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Appendix A - Overview and scenarios 

1.1 Overview 

 

Figure 1: Overall approach to modelling 

The overall approach to modelling is illustrated conceptually in Figure 1 – the potential uptake of 

biofuels by the vehicle fleet and the potential supply of biofuels are modelled separately and then 

brought together, using iteration to achieve coherent results. An analytical approach sits at the core 

of this project, and uncertainty is considered by means of scenarios. 

There are separate appendices explaining the biofuel supply model (Appendix B) and the vehicle fleet 

model or biofuel uptake model (Appendix C) which are integrated to give the project output 

described in the main report. This appendix describes the scenarios used to underpin the analysis. 

1.2 Why a scenario approach is used 

Many factors influence biofuel supply and vehicle fleet evolution, each of which is subject to 

considerable uncertainty in the timeframe of the analysis (to 2030). Although, in principle, a central 

forecast for each factor could be used, this would only produce a single value output. In view of the 

uncertainty, it is more important to consider a range of inputs in order to understand the spread of 

possible outcomes. This allows a roadmap to be proposed that is resilient to a wide range of possible 

futures, rather than a single point forecast which will inevitably be incorrect.   

Configurations of factors that describe a possible future – a scenario - are devised and applied. Only 

four scenarios are used to limit permutations of variables.   



 A harmonised Auto-Fuel biofuel roadmap for the EU to 2030 

 4 

1.3 Features of context scenarios 

The scenarios initially describe futures that are not specific to vehicles or biofuels, but provide 

relevant context affecting their evolution. These ‘context scenarios’ are defined along two main 

dimensions which, after experimentation, were found to be suitably distinguishing and meaningful to 

the project’s objectives. The dimensions are: 

 The level of regulatory pressure upon industries, whether vehicle, fuel, biofuel, agriculture 

or other. This refers to energy security, CO2 reduction and other environmental 

requirements on industries as a result of policy and consumer pressure. 

 The economic capacity of industries to respond to regulatory pressure. This refers to the 

capability of feedstock and fuel producers & distributors, and vehicle manufacturers to invest 

in innovative technologies, production capacity, R&D, etc. This is linked to the ability of 

consumers to bear any costs that are passed on by industries. 

The combination of these dimensions results in four discrete context scenarios, labelled A to D for 

ease of reference. These are summarised below. 

 

Figure 2: Context scenario descriptions 

Note that the context scenarios are intended to represent divergences from the currently known 

trajectory to 2020 and 2030, whilst not varying factors that are already firm, such as known policies. 

Furthermore, divergences are intended to stretch the analysis to a point that is conceivably realistic, 

but not beyond.  

The four context scenarios are not quantitative per se, however, they are used to influence the 

parameters used in the modelling of biofuels supply and the ability of vehicle fleets to uptake 

biofuels. 
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1.4 Biofuel supply and vehicle fleet scenarios 

As described above, the context scenarios create alternative futures within which the evolution of 

biofuels supply and the vehicle fleet can be analysed. The context scenarios are used to influence 

relevant features in the biofuels supply model and vehicle fleet model separately, though in each 

case the configurations of features are internally consistent and coherent with the overall context 

scenario. Hence the outputs of the two models are also denominated under scenarios A to D. 

Below is a representation of the features that are varied in each scenario and that influence key 

biofuel supply and vehicle fleet model variables. Note that in each case only features that it is useful 

to vary are altered.  

 

Figure 3: Influence of context scenarios on features of biofuels supply 

 

Figure 4: Influence of context scenarios on features of vehicle fleets and fuel demand 

The resulting influence of these scenarios is described for biofuels supply and vehicle fleets in 

appendix B and appendix C respectively 
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Appendix B - Biofuel supply modelling 

1.1 Biofuel routes considered 

This study models a wide range of biofuel supply chains that are defined as feedstock-region-

technology combinations. Feedstocks and technologies are selected if they are considered to be able 

to make a significant contribution to the overall biofuel supply in the European Union (EU) in 2030, 

see Figure 5. All likely feedstock-technology combinations in the EU are considered. Feedstock-

technology combinations from countries/regions outside the EU are included if they are likely to 

export a significant amount of biofuel to the EU. The combination of feedstocks, regions and 

technologies leads to around 200 biofuel supply chains being modelled in this study. 

All biofuel supply chains are modelled independently but can also be grouped into five types of fuel: 

 

Figure 5: Biofuel routes (feedstock and technology combinations) considered in this study 

In the model the gasoline category is split into non drop-in gasoline (ethanol, methanol and butanol) 

and drop in gasoline.  

The feedstocks considered, as shown in Figure 5, fit into two categories; 1G and 2G feedstocks which 

define as well 1G and 2G biofuels throughout the study: 

 Modelled first generation feedstocks are: 

o Starch & sugar crops: Sugarcane, sugarbeet, sweet sorghum, wheat, corn, cassava, 

barley 

o Vegetable oils: Rapeseed oil, soybean oil, palm oil, sunflower oil, jatropha oil, 

camelina oil, microalgae oil 
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(same as drop-in diesel) 
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*No drop-in gasoline is considered in this study. It is assumed that diesel and potentially kerosene substitutes will be given preference. 
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o Waste oils & fats: Used cooking oil (UCO), tallow, tall oil 

o Manure 

 Modelled second generation feedstocks are: 

o Woody feedstocks: Short rotation coppice (SRC) and short rotation forestry (SRF) 

o Energy crops: Miscanthus, switchgrass, reed 

o Residues: Forestry residues, Saw dust and cutter shavings, Palm fruit bunches, 

Bagasse, Grape marcs & wine lees, Nut shells, Husks, Cobs, Straw, Black Liquor/Tall 

Oil, Corn stover, Crude Glycerine 

o The biomass fraction of municipal solid waste (MSW) and industrial waste (IW) 

o Microalgae and macroalgae 

The following technologies are considered in the biofuel supply chains: 

 Trans-esterification (to produce FAME) 

 Hydroprocessing (HVO) 

 Gasification and chemical synthesis to FT diesel, DME, methanol and bio-synthesis gas 

 Anaerobic digestion 

 Fermentation to ethanol and butanol 

 Cellulose hydrolysis and fermentation to 2G ethanol and 2G butanol 

 Pyrolysis and upgrading 

Besides the EU, the following regions are modelled to export to the EU: US, Canada, Brazil, Argentina, 

South America Other (Colombia), CIS, Ukraine, MENA, Central/West Africa, Southern Africa, South 

East Asia, Oceania.  

1.2 Supply modelling approach 

The biofuel supply potential in the EU in 2020 and 2030 is modelled using the approach shown in 

Figure 6, steps 1-3. Step 4 allows integration of the supply and uptake model. Scenario analysis is 

used to test the extent to which the biofuel volume varies depending on assumptions made about 

particular variables. The scenarios are discussed in Appendix A. 

 

Figure 6: Supply modelling approach 

1. Baseline 
availability of 

biofuels in 
2020 and 2030

2. Apply 
supply side 

scenario 
constraints

3. Apply GHG 
threshold

4. Ranking of 
volume of 

each fuel from 
lowest to 

highest cost

Relevant to 
1G fuels only
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Given their difference in commercial maturity, 1G and 2G biofuels are modelled slightly differently, 

with 1G fuels constrained by feedstock availability and 2G fuels constrained by the rate at which 

biofuel plants can be built. The only exception to this is that HVO and Butanol from 1G feedstocks are 

also modelled to be plant build rate constrained as well as feedstock constrained. 

 1G biofuels: A baseline feedstock availability is calculated based on land area, yield and food 

demand projections. Constraints are then applied which vary across four scenarios, to give 

four different projections of 1G biofuel supply availability to the EU in 2020 and 2030. 

 2G biofuels: Biofuel potential is calculated based on a projection of plant capacity. 

Constraints are then applied, and which vary across the four scenarios, to give four different 

projections of 2G biofuel supply availability to the EU in 2020 and 2030.  

Butanol and HVO are the only 1G biofuels that are constrained by the ramp-up rate in addition to 

feedstock availability. However, as both butanol and HVO are considered to be preferred1 over 

ethanol and FAME, where feedstock is constrained, it is distributed to these fuels in preference. The 

remaining feedstock is then available to ethanol and FAME. 2G biofuels in contrast are entirely 

capacity constrained; it is assumed that sufficient lignocellulosic feedstock will be available as the 

technologies are at the early stages of development and deployment. In the timeframe considered, 

this is a reasonable assumption as the number of plants modelled to be available by 2030 should not 

be limited by feedstock availability. 

In more detail, the following approach is taken: 

 

Figure 7: Approach to modelling available biofuel supply 
*No drop-in gasoline is considered in this study. It is assumed that diesel  

and potentially kerosene substitutes will be given preference. 

                                                           
1
 They are preferred as butanol can be blended to a higher level with gasoline than ethanol and HVO is a diesel 

drop-in diesel substitute.  
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1.3 Calculation of a baseline 

A baseline availability is calculated for 1G biofuels, including butanol and hydrotreated vegetable oils 

(HVO). As explained in Figure 7 this includes land and waste-based biofuels. Land-based 1G biofuels 

are calculated based on land area, yield and food demand projections. This is done by extrapolating 

historical data, where available, to project the increase in land area and yield to 2030 to determine 

the total production for each crop, and then subtracting the projected demand for feedstock 

required for food and feed purposes where appropriate. For 2G biofuels the baseline is calculated 

based on a projection of plant capacity. 

1.3.1 Baseline parameters 

A feedstock potential baseline is calculated from the following three parameters: 

 Area (Mha): This is the area of the crop that will be grown for all purposes, including food.  In 

general, the area is projected to 2030 by calculating an average planting rate over the period 

1990-2010 and then extrapolating based on this planting rate to 2030. However, the 

approach and assumptions might vary for each feedstock-region combination.  

 Yield (odt/ha): This is the projected yield, in dry tonnes/ha, that would be expected in the 

baseline scenario. In general, the dry yield is projected to 2030 by calculating an average 

yield growth rate p.a. over the period 1990-2010 and then extrapolating based on this 

average growth rate to 2030. However, the approach and assumptions might vary for each 

feedstock-region combination. 

 Availability/capacity (PJ): For 1G feedstocks, the availability refers to the actual amount of 

the feedstock that would be available (in PJ) to non-food/feed purposes, e.g. for transport 

fuel, heat and power, chemicals and plastics. 

To calculate the biofuel availability, the projected land area and yield are multiplied and the 

amount projected to be used for food/feed purposes is subtracted. The approach used to 

calculate the food/feed demand varies per feedstock-region combination as this share is very 

country and feedstock specific, and depends on whether there are other considerable non-

food uses for the product, e.g. palm oil.  

For 2G feedstocks the availability is determined by the cumulative capacity of the 

technologies.  

It should also be noted that some 1G feedstocks can be used in more than one type of technology 

(e.g. oils can be used to make both HVO and FAME and sugars and starches can be used to make 

both ethanol and butanol).  

1.4 Supply side constraints 

The supply baseline is then varied across the four scenarios based on six supply side variables. These 

variables are used to alter the availability and cost of the different fuels. As Figure 8 shows these 

variables are grouped into feedstock, technology and supply chain categories. The feedstock 

variables apply only to 1G biofuels from land based feedstocks, the cumulative installed capacity 

applies to 2G biofuels and 1G butanol and HVO, and the remaining three parameters apply to all 

biofuel chains. Low, medium and high values are attributed to the variables according to the 

scenarios, as shown in Figure 8. 



 A harmonised Auto-Fuel biofuel roadmap for the EU to 2030 

 10 

 

 

Figure 8: Applied supply side constraints 

The definitions of the different variables and what is meant by low, medium and high in the different 

scenarios is described in the following sections. 

1.4.1 Yield 

Yield is one feedstock variable used to vary the land-based 1G feedstock potential per scenario.  

The yield is projected in the baseline in t/ha for 2020 and 2030 for each 1G feedstock-country 

combination. 

Two categories are defined for yield variation for each feedstock-country combination to reflect the 

development status of the feedstock in a particular region/country:  

 Conventional feedstock-country combination: feedstocks that have been conventionally 

grown in that country, are established and where general yield trends are unlikely to vary 

much 

 Non-Conventional feedstock-country combination: feedstocks that have not been 

conventionally grown in that country on an industrial scale, or where historically yields have 

been extremely variable, and thus where there is bigger scope for yield variation depending 

on the scenario 
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Figure 9: Feedstock-country combinations and assumption made regarding yield evolution. 

Depending on the category in which the feedstock-country combination falls in Figure 9, yields are 

attributed low, medium and high values in the different scenarios as shown in Table 1 below. 

Table 1: Yield variation for "conventional" and "non-conventional"  
feedstock-country combinations in the different scenarios 

Feedstock-country 

combination 

Low Medium High 

Conventional Yields 5% lower than the 

baseline 

As per baseline Yields 5% higher than the 

baseline 

Non-conventional Yields 10% lower than 

the baseline 

As per baseline Yields 10% higher than 

the baseline 

The variation of 5% was chosen as it reflects for conventional feedstocks a typical historic yield 

variation, as Figure 10 shows for the case of Brazil. For non-conventional feedstock-country 

combinations the scope for variation is larger and was thus doubled to 10%. 

Region Su
ga

rc
an

e

Su
ga

rb
ee

t

So
rg

h
u

m

W
h

ea
t

C
o

rn

C
as

sa
va

B
ar

le
y

R
ap

es
ee

d
 O

il

So
yb

ea
n

 O
il

P
al

m
 O

il

Su
n

fl
o

w
er

 O
il

Ja
tr

o
p

h
a 

O
il

C
am

el
in

a 
O

il

US

Canada

Brazil

Argentina

South America Other

Central America

EU

CIS

Ukraine

Central Africa

Southern Africa

South East Asia

Non-conventional feedstock/country combination

Conventional feedstock/country combination



 A harmonised Auto-Fuel biofuel roadmap for the EU to 2030 

 12 

 

Figure 10: Brazilian sugarcane yield variations around linear trend 

1.4.2 Environmental context 

The second variable that is used to vary feedstock availability across the scenarios is environmental 

pressure. The rationale behind the environmental constraint is that in certain scenarios, stronger 

sustainability standards relating to biodiversity and local water use would need to be met in order for 

feedstocks to be used in the EU. Also, national conservation and agro-ecological zoning measures, as 

well as water availability, may restrict agricultural areas. This will effectively limit the amount of 

biomass that would be available to the EU from countries or regions that would be most likely 

affected by higher biodiversity/nature conservation/water standards and regulations.  

1.4.2.1 Water constraint 

The three 2025 scenario maps produced for the World Resources Institute2 (which are based on 

three different scenarios of climate change and socio-economic development created by the IPCC) 

were used to identify in each scenario, the countries or regions with high, medium or low risk of 

water scarcity. 

The three WRI scarcity scenarios developed were mapped onto our four 2030 scenarios A-D as 

follows: 

 Auto-Fuel Study Scenario A: IPCC scenario A2: equivalent to medium water scarcity 

 Auto-Fuel Study Scenario B: IPCC scenario A1B: equivalent to high water scarcity  

 Auto-Fuel Study Scenario C: IPCC scenario A2: equivalent to medium water scarcity 

 Auto-Fuel Study Scenario D: IPCC scenario B1: equivalent to low water scarcity  

These three levels of scarcity are assumed to translate into the following implications for the amount 

of biomass that would be available from that country or region for use as biofuels: 

 Low: 100% available 

 Medium: 90% available 

 High: 0% available 

                                                           
2
 http://insights.wri.org/aqueduct/atlas 
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1.4.2.2 Conservation protection 

The conservation protection component of the environmental context constraint implies that, for 

conservation reasons, in one extreme scenario in both 2020 and 2030 (scenario D), conservation 

policy will be stricter and influence the amount of land available for growing crops, and consequently 

result in a 10% reduction in the amount of biomass available for biofuel production.  

1.4.2.3 Overall environmental context 

The two environmental constraints are combined in scenarios A-D as follows: 

Table 2: Environmental constraints applied in the scenarios 

Scenario Scenario characteristics 

A  Medium water stress, No conservation 

B High water stress, No conservation 

C Medium water stress, No conservation 

D Low water stress, High conservation 

These two environmental constraints translate into the following reduction in feedstock availability 

(the constraints are additive): 

Table 3: Percentage reduction in feedstock availability, based on environmental context  

Scenario-Region Water Conservation Combined reduction 

Year: 2030 2020 & 2030 2020 2030 

Low water stress, High conservation-US 0% 10% 10% 10% 

Low water stress, High conservation-Canada 0% 10% 10% 10% 

Low water stress, High conservation-Brazil 0% 10% 10% 10% 

Low water stress, High conservation-Argentina 0% 10% 10% 10% 

Low water stress, High conservation-South America Other 0% 10% 10% 10% 

Low water stress, High conservation-EU 0% 10% 10% 10% 

Low water stress, High conservation-Europe Other 0% 10% 10% 10% 

Low water stress, High conservation-CIS 0% 10% 10% 10% 

Low water stress, High conservation-Ukraine 10% 10% 10% 20% 

Low water stress, High conservation-Central Africa 10% 10% 10% 20% 

Low water stress, High conservation-Southern Africa 0% 10% 10% 10% 

Low water stress, High conservation-South East Asia 0% 10% 10% 10% 

Medium water stress, No conservation-US 0% 0% 0% 0% 

Medium water stress, No conservation-Canada 0% 0% 0% 0% 

Medium water stress, No conservation-Brazil 0% 0% 0% 0% 

Medium water stress, No conservation-Argentina 0% 0% 0% 0% 

Medium water stress, No conservation-South America 

Other 

0% 0% 0% 0% 

Medium water stress, No conservation-Central America 10% 0% 0% 10% 

Medium water stress, No conservation-Europe Other 0% 0% 0% 0% 

Medium water stress, No conservation-CIS 0% 0% 0% 0% 

Medium water stress, No conservation-Ukraine 10% 0% 0% 10% 

Medium water stress, No conservation-Central Africa 10% 0% 0% 10% 

Medium water stress, No conservation-Southern Africa 0% 0% 0% 0% 
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Scenario-Region Water Conservation Combined reduction 

Year: 2030 2020 & 2030 2020 2030 

Medium water stress, No conservation-South East Asia 0% 0% 0% 0% 

High water stress, No conservation-US 10% 0% 0% 10% 

High water stress, No conservation-Canada 10% 0% 0% 10% 

High water stress, No conservation-Brazil 10% 0% 0% 10% 

High water stress, No conservation-Argentina 0% 0% 0% 0% 

High water stress, No conservation-South America Other 10% 0% 0% 10% 

High water stress, No conservation-Central America 100% 0% 0% 100% 

High water stress, No conservation-Europe Other 0% 0% 0% 0% 

High water stress, No conservation-CIS 0% 0% 0% 0% 

High water stress, No conservation-Ukraine 100% 0% 0% 100% 

High water stress, No conservation-Central Africa 10% 0% 0% 10% 

High water stress, No conservation-Southern Africa 0% 0% 0% 0% 

High water stress, No conservation-South East Asia 0% 0% 0% 0% 

1.4.3 Cumulative installed capacity  

The cumulative installed capacity is the key variable for 2G biofuels and 1G butanol and hydrotreated 

vegetable oils (HVO) that determines the availability of these fuels per scenario. As for the other 

constraints, low, medium and high cases are projected and applied to the different scenarios based 

on Figure 8.  

It is assumed that 2G fuel availability is constrained by the build rate rather than the feedstock 

availability to 2030. Butanol and HVO are both feedstock and capacity constrained. However, given 

that butanol and HVO have feedstock priority over ethanol and transesterification the cumulative 

installed capacity determines their fuel availability. This assumption means that to 2030, it is 

assumed that there will be sufficient lignocellulosic feedstock to meet the installed plant capacity, as 

well as for demand for those feedstocks from other sectors e.g. heat and power. Based on the level 

of ramp-up assumed, it is not expected that the lignocellulosic feedstock availability should be a 

constraint to 2030. However, if plant ramp up rates were significantly raised, it would be wise to 

consider in more detail the availability of and competition for these feedstocks. 

The following cumulative installed capacity is projected for 2G biofuels, butanol and HVO (very low 

cumulative capacity figures are not included in this summary table): 

Table 4: Cumulative installed capacities for low-medium-high cases in 2020 and 2030 

All in Mtoe/a 1G or 2G 

fuel 

2020 or 

2030 

EU Brazil Rest of the world  

Numbers are given for low-medium-high cases 

FT-synthesis 2G 2020 Global available to the EU: 0.3 – 0.3 – 0.5 

FT-synthesis 2G 2030 Global available to the EU: 1.0 – 1.6 – 2.6 

Lignocellulosic 

ethanol 

2G 2020 All 0.40 1.1 – 1.2 – 1.4 - 
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All in Mtoe/a 1G or 2G 

fuel 

2020 or 

2030 

EU Brazil Rest of the world  

Numbers are given for low-medium-high cases 

Lignocellulosic 

ethanol 

2G 2030 0.8 – 1.0 – 1.3 2.7 – 3.5 – 4.2 - 

Lignocellulosic 

butanol 

2G 2020 All 0.2 All 0.2 - 

Lignocellulosic 

butanol 

2G 2030 0.4 – 0.6 – 0.8 0.4 – 0.6 – 0.8 - 

Pyrolysis 2G 2020 All 0.08 - 0.0 – 0.0 – 0.2 

Pyrolysis 2G 2030 0.5 – 0.7 - 0.9 - 0.0 – 0.0 – 0.5 

Butanol 1G 2020 0.1 – 0.2 – 0.5 0.1 – 0.2 – 0.5 - 

Butanol 1G 2030 0.6 – 1.2 – 2.3 0.6 – 1.2 – 2.3 - 

HVO (incl. co-feed) 1G 2020 Global available to the EU: 3.5 – 3.5 – 5.2 

HVO (incl. co-feed) 1G 2030 Global available to the EU: 4.7 – 5.3 – 11.7 

The following generic approach is taken to determine the cumulative installed capacity: 

 The cumulative production capacity to 2020 is estimated based on operational and planned 

production facilities  

 Projections are made to 2030 based on assumed build rates and plant sizes 

 Technical shares for the output fuel products are defined for each technology 

 The cumulative installed capacity is modelled for the EU and for technology-country 

combinations that are likely to export a share of their production to the EU 

 2G LC ethanol cumulative capacity in Brazil is based on an average of the EU and US 

projections.  1G and 2G butanol capacity is assumed to be the same as in the EU.  

 FT-synthesis and pyrolysis cumulative capacity in the rest of the world is based on average US 

capacities. 

Both for Brazil and the rest of the world only a share of the production from the cumulative capacity 

is exported to the EU (see chapter 1.4.5 for details).  

The graphs below show the estimated ramp up for high, medium and low scenarios based on current 

activities and trends. It is possible that the ramp up in capacity of these technologies could be higher 

if industry and policy efforts were intensified to accelerate and increase their deployment. 
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Figure 11: Lignocellulosic ethanol production capacity in the EU to 2030 

The ramp-up of lignocellulosic ethanol production leads on average to 15 additional plants from 2020 

to 2030 which corresponds to a growth of 10 % p.a., similar to the historic built rate for 1G ethanol in 

the EU.  

 

Figure 12: Global Fischer-Tropsch (FT) production capacity available to the EU to 2030 

The ramp-up of FT production capacity leads to around 10 extra plants from 2020 to 2030 and an 

average growth rate of 17% p.a. in that period.  
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Figure 13: Butanol production capacity in the EU to 2030  

First generation butanol production capacity in the EU is assumed to follow 1G ethanol ramp-up as a 

proxy with a 15 year lag (i.e. from 2017). The second generation capacity is assumed to follow the 

projected 2G ethanol ramp-up with a 3 year lag. This lag time is based on the expectations when the 

first 1G and 2G butanol commercial plants are likely to be introduced. Part of the 1G butanol capacity 

may be from retrofitting 1G ethanol plants. 

  

Figure 14: Global HVO and co-feed HVO production capacity available to the EU to 2030  
(low-medium-high refers to the different cases)  

Note: The increase in HVO capacity was modelled based on a 280kt plant and a 1Mt plant;  
the final capacity is the same only the number of plants varies.  

It is assumed that only in scenario D (high case) co-feed capacity will become available in addition to 

dedicated HVO.  
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1.4.4 Conversion plant efficiency 

Efficiency is the second technology-specific parameter that is varied across the scenarios. An 

efficiency improvement is expressed as a relative % improvement over the baseline efficiency 

(energy out/energy in) of the technology. Low, medium and high values are assumed based on the 

following approach: 

 The efficiency increases by a different rate depending on whether the technology is 1G or 2G 

(2G routes are assumed to have higher efficiency improvement potential given their earlier 

stage of development). Given that 1G butanol is not yet commercially available, it is assumed 

that this technology will achieve efficiency improvements equivalent to 2G routes. 

 For transesterification and HVO routes, which already have very high efficiencies, no 

efficiency improvement is assumed. Furthermore, it is assumed that the efficiency of 

vegetable oil crushing will remain constant over time. 

 The relative assumed efficiency improvements as shown in 

 Table 5 are cross-checked with internal data sources. 

Table 5: Relative efficiency improvements for 1G and 2G technologies 

 Efficiency improvement 1G ethanol  

2012 to 2020 and 2020 to 2030 

Efficiency improvement 2G  

2012 to 2020 and 2020 to 2030 

Low 2.0% 4.0% 

Medium 2.5% 5.0% 

High 3.0% 6.0% 

1.4.5 Export capacity to the EU 

The modelled export capacity to the EU is the main supply chain parameter that will constrain the 

availability of imported fuels to the EU. The export capacity to the EU represents the biofuel available 

to the EU after considering national demand and competing demands from other regions. Low, 

medium and high cases are projected for 2020 and 2030 based on the country and fuel specific 

assumptions detailed below Table 6.  

Table 6: Percentages of fuels per region that can be exported to the EU  
(only the key routes are shown below) 

Region - Fuel 2020 2030 

 Low Medium High Low Medium High 

Brazil - Ethanol 0% 1% 6% 1% 3% 10% 

Commonwealth of Independent States 

(CIS) - Ethanol 

100% 100% 100% 100% 100% 100% 

South America Other (other than 

Brazil/Argentina) - Ethanol 

4% 19% 40% 8% 27% 48% 
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Region - Fuel 2020 2030 

 Low Medium High Low Medium High 

Ukraine – Ethanol 100% 100% 100% 100% 100% 100% 

US – Ethanol 0% 0% 2% 0% 0% 2% 

Argentina – FAME 61% 71% 81% 61% 71% 81% 

Brazil – FAME 0% 0% 20% 0% 0% 20% 

CIS – FAME 100% 100% 100% 100% 100% 100% 

South East Asia – FAME 27% 52% 77% 27% 52% 77% 

Ukraine – FAME 100% 100% 100% 100% 100% 100% 

US - FAME 0% 0% 20% 0% 0% 20% 

Brazil – Butanol 0% 1% 6% 1% 2% 10% 

Brazil – 2G Ethanol 10% 30% 50% 10% 30% 50% 

Brazil – 2G Butanol 10% 30% 50% 10% 30% 50% 

ROW – FT-Diesel 20% 20% 20% 20% 20% 20% 

ROW – Pyrolysis 20% 20% 20% 20% 20% 20% 

Assumptions and calculation process for export capacities: 

 Brazil – Ethanol and Butanol:  

o Calculation of Brazilian Ethanol demand3  

o Calculation of the surplus production by subtracting Brazilian ethanol demand from 

Brazilian ethanol supply (as an outcome of the model) for a low, medium and high 

case  

o Based on expert input, assumption of the share of surplus production available to 

the EU depending on demand from other markets (between 10% to 50% depending 

on the case)  

 CIS and Ukraine – Ethanol: 

o No national biofuel demand expected until 20304  

o All available ethanol or feedstock expected to be available to the EU 

 South America Other (other than Brazil/Argentina) – Ethanol:  

o Colombia is expected to be the 2nd largest ethanol producer in South America 

behind Brazil and thus selected to represent the South America Other region 

o Calculation of Colombian ethanol demand5   

                                                           
3
 IEA, 2012. World Energy Outlook 2011.  

4
 IEA, 2012. World Energy Outlook 2011.  

5
 Ministerio de Minas y Energía & Unidad de Planeación Minero Energética, 2012. Proyeccion de Demanda de 

Combustibles Liquidos y GNV en Colombia. Available at: 
http://www.sipg.gov.co/sipg/documentos/Proyecciones/2012/PROYECC_DEMDO_GM_GNV_2012-2031.pdf  

http://www.sipg.gov.co/sipg/documentos/Proyecciones/2012/PROYECC_DEMDO_GM_GNV_2012-2031.pdf


 A harmonised Auto-Fuel biofuel roadmap for the EU to 2030 

 20 

o Calculation of the surplus production by subtracting Colombian Ethanol demand  

from Colombian Ethanol Supply (as an outcome of the model) for a low, medium and 

high case  

o Based on expert input, assumption of the share of surplus production available to 

the EU depending on demand from other markets (between 10% to 50% depending 

on the case)  

 US – Ethanol: 

o In the low and medium case, high domestic ethanol demand is expected in the US, 

thus no ethanol available for export to the EU 

o In the high case, slightly lower domestic ethanol demand is expected in the US and 

2% of US ethanol production is assumed to be exported to the EU 

 Argentina FAME: 

o 71% of Argentinian FAME is expected to be exported in 2020 to the EU6. It is 

assumed that this will remain constant to 2030. This value is used for the medium 

case and varied by +/- 10% for the high and low case.  

 Brazil and US – FAME: 

o Brazil and the US are not expected to export FAME by 20207. It is assumed that this 

will remain the case until 2030. Brazil is introducing a B20 mandate by 2020 which 

might tighten the soybean oil availability. This assumption is valid for the low and 

medium case. 

o For the high export case it is assumed that both Brazil and the US will export 20% of 

their FAME production to the EU.  

 CIS and Ukraine – FAME: 

o No national biofuel demand expected until 20308  

o All FAME or vegetable oils are expected to be available to the EU 

 South East Asia – FAME:  

o 27% of South East Asian FAME/FAME feedstock production is expected to be 

exported in 2020 to the EU compared to 77% in 20119. 

o It is assumed that 27% represents the low export case, 77% the high export case and 

the average 52% the medium export case. 

o All shares are assumed to remain constant to 2030.  

 Brazil – 2G ethanol and 2G butanol:  

o It is assumed that 100% of the Brazilian 2G production can be exported as national 

demand for 2G fuels may be low. 

o The same assumption regarding the share of the production that is available to the 

EU is taken as for 1G ethanol and butanol and varies from 10% to 50% depending on 

the case. The remainder of the exported 2G ethanol and Butanol is assumed to be 

exported to the US where demand for 2G fuels is expected to be high. 

                                                           
6
 Wagner, E. 2012. Situation and Outlook for Global Biofuel Markets & U.S. Biofuel Sustainability. BIOM2E 

Global Bioenergy Congress. 2012. U.S. Department of Agriculture. USDA Foreign Agricultural Service. 
7
 Wagner, E. 2012. Situation and Outlook for Global Biofuel Markets & U.S. Biofuel Sustainability. BIOM2E 

Global Bioenergy Congress. 2012. U.S. Department of Agriculture. USDA Foreign Agricultural Service. 
8
 IEA, 2012. World Energy Outlook 2011. 

9
 Wagner, E. 2012. Situation and Outlook for Global Biofuel Markets & U.S. Biofuel Sustainability. BIOM2E 

Global Bioenergy Congress. 2012. U.S. Department of Agriculture. USDA Foreign Agricultural Service. 
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 ROW – FT Diesel and Pyrolysis:  

o 80% is assumed to be consumed for domestic purposes or exported to other regions 

and 20% is assumed to be available for the EU (this is incorporated into the 

cumulative capacity for FT Diesel shown in section 1.4.3 already) 

1.4.6 Demand from competing markets other than food/feed 

It is assumed that there will be demand for several of the modelled fuels from competing markets 

such as aviation fuel, chemicals or heat and power. The share Table 7 which is diverted to competing 

markets (other than food or feed) gets subtracted from the total fuel production.  

Table 7: Share of fuels demanded by competing markets other than food/feed 

% in energy 2020 2030 

 Low Medium High Low Medium High 

Biodiesel (HVO) 20% 20% 20% 20% 20% 20% 

Ethanol 1G & 2G 1% 2% 5% 2% 5% 10% 

Butanol 1G & 2G 2% 4% 10% 4% 10% 20% 

Biogas  98% 98% 98% 94% 94.5% 95% 

Assumptions to determine the demand from competing fuel markets: 

 Biodiesel (HVO) 

o It is assumed that due to increasing demand for biofuel from the aviation sector by 

2020 and 2030, 20% of the total HVO capacity will be used to produce hydrotreated 

renewable jet (HRJ).  

o The share going to HRJ could however as well go to a diesel fraction and increase the 

diesel drop-in share in road transport. The share of production of the different 

fractions will depend on market conditions in 2020 and 2030.  

o The share going to HRJ counts as well towards the RED transport target 

 Ethanol and butanol 1G & 2G: 

o Low, medium and high demand is assumed for ethanol and butanol in the plastics 

market. The shares are higher for butanol as it is also a more valuable product in the 

chemical industry.  

 Biogas: 

o The largest majority of AD gas is used in the heat and power sector. That share is 

assumed to decrease slightly from 2020 to 2030. 
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1.5 GHG threshold 

Following the development of four biofuel supply scenarios, as described in section 1.2, the amount 

of biofuel available to the EU in all scenarios is constrained based on the GHG thresholds in the 

Renewable Energy Directive (RED)10. 

The existing 2020 RED thresholds are dependent on the age of the plant; plants built after 1 January 

2017 will need to achieve 60% emissions savings in 2020, and those built before this date will need to 

achieve 50% savings in 2020. For 2020, a 50% emissions threshold is used as it is assumed that the 

majority of plants used in 2020 will have been built prior to 2017. There is no current EU target for 

2030, but it is assumed that the 60% saving target would at least be maintained to 2030. 

Table 8: GHG emissions savings required in the RED and corresponding GHG emissions threshold 

 Emissions savings required Corresponding direct GHG emissions threshold
11

 

2020 50% 44.15 kgCO2/GJ 

2030 60% 35.32 kgCO2/GJ 

In order to calculate the proportion of biofuel supply that has direct GHG emissions below the RED 

threshold, the average direct GHG emissions associated with each type of biofuel needs to be known, 

along with the distribution around that average. This is estimated as follows: 

 Direct emissions are assumed to be normally distributed around the “typical values” 

provided in the RED, where they are available. For novel routes not based on food/feed 

feedstocks, literature data is used. However, these novel routes typically have very high GHG 

savings and are unlikely to be affected by the RED threshold. As in the RED, these direct GHG 

emissions are not region specific but are only based on the feedstock and conversion process 

associated with the biofuel. 

 Where the default value is less than the threshold, it is assumed that all suppliers would 

claim the default value and 100% of that type of biofuel would be considered to be 

compliant 

 Where the default value is above the threshold, the volume of fuel represented by the 

normal distribution around the typical value up to the threshold is considered compliant. 

 The direct GHG emissions of the different types of biofuel are assumed to improve by 1% p.a. 

for most fuels. 

 Those fuels with default values above the GHG threshold are assumed to improve 2% p.a. 

There are two reasons why those biofuels whose default values closest to the threshold are 

modelled to have stronger improvements in GHG emissions: (1) There is evidence that 

feedstocks with better GHG performance are already being diverted to fuel, and those with 

poorer performance diverted to food, meaning the feedstocks diverted to fuels typically have 

                                                           
10

 Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of 
the use of energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC 
and 2003/30/EC. 

11
 This threshold is calculated based on the an EU fossil fuel emission factor of 88.3 kgCO2/GJ, which is the 
weighted average of fossil fuels used in the EU in 2008: 
http://register.consilium.europa.eu/pdf/en/12/st15/st15189-ad01.en12.pdf  

http://register.consilium.europa.eu/pdf/en/12/st15/st15189-ad01.en12.pdf
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a better performance. (2) It is expected that with the removal of the grandfathering clause 

and the increasing GHG thresholds, more companies will use actual data to calculate their 

GHG emissions, rather than the default values (which are conservative by intention), and 

therefore achieve higher GHG savings. 

The results of the modelled compliance with the RED threshold are shown in Table 9. 

Table 9: Percentage of biofuel compliant with the RED thresholds.  
If biofuel not shown, it is modelled to be 100% compliant with the thresholds in 2020 and 2030.

12
   

Technology 2020 2030 

Trans-esterification - Rapeseed Oil 71% 72% 

Trans-esterification - Soybean Oil 62% 66% 

Trans-esterification - Palm Oil 72% 64% 

Trans-esterification - Sunflower Oil 100% 75% 

Trans-esterification - Jatropha Oil 98% 92% 

Trans-esterification - Camelina Oil 71% 72% 

Trans-esterification - Microalgae Oil 92% 90% 

Hydroprocessing - Rapeseed Oil 100% 82% 

Hydroprocessing - Soybean Oil 77% 77% 

Hydroprocessing - Palm Oil 83% 75% 

Hydroprocessing - Jatropha Oil 99% 95% 

Hydroprocessing - Camelina Oil 83% 82% 

Hydroprocessing - Microalgae Oil 92% 90% 

Anaerobic digestion + biogas upgrading - Corn 88% 75% 

Anaerobic digestion + biogas upgrading - Aquatic biomass (Macroalgae) 98% 93% 

Anaerobic digestion + biogas upgrading + liquefaction - Corn 88% 75% 

Anaerobic digestion + biogas upgrading + liquefaction - Aquatic biomass (Macroalgae) 98% 93% 

Fermentation (to ethanol) - Sugarbeet 100% 80% 

Fermentation (to ethanol) - Molasses 76% 76% 

                                                           
12

 This table provides an average view of all potential biofuel supply that could supply the EU. It effectively 
shows that a certain proportion of potential supply would not be eligible for use in the EU (and would 
therefore not be used in the EU) because it would not meet the RED requirements. This table shows that 
some biofuel routes have further to go in terms of meeting the RED requirements than others. When the 
FQD is implemented in different member states, this should also act as an incentive for biofuel producers to 
increase the GHG emissions savings of the compliant fuels beyond simply the RED thresholds. 
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Technology 2020 2030 

Fermentation (to ethanol) - Wheat 100% 71% 

Fermentation (to ethanol) - Corn 100% 69% 

Fermentation (to ethanol) - Cassava 76% 76% 

Fermentation (to ethanol) - Barley 68% 70% 

Fermentation (to butanol) - Sugarcane 98% 94% 

Fermentation (to butanol) - Sugarbeet 91% 78% 

Fermentation (to butanol) - Molasses 74% 74% 

Fermentation (to butanol) - Wheat 71% 70% 

Fermentation (to butanol) - Corn 89% 87% 

Fermentation (to butanol) - Cassava 74% 74% 

Fermentation (to butanol) - Barley 65% 68% 

1.6 Additional assumptions for supply side modelling 

Butanol and ethanol production as well as trans-esterification and HVO production compete for the 

same feedstocks. It is assumed in this model that butanol and HVO have feedstock priority as their 

products are of higher quality than ethanol and FAME. Available feedstocks therefore get first 

allocated to butanol and HVO, with the remainder allocated to ethanol and FAME.  

1.7 Main biofuel supply chains 

After applying the various supply side variables to the baseline in the four scenarios, the following 

four tables show the main biofuel supply chains for scenarios A, B, C and D in both 2020 and 2030. 

The first two tables (Table 10 and Table 11) show the main diesel substitute chains in 2020 and 2030 

and the following two show the main gasoline substitute chains (Table 12 and Table 13) in 2020 and 

2030. Second generation chains are only included to a limited extent in these tables, as most 2G 

chains produce relatively low volume to 2030 based on current trends and activities.   However they 

do represent a significant contribution when combined. As shown in Table 10 and Table 11 the four 

largest diesel substitute chains both in 2020 and 2030 are from EU rapeseed oil, Argentinian soybean 

oil, used cooking oil from the EU and sunflower oil from CIS.  

Table 10: Main diesel substitute supply chains in 2020 in the four scenarios  
(the largest chains are highlighted in bold) 

Diesel substitute chains 2020 A 2020 B 2020 C 2020 D 

Tallow - EU 0.71 0.71 0.71 0.68 

UCO - EU 1.35 1.34 1.35 1.30 

Palm Oil - South East Asia 0.58 0.22 0.41 0.20 

Rapeseed Oil - EU 3.92 4.10 4.11 3.72 

Camelina Oil - EU 0.14 0.15 0.15 0.14 
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Diesel substitute chains 2020 A 2020 B 2020 C 2020 D 

Soybean Oil - Brazil 0.25 0.00 0.00 0.00 

Soybean Oil - Argentina 1.72 1.36 1.59 1.23 

Soybean Oil - US 0.20 0.00 0.00 0.00 

Sunflower Oil - Ukraine 0.71 0.78 0.78 0.75 

Rapeseed Oil - Canada 0.45 0.48 0.48 0.43 

Sunflower Oil - CIS 0.87 0.97 0.97 0.93 

Camelina Oil - Ukraine 0.16 0.18 0.18 0.17 

Table 11: Main diesel substitute supply chains in 2030 in the four scenarios  
(the largest chains are highlighted in bold) 

Diesel substitute chains 2020 A 2020 B 2020 C 2020 D 

Municipal/Industrial Waste - EU 0.25 0.34 0.34 0.44 

Tallow - EU 0.84 0.82 0.83 0.77 

UCO - EU 2.38 2.33 2.36 2.19 

Palm Oil - South East Asia 0.74 0.27 0.52 0.24 

Rapeseed Oil - EU 3.74 3.85 3.91 3.77 

Camelina Oil - EU 0.31 0.33 0.34 0.34 

Microalgae Oil - MENA 0.34 0.33 0.34 0.32 

Soybean Oil - Brazil 0.30 0.00 0.00 0.00 

Soybean Oil - Argentina 2.39 1.84 2.18 1.62 

Soybean Oil - US 0.26 0.00 0.00 0.00 

Jatropha Oil - Central Africa 0.13 0.14 0.14 0.13 

Sunflower Oil - Ukraine 1.78 0.00 1.96 1.75 

Rapeseed Oil - Canada 1.00 0.93 1.05 0.91 

Microalgae Oil - US 0.18 0.00 0.00 0.00 

Sunflower Oil - CIS 1.89 2.05 2.09 1.88 

Camelina Oil - Ukraine 0.36 0.00 0.40 0.36 

Jatropha Oil - Southern Africa 0.14 0.16 0.16 0.15 

The key gasoline substitute supply chains in 2020, as shown by Table 12, are from EU wheat, corn 

and sugarbeet. In addition, in 2030 Ukrainian barley, Brazilian sugarcane, South American (other than 

Brazil/Argentina) and South African sugarcane are, depending on the scenario, expected to play an 

increasingly important role as gasoline substitute supply chains for the EU. 

Table 12: Main gasoline substitute supply chains in 2020 in the four scenarios  
(the largest chains are highlighted in bold) 

Gasoline substitute chains 2020 A 2020 B 2020 C 2020 D 

Wheat - Ukraine 0.37 0.41 0.41 0.39 

Barley - Ukraine 0.56 0.62 0.62 0.60 

Corn - US 0.68 0.00 0.00 0.00 

Sugarcane - Brazil 1.29 0.10 0.38 0.00 

Corn - EU 0.62 0.65 0.65 0.60 

Barley - EU 0.26 0.28 0.28 0.25 

Wheat - CIS 0.38 0.42 0.42 0.40 
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Gasoline substitute chains 2020 A 2020 B 2020 C 2020 D 

Sugarcane - South America Other 0.45 0.06 0.23 0.05 

Sugarbeet - EU 0.94 0.99 0.99 0.91 

Wheat - EU 1.88 1.97 1.97 1.81 

Sugarcane - Southern Africa 0.36 0.40 0.40 0.38 

Cassava - South East Asia 0.24 0.25 0.25 0.23 

2G feedstock - Brazil 0.83 0.42 0.67 0.60 

Table 13: Main gasoline substitute supply chains in 2030 in the four scenarios (the largest chains are 
highlighted in bold) 

Gasoline substitute chains 2030 A 2030 B 2030 C 2030 D 

Sweet sorghum - Brazil 0.54 0.01 0.14 0.05 

Barley - Ukraine 1.24 0.00 1.35 1.26 

Wheat - Ukraine 0.56 0.00 0.61 0.57 

Corn - US 0.63 0.00 0.00 0.00 

Sugarcane - Brazil 3.12 0.07 0.81 0.24 

Corn - EU 0.86 0.86 0.86 0.82 

Barley - EU 0.57 0.59 0.59 0.59 

Wheat - CIS 0.66 0.72 0.72 0.68 

Sugarcane - South America Other 2.40 0.39 1.41 0.39 

Sugarbeet - EU 1.07 1.10 1.10 1.11 

Wheat - EU 2.20 2.27 2.27 2.27 

Sugarcane - Southern Africa 1.49 1.62 1.62 1.53 

Cassava - South East Asia  0.00 0.00 0.00 0.00 

2G feedstock - Brazil 1.32 0.33 0.99 0.38 

As explained in the main report, the volumes of biofuel presented here do not take into 

consideration any of the policies currently under discussion to address the indirect land use impacts 

associated with biofuels. Depending on the regulation introduced, the volumes of biofuels above are 

likely to be reduced to a greater or lesser extent.   
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Appendix C - Vehicle fleet and fuel consumption 
modelling 

1.1 Baseline fleet modelling 

In order to understand the contribution that biofuels can make to road transport fuel in 2020 and 

2030 in the EU-27, there is a need to understand how the overall demand for road transport fuel 

(and the portion of that demand which is from biofuel compatible vehicles) will evolve. This depends 

on the number of vehicles of different types and the extent to which these vehicles are used. 

Therefore, baseline road transport fleets are projected for Passenger Cars (PC), Motorcycles (MC), 

Light Duty Vehicles (LDV) and HDV (Heavy Duty Vehicles). The fleet sizes are a function of the 

following three parameters: 

a) Transport activity (p-km & t-km) 

b) Utilisation (p/vehicle & t/vehicle) 

c) Mileage (km/yr) 

The assumptions made for each of the three parameters will be explained in the next paragraphs.  

The transport activity (passenger-km and tonne-km) forecast is the most important component of 

the fleet size forecast. The figures used to model the EU-27 baseline fleet development are based on 

Primes-Tremove13 Scenario 0 for freight transport and the IEA ETP14 4 Degrees Scenario for passenger 

transport (Table 14) (equivalent to the IEA WEO New Policies Scenario to 2030). These growth rates 

align well with historic trends and show lower growth rates going forward, consistent with expected 

demographic changes. 

Table 14: Transport activity data used for the baseline fleet forecast 

Transport activity 2011 – 2020 2021 – 2030 

Annual growth in passenger-km 0.4% 0.4% 

Annual growth in freight-km 1.5% 0.7% 

 

Primes-Tremove (the transport model underlying most of the European Commission’s transport 

analysis) has, in addition to a business as usual reference scenario, a ‘new policies’ Scenario 0 “to 

take into account the most recent developments (higher energy prices) and the latest policies on 

energy taxation and infrastructure adopted by November 2011”. 

IEA’s 4 Degree Scenario (4DS) used in the Energy Technology Perspectives builds on the same 

assumptions as the New Policies Scenario of the WEO. The 4DS “takes into account recent pledges 

made by countries to limit emissions and step up efforts to improve energy efficiency. It serves as the 

primary benchmark in ETP 2012 when comparisons are made between scenarios. Projecting a long-

                                                           
13

 Primes-Tremove 2012, taken from the commission staff working document impact assessment SWD(2012) 
213 final Part II. Accompanying the documents ‘Proposal for a regulation of the European Parliament and of 
the Council amending Regulation (EC) No 443/2009 to define the modalities for reaching the 2020 target to 
reduce CO2 emissions from new passenger cars’ and ‘Proposal for a regulation of the European Parliament 
and of the Council amending Regulation (EU) No 510/2011 to define the modalities for reaching the 2020 
target to reduce CO2 emissions from new light commercial vehicles’. 

14
 Energy Technology Perspectives 2012, OECD/IEA, 2012.  
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term temperature rise of 4°C, the 4DS is already an ambitious scenario that requires significant 

changes in policy and technologies. Moreover, capping the temperature increase at 4°C requires 

significant additional cuts in emissions in the period after 2050.” 

To conclude, the scenarios of Primes-Tremove and IEA ETP used for the baseline transport activity 

growth, have a common basis in that recent macro-economic developments and (European) policies 

are included; as an observation, both show good alignment with trends observed just before and 

after the economic discontinuity of 2008-10. Applying these growth rates to the 2011 transport 

activity gives a forecast as shown in Figure 15. 

 

Figure 15: Historic transport activity and forecast used to derive the baseline fleet size 

For the baseline PC fleet size forecast, the historic occupancy trend is used. Passenger car occupancy, 

sourced from the European Environment Agency (EEA)15, dropped slightly from 1.6 to 1.58 persons 

per vehicle/km between 1995 and 2012. For the baseline HDV fleet size forecast, a payload growth 

rate of 0.5% per year is assumed. This does not reflect the historic trend (which was -1.2% between 

1995 and 2010, calculated from transport activity, fleet size and mileage and most likely a reflection 

of a trend towards lighter vehicles for goods distribution) but it is assumed that load factors will 

increase as logistics efficiency improves. 

The annual vehicle mileage data is based on the 1995 – 2008 trend and is 0.4% growth per year for 

PCs and MCs and 0.5% growth per year for LDVs and HDVs. By dividing the Transport activity (p-km 

and t-km) by occupancy/payload and vehicle mileage, the baseline fleet size forecast is derived. This 

is illustrated for the passenger car fleet in Figure 16. 

                                                           
15

 Available from http://www.eea.europa.eu/data-and-maps/figures/term29-occupancy-rates-in-passenger-
transport-1 
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Figure 16: Baseline fleet size projection for passenger cars 

In the scenarios analysis, the annual increase of sales is a parameter that can be varied to reflect 

assumptions about economic development. The model assumes that increased sales are matched by 

increased vehicle scrappage or retirement, such that the overall fleet always develops as described 

above, meaning that stronger sales lead to faster replacement of the fleet (potentially with new, 

fuel-efficient and biofuel compatible technology) rather than greater growth in fleet size. Also the 

historic baseline fleet is calculated and calibrated with real data (for 1990-2011) in a similar way. The 

result of this historic baseline fleet calibration shows there is a good match between the modelled 

fleet and the real data from Eurostat (Figure 17). 

 

Figure 17: Result of calibration between the calculated historic PC baseline and the real historic PC fleet 

1.2 Scenario parameters and vehicle fleet developments 

In addition to the four vehicle categories, the model distinguishes between two conventional fuel 

vehicles (gasoline and diesel, with different biofuel blend compatibilities) and six alternative fuel 

vehicle types (Table 15). 
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Table 15: Vehicle categories and vehicle types modelled  
(gasoline / diesel differentiation of base vehicles removed for simplicity) 

Vehicle categories Alternative fuel vehicle types 

 Passenger Cars (PC), including passenger 

vans  

 Motorcycles (MC), including mopeds  

 Light Duty Vehicles (LDV), vehicles designed 

to carry goods <3.5t  

 Heavy Duty Vehicles (HDV), vehicles 

designed to carry goods >3.5t, buses and 

coaches 

 Gasoline Plug-in Hybrid Electric Vehicle 

(GPHEV) 

 Diesel Plug-in Hybrid Electric Vehicle 

(DPHEV) 

 Flex Fuel Vehicle (FFV) 

 Liquefied Petroleum Gas Vehicle (LPGV) 

 Natural Gas Vehicle (NGV) 

 Electric Vehicle (EV) 

 Fuel Cell Vehicle (FCV) 

By varying biofuel compatible vehicle penetration rates and alternative fuel penetration rates, 

scenario specific fleet compositions are derived. The resulting fleets, together with a number of 

parameters (see Table 16), determine the energy demand and the fleet biofuel uptake capacity of 

the road transport sector. 

Table 16: Main input parameters to the vehicle fleet modelling 

Input parameter Explanation 

Year of blend-x compatible 
vehicle introduction 

Reflects the year in which the first vehicles that are 
compatible with a specific biofuel blend appear on the 
European market through new sales (this can be well in 
advance of a new biofuel blend introduction). 

Year in which all new vehicles are 
blend-x compatible 

Reflects the year in which all new vehicles sold are compatible 
with the specific biofuel blend. 

Year of blend introduction at 
forecourts 

Reflects the year in which a biofuel blend is introduced on the 
European market.  

Maximum blend availability at 
forecourts 

Reflects the year in which a biofuel blend reaches its 
maximum availability (forecourts with only two fuel tanks 
assumed to only offer diesel and gasoline protection grades) 

Customer acceptance of high 
biofuel blends 

This parameter corrects for the fact that customers fill up 
their tanks with the protection grade instead of the high 
biofuel blend and hence reduces the real world biofuel 
uptake. 

Gasoline:Diesel ratio of new sales Reflects the sales ratio between diesel and gasoline vehicles in 
2020 and 2030 

Vehicle sales rates Annual % increase of vehicle sales (for all vehicle categories 
and vehicle types) differentiated for 2012–2020 and 2012–
2030. This parameter determines the penetration rate of 
blend-x compatible vehicles (together with the ‘year in which 
all new vehicles are blend-x compatible’ parameter) and 
alternative fuel vehicles. 
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Input parameter Explanation 

Fuel economy  Annual % decrease in gasoline and diesel vehicle emissions 
(gCO2/km) and fuel consumption, differentiated for 2012-
2020 and 2021-2030. This parameter reflects the non-vehicle-
downsizing contribution only (i.e. Hybridisation, improved ICE 
efficiency, lightweight materials, etc. – trends to smaller or 
larger passenger cars were captured by a separate parameter) 
and is used to let the average emissions of new sales in 2020 
meet the targets (95 gCO2/km for PCs and 147 gCO2/km for 
LDVs). 

Parameters that determine the composition of the fleet and its fuel demand are varied between 

different scenarios. The total fleet size in 2030 of each vehicle category (PC, MC, LDV and HDV) 

however is the same in all scenarios. Differences between scenarios reflect a range of forecasts of 

individual parameters. (PH)EVs and FCV parameters are based on IEA Blue map16 and Powertrains for 

Europe17. Comparing the 2020 and 2030 sales and fleet size forecasts for these vehicles in these 

studies with the situation today shows that growth rates would have to be very high in order to reach 

them. Applying expert judgement and interpretation to the range of IEA Blue map and Powertrains 

for Europe forecasts, the following assumptions have been made in our scenarios: 

 Scenario A: 25% of IEA Blue map sales targets 

 Scenario B: 50% of Powertrains for Europe 2030 fleets 

 Scenario C: 50% of IEA Blue map sales targets 

 Scenario D: 100% of Powertrains for Europe 2030 fleets 

In tables Table 17 - Table 19, the main fleet development and fuel demand related parameter 

assumptions are shown for PCs, LDVs and HDVs. The MC vehicle category (details not shown) is 

included in the modelling in the same way as the other vehicle categories but it represents only 1% 

of the road transport fuel demand. 

                                                           
16

 IEA Blue Map: Electric and plug-in hybrid vehicle roadmap. OECD/IEA, 2010. Available from: 
http://www.iea.org/publications/freepublications/publication/EV_PHEV_brochure.pdf 

17
 Powertrains for Europe study: A portfolio of power-trains for Europe: a fact-based analysis. McKinsey, 2010. 
Available from: 
http://ec.europa.eu/research/fch/pdf/a_portfolio_of_power_trains_for_europe_a_fact_based__analysis.pdf 
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Table 17: Scenario assumptions of main parameters - Passenger Cars 

 

Parameter (Passenger Cars) Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D

Annual % increase in PC sales, 2012-2020 1.5% 2.0% 1.5% 2.0%

Annual % increase in PC sales, 2021-2030 1.0% 1.2% 1.0% 1.2%

Gasoline share of gasoline and diesel vehicle sales 2020 50% 47% 52% 50%

Gasoline share of gasoline and diesel vehicle sales 2030 50% 45% 55% 50%

Sales shares 2020 of total PC Sales # (million) in 2020 Stock (million) in 2020

Annual % increase in GasolinePHEV sales 2012-2020 66% 76% 80% 96% 0.4% 0.6% 0.8% 1.6% 0.06 0.10 0.12 0.25 0.15 0.23 0.27 0.52

Annual % increase in DieselPHEV sales 2012-2020 106% 131% 121% 148% 0.4% 1.0% 0.7% 2.0% 0.06 0.16 0.11 0.31 0.11 0.28 0.20 0.52

Annual % increase in FFV sales 2012-2020 20% 20% 1% 1% 0.9% 0.8% 0.2% 0.2% 0.13 0.13 0.03 0.03 0.80 0.79 0.41 0.41

Annual % increase in LPG sales 2012-2020 1% 1% 1% 1% 3.1% 3.0% 3.1% 3.0% 0.47 0.47 0.47 0.47 7.21 7.16 7.21 7.18

Annual % increase in NG sales 2012-2020 10% 10% 20% 20% 1.2% 1.1% 2.6% 2.4% 0.18 0.18 0.38 0.38 1.62 1.61 2.36 2.35

Annual % increase in EV sales 2012-2020 39% 62% 51% 78% 0.5% 1.8% 1.0% 4.2% 0.08 0.29 0.15 0.67 0.28 0.77 0.46 1.53

Annual % increase in FCV sales 2012-2020 130% 158% 147% 181% 0.2% 0.6% 0.4% 1.2% 0.03 0.09 0.06 0.19 0.06 0.15 0.10 0.29

Sales shares 2030 of total PC Sales # (million) in 2030 Stock (million) in 2030

Annual % increase in GasolinePHEV sales 2021-2030 25% 27% 25% 24% 3.1% 6.0% 6.9% 12.7% 0.52 1.06 1.15 2.24 2.44 4.66 5.24 10.39

Annual % increase in DieselPHEV sales 2021-2030 25% 22% 24% 21% 3.1% 6.5% 5.7% 11.6% 0.52 1.16 0.94 2.06 2.41 5.69 4.43 10.39

Annual % increase in FFV sales 2021-2030 10% 10% 1% 1% 2.0% 1.9% 0.2% 0.2% 0.34 0.34 0.03 0.03 2.78 2.71 0.51 0.49

Annual % increase in LPG sales 2021-2030 1% 1% 1% 1% 3.0% 2.8% 3.0% 2.8% 0.49 0.49 0.49 0.49 8.70 8.35 8.70 8.34

Annual % increase in NG sales 2021-2030 10% 10% 20% 20% 2.7% 2.6% 14.3% 13.4% 0.46 0.46 2.38 2.38 4.02 3.91 13.40 13.20

Annual % increase in EV sales 2021-2030 19% 16% 19% 14% 2.7% 7.3% 5.3% 13.7% 0.44 1.30 0.89 2.42 2.45 7.64 4.85 15.36

Annual % increase in FCV sales to 2030 23% 20% 24% 20% 1.5% 3.2% 3.0% 6.3% 0.24 0.57 0.50 1.12 1.18 2.90 2.34 5.84

gCO2/km new sales 2011 gCO2/km new sales 2020 gCO2/km new sales 2030

Annual % decrease in Gasoline vehicle emissions, 2012-2020 2.3% 3.5% 2.2% 3.0% 136 95 95 95 95 70 70 65 60

Annual % decrease in Gasoline vehicle emissions, 2020-2030 2.3% 1.3% 2.1% 0.8% 30% 30% 30% 30% 48% 48% 52% 56%
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Table 18: Scenario assumptions of main parameters - Light Duty Vehicles 

 

Table 19: Scenario assumptions of main parameters - Heavy Duty Vehicles 

 

With the sales specific input data of Table 17 and a retirement rate of old vehicles, the composition 

of the passenger car fleet starts to change from 2011 onwards (the last year for which the fleet 

composition is based on statistical data18). The result for the four scenarios is shown in  

 

                                                           
18

 Road transport equipment - Stock of vehicles. Available from: 
http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database 

Parameter (Light Duty Vehicles) Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D

Annual % increase in LDV sales, 2012-2030 2.5% 3.0% 2.5% 3.0%

Annual % increase in LDV sales, 2021-2030 1.5% 2.0% 1.5% 2.0%

Gasoline share of gasoline and diesel vehicle sales 2020 6.0% 6.0% 6.0% 6.0%

Gasoline share of gasoline and diesel vehicle sales 2030 6.0% 6.0% 6.0% 6.0%

Sales shares 2020 of total PC Sales # (million) in 2020 Stock (million) in 2020

Annual % increase in GasolinePHEV sales 2012-2020 69% 79% 83% 98% 0.3% 0.5% 0.7% 1.3% 0.007 0.012 0.014 0.029 0.017 0.026 0.031 0.057

Annual % increase in DieselPHEV sales 2012-2020 69% 84% 82% 98% 0.3% 0.7% 0.7% 1.3% 0.007 0.015 0.013 0.028 0.017 0.032 0.030 0.057

Annual % increase in LPG sales 2012-2020 1% 1% 1% 1% 2.0% 1.9% 2.0% 1.9% 0.041 0.041 0.041 0.041 0.700 0.693 0.703 0.693

Annual % increase in NG sales 2012-2020 5% 5% 10% 10% 0.5% 0.5% 0.7% 0.7% 0.010 0.010 0.015 0.015 0.131 0.130 0.153 0.151

Annual % increase in EV sales 2012-2020 57% 87% 72% 104% 0.4% 1.9% 0.9% 4.1% 0.008 0.040 0.019 0.087 0.024 0.085 0.045 0.170

Annual % increase in FCV sales 2012-2020 168% 194% 180% 221% 0.2% 0.5% 0.3% 1.0% 0.004 0.010 0.007 0.022 0.007 0.015 0.010 0.032

Sales shares 2030 of total LDVSales # (million) in 2030 Stock (million) in 2030

Annual % increase in GasolinePHEV sales 2021-2030 25% 27% 25% 25% 2.7% 4.8% 5.4% 10.4% 0.064 0.125 0.128 0.269 0.295 0.527 0.585 1.180

Annual % increase in DieselPHEV sales 2021-2030 25% 26% 23% 25% 2.7% 5.6% 4.4% 10.1% 0.064 0.145 0.105 0.263 0.295 0.644 0.510 1.179

Annual % increase in LPG sales 2021-2030 1% 1% 1% 1% 1.8% 1.7% 1.8% 1.7% 0.043 0.043 0.043 0.043 0.724 0.725 0.763 0.725

Annual % increase in NG sales 2021-2030 5% 5% 10% 10% 0.7% 0.6% 1.7% 1.5% 0.016 0.016 0.040 0.040 0.194 0.193 0.355 0.341

Annual % increase in EV sales 2021-2030 21% 13% 18% 11% 2.3% 5.2% 4.2% 9.9% 0.054 0.134 0.099 0.258 0.282 0.865 0.556 1.741

Annual % increase in FCV sales to 2030 22% 21% 26% 19% 1.3% 2.5% 2.7% 4.9% 0.031 0.066 0.064 0.127 0.154 0.329 0.288 0.662

gCO2/km new sales 2011 gCO2/km new sales 2020 gCO2/km new sales 2030

Annual % decrease in Gasoline vehicle emissions, 2012-2020 1.9% 1.7% 1.8% 1.2% 178 147 147 147 147 124 117 117 102

Annual % decrease in Gasoline vehicle emissions, 2020-2030 1.0% 1.0% 1.0% 1.0% 17% 17% 18% 17% 30% 34% 34% 43%

Parameter (Heavy Duty Vehicles) Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D Sc A Sc B Sc C Sc D

Annual % increase in HDV sales, 2012-2030 2.5% 3.0% 2.5% 3.0%

Annual % increase in HDV sales, 2021-2030 1.0% 1.5% 1.0% 1.5%

Gasoline share of gasoline and diesel vehicle sales 2020 1.0% 1.0% 1.0% 1.0%

Gasoline share of gasoline and diesel vehicle sales 2030 1.0% 1.0% 1.0% 1.0% Scen AScen BScen CScen D Scen AScen BScen CScen D Scen AScen BScen CScen D

Sales shares 2020 of total PC Sales # (million) in 2020 Stock (million) in 2020

Annual % increase in ED95 sales 2012-2020 0% 0% 0% 54% 0.0% 0.0% 0.0% 0.9% 0.000 0.000 0.000 0.003 0.001 0.001 0.001 0.010

Annual % increase in NG sales 2012-2020 5% 5% 40% 40% 0.5% 0.5% 6.8% 6.6% 0.002 0.002 0.025 0.025 0.023 0.023 0.092 0.092

Annual % increase in EV sales 2012-2020 5% 15% 10% 20% 0.0% 0.0% 0.0% 0.0% 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001

Sales shares 2030 of total HDVSales # (million) in 2030 Stock (million) in 2030

Annual % increase in ED95 sales 2021-2030 0% 0% 0% -19% 0.0% 0.0% 0.0% 0.1% 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.020

Annual % increase in NG sales 2021-2030 5% 5% 10% 15% 0.8% 0.7% 16.1% 22.8% 0.003 0.003 0.065 0.101 0.037 0.032 0.506 0.650

Annual % increase in EV sales 2021-2030 3% 8% 5% 10% 0.0% 0.1% 0.0% 0.1% 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.004

gCO2/km new sales 2011 gCO2/km new sales 2020 gCO2/km new sales 2030

Annual % decrease in Gasoline vehicle emissions, 2012-2020 1.4% 2.2% 1.2% 1.9% 743 656 610 662 621 587 508 585 511

Annual % decrease in Gasoline vehicle emissions, 2020-2030 1.0% 1.6% 0.9% 1.5% 11% 17% 10% 15% 20% 31% 20% 30%

http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database
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Figure 18. Despite the high sales growth rates of (PH)EVs and FCVs, their current market share is too 

small to result in a strong penetration of alternative fuel vehicles in 2020. Only between 2021 and 

2030 the passenger car fleet composition starts to diverge. The penetration of alternative fuel 

vehicles in 2030 varies between 8 and 22% (with the highest penetration in scenario D). A high 

penetration of AFVs (with zero or low tailpipe emissions) reduces the need for fuel economy 

improvement in the non-AFV vehicles, as the model assumes that legislative targets such as 95 

gCO2/km in 2020 will be met rather than exceeded. As a consequence, in a scenario with a high 

number of AFVs, the total fuel demand including energy for AFVs that do not contribute to tailpipe 

emissions, will be higher compared to a scenario with few AFVs. 
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Figure 18: Development of the Passenger car fleet in four scenarios  
with E20 and B7 as highest biofuel blends.  

Note: the figure shows penetration of E20 compliant vehicles only. The pathway assumes penetration of E20 
tolerant vehicles already from 2011 onwards.  

The values corresponding to the fleet size of the individual vehicle types in 2010, 2020 and 2030 are 

summarised in Table 20. 

Table 20: Passenger car fleet sizes per vehicle type in 2010, 2020 and 2030 (million vehicles) 

PC vehicle type 2010 2010 % 2020 2020 % 2030 2030 % 

E5 max-blend 57 24% 17 7% 3 1% 

E10 max-blend 87 36% 100 39% 49 17% 

E20 max-blend 0 0% 11 4% 71 25% 

B7 max-blend 89 37% 117 46% 123 43% 

GPHEV 0.01 0% 0.27 0% 5.24 2% 

DPHEV 0.00 0% 0.20 0% 4.43 2% 

FFV 0.27 0% 0.41 0% 0.51 0% 

LPG 4.86 2% 7.21 3% 8.70 3% 

NG 0.81 0% 2.36 1% 13.40 5% 

EV 0.04 0% 0.46 0% 4.85 2% 

FCV 0.00 0% 0.10 0% 2.34 1% 

Total 238 100% 255 100% 286 100% 

Similar to passenger cars, with the sales specific input data of Table 18 and Table 19 and with 

retirement rates of old vehicles, the composition of the LDV and HDV fleets has been modelled. The 

resulting fleet compositions for LDV (scenario C) and HDV (scenario D) are presented in Figure 19 and 

Figure 20. 
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Figure 19: Development of the LDV fleet in scenario C with E20 and B7 as highest biofuel blends 

 

Figure 20: Development of the HDV fleet in scenario D with B7 as highest biofuel blend  
and an ED95 fleet growth to 20,000 vehicles in 2030 (plotted on the secondary axis) 

The introduction of E20 biofuel compatible vehicles in 2018, does not increase the biofuel use before 

a >E10 biofuel blend is introduced, which has a time lag compared to vehicle introduction. The 

assumptions related to biofuel availability at forecourts that determine (together with biofuel supply) 

how much biofuel will be taken up by the fleet are, summarised in Table 21. 

Table 21: Pathway specific biofuel vehicle compatibility and biofuel availability 

Input parameter Value 

Year in which E5 fuel is introduced to EU pumps 2005 

Year in which E10 fuel is introduced to EU pumps 2009 

Year in which E20 fuel is introduced to EU pumps 2025 

Year in which B7 fuel is introduced to EU pumps 2009 

Year in which E5 fuel reaches maximum availability 2013 

Year in which E10 fuel reaches maximum availability 2020 

Year in which E20 fuel reaches maximum availability 2030 

Year in which B7 fuel reaches maximum availability 2017 

Share of EU forecourts that never adopt E5 0% 
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Input parameter Value 

Share of EU forecourts that never adopt E1019 18% 

Share of EU forecourts that never adopt E20 18% 

Share of EU forecourts that never adopt B7 0% 
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 When E20 is introduced and E10 becomes the protection grade the ‘share of forecourts that never adopt 
E10’ goes to 0%. 


