element Energy Ltd, 2016] A.Stewart (2016).ECF Germand Economic Analysis – 
Autonomous vehicles and cars hub. Element Energy Ltd. 

[RethinkX, 2017] J.Arbib, T.Seba (2017).Rethinking Transportation 2020-2030 – 
The disruption of Transportation and the Collapse of the Internal-Combustion 
Vehicle and Oil Industries. 

 

5.3.5 Passenger vehicle technology mix 
5.3.5.1 Lever description 

The passenger vehicle technology mix lever sets the technology mix (e.g. ICE, 
BEV, PHEV, FCEV, etc.) in the new vehicle sales for cars, buses, 2W, rail and 
airplanes. Based on this lever, and on the historical fleet data, the model is able 
to compute the share of each technology in the total vehicle fleet and then to 
compute the vehicle-kilometers by mode into vehicle-kilometers by mode and by 
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technology. For the same vehicle distance, expressed in vehicle-kilometers, a 
higher technology share will therefore be translated to a higher number of vehicle-
kilometers travelled by low-emissions technologies (e.g. BEV, FCEV, etc.). 

5.3.5.2 Rationale for lever and level choices 

Current situation 

The Table 14 hereafter gives the share of existing fleet and of new car and buses 
sales by technology for the EU28 + Switzerland area, for 2015. It also shows the 
share of existing fleet by technology for cars, buses, trains and aircrafts (sources: 
historical database, see D2.1). 

Type of 
vehicle 

% of 
total 
fleet 

% of 
new 
sales 

  
Type of 
vehicle 

% of 
total 
fleet 

% of 
new 
sales 

  
Type of 
vehicle 

% of 
total 
fleet 

Car – 
Gasoline 

  

55.7% 
45% 

  Bus – 
Gasoline 

1.1% 2.8%   Train – 
Diesel 

50% 

Car – Diesel   

41.2% 
51.2% 

  Bus – 
Diesel 

95.5% 92.3%   Train- 
Electric 

50% 

Car – BEV   

0.1% 
0.4% 

  Bus – 
BEV 

0.3% 1.1%   

    

Car – Gas   

  

2.2% 
1.1% 

  Bus – 
Gas 

0.5% 1.6%   

Type of 
vehicle 

% of 
total 
fleet 

Car – HEV   

0.4% 
0.6% 

  Bus – 
HEV 

0.04% 2.2%   Aircraft – 
Kerosene 

100% 

Car – PHEV   

0.4% 
1.7% 

  Bus – 
Others 

2.6% 0%   Aircraft – 
Others 

0% 

Car – FCEV   

0% 
0% 

              

 

New car market share by country and technology for 2016 [ICCT, 2017] 

Market share by technology across MS 
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The figure from ICCT here above illustrates the new car market share by 
technology at EU-Level for the year 2016. The most important countries in term 
of new cars registration are Germany, UK, France and Italy. Diesel and gasoline 
cars are still the most purchased technologies by far. 

Various scenarios for 2050 

In the 2018 study [ECF, 2018], different technology share scenarios are presented. 
The first scenarios are reference and current policies scenarios in which ICE 
vehicles still represent a large majority of new car sales in 2050, between 95% 
and 99% (see figure below). 
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Technology share in new car sales for reference and current policies 
scenarios [ECF, 2018] 

 

 
 
 

 

In their other scenarios, new vehicle sales are 100% LEV or ZEV by 2040, with a 
transition period to hybrid and/or plug-in hybrid vehicles before reaching the full 
potential of ZEV (BEV or FCEV). In the most ambitious scenario, the technology 
mic reaches 100% of ZEV by 2050. 

Technology share in new car sales scenarios [ECF, 2018] 

 TECH scenario 

 

 TECH - PHEV scenario 

 

 TECH - OEM scenario 
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Disaggregation methodology rational 

For this lever, we assume 100% convergence by 2050 between country.    

Feedback from the stakeholder consultations 

There were suggestions to include more disruptive technologies (e.g. Hyperloop) 
or to consider other data sources. However, we estimated that other suggested 
features (such as distinction between urban and non-urban mobility) had more 
impact. Hence, we did not integrate these feedbacks in the present document and 
focused on impactful features. 

5.3.5.3 Ambition levels & disaggregation method 

EU-Levels 

For this lever, we define two sub-levers: 

- The share of Zero Emission Vehicles (ZEV) in new sales: this includes fully electric 
vehicles and fuel cells vehicles; 

- The share of Low Emission Vehicles (LEV) in new sales: this includes hybrid electric 
vehicles and gas-powered vehicles. 

 

Name / Unit 2015 1 2 3 4 

New car sales LEV: 3.4% 
ZEV: 0.4% 

LEV: 6% 
ZEV: 2% 

LEV: 50%  
ZEV: 20% 

LEV: 27% 
ZEV: 73% 

LEV: 0% 
ZEV: 100% 

New bus sales LEV: 3.8% 
ZEV: 1.1% 

LEV: 7% 
ZEV: 3% 

LEV: 15% 
ZEV: 10% 

LEV: 25% 
ZEV: 40% 

LEV: 0% 
ZEV: 100% 

New plane sales LEV: 0% 
ZEV: 0% 

LEV: 0% 
ZEV: 0% 

LEV: 0% 
ZEV: 0% 

LEV: 0% 
ZEV: 0% 

LEV: 0% 
ZEV: 10% 

 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

New car sales 100% convergence;  
0% compression 

/ 

New bus sales 100% convergence;  
0% compression 

/ 

New plane sales 100% convergence;  
0% compression 

/ 

5.3.5.4 Source references 

[ECF, 2018] Cambridge econometrics, Element Energy (2018). Low-carbon cars in 
Europe: A socio-economic assessment. European Climate Foundation. 

[ICCT, 2017] International Council on Clean Transportation. (2017). European 
vehicle market statistics: Pocketbook 2017/18. Available online here: 
https://www.theicct.org/sites/default/files/publications/ICCT_Pocketbook_2017_
Web.pdf  
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[ICCT, 2018] International Council on Clean Transportation. (2018). European 
vehicle market statistics: Pocketbook 2018/19. Available online here: 
http://eupocketbook.org/wp-
content/uploads/2018/12/ICCT_Pocketbook_2018_Web_PDF.pdf  

5.3.6 Passenger vehicle energy efficiency 
5.3.6.1 Lever description 

The passenger vehicle energy efficiency lever sets the energy consumption of 
vehicle per vehicle-kilometer (or per passenger-kilometer for rail or airplane 
transport). Based on this lever, the model is able to translate vehicle-kilometers 
by type of vehicle and by technology into an energy consumption per type of fuel 
(e.g. gasoline, diesel, electricity, etc.). For the same vehicle distance, expressed 
in vehicle-kilometers, and the same technology share, a higher energy efficiency 
will therefore be translated to a lower energy consumption. 

5.3.6.2 Rationale for lever and level choices 

Current situation 

Energy efficiency of the different modes and technology are considered the same 
for all countries. The data collected for 2015 is given in the Table 12 here under 
(sources: historical database, see D2.1). 

  

Type of vehicle kWh/vkm MJ/vkm kWh/pkm MJ/pkm 

Car – Gasoline 0,83 2,99   

Car – Diesel 
0,74 2,68   

Car – Electric 
0,23 0,81   

Car – Gas 
0,74 2,65   

Car - HEV diesel 
0,56 2,01   

Car - HEV gasoline 
0,62 2,24   

Car - PHEV diesel 
0,37 1,35   

Car - PHEV gasoline 
0,41 1,48   
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Bus – Diesel 
4,68 16,84   

Bus – HEV 
3,28 11,81   

Bus – BEV 
1,88 6,76   

Bus - Hydrogen 
2,91 10,48   

Aviation 
  0,53 1,91 

Train 
  0,08 0,30 

2W 0,19 0,70   

 

Various scenarios for 2050 

In a 2017 paper, [A.Hoeltl et al., 2017] reuse and summarize the results published 
in [SUltan, 2012] as follow (see table below). 

 
Car energy efficiency for 2010 and 2050 [A.Hoeltl et al., 2017] 

 

This table shows a scenario of energy efficiency evolution for the different types 
of technologies; going from 0.83 kWh/km in 2010 to 0.42 kWh/km in 2050 for 
gasoline vehicles, which represents a decrease of around 50%, and from 0.225 
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kWh/km to 0.147 kWh/km in 2050 from electric vehicles, which represents a 
reduction of 35% over this period. 

[T&E, 2017] estimates that the maximum efficiency improvement for buses by 
2030 would be a 30% reduction in fuel consumption.  

For rails, [UIC & CER, 2015] estimates that rail efficiency could be improved by 
around 40% (saving potential of 5-15% for eco-driving, 10-20% for efficient traffic 
management measures and 4-8% for parked train management). 

Finally, it is estimated that the fleet-average fuel efficiency could be improved by 
around 40% by 2050 [Sustainable aviation, 2016]. 

[Climact& VITO, 2013] specify an energy efficiency improvement in function of 2 
levels for Belgium. The level 1 state an improvement of 20% for cars, 15% for 
buses, 10% for rails and 5% for aviation whilst the level 2 state an improvement 
of 50 % for cars, 30% for buses, 45% for rails and 30% for aviation. 

Disaggregation methodology rational 

For this lever we assume 100% converge for 2050.   

5.3.6.3 Ambition levels & disaggregation method 

EU-Levels 

The level 1 of the lever follow the level 1 of [Climact& Vito, 2013] whereas the 
level 4 of the lever follow the level 2 of the same paper. The level 2 and 3 of the 
lever are at 1/3 and 2/3 respectively between level 1 and 4.  

Name / Unit 2015 1 2 3 4 

Car energy consumption see table 
here 

above  

-20% -27% -35% -50% 

Bus energy consumption see table 
here 

above  

-15% -20% -25% -30% 

Rail energy consumption see table 
here 

above  

-10% -25% -40% -45% 

Aviation energy consumption see table 
here 

above  

-5% -11% -22% -30% 

 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Car energy consumption 100% convergence;  
0% compression 

/ 

Bus energy consumption 100% convergence;  
0% compression 

/ 

Rail energy consumption 100% convergence;  
0% compression 

/ 
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Aviation energy consumption 100% convergence;  
0% compression 

/ 

5.3.6.4 Source references 

[UIC & CER, 2015] UIC, CER (2015). Rail Transport and Environment – Facts & 
Figures. 

[A.Hoeltl et al., 2017] A.Hoeltl, C.Macharis, K.DeBrucker (2017). Pathways to 
Decarbonise the European Car Fleet: A Scenario Analysis Using the Backcasting 
Approach. Energies, 11(1),20. 

[T&E, 2017] C.CalvoAmbel, T.Earl (2017). Roadmap to climate-friendly land 
freight and buses in Europe. Transport and Environment. Available online at: 
https://www.transportenvironment.org/sites/te/files/publications/Full_%20Road
map%20freight%20buses%20Europe_2050_FINAL%20VERSION_corrected%20
%282%29.pdf  

[Sultan, 2012] EU Transport GHG: Routes to 2050 SULTAN—Illustrative Scenario 
Tool. Available online: http://www.eutransportghg2050.eu  

[Sustainable aviation, 2016] Sustainable aviation (2016). Sustainable aviation CO2 
Road-map. Available online: https://www.sustainableaviation.co.uk/wp-
content/uploads/2018/06/FINAL__SA_Roadmap_2016.pdf  

[Climact& VITO, 2013] Climact, VITO (2013). Scenarios for a low carbon Belgium 
by 2050.Federal Public Services of Belgium. 

5.3.7 Fuel mix (for passenger & freight) 
5.3.7.1 Lever description 

The fuel mix lever sets the share of each energy vector (e.g. conventional fuel, 
biofuel, e-fuel) in each fuel type (e.g. gasoline, diesel, kerosene, gas, etc.). Based 
on this lever, the model is able to translate the energy consumption by type of fuel 
into an energy consumption by type of fuel differentiated by vector, which has an 
impact on the emissions computation. For the same energy consumption, a higher 
fuel mix will therefore be translated to a higher proportion of alternative fuels 
(biofuels and e-fuels).  

5.3.7.2 Rationale for lever and level choices 

Current situation 

The table hereafter gives the fuel mix for different types of energy vectors for the 
EU28 + Switzerland area, for 2015 (sources: historical database, see D2.1). 
  % conventional % biofuel % e-fuel13  

Diesel 94% 6% 0% 

Gasoline 97% 3% 0% 

 
13 fuels produced by electricity, power to gaz, power to liquid, hydrogen, ammonia 
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Gas 93% 7% 0% 

Kerosene 100% 0% 0% 

In terms of energy demand, EU28 used 2,7Mtoe of bio gasoline in 2015, 11,2 Mtoe 
of biodiesel and 0,2 Mtoe of biogas. 

 
Various scenarios for 2050 

[Ecorys, 2017] estimates that advanced biofuels could be able to meet around 
50% of EU transport sector energy demand by 2050, which represents between 
134 Mtoe and 147 Mtoe of advanced biofuel demand in their scenarios. 
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Figure 2: Fuel mix for road transport sector in EU in 2050 from [Ecorys, 2017] 

[LBST & Dena, 2017] estimates that the concentrated CO2 potential from biogenic 
sources and industrial processes in EU28 could reach around 165 million tons/year. 
This could lead to a Power-to-liquid potential of 597 TWh/year (51 Mtoe) and a 
Power-to-methane potential of around 832 TWh/year (71 Mtoe). 

Disaggregation methodology rational 

For this lever, we assume 100% convergence by 2050 between countries.  

Feedback from the stakeholder consultations 

The level of ambition for biofuels should not be higher than 25%. 

5.3.7.3 Ambition levels & disaggregation method 
Level 1  

In this level, we consider that biofuels 
reach 7% of liquid fuel demand in 
transport (including kerosene and boat 
fuel). This is aligned with EU objectives 
and with 2016 EU Reference Scenario 
[E3M-Lab, 2016]. This represents around 
21 Mtoe for a BAU demand scenario. 
E-fuels are supposed to be marginal by 
2050 in this level. We assume a 3% 

Level 2  
For this level, we consider that 25% of 
biofuel and e-fuel potential is available 
which represents around 37 Mtoe of 
biofuels and 31 Mtoe of e-fuels. 
This quantity is allocated following this 
priority order: 

1. Aviation 
2. Maritime 
3. HDV 
4. LDV 
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penetration of e-fuels for aviation and 
maritime, which represent around 3Mtoe. 
 

Level 3  
For this level, we consider that 50% of 
biofuel and e-fuel potential is available 
which represents around 75 Mtoe of 
biofuels and 61 Mtoe of e-fuels.  
This quantity is allocated following the 
same priority order than level two. 

Level 4  
In this level, we consider that biofuels and 
e-fuels reach their full potential. This 
means that 147 Mtoe of biofuels [Ecorys, 
2017] and 122 Mtoe of e-fuels [LBST & 
Dena, 2017] are available for transport.  
This quantity is allocated following the 
same priority order than level two. 

 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Diesel fuel mix 100% convergence;  
0% compression 

/ 

Gasoline fuel mix 100% convergence;  
0% compression 

/ 

Gas fuel mix 100% convergence;  
0% compression 

/ 

Kerozene fuel mix 100% convergence;  
0% compression 

/ 

navigation gasoline fuel mix 100% convergence;  
0% compression 

/ 

5.3.7.4 Source references 

[Ecorys, 2017] Ecorys, E3M-Lab, WIP, EFI, EuroCare, IUNG (2017).Research and 
Innovation perspective of the mid- and long-term Potential for Advanced Biofuels 
in Europe. European Commission, DG for Research and Innovation. 

[LBST & Dena, 2017] Ludwig BoelkowSystemtechnik, German Energy Agency 
(2017). “E-Fuels” Study – The potential of electricity-based fuels for low-emission 
transport in the EU.German Energy Agency. 

 

5.3.8 Passenger vehicle lifetime 
5.3.8.1 Lever description 

The passenger vehicle lifetime lever sets the lifetime of vehicles in total number of 
kilometers that the vehicle can travel for cars, buses and 2W, and in years for rail 
and airplanes. Based on this lever, the model is able to compute the renewal rate 
of vehicles and the new vehicle sales. For the same number of vehicle-kilometers, 
a higher lifetime will be translated to a lower renewal rate and therefore to a lower 
new vehicle demand. 

As explained before, new mobility models (automation, car-sharing, mobility as a 
service) are expected to strongly affect the utilization rate of road vehicles. 
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Therefore, we express their lifetime in kilometres to take into account the effect 
of a higher utilization rate which will decrease de lifetime in years of road vehicles.  

The same effect is not foreseen for trains and aircrafts. For this reason, the lifetime 
is expressed in years. 

5.3.8.2 Rationale for lever and level choices 

Current situation 

The Table hereafter gives the lifetime of the different vehicle types for the EU28 + 
Switzerland area, for 2015 (sources: historical database, see D2.1). 

 

For train and planes, the lifetime is expressed in years of functioning instead than 
kilometres, to reflect the market functioning. One should keep in mind that 
vehicles have a second life and that are still responsible of GHG emissions when 
sold second hand outside Europe. 

Various scenarios for 2050 

[RethinkX, 2017] estimates that the lifetime of cars is supposed to reach 1,6 
million km due to the strong development of “transport as a service”. This is 
considered as a level 4 ambition. Level 1 is a statu-quo w.r.t. 2015, and levels 2 
and 3 are intermediate scenarios obtained by interpolation between levels 1 and 
4. 

Disaggregation methodology rationale 

For this lever, we assume 100% convergence by 2050 between countries. 

Feedback from the stakeholder consultations 

The first feedback from the consultations is that autonomous vehicles are expected 
to increase the total mileage of vehicles while reducing their lifespan due to an 
increased utilization rate. The second feedback is that the lifespan of vehicles is 
inversely proportional to the utilization rate. 

The second element is already considered in the computation trees. The first 
element could not be addressed at this stage. 
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5.3.8.3 Ambition levels & disaggregation method 

EU-Levels 

Name / Unit 2015 1 2 3 4 

LDV lifetime / km 180 000 km 180 000 km 300 000 km 800 000 km 1 600 000 
km 

Bus lifetime / km 400 000 km 400 000 km 440 000 480 000 km 520 000 km 

Train lifetime / years 30 years 30 years 33 years 36 years 39 years 

Aircraft lifetime / years 30 years 30 years 33 years 36 years 39 years 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

LDV lifetime / km 100% convergence;  
0% compression 

/ 

Bus lifetime / km 100% convergence;  
0% compression 

/ 

Train lifetime / years 100% convergence;  
0% compression 

/ 

Aircraft lifetime / years 100% convergence;  
0% compression 

/ 

5.3.8.4 Source references 

[RethinkX, 2017] J.Arbib, T.Seba (2017).Rethinking Transportation 2020-2030 – 
The disruption of Transportation and the Collapse of the Internal-Combustion 
Vehicle and Oil Industries. 

5.3.9 Transport demand for freight 
5.3.9.1 Lever description 

Initially expressed with respect to the GDP, the freight demand is now expressed 
in absolute terms (tkm) with no link to the economy. There are different reasons 
for this choice: 

- First, there is no GDP input in the model as economy modules are rather an 
output of the model. As explained in the cross sectoral model 
documentation, this model does not allow for feedback loops. For this 
reason, providing GDP input could be inconsistent with the economical 
results of the model. 

- Moreover, freight activity could strongly decouple from the classical GDP 
economy in disruptive low-carbon scenarios as new models appear such as 
local economy, circular economy, sharing economy or mobility as a service.  

5.3.9.2 Rationale for lever and level choices 

Current situation 
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In 2015, the total intra-EU freight transport demand in EU28 + Switzerland 
reached 3480 billion tkm.  

Disaggregation methodology rationale 

The freight activity strongly depends on the local economy structure and 
characteristics. Therefore, we assume 100% compression, meaning that each 
country will have to do the same level of effort compared to 2015 situation. 

Feedback from the stakeholder consultations 

The freight demand is very likely to increase, at least urban (e.g., online shopping 
with goods being sent front and back) – based on the growth of online markets. 
 
It should not depend on GDP but on GDP per capita in order to take into account 
population growth.  
 

For the reasons explained before, we take the assumption to totally decouple 
freight activity from the GDP as the consumption habits will differ significantly. 

5.3.9.3 Ambition levels & disaggregation method 

EU-Levels 

Name / Unit 2015 1 2 3 4 

Freight [Billion tkm] 3480 +1.16%/year +0.58% 
year 

 

0%/year -0.7%/year 

 

Various scenarios for 2050 

 [E3M-Lab, 2016] In the EU reference scenario from 2016, the freight demand is 
expected to grow at a yearly rate of 1.16% between 2015 and 2050 at European 
level. 

[Association Négawatt, 2017] In this scenario, the freight transport demand is 
expected to decrease by 0.7% each year between 2015 and 2050 
 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Freight intensity/ [tkm/GDP] 100% convergence;  
0% compression 

/ 

5.3.9.4 Source references 

[E3M-Lab, 2016] P.Capros, et al. (2016) EU Reference Scenario 2016 – Energy, 
transport and GHG emissions Trends to 2050. European Commission 

[Association Négawatt, 2017] Scénario Negawatt 2017-2050 
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5.3.10  Modal share for freight 
5.3.10.1 Lever description 

The modal share lever sets the share of each freight transport mode in the freight 
demand. Based on this lever, and on the total freight travel demand, the model is 
able to compute the total number of ton-kilometers for each transportation mode. 

In this model, we apply different modal shares on different types of travels:  

- a long-distance modal share is applied on long distance freight transport.  
- a last-mile modal is applied to last-mile delivery, which typically allows a 

shift toward soft modes (electric bikes/cargo bikes) for small parcels. 
- International freight is covering marine and aviation freight transport. 

 

5.3.10.2 Rationale for lever and level choices 

Current situation 

The Table 20 hereafter gives the modal share for intra-EU freight transport at EU28 
+ Switzerland level, for 2015 (sources: historical database, see D2.1). 

 
Table 1 – Freight modal share at EU28 + Switzerland level in 2015 

Mode Modal share 
Road 51,3% 
Rail 12,1% 
IWW 4,3% 
Sea 32,2% 
Air 0,1% 

Various scenarios for 2050 

In its transport white paper [EC, 2011] the European commission sets the goal to 
shift 30% of road freight of over 300km to other types of transport such as train 
and IWW by 2030 and more than 50% by 2050.  
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Based on our analysis of Eurostat data, trips of over 300km represent between 
40% and 45% of total European ton-kilometers. Therefore, we estimate that the 
Commission goal translate into a road share that decreases to around 40-42% of 
freight modal share, replaced by rail and, in a lesser degree, by IWW. 

Air share is considered constant, as it already plays a minor role in intra-EU freight 

[NégaWatt, 2017] The following figure shows the expected modal shift from road 
towards IWW and rail in the NégaWatt scenario. This scenario is considered for 
ambition level 4. 

 
 

Disaggregation methodology rational 

We have assumed that road share would strongly converge between countries, but 
that some difference could remain by 2050 to take into account local specificities 
such as the current absence of alternative infrastructure. 

For the remaining transport demand, we have assumed the same breakdown 
between rail and IWW than in 2015.  

This means that for countries that do not have rail or IWW infrastructures (e.g. 
Malta and Cyprus), road stays the only solution. 

Feedback from the stakeholder consultations 

For the rail, it is important to keep in mind that with major efforts in the past the 
share of rail in freight has only been maintained stable at historical levels.  

Rail ambition level in terms of modal share looks too high (at least for level 4, but 
maybe even in level 3) but could be partly compensated by increasing the share 
of shipping.  

Bikes: The following modal shift potential was mentioned: 50% of freight in urban 
area could be shifted to bikes and e-bikes (last mile) - for logistic purposes. Think 
for example of the potential for Pharmacies, with small/very frequent loads.  
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Review the document from “The Marco Polo Program EU”,” The motorway of the 
sea” and “TE?-T: Trans-EU transport network”.  

Action points following stakeholders consultation: 

• Long distance and last mile have been made distinct in order to be able to 
represent the last mile delivery by bike 

5.3.10.3 Ambition levels & disaggregation method 

EU-Levels 

Name / Unit 2015 1 2 3 4 

Road Share / % 51,3 % 48,9 % 45,1 %      41 % 35,5 % 

Rail Share / % 12,1 % 13,2 % 16,7 % 20,4 % 23,7 % 

IWW share / % 4,3 % 3,7 % 4,0 % 4,4 % 6,6% 

Sea share / % 32,3% 34,1 % 34,1 % 34,1 % 34,1 % 

Air share / % 0,1 % 0,1 % 0,1 % 0,1 % 0,1% 

5.3.10.4 Source references 

[EC, 2011] European Commission (2011).White Paper on transport – Roadmap to 
a single European transport area – toward a competitive and resource-efficient 
transport system.Directorate-General for Mobility and Transport. 

[NégaWatt, 2017] Association négaWatt (2017). Scénario négaWatt 2017-2050 – 
Dossier de synthèse.  

 

5.3.11  Load factor 
5.3.11.1 Lever description 

This lever represents the average load carried by different sizes of trucks. We 
consider three different categories of trucks: HDVL (heavy Duty Vehicle Light, max 
payload <= 7.5 ton), HDVM (Heavy Duty Vehicle Medium, max. payload < 28 ton) 
and HDVH (Heavy Duty Vehicle High, max payload >= 28 ton).  

5.3.11.2 Rationale for lever and level choices 

Current situation 

The average EU load factor for these three categories in 2010 was 0.93 tkm/vkm, 
4.76 tkm/vkm and 10.47 tkm/vkm for HDVL, HDVM and HDVH respectively (see 
figure below). 



  

74 
 

 
Various scenarios for 2050 

In [T&E, 2017], Transport and Environment states that empty rides could be 
reduced by one quarter if road freight was more expensive. This corresponds to a 
5% increase of load factors. 

 

In the Modern Truck Scenario presented in [IEA, 2017], the load factor of trucks 
is expected to increase by 15% by 2050. This is considered as the level 4 ambition. 

Disaggregation methodology rational 

For this lever, we consider a strong convergence between countries (90%). 

Feedback from the stakeholder consultations 

There is overcapacity in the market, so load factors of ships are lower than they 
should be today in a well-functioning market, so there is first potential to increase 
the use of existing capacity – and then the optimized capacity potential could be 
higher. 
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Action points following stakeholders consultation: 

Ships are currently modelled with a constant load factor hence no change was 
made to account for this feedback. 

5.3.11.3 Ambition levels & disaggregation method 

EU-Levels 

Name / Unit 2015 1 2 3 4 

Load factor 0 0 +5 % +10 % +15 % 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Load factor 90% convergence 

10% compression 

 

5.3.11.4 Source references 

[T&E, 2017] C.CalvoAmbel, T.Earl (2017). Roadmap to climate-friendly land 
freight and buses in Europe. Transport and Environment 

[IEA, 2017] OECD, IEA (2017). The future of trucks – Implications for energy and 
the environment.International Energy Agency. 

 

5.3.12  Utilization rate for freight 
5.3.12.1 Lever description 

The freight vehicle utilization rate lever sets the average number of kilometers 
travelled by a vehicle every year. Based on this lever, the model is able to translate 
vehicle-kilometers into a number of vehicles. For the same vehicle distance, 
expressed in vehicle-kilometers, and the same lifetime, expressed in kilometers, 
a higher utilization rate will therefore be translated to a lower number of vehicles, 
which will in turn generate a lower demand for new vehicles and a lower material 
demand. 

In this model, we use the utilization rate lever for trucks (HDVL, HDVM and HDVH). 
For other freight transportation modes, we do not use a specific utilization rate 
and compute the number of vehicles and new vehicles based only on a lifetime 
expressed in years. 

As for the passenger transport, automation is expected to have a strong impact 
on trucks utilization rate, but not on the other types of vehicles.  

5.3.12.2 Rationale for lever and level choices 

Current situation 

The utilization rate for road freight transport at EU28 + Switzerland level, for 2015 
is around 68500 vkm/year (sources: historical database, see D2.1).  
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Various scenarios for 2050 

In [Climact, 2018], the European climate foundation estimate a 10% increase in 
utilization rate for 2050 compared to 2015, which is considered a level 4 ambition. 

Disaggregation methodology rationale 

For this lever we consider a strong convergence (90%) between countries. 

Feedback from the stakeholder consultations 

See section 5.3.4 about passenger vehicle utilization rate. 

5.3.12.3 Ambition levels & disaggregation method 

We consider a status quo for the 1st level and the scenario of [Climact, 2018] for 
the 4th level. Level 2 and 3 represent an utilization rate increase of 1/3 and 2/3 of 
level 4. 
EU-Levels 

Name / Unit 2015 1 2 3 4 

Utilization rate increase 0% 0% 3% 7% 10% 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Utilization rate 90% convergence 

10% compression 

 



  

77 
 

5.3.12.4 Source references 

[Climact, 2018] Climact (2018).Carbon Transparency Initiative – Prospective 
analysis to 2050. European Climate Foundation 

 

5.3.13  Energy efficiency for freight 
5.3.13.1 Lever description 

The freight vehicle energy efficiency lever sets the energy consumption of vehicle 
per vehicle-kilometer for trucks (HDVL, HDVM, HDVH) and per ton-kilometer for 
rail, IWW, marine and aviation. Based on this lever, the model is able to translate 
vehicle-kilometers/ ton-kilometers by type of vehicle and by technology into an 
energy consumption per type of fuel (e.g. gasoline, diesel, electricity, etc.). For 
the same vehicle distance, expressed in vehicle-kilometers, and the same 
technology share, a higher energy efficiency will therefore be translated to a lower 
energy consumption. 

 

5.3.13.2 Rationale for lever and level choices 

Current situation 

Energy efficiency of the different modes and technology are considered the same 
for all countries. The data collected for 2015 is given in the Table hereunder 
(sources: historical database, see D2.1). 
Table 2 – Energy efficiency by type of freight vehicle 

 
Type of vehicle kWh/km MJ/km kWh/tkm MJ/tkm 
Medium Truck - Gasoline 1,57 5,66 

  

Medium Truck - Diesel 1,41 5,07 
  

Medium Truck - Electric 0,43 1,53 
  

Medium Truck - Gas 1,39 5,02 
  

Medium Truck - HEV diesel 1,06 3,80 
  

Medium Truck - HEV gasoline 1,18 4,25 
  

Medium Truck - PHEV diesel 0,71 2,55 
  

Medium Truck - PHEV gasoline 0,78 2,79 
  

Heavy Truck - Gasoline 3,36 12,08 
  

Heavy Truck - Diesel 3,01 10,83 
  

Heavy Truck - Electric 0,43 1,53 
  

Heavy Truck – Gas 1,39 5,02 
  

Heavy Truck - HEV diesel 1,06 3,80 
  

Heavy Truck - HEV gasoline 1,18 4,25 
  

Heavy Truck - PHEV diesel 0,71 2,55 
  

Heavy Truck - PHEV gasoline 0,78 2,79 
  

Aviation   5,31 19,10 
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Train   0,04 0,15 
Sea boat   0,04 0,16 
IWW boat   0,12 0,43 

Various scenarios for 2050 

[Climact& VITO, 2013] consider an energy efficiency improvement for Belgium for 
2050 of 10% for trucks, 10% for rails, 5% for aviation and 5% for shipping. 

[T&E, 2017] and [IEA, 2017] expect an improvement of 50% for trucks. [UIC & 
CER, 2015] believe that train’s energy efficiency should go up by 40%. 
[Sustainable aviation, 2016] states that energy efficiency should go up by 22% 
and [DNV-GL, 2017] states that energy efficiency for shipping should go up by 
40%. 

Disaggregation methodology rational 

The vehicle market is considered as uniform over EU, hence we consider a 100% 
convergence between countries by 2050. This is a strong assumption that should 
be refined for the next version of the model. 

Feedback from the stakeholder consultations 

The International Maritime Organisation came out with higher efficiency potential for 
sea shipping: the level can be increased to -70% (IMO UN). 

Check the report “Efficiency in Shipping”.  

5.3.13.3 Ambition levels & disaggregation method 

The level one is considered to be aligned with [Climact& Vito, 2013]. The level 4 
follows the most optimistic scenario of [T&E, 2017], [IEA, 2017], [UIC & CER, 
2015], [Sustainable aviation, 2016] and [DNV-GL, 2017]. The level 2 and 3 
represent 1/3 and 2/3 of the 4th level. 
EU-Levels 

Name / Unit 2015 1 2 3 4 

Truck energy efficiency 0% 10% 17% 33% 50% 

Rails energy efficiency 0% 10% 13% 27% 40% 

Aviation energy efficiency 0% 5% 7% 15% 22% 

Shipping energy efficiency 0% 5% 13% 30% 40% 

5.3.13.4 Source references 

[Climact& VITO, 2013] Climact, VITO (2013). Scenarios for a low carbon Belgium 
by 2050.Federal Public Services of Belgium. 

[T&E, 2017] C.Calvo Ambel, T.Earl (2017). Roadmap to climate-friendly land 
freight and buses in Europe. Transport and Environment 

[IEA, 2017] OECD, IEA (2017). The future of trucks – Implications for energy and 
the environment.International Energy Agency. 
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[UIC & CER, 2015] UIC, CER (2015). Rail Transport and Environment – Facts & 
Figures. 

[Sustainable aviation, 2016] Sustainable aviation (2016).Sustainable aviation CO2 
Road-map. 

[DNV-GL, 2017] C.Chryssakis (2017).Low carbon shipping toward 2050. DNV-GL 

 

 

5.3.14  Technology share for freight 
5.3.14.1 Lever description 

The freight vehicle technology mix lever sets the technology mix (e.g. ICE, BEV, 
PHEV, FCEV, etc.) in the new vehicle sales for trucks, rail, ships and airplanes. 
Based on this lever, and on the historical fleet data, the model is able to compute 
the share of each technology in the total vehicle fleet and then to compute the 
vehicle-kilometers by mode into vehicle-kilometers by mode and by technology. 
For the same vehicle distance, expressed in vehicle-kilometers, a higher 
technology share will therefore be translated to a higher number of vehicle-
kilometers travelled by low-emissions technologies (e.g. BEV, FCEV, etc.). 

 

5.3.14.2 Rationale for lever and level choices 

Current situation 

The share of the different technologies is considered the same for all countries. 
The data collected for 2015 is given in the Table hereunder (sources: historical 
database, see D2.1). 

Table 3 – Technology share for freight vehicles in 2015 at EU28 + Switzerland level 
Type of vehicle % 

conventional 
% hybrid % full 

electric 
Truck 99.66% 0.04 0.3% 
Aviation 50% / 50% 

Train 100% 0% 0% 

Boats 100% 0% 0% 

Various scenarios for 2050 

[DNV-GL, 2017] states that the most promising solution for shipping is gas. In 
their scenarios, they assume a LNG/LPG share of 40% to 70% for ships, but gas 
only allows small GHG reduction (around 20%). Biofuels and battery electric 
vehicles are also possible options starting from 2030. This is considered as level 2 
ambition. 

[T&E, 2017 (b)] states that the share of EV in new truck sales should reach 100% 
by 2050. This is considered as level 4 ambition. 

 

Disaggregation methodology rationale 
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For this lever, we assume 100% convergence by 2050 between countries. 

Feedback from the stakeholder consultations 

Check the reports from “ITF: International Transport Workers federation” and 
“IRU: International Road Organisation”. 

5.3.14.3 Ambition levels & disaggregation method 

EU-Levels 

For this lever, we define two sub-levers: 

• The share of Zero Emission Vehicles (ZEV) in new sales: this includes fully 
electric vehicles and fuel cells vehicles; 

• The share of Low Emission Vehicles (LEV) in new sales: this includes hybrid 
electric vehicles and gas-powered vehicles. 
 

Name / Unit 2015 1 2 3 4 

ZEV or LEV for trucks  10% 40% 70% 100% 

ZEV of LEV for boats  15% 40% 70% 100% 

Electric Train  55% 70% 85% 100% 

ZEV in new plane sales by 2050  0% 0% 0% 10% 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Utilization rate 100% convergence 

0% compression 

 

5.3.14.4 Source references 

[DNV-GL, 2017] C.Chryssakis (2017).Low carbon shipping toward 2050. DNV-GL 

[T&E, 2017 (b)] Transport & Environment (2017).Electric trucks’ contribution to 
freight decarbonisation 

 

5.3.15  Lifetime for freight 
5.3.15.1 Lever description 

The freight vehicle lifetime lever sets the lifetime of vehicles in total number of 
kilometers that the vehicle can travel for trucks, and in years for rail, ships and 
airplanes. Based on this lever, the model is able to compute the renewal rate of 
vehicles and the new vehicle sales. For the same number of vehicle-kilometers, a 
higher lifetime will be translated to a lower renewal rate and therefore to a lower 
new vehicle demand. 
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5.3.15.2 Rationale for lever and level choices 

Current situation 

 
The Table hereafter gives the lifetime of the different vehicle types for the EU28 + 
Switzerland area, for 2015 (sources: historical database, see D2.1). 

Table 4 – Lifetime of vehicles (EU28 + Switzerland, 2015) 

 
Vehicle type Lifetime 

Truck 400 000 km 

Train 30 years 

Aircraft 30 years 

Boat 30 years 

Various scenarios for 2050 

[Climact, 2018] expect the lifetime of all types of vehicles to increase by 30%. 

Disaggregation methodology rational 

For this lever, we assume 100% convergence by 2050 between countries.  

Feedback from the stakeholder consultations 

See section 5.3.8 about passenger vehicle lifetime 

5.3.15.3 Ambition levels & disaggregation method 

EU-Levels 

The level one follows the status quo. The level 4 follows [Climact, 2018] and is 
considered to increase by 30%. The level 2 and 3 represent 1/3 and 2/3 of the 4th 
level. 
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Name / Unit 2015 1 2 3 4 

Truck / km 400 000 km 400 000 km 440 000 km 480 000 km 520 000 km  

Train / years 30 years 30 years 33 years 36 years 39 years 

Aircraft / years 30 years 30 years 33 years 36 years 39 years 

Boat / years 30 years 30 years 33 years 36 years 39 years 

Disaggregation by country 

Name / Unit Disaggregation 
method 

Exceptions/outlyers 

Utilization rate 100% convergence 

0% compression 

 

5.3.15.4 Source references 

[Climact, 2018] Climact (2018). Carbon Transparency Initiative – Prospective 
analysis to 2050. European Climate Foundation 
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6 Description of constant or static 
parameters     

6.1 Constants list 
● Emission factors 
● Renewal rate of vehicles (all technologies) 
● Vehicle occupancy or load factor (pkm/vkm or tkm/vkm) for rail, aviation 

and marine/IWW 

6.2  Static parameters 
By static parameter we mean “that can not be changed by a lever”: parameters 
that are not constant for all years, but for which there is a unique scenario (no link 
with a lever) >> Show the evolution of the parameter 

● Domestic, intra-EU and extra-EU shares for aviation and marine passenger 
and freight transport (historical data, no projections) 
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8 Historical database  
This section describes each historical dataset that is used in the model, its sources, 
quality and the hypotheses needed to fill the data gaps. 

When the base year (2015) data is not available in the required granularity (e.g. 
all countries, all technologies), we apply some hypothesis to fill the gaps. Those 
hypotheses are described in the tables here under. 

To detect outliers, we used the Excel visualization chart called “Box and Whisker” 
which uses the interquartile method (for example, see [Rousseeuw, 1993]). When 
necessary, we aggregate and/or normalize data and complete it before performing 
the interquartile test. We perform this test for the base year (2015). 

8.1  Database for passenger transport 
Table 2 – Database for passenger transport 

Dataset Description Main sources Hypotheses to fill gaps Data quality check  

Passenger 
distance 
[pkm] 

Distance 
travelled by 
passengers by 
mode (car, 2W, 
Bus, Metro & 
Tram, Rail, Air) 

- EU pocketbook 
2017: Car, Bus, 
Metro & Tram, & 
Rail distance from 
1995 to 2015, by 
country 
 
- TRACCS 
database: 2W, & 
Air distance from 
2005 to 2010, by 
country 
 
- Eurostat: Air 
passengers from 
2005 to 2015 

 
- 2W distance from 2011 
to 2015, by country: 
linear extrapolation from 
TRACCS data, based on 
average growth during 
2005-2010 period 

 
- Total land distance is 
assumed to be the sum of 
car, 2W, Bus, Metro & 
Tram, and rail distances. 
Active mode distances 
are not considered in this 
dataset 
 
- Air distance from 2011 
to 2015, by country: the 
same growth is assumed 
for distance travelled 
than for the number of air 
passenger given by 
Eurostat data. Air 
passenger distance is 
calculated as the ratio of 
air passenger and air 
distance. 

 

Gaps: 

- Car, Bus, Metro & Tram, & Rail 
distance before 1995 

- 2W, & Air distance before 2005 
and between 2010 and 2015 

- Air distance (only number of 
passenger is available) for all 
years 

Source reliability: 

- EU-pocketbook & Eurostat: 
official data sources, considered 
very reliable 

- TRACCS: project funded by EC, 
considered very reliable 

Outliers: 

- outlier tests realized on total 
land demand per capita and on 
total air demand per capita 
[pkm/capita] 

- outliers for total land distance 
travelled: None 

- outliers for total air distance 
travelled: Malta & Cyprus 

Cross-checking: 

- Passenger distance data is 
coherent with PRIMES historical 
data 

- Average EU28+CH distance data 
for 2015 was submitted to experts 
during workshop  
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Modal 
share [%] 

Share of total 
land distance by 
mode (car, 2W, 
Bus, Metro & 
Tram, Rail) 

- Not applicable - Computed based on 
“Passenger distance” 
data per mode here 
above 

- Not applicable 

Vehicle 
fleet (# 
vehicles) 

Number of 
vehicles in 
service by 
mode (car, 2W, 
Bus, Metro & 
Tram, Rail, Air) 

- EU pocketbook 
2017: Cars, 2W, 
Buses, & Rail from 
1990 to 2015, by 
country 
 
-  Eurostat: 
Aircrafts, from 
2007 to 2016, by 
country 

  Gaps: 

- Aircraft before 2007 

Source reliability: 

- EU-pocketbook & Eurostat: 
official data sources, considered 
very reliable 

Outliers: 

- outlier tests realized on total 
land fleet per capita and on total 
air fleet per capita [#/capita] 

- outliers for total land fleet: 
Netherlands, Italy, Germany, 
Hungary 

- outliers for total air fleet: United 
Kingdom, Italy, Netherlands, 
Ireland, Germany, Hungary 

 

Vehicle 
fleet – 
technology 
share [%] 

Share of vehicle 
fleet by 
technology (ICE 
diesel, ICE 
petrol, BEV, 
PHEV, FCEV, 
Gas, Others) 

- ACEA: Cars, Buses 
for 2015, by country 

 
- Eurostat: Cars, for 
2015, Switzerland 
 
- TRACCS: 2W & 
Trains, from 2005 to 
2010, by country 

 
- Cars, for the EU 
countries that are not 
available in ACEA 
database (BG, CY, MT): 
considered equal to EU 
average 
 
- 2W, from 2011 to 2015, 
by country: Same 
technology share as in 
2010 (100% gasoline) 

 
- Trains, for 2011 to 
2015: linear 
extrapolation from 
TRACCS data, based on 
average growth during 
2005-2010 period 
 
- Buses, for the EU 
countries that are not 
available in ACEA 
database (BG, CY, MT): 
considered equal to EU 
average 
 
- Aircrafts: hypothesis 
that 100% of aircrafts are 
ICE-kerosene aircrafts in 
all countries 

Gaps: 

- Cars and buses data for BG, CY, 
MT 

- 2W and trains data between 
2010 and 2015 

- aircrafts data 

Source reliability: 

- Eurostat: official data sources, 
considered very reliable 

- TRACCS: project funded by EC, 
considered very reliable 

- ACEA: automobile industrial 
association, considered very 
reliable  

Outliers: 

- outlier tests realized on total 
conventional technology share 
fleet (ICE) and on total alternative 
technology share (CEV, PHEV, 
FCEV,BEV) [%], by mode 

- There is no outliers for 2W, rail, 
LDV and avion mode 

- outliers for total conventional 
>< alternative technology share 
bus fleet: Greece, Slovakia (lower 
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outliers) & Estonia (upper outlier) 
>< Belgium, Italy (upper outliers) 

Passenger 
car size 
[%] 

Share of 
passenger car 
fleet by size14 
(small, lower-
medium, 
upper-medium, 
executive) 

- TRACCS: # of cars 
by size, for 2005-
2010, by country 

- Cars, for 2011 to 2015, 
by country: linear 
extrapolation from 
TRACCS data, based on 
average growth during 
2005-2010 period 

 

Gaps: 

- Cars data for 2010-2015 

Source reliability: 

- TRACCS: project funded by EC, 
considered very reliable 

Outliers: 

- Outlier tests realized on each 
size category [%] 

- One outlier in upper-medium 
size category:  Ireland  

Passenger 
vehicle 
lifetime for 
new 
vehicles 
[year] or 
[km] 

Average 
lifetime of 
vehicles for the 
different types 
of vehicles 
(cars, 2W, 
Buses, Metros & 
Trams, Trains, 
Aircrafts) 

-  ACEA: Cars, & 
Buses average fleet 
age for 2015, by 
country 
 
- IVL: Trains 
average lifetime in 
years, 2015 EU level 
 
- IATA: Aircrafts 
average lifetime, 
2015 EU level 

 

- Cars average lifetime in 
km is considered equal to 
180 000 km at EU level 

 
- Cars average lifetime in 
km for each country is 
computed based on EU 
average lifetime and on 
average fleet age by 
country as follow:  
EU_average_km x 
(Country_average_fleet_
age/ 
EU_average_fleet_age) 
 
- 2W average lifetime in 
km is considered equal to 
100 000 km at EU level 
 
- 2W average lifetime in 
km for each country is 
computed based on EU 
average lifetime and on 
average fleet age by 
country as follow:  
EU_average_km x 
(Country_average_fleet_
age/ 
EU_average_fleet_age) 
 
- Buses average lifetime 
in km is considered equal 
to 400 000 km at EU level 
 
- Buses average lifetime 
in km for each country is 
computed based on EU 
average lifetime and on 
average fleet age by 
country as follow:  
EU_average_km * 

Gaps: 

- Cars, 2W and buses life-distance  

- Metros & trams lifetime 

Source reliability: 

- ACEA: automobile industrial 
association, considered very 
reliable 

- IVL: research institute, 
considered very reliable 

- IATA: aviation business 
association, considered very 
reliable 

Outliers: 

- Outlier tests realized on average 
lifetime for each type of vehicle 
[year] or [km] 

- Outliers: none  

 
14 As defined in TRACCS database 
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(Country_average_fleet_
age/ 
EU_average_fleet_age) 
 
- Metros & Trams average 
lifetime is considered 
equal to trains lifetime 

Passenger 
new sales 
of vehicles 
[# 
vehicles] 

Number of new 
sales vehicles 
by mode (car, 
2W, Bus) 

- Eurostat: Car, 2W, 
& Buses new sales, 
from 2007 to 2016, 
by country 

 

 Gaps: 

- Cars, 2W and buses before 2007 

Source reliability: 

- Eurostat: official data sources, 
considered very reliable 

Outliers: 

- Outlier tests realized on new 
sales per capita [# 
vehicles/capita] for each mode 

- Outliers car: Germany, 
Hungary, Netherlands, Poland, 
United Kingdom 

- Outliers 2W: Denmark, Ireland, 
Greece, Spain, Netherlands, 
Sweden 

- Outliers bus: Netherlands, 
Sweden 

 

New sales – 
technology 
share [%] 

Share of new 
sales by 
technology 
(ICE, BEV, 
PHEV, FCEV, 
Gas, Others)  

- Eurostat, TRACCS 
& ACEA: Car, for 
2015, by country 

 

- TRACCS: 2W, for 
2005 to 2010, by 
country 
 
- Eurostat: Bus, for 
2013 to 2016, by 
country (only for 
countries for which 
it is available: BE, 
EE, FR, IT, CY, HU, 
MT, FI, SE, NO, CH) 

 

- Cars: Missing data for 
some countries is 
replaced by EU average 
 
- 2W: Technology share 
in 2015 is considered the 
same as technology share 
in 2010 
 
- Buses: For the countries 
for which data is not fully 
available, the weighted 
average of countries with 
data is used) 

Gaps: 

- Cars, 2W and buses before 2007 

Source reliability: 

- Eurostat: official data sources, 
considered very reliable 

- TRACCS: project funded by EC, 
considered very reliable 

- ACEA: automobile industrial 
association, considered very 
reliable 

Outliers: 

- outlier tests realized on total 
conventional technology share 
fleet (ICE) and on total alternative 
technology share (CEV, PHEV, 
HEV, FCEV,BEV) [%], by mode 

- Outliers: none  

 

Vehicle 
occupancy 
[pkm/vkm] 

Average 
number of 
passenger in 

- TRACCS: Car, 2W 
& Bus, for 2005-
2010, by country 

- Car, 2W & Bus, for 2011 
- 2015, by country: linear 
extrapolation from 
TRACCS data, based on 

Gaps: 

- Cars, 2W and buses after 2010 

Source reliability: 
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road vehicles15 
(car, 2W, bus) 

average growth during 
2005-2010 period 

 

- TRACCS: project funded par EC, 
considered very reliable 

Outliers: 

- outlier tests realized on 
occupancy [pkm/vkm] for each 
mode 

- There is no outlier for LDV and 
bus mode 

- Outliers for 2W mode: Spain, 
Lithuania (upper outliers) & 
Finland, Switzerland (lower 
outliers) 

 

Vehicle 
utilization 
rate 
[vkm/veh] 

Average 
number of 
kilometres 
travelled by 
vehicle (car, 
2W, bus) 

- TRACCS: Car, 2W 
& Bus, for 2005-
2010, by country 

- Car, 2W & Bus, for 2011 
- 2015, by country: linear 
extrapolation from 
TRACCS data, based on 
average growth during 
2005-2010 period 

 

Gaps: 

- Cars, 2W and buses after 2010 

Source reliability: 

- TRACCS: project funded by EC, 
considered very reliable 

Outliers: 

- outlier tests realized on 
utilization rate [vkm/veh] for 
each mode 

- Outliers for LDV mode: 
Luxembourg (upper) 

- Outliers for 2W mode: Ireland, 
Croatia (upper) 

- Outliers for bus mode: Latvia, 
Luxembourg (upper) 

 

Vehicle 
energy 
efficiency 
for fleet & 
for new 
vehicles 
[MJ/km] or 
[MJ/pkm] 

Energy 
consumption of 
new vehicles 
per mode & 
technology 

- VUB & KUL 
(2017): Cars 
energy 
consumption 
 
-McMaster 
University (2015):  
Bus energy 
consumption 
 
- ICCT Calc (2012) : 
Aviation, train & 2W 
energy 
consumption 

 

- Energy consumption of 
new vehicles is 
considered to be the 
same in all countries 

Gaps: 

- No historic available 

Source reliability: 

- VUB & KUL: university, 
considered very reliable 

- McMaster University: university, 
considered very reliable 

- ICCT: NGO specialized in 
transport, considered very 
reliable 

Outliers: 

- not applicable: the vehicle 
energy efficiency ([MJ/km] or 

 
15 For aviation, the model computes energy consumption and emissions based on the 
consumption per passenger kilometre and not based on vehicle-kilometres. Therefore, we 
don’t need vehicle occupancy data for this transport 
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[MJ/pkm]) depends solely on 
mode and technology. Values are 
unique for all countries 

  

 

Energy 
vector mix 
[%] 

Share of 
different energy 
vectors in the 
energy mix 
(conventional, 
biomass, 
efuels16 shares 
in diesel, 
gasoline, gas & 
kerosene, 
electricity) 

- Eurostat: Share of 
renewable energy in 
transport, for 2007-
2016, by country 

 
- USDA Foreign 
Agricultural 
Service: Share of 
biofuels in diesel 
and in gasoline, for 
2015, EU-wide 

- Share of efuels is 
considered null 

 
- Share of bio-diesel in 
each country is computed 
as follow: 
EU_average_share_Diese
l * 
(Country_transport_rene
wable_share/ 
EU_transport_renewable
_share)  
 
- Share of bio-ethanol in 
gasoline in each country 
is computed as follow: 
EU_average_share_gasol
ine * 
(Country_transport_rene
wable_share/ 
EU_transport_renewable
_share) 
 
- Share of bio-gas is 
considered equal to the 
share of renewable in 
transport 

Gaps: 

- No historic available for biofuels 

Source reliability: 

- Eurostat:  

- USDA:  

Outliers: 

- outlier tests realized on each 
share of vectors in energy mixes 
[%] 

- lower outliers in conventional 
shares: Sweden (diesel); Finland, 
Sweden (gasoline); Sweden (gas)   

- upper outliers in biofuels shares: 
Finland, Sweden (diesel, gasoline 
& gas) 

- upper outliers in renewable 
transport share: Finland, Sweden 

 

Others - Share of 
international & 
Intra-EU 
aviation [%] 

 
- Average 
number of 
vehicles 
necessary for a 
given transport 
demand 
[veh/pkm] (for 
rail & aviation) 
 
- Renewal rate 
of vehicles [%] 
(rail & aviation)  
 
- Emission 
intensity of 
fuels [tCO2/TJ, 

 
- PRIMES EU Ref 16:  
Share of 
international & 
Intra-EU aviation 
energy demand 
 
- Eurostat (see here 
above): Average 
number of vehicles 
in EU 
 
 
- IPPC:  Emission 
intensity of fuels 

 
- The share of 
international & Intra-EU 
aviation activity is equal 
to the share of 
international & Intra-EU 
aviation energy demand 
 
- Average number of 
vehicles necessary for a 
given transport demand 
is considered equal to: 
Average number of 
vehicles in EU/ transport 
demand by mode  

 

Source reliability: 

- Eurostat:  

- PRIMES: 

- IPPC:  

Outliers: 

- Not applicable  

 

 
16 E-fuels are gaseous and liquid fuels such as hydrogen, methane, synthetic petrol, and 
diesel fuels generated from renewable electricity (Dena, 2017) 
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kgCH4/TJ, 
kgN2O/TJ] 
(Gasoline, 
Diesel, Gas, 
Kerosene) 

 

Reference 
passenger 
transport 
demand 

Passenger 
kilometer 
(pkm) for road 
public (bus) and 
private (2W, 
LDV) transport 

 PRIMES EU Ref 16         Not applicable No data for Switzerland 

Reference 
passenger 
transport 
energy 
consumptio
n 

Rail (passenger 
and freight), 
road 
(passenger and 
freight), 
domestic and 
international 
aviation 
(passenger and 
freight) 

Energy Balances 
2017         Not applicable       No data for Switzerland 

Reference 
GHG 
emissions 
data for the 
whole 
transport 
sector 
(passenger 
and freight) 

Not applicable GHG data from 
UNFCCC       Not applicable       Not applicable 

 

8.2  Database for freight transport 
The historic data collected for the freight transport module, the hypothesis and the 
data sources are described here after.  

The goal is to have, at least, all the data for the reference year (2015). 
 

Dataset Description Main sources Hypotheses to fill the 
gaps 

Data quality check  

Freight 
distance 
[tkm] 

Distance 
travelled for 
freight by 
mode (road, 
rail, IWW, sea, 
air) 

● Road, Rail, 
IWW demand 
from 1995 to 
2015, by 
country: EU 
pocketbook 
2017 

● demand from 
1990 to 2015, 
by country: EU 
pocketbook 
2017 

● Air, & Sea 
demand from 

 
● Air demand by 

country is calculated 
as follow for EU28 
countries: 
Total_EU28_air_dema
nd * 
(Country_road_dema
nd/ 
Total_EU28_road_de
mand) 

● Air demand by 
country is calculated 
as follow for 

 

Source reliability: 

Outliers: 

- outlier tests realized on total 
land, air, IWW, marine demandes 
weighted by GDP [tkm/M€] 

- outlier  total land demand: 
Latvia, Lithuania 

- outliers IWW demand: Bulgaria, 
Netherlands, Romania 
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1995 to 2015, 
EU-wide: EU 
pocketbook 
2017 

Switzerland: 
(Total_EU28_air_dem
and / 
Total_EU28_road_de
mand) * 
CH_road_demand 

● The same 
methodology is 
applied for Sea 
transport demand 
caveat: this 
hypothesis means 
that not all sea 
shipping is allocated 
to countries that have 
sea shores, part of it is 
allocated to countries 
that don’t have sea 
shores 

 

- outliers air demand: Not 
applicable 

- outliers marine demand: 
Bulgaria, Croatia, Cyprus, 
Estonia, Lithuania 

 

Modal 
share [%] 

Share of total 
land distance 
by mode 
(road, rail, 
IWW, sea, air) 

● Not applicable ● Computed based on 
“Freight distance” 
data per mode here 
above 

- Not applicable 

Vehicle 
fleet (# 
vehicles) 

Number of 
vehicles in 
service by 
mode (trucks, 
trains, boats, 
aircrafts) 

● Trucks, from 
1995 to 2015, 
by country: EU 
pocketbook 
2017 

● Trains, from 
2000 to 2015, 
by country: EU 
pocketbook 
2017 

● Boats, & 
Aircrafts 2016, 
by country: EU 
pocketbook 
2017 

 

● For boats and 
aircrafts, the number 
of vehicles in 2015 is 
considered equal to 
the number of 
vehicles in 2016 

Source reliability: 

Outliers: 

- outlier tests realized on 
transport weighted by GDP for 
each mode [#/€]  

- outliers HDVL, HDVM, HDVH: 
not applicable 

- outliers  rail transport: Austria, 
Estonia 

- outliers IWW transport: 
Bulgaria, Croatia, Germany,  
Netherlands 

- outliers air transport: Bulgaria, 
Estonia, Latvia, Luxembourg 

- outliers marine transport: 
Cyprus, Greece 

 

 

Vehicle 
fleet – 
technology 
share for 
new 
vehicles 
[%] 

Share of 
vehicle fleet by 
technology 
(ICE diesel, 
ICE petrol, 
BEV, PHEV, 
FCEV, Gas, 
Other) 

● Trucks, for 
2015, by 
country: ACEA, 
Eurostat 

● Trains, for 2005 
to 2010, by 
country: 
TRACCS 

 
● Trucks, for the EU 

countries that are not 
available in ACEA 
database (BG, CY, 
MT): considered equal 
to EU average 

● Trains, for 2011 to 
2015: linear 
extrapolation from 

Source reliability: 

Outliers: 

- outlier tests realized on total 
conventional technology share 
feet (ICE) and on total alternative 
technology share (CEV, FCEV, 
BEV, PHEV) [%], by mode 
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TRACCS data, based 
on average growth 
during 2005-2010 
period 

● Aircrafts & Boats: 
hypothesis that 100% 
are ICE-conventional 
in all countries 

 

- There is no outliers for rail, 
aviation, IWW and marine mode 

- There is one outliers both in 
conventional and non 
conventional technologies for 
HDVL, HDVM and HDVH:  Greece 

Trucks size 
[%] 

Share of 
trucks fleet by 
size (small, 
medium, 
heavy) 

● # of trucks by 
size, for 2005-
2010, by 
country: 
TRACCS 

● Trucks, for 2011 to 
2015, by country: 
linear extrapolation 
from TRACCS data, 
based on average 
growth during 2005-
2010 period 

 

Source reliability: 

Outliers: 

- outlier tests realized on share of 
truck by size [%] 

- No outliers for small and heavy 
sizes.  

- Outlier for medium size: Ireland 

 

Freight 
vehicle 
lifetime for 
new 
vehicles 
[year] or 
[km]  

Average 
lifetime of 
vehicles for 
the different 
types of 
vehicles 
(Trucks, 
Boats, Trains, 
Aircrafts) 

● Trucks average 
fleet age for 
2015, by 
country: ACEA 

● Trains average 
lifetime in 
years, 2015 EU 
level: IVL 

● Aircrafts 
average 
lifetime, 2015 
EU level: IATA 

 

● Trucks average 
lifetime in km is 
considered equal to 
400 000 km at EU 
level 

● Trucks average 
lifetime in km for each 
country is computed 
based on EU average 
lifetime and on 
average fleet age by 
country as follow:  
EU_average_km * 
(Country_average_fle
et_age/ 
EU_average_fleet_ag
e) 

● Boat average lifetime 
is considered equal to 
30 years 

Source reliability: 

Outliers: 

- outlier tests realized on average 
lifetime for each type of vehicle 
[year] or [km] 

- Outliers: none 

 

Freight new 
sales of 
vehicles [# 
vehicles] 

Number of 
new sales 
vehicles by 
mode (Small & 
Medium 
trucks, heavy 
trucks) 

● Trucks new 
sales, from 
2015 to 2017, 
by country: 
ACEA 

 

 Source reliability: 

Outliers: 

- outlier tests realized on new 
sales weighted by GDP [#/M€] for 
each truck side 

- Outlier for small-medium 
trucks: Czech Republic 

- Outlier for heavy trucks: 
Lithuania  

 

Vehicle load 
factor 
[tkm/vkm] 

Average load 
of a vehicle 
(trucks) 

● Trucks, for 
2007-2016, by 
country: 
TRACCS 

 Outliers: 

- Not applicable 
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Vehicle 
utilization 
rate 
[vkm/veh] 

Average 
number of 
kilometres 
travelled by 
vehicle (tucks) 

● Trucks, for 
2005-2010, by 
country: 
TRACCS 

● Trucks, for 2011 - 
2015, by country: 
linear extrapolation 
from TRACCS data, 
based on average 
growth during 2005-
2010 period 

 

Outliers: 

- Outlier tests realized on each 
type of vehicle 

- identical outlier for each type of 
vehicle: Luxembourg  

 

Vehicle 
energy 
efficiency 
for fleet & 
new 
vehicles 
[MJ/km] or 
[MJ/tkm] 

Energy 
consumption 
of new 
vehicles per 
mode & 
technology 

● Diesel trucks 
and trains 
energy 
consumption: 
ICCT 

● Boat energy 
consumption: 
TRACCS 

 

● Energy consumption 
of new vehicles is 
considered to be the 
same in all countries 

● Energy consumption 
of alternative 
powertrains trucks is 
computed as follow: 
E_Diesel_Truck* 
(E_Other_Car/E_Dies
el_car) 

Outliers: 

- not applicable: the vehicle 
energy efficiency ([MJ/km] or 
[MJ/pkm]) depends solely on 
mode and technology. Values are 
unique for all countries  

 

Energy 
vector mix 
[%] 

 

Same data 
than for 
passenger 
transport 

Share of 
different 
energy vectors 
in the energy 
mix 
(conventional, 
biomass, 
efuels shares 
in diesel, 
gasoline, gas 
& kerosene) 

● Share of 
renewable 
energy in 
transport, for 
2007-2016, by 
country: 
Eurostat 

 
● Share of 

biofuels in 
diesel and in 
gasoline, for 
2015, EU-wide: 
USDA Foreign 
Agricultural 
Service 

● Share of efuels is 
considered null 

● Share of bio-diesel in 
each country is 
computed as follow: 
EU_average_share_Di
esel * 
(Country_transport_r
enewable_share/ 
EU_transport_renewa
ble_share)  

● Share of bio-ethanol 
in gasoline in each 
country is computed 
as follow: 
EU_average_share_g
asoline * 
(Country_transport_r
enewable_share/ 
EU_transport_renewa
ble_share) 

● Share of bio-gas is 
considered equal to 
the share of 
renewable in 
transport 

Outliers: 

- outlier tests realized on each 
share of vectors in energy mixes 
[%] 

- lower outliers in conventional 
shares: Sweden (diesel); Finland, 
Sweden (gasoline); Sweden (gas)   

- upper outliers in biofuels 
shares: Finland, Sweden (diesel, 
gasoline & gas) 

- upper outliers in renewable 
transport share: Finland, Sweden  

 

Others 

 

 

 

 

● Share of 
internation
al & Intra-
EU 
aviation 
[%] 

● Average 
number of 
vehicles 
necessary 
for a given 
transport 

 
● Share of 

international & 
Intra-EU 
aviation energy 
demand: 
PRIMES EU Ref 
16 

● Average 
number of 
vehicles in EU: 

 
● The share of 

international & Intra-
EU aviation activity is 
equal to the share of 
international & Intra-
EU aviation energy 
demand 

● Average number of 
vehicles necessary for 
a given transport 
demand is considered 

Outliers: 

- Not applicable 
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demand 
[veh/tkm] 
(for rail, 
boat & 
aviation) 

● Renewal 
rate of 
vehicles 
[%] (rail, 
boat & 
aviation)  

● Emission 
intensity 
of fuels 
[tCO2/TJ, 
kgCH4/TJ, 
kgN2O/TJ] 
(Gasoline, 
Diesel, 
Gas, 
Kerosene) 

 

Eurostat (see 
here above) 

● Transport 
demand: see 
freight distance 
database here 
above 

● Renewal rate of 
vehicles: based 
on lifetime data 
here above  

● Emission 
intensity of 
fuels: IPPC 

equal to: Average 
number of vehicles in 
EU/ transport demand 
by mode  

Reference 
freight 
transport 
demand 

HDV (tkm), 
IWW (tkm) 
and rail (tkm) 

 PRIMES EU Ref 16         Not applicable No data for Switzerland 

Reference 
passenger 
transport 
energy 
consumptio
n 

Rail 
(passenger 
and freight), 
road 
(passenger 
and freight), 
domestic and 
international 
aviation 
(passenger 
and freight) 

Energy Balances 
2017         Not applicable       No data for Switzerland 

Reference 
GHG 
emissions 
data for the 
whole 
transport 
sector 
(passenger 
and freight) 

Not applicable GHG data from 
UNFCCC       Not applicable       Not applicable 
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