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Basic principle: 

 
S=f(E, η (Tc), η (Tis)) 

 

 
Service: 

km driven, 

Power, 

speed  

 

 

Fuel mix, 

Fuel demand 

Efficiency: 

Liter/100 km 

1. Introduction 
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2. Historical developments 



time 

The level of transport service  

consumption:  

technology was the driver!  
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based  on non-commercial renewable energy  

2. History 

Horse power 



The Speed of Transport (Kilometres per Hour) 

 

Source: Fouquet,2003 

2. History 
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London – Chester (290 km) 

•1657 – 6 days 

•1704 – 4 days 

•1837 – 22 hours 



  Cars    
  Railways    

 Stage-Coach    

Price of Passenger 

 Transport (per passenger-kilometer-hour) 

Source: Fouquet&Pearson (2003) P
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The price of service dropped dramatically! 

2. History 



UK: The Use of Passenger Transport (per Passenger-Kilometre), 1850-

2000 

 

Source: Fouquet,2003 
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3. Indicators of  

recent developments, current 

situation 



Energy consumption in car passenger transport in  

EU-15 by fuel, 1980 – 2007  

 

3. Indicators 
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Energy consumption 
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Travel activity 
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Development of car stock 

Car ownership per 1000 capita in EU-27 countries 1970 – 2009  
(Source: EUROSTAT; ALTER-MOTIVE database) 
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Increases in power of cars 
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3. Indicators 
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Development of car stock 

Share of diesel cars, selected EU countries 1998 vs 2008  
(data source: ODYSSEE database; ALTER-MOTIVE database) 
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Car Ownership and Income 

 
The United States leads the way 

in both car ownership and income 

Source: IEA, 2004 

Car Ownership per Capita and  

Personal Consumption Expenditures,  

1970 - 2000 

3. Indicators 
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Car Travel and Income 
The trend for car travel is quite similar 

to car ownership  

Source: IEA, 2004 

Car-kilometres per Capita and Personal 

Consumption Expenditures, 1970-2000 
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Fuel intensity  
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Gasoline Prices 

 Gasoline prices have varied 

considerably both 

over time and across IEA countries 

Source: IEA, 2004 

Trends in Retail Gasoline Prices in  

Real Terms, Including Taxes 
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Development of fuel prices  

Weighted fuel prices (including all taxes) for EU countries 1980 – 2010  
(in prices of 2010, numbers for 2010 preliminary) (Source: EEP; IEA, 2010)  

DEVELOPMENT OF FUEL PRICES (OF 2010)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1980 1985 1990 1995 2000 2005 2010W
e
ig

h
te

d
 f

u
e
l 

p
ri

c
e
 (

E
U

R
/l

it
re

)

BG CZ DK DE EL ES FR IT

CY LU HU NL AT PL PT RO

SL SK FI SE UK



Development of fuel prices  

Price structure of gasoline in EU-27 (data source: EEP, 2011 - effective March 2, 2011)  
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Development of fuel prices  

Diesel prices in 2011 for EU-27 (data source: EEP, 2011 - effective March 2, 2011)  
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Fuel Use per Capita versus Fuel Prices 

 
Energy use for cars is much 

higher in countries with low 

fuel prices 

Source: IEA, 2004 

Car Fuel Use per Capita versus  

Average Fuel Price, 1998 

3. Indicators 
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Vehicle Travel and Intensities versus Fuel Prices 
Higher fuel prices correlate with lower 

vehicle fuel intensity and lower travel 

per capita, though the travel effect is 

fairly weak 

Source: IEA, 2004 

Passenger Car Travel per Capita and  

Car Fuel Intensity versus Average Fuel Price,  

1998 
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• Passenger transport is almost exclusively based on 
petroleum products. Growth in passenger travel has 
been the biggest contributor to increased oil demand. 

• Changes in passenger transport energy use, as well as 
its components (travel activity and energy intensity), are 
related to income growth and changes in fuel prices, 
among other factors.  

• Countries with relatively high fuel prices tend to have 
lower average vehicle energy intensities and fuel use 
than countries where fuel prices are low.  

• Increases in car ownership and travel levels are closely 
related to income growth. Together, these relationships 
help account for large differences in transport energy 
use per capita among countries. 

3. Indicators 



4. Comparison of 

 technical, economic, and 

ecological aspects 



Source: EU, 2010 
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Biofuels 

Biofuel 

 

Liquid or gaseous fuel for transport 

produced from biomass 

* Bioethanol produced from wheat, sugar beet and sugar cane, it is 

used as a fuel additive to gasoline or as a substitute of conventional 

fossil gasoline. 

 

* Biodiesel is produced from different kinds of vegetable oil (e.g. rape 

seed, sunflower, and soybean) and a mix of different methyl esters. It is 

currently used as an additive or substitute for conventional fossil diesel. 



•Low bioethanol blends:  

From 5 to 22% bioethanol with gasoline known as 

E5G or E22G. The particularity from these blends is that they do not require engine 

modifications and can be supplied with the same infrastructure. 

 

• High bioethanol blends:  

These blends reach 85 % bioethanol content in 

gasoline. They require special engine modifications and have widely been 

used in flexible fuel vehicles (FFV). 

 

• Biodiesel:  

Currently used in different mixtures and blends from 100% or 

known as pure biodiesel B100. Existing blends also vary in content from 5% 

known as B5 with 95% fossil diesel, B20 and more.  

Biofuels 



Share of biofuels in total road-fuel 

consumption in energy terms, 2007 

Biofuels currently meet less than 2% of road-fuel demand worldwide, but 
close to 21% in Brazil 

Source: F.O.Licht,IEA 
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Recent Trends in Ethanol Production 

 

Source: F.O.Licht, IEA, EBTP  

Bioethanol 

0

10000

20000

30000

40000

50000

60000

70000

2000 2001 2002 2003 2004 2005 2006 2007 2008

B
io

e
th

a
n

o
l 
p

ro
d

u
c

ti
o

n
 (

M
il

. 
li

tr
e
s

)

Brazil  USA  Canada China India EU Other



Shares of bioethanol production 2008 in EU-27 

countries 

Source: EBTP  
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Recent Trends in Biodiesel Production 

Source: F.O.Licht, IEA, EBTP 
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Shares of biodiesel production 2008 in EU-27 

countries 

Source: EBTP 
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Biofuel production in EU-27,  
2008 

 

0 500 1000 1500 2000 2500 3000 3500 4000

AT  
BE 
BG 
CY 
CZ 
DE 
DK 
EE 
EL 
ES 
FI 

FR 
HU 
IE 
IT 
LT 
LU 
LV 
MT 
NL 
PL 
PT 
RO 
SE 
SI 

SK 
UK 

Biofuels production (Ml/yr)

Biodiesel Bioethanol



Biofuels  



Bioethanol 

0 0.1 0.2 0.3 0.4 0.5 0.6

EU 2005

USA 2005

BRA 2005

$/litre ethanol

Net feedstock cost Chemicals, energy

Labour costs Capital costs

Maintenance, Insurance, taxes



Biodiesel 
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Energy chain 

Energy service providing chain 

   Fuel 

   Car 

WTT TTW 

WTW 

Primary 

energy 

source 
Mobility 



The overall energy used to provide mobility is dependent from total energy in the WTT- and the TTW-

part of the chain: 

 

 

 

In the both parts of the energy supply chain we can use fossil and/or renewable energy.  

The total energy used in WTT part could be split in a fossil part (FF) and a renewable part (RE): 

 

 
 

 

 

ERE-WTT-fuel…..total renewable energy used for production of fuel 

EFF-WTT-fuel……total fossil energy used for production of fuel 

 

In TTW part total energy can be divided in four parts: 
        

 

 

 

ERE-TTW-fuel……total renewable energy used in cars 

EFF-TTW-fuel……total fossil energy used in cars 

ERE-car………..renewable energy used for production and scrappage of car 

EFF-car……….fossil energy used for production and scrappage of car 

WTW-energy 

TTWWTTWTW EEE 

fuelfuel WTTFFWTTREWTT EEE  

carcarfuelfuel FFRETTWFFTTWRETTW EEEEE  



Driving costs 

MOfdrive CskmFIPICC &  [€/car/year]  

skm

C
FIP

skm

IC
C MO

fkm
&





  [€/100 km driven]        

Total driving costs Cdrive per year: 

The costs per km driven Ckm are calculated as:  

The fuel price depends on the cost of fuel Cf, and possible VAT, excise and CO2 taxes:  

excVATCOff CP  
2

IC……investment costs [€/car]  

α……..capital recovery factor 

skm…..specific km driven per car per year [km/(car.yr)] 

Pf….….fuel price incl. taxes [€/litre] 

CO&M…operating and maintenance costs 

FI……..fuel intensity [litre/100 km] 



Energetic performance  

Renewable and fossil energy shares in the whole WTW energy service provision chain  

in 2010 for AAMT and alternative fuels in comparison with conventional ICE vehicles  

powered by fossil fuels 
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Ecological assessment 

Comparison of specific CO2 emissions of conventional vehicles with AAMT in 2010  
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Economic assessment 

Total costs of mobility in passenger cars in 2010 

 

2010

0 40 80 120 160 200 240 280

ICE Gasoline

ICE Diesel

ICE CNG 

Hybrid Gasoline

Hybrid Diesel

FFV Bioethanol

BEV E-NG 

BEV E-hydro

FCV H2-NG

FCV H2-hydro

Costs of mobility (EUR/100km)

Capital costs O&M costs Fuel costs



Economic assessment 

Comparison of specific CO2 emissions and driving costs of conventional vehicles  

with alternative automotive vehicles in 2010 
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5. Energy policies  
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Energy policy 



At European Union level, a number of energy policies are already 

in place and aim to promote actively renewable energy sources 

including biofuels.  

 

• Increase the use of renewable energy sources 

 

• Promote electricity from renewable energy sources 

 

•  Replacement of diesel and gasoline fuels by alternative fuels 

Energy policy 



Impact factors on CO2 emissions in the car passenger transport sector  
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Evolution of CO2 emissions from new passenger cars by the European (ACEA),  

Japanese (JAMA) and Korean (KAMA) car manufacturer associations 

140 gCO2/km140 gCO2/km

Energy Policy 



Rebound-effect 
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Energy Policy 



Standards & taxes 

How taxes and standards interact and how they can be implemented in a 

combined optimal way for society 
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6. Future scenarios 

 and perspectives  



Source: WBCSD,2004 

Vehicle Ownership 



Ref. Case: Fuel Use 

 

Souce: IEA, 2007 



Ref. Case:  

Emissions by Mode (WTW) 

 

Souce: IEA, 2007 



Outlook for Share of Biofuels in Total  

Road-Transport Fuel Consumption 

The share of biofuels in road-transport fuel use grows rapidly, reaching 
7% worldwide in the Alternative Policy Scenario 
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1st generation biofuels are expected to play a larger role in meeting world road-

transport fuel demand 



1st-Generation Biofuels Production Costs 

Production costs are expected to drop in all regions, with Brazil remaining 
the lowest-cost producer 
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Ethanol Price Projections 
(preliminary: retail, untaxed) 

 

Souce: IEA, 2007 



Biodiesel Price Projections 
(preliminary: retail, untaxed) 

 

Souce: IEA, 2007 
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Diesel (FT-Diesel) Diesel-Hybrid (FT-Diesel) Erdgasmotor (Biogas)
Erdgas-Hybris (Biogas) Erdgasmotor (SNG) Erdgas-Hybrid (SNG)
H2-VKM (H2-reg.) H2-VKM-Hybrid (H2-reg.) Elektroantrieb (strom reg.)
BZ-E-Antrieb (H2-reg.)

Hydrogen Vehicle
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LDV Stock Projections 

 

Souce: IEA, 2007 
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Alternative Scenario (AS):  

Transport Fuel Use 

 

Souce: IEA, 2007 



AS: Biofuels Breakdown 



AS: GHG Emissions by Sector 
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