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Basic principle:

S=f(E, η (Tc), η (Tis))

Service:
km driven Fuel mix,

Fuel demand
Efficiency:
Liter/100 km

Introduction

Infrastructur





World total final consumption by fuel (Mtoe)

41%



Total final consumption by sector: oil (Mtoe)



1973 and 2017 shares of world oil consumption



Total final consumption by sector: electricity (Mtoe)



Shares of world electricity consumption



World CO2 emissions from fuel combustion 
from 1971 to 2017 by fuel (Mt of CO2)

44,2%



World CO2 emissions from fuel 
combustion by region (Mt of CO2)



1973 and 2017 regional shares of CO2 
emissions from fuel combustion



Key EU statistics
Statistical pocketbook 2019



GHG emissions in EU 28 



GHG



Transport sector

• Fossil fuels
• Least-diversified sector

Countries with largest 
conventional oil 

reserves 



Share of alternatively-powered vehicles 
in the EU, 2017



Share of alternatively-powered vehicles 
in the EU, 2017



Average age of the EU vehicles, 2017



New passenger car registrations vs GDP



The EU average: 
120.6g CO2/km

Average CO2 emissions from new 
passenger cars by country



New passenger cars in the EU by emissions classes



Historical developments
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Resistance to New Technology

Against 
Railways

in 1838



Skepticism and Resistance

Innovation:

Skepticism and 
Resistance in View of 
the Unknown

Speed kills..... 19th

century skeptical 
German cartoons 
reflecting Science‘s 
(Prussian Academy of 
Sciences) verdict



1842



USA – Number of Horses and Cars

Source: Nakicenovic, 1984.



UK – Replacement within vehicle fleets



The Speed of Transport 
(Kilometres per Hour)

Source: Fouquet,2003
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London – Chester (290 km)
•1657 – 6 days
•1704 – 4 days
•1837 – 22 hours



CarsRailways   

Stage-Coach   

Price of Passenger  Transport 
(per passenger-kilometer-hour)

Source: Fouquet&Pearson (2003)
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Ostmann, 2011



UK: The Use of Passenger Transport 
(per Passenger-Kilometre), 1750-1900

Source: Fouquet,2003
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UK: The Use of Passenger Transport 
(per Passenger-Kilometre), 1850-2000

Source: Fouquet,2003
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Car emissions

Total car 
emissions
(e.g. gCO2)

=
Activity
(vkm, pkm) *

Intensity
(e.g.l/km) *

Fuel carbon 
contect

(e.g. gCO2/l)



Major indicators



Energy consumption
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Development of energy use per capita for passenger cars and household light trucks/SUV 



Travel activity
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Travel activity

• Vehicle-kilometers (vkm)

vkm = number of vehicles x kilometers per vehicles

• Passenger-kilometers (pkm) 
pkm = vkm x occupancy rate

occupancy rate = number of people / vehicle



Passenger transport activity in 2015, 
by mode

Modal choices affect final energy demand
Passenger cars dominate in high income countries
Lower income countries: much larger importance of two wheelers and collective transport modes



Source: IEA, 2004

Energy per Passenger-kilometre by Mode

Modal Energy Intensities

Energy intensity of air travel has 
declined the most, but remains 
the most energy intensive mode
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The modest declines in car energy intensity in 
most countries do not mean that cars have not 
become much more efficient.
On contrary, important technical improvments
have been made to engine and other vehicle
components, but these have been largely offset
by heavier, larger and more powerful cars.



Transport indicators



New passenger car registrations, 2018



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

Car Ownership and Income
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The trend for car travel is quite similar
to car ownership

Source: IEA, 2004

Car-kilometres per Capita and Personal 
Consumption Expenditures, 1970-2000

Car Travel and Income
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Fuel intensity 
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Energy intensity

• Energy intensity - energy needed to move a vehicle

Measure as:
– Liters/100 km (e.g. Europe)
– km/liters (e.g. Japan)
– MPG (miles per gallon) (e.g. US)



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)
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Price structure of gasoline and diesel

Composition of gasoline and diesel prices including taxes (EEP, 2014) Status: 16 December 2014



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
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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.



The challenges for EU climate 
and energy policies

Improve
air quality

Reduce
energy 

consumption

Mitigate
global

warming

Improve
air quality

Reduce
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global
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Effective policies 
& 

measures



Alternatives

• Biofuels
• Electricity and electric vehicles
• Hydrogen and fuel cells



Alternative fuels:
Biofuels



Biofuels

…fuels produced from biomass



History of biofuels
• 1826 - Samuel Morey developed an engine that ran on ethanol and 

turpentine.

• 1860 - German engine inventor Nicholas Otto used ethanol as the 
fuel in one of his engines. 

• In 1900, Rudolf Diesel demonstrated his compression ignition 
engine at the World's Exhibition in Paris. In that prototype engine he 
used peanut oil, the first biodiesel.

• Until the 1940s, biofuels were seen as viable transport fuels and 
bioethanol blends were commonly used in the US, Europe and 
other regions

• Further development of bioethanol stopped after the Second World 
War  - petroleum-derived fuel became cheap

• During the oil crisis in 1970s, many countries showed renewed 
interest in production of commercial biofuels



History of biofuels

• Brazil started to produce ethanol at a large scale... mandatory 
blending since 1977… the government incentivized the development 
of 100% ethanol fuel vehicles and the associated infrastructure 

• During the late 1990s, the US and many nations in Europe 
developed policies in support of domestic biofuel industries…supply 
security

• The interest in biofuels further increased in the past decade with the 
development of policies on climate change mitigation and strategies 
to reduce GHG emissions from the transport sector. More than 60 
countries - biofuel programmes and set targets for blending biofuels

• around 4% to transportation fuels globally



Biofuels

Mature biofuels
1st generation 

biofuels

Immature biofuels
2nd generation 

biofuels
(from lignocellulose) Biofuels in labour 

stage
3rd generation 

biofuels
(from algae) Long term possibility

4th generation 
biofuels

(from genetically manipulated 
feedstocks)



Biofuels production by region

BP, 2019



World biofuels production

BP, 2019



Quotas



EU policy

EU Biofuels Directive: Originally Directive 2003/30/ EC, later amended by Directive 
2009/28/EC (see ‘EU Renewable Energy Directive’). It stipulated implementation of 
national measures by member states aimed at replacing 5.75% of all transport fossil 
fuels (petrol and diesel) with biofuels.

EU Renewable Energy Directive (RED): 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. The RED requires member states to ensure that 10% of 
the energy used in transport is from renewable sources by 2020.

EU Fuels Quality Directive (FQD): Directive 98/70/ EC (as amended), requiring 
suppliers to reduce the lifecycle greenhouse gas intensity of transport fuels and 
introducing sustainability criteria for biofuels.

EU ILUC Directive: Directive 2015/1513 amends the Renewable Energy Directive 
and the Fuel Quality Directive to take account of the effect of indirect landuse change 
(ILUC) and aims to encourage the transition away from first generation biofuels. 



EU policies and targets

2010 203020202015

20-20-20 40-27-27

10% 
BF: 5.75% 

Targets for 2030

• a 40% cut in greenhouse gas emissions compared to 1990 levels
• at least a 27% share of renewable energy consumption
• at least 27% energy savings compared with the BAU scenario.
• No sub-target on renewable energy in transport (e.g. 

biofuels)!

14% 
the share of advanced biofuels and 
biogas must be at least 1% in 2025 and 
at least 3,5% in 2030.

40-32-32.5

No ICE in city
60% GHG 

(1990)
20% GHG 

(2008)

ICE -50% in city

Transport White Paper 

2050



New challenges / risks

+ Reduction of GHG emissions

+ Energy security

+ Rural development

- Food and fuel competition

- Sustainability….risk of increase in GHG emissions – LUC

- Risks of degradation of land, forests, water resources and ecosystems -
associated with use of freshwater, fertilizers and pesticides

- Economic viability…oil price (2. gen biofuels)



Global investment in biofuels



Future supply

 Optimistic estimates – biofuels contribute ca. 
one-third of global fuel supply in 2050
 2nd generation and 3rd generation –commercially 

available by 2030

 Oil price…lower oil prices…lower investment for 
biofuels

 Ban of conventional ICE vehicles…especially 
diesel



Alternatives

• Biofuels
• Electricity and electric vehicles
• Hydrogen and fuel cells



Electric vehicles

Power converter

Electric motor



Electric vehicles

Advantages

Energy efficiency

Energy security

Air pollution

Noise reduction 

Disadvantages

 Costs

 Driving range

 Charging time

 Charging infrastructure



Conclusions

Size dependent 
registration tax

CO2 standards

E-mobility

CO2 based   fuel taxImprove    biofuels

&

Fuel cell cars

Introduce individual 
bonus/malus

Size dependent 
registration tax

CO2 standards

E-mobility

CO2 based   fuel taxImprove    biofuels

&

Fuel cell cars

Introduce individual 
bonus/malus
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General conversion factors for energy



Conversion factors for volume



Unit abbreviations



OECD countries
• Australia, 
• Austria, 
• Belgium, 
• Canada, 
• Chile, 
• Czech Republic, 
• Denmark, 
• Estonia,
• Finland, 
• France, 
• Germany, 
• Greece, 
• Hungary, 
• Iceland, 
• Ireland, 
• Israel, 
• Italy,

• Japan,
• Korea, 
• Luxembourg, 
• Mexico, 
• Netherlands, 
• New Zealand, 
• Norway,
• Poland, 
• Portugal, 
• Slovak Republic, 
• Slovenia, 
• Spain, 
• Sweden, 
• Switzerland,
• Turkey, 
• United Kingdom, 
• United States.



EU-28 countries

• Austria
• Belgium
• Bulgaria
• Croatia
• Cyprus
• Czech Republic
• Denmark
• Estonia
• Finland
• France

• Germany
• Greece
• Hungary
• Ireland
• Italy
• Latvia
• Lithuania
• Luxembourg
• Malta
• Netherlands

• Poland
• Portugal
• Romania
• Slovakia
• Slovenia
• Spain
• Sweden
• United Kingdom



Abbreviations
• AEC – Alternative energy carrier
• BAU - Business-as-usual scenario
• CNG - Compressed natural gas
• FT-Diesel - Fischer-Tropsch diesel
• ILUC - Indirect Land Use Change
• LNG - Liquefied Natural Gas
• PCE - Personal Consumption Expenditures
• RME - Rape Methyl Ester 
• SNG – Synthetic Natural Gas
• SUV - A sport utility vehicle or suburban utility vehicle (SUV) is a 

vehicle classified as a light truck


