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Basic principle:

S=f(E, η (Tc), η (Tis))

Service:

km driven Fuel mix
Efficiency:

Liter/100 km
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Introduction

The level of transport service 

consumption: 

technology was the driver! 



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



Cars
Railways   

Stage-Coach   

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

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



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

Source: Fouquet,2003
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GHG



Car passenger transport
Improve

air quality

Reduce

energy 

consumption

Mitigate

global

warming

Effective 

policies and

measures

Car passenger transport
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The challenges for EU climate 

and energy policies



EU targets

2010 20302020

No ICE in city

60% GHG 

(1990)

20% GHG 

(2008)

20152009

2030 climate & energy framework

ICE -50% in city

Transport White Paper 

2050

Targets and average CO2 emissions from new 

passenger cars in EU countries 

130 gCO2/km

95 gCO2/km

40-32-32,5

14%

-37,5%
-15%

2025

World harmonized light-duty vehicles test procedure (WLTP)

New European Driving Cycle (NEDC)

Sustainable and Smart Mobility Strategy

at least 30 million 

zero-emission cars 

will be in operation 

on European roads

nearly all cars, 

vans, buses as 

well as new 

heavy-duty 

vehicles will be 

zero-emission.

EU - the first climate-neutral continent by 2050 

European Green Deal

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en


Biofuels

➢ Liquid or gaseous fuels for transport 

produced from biomass



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)



Biofuel production by region

Our World in Data



Biofuel Mandates and Targets

REN2021

Over 80 countries 

have liquid biofuel 

blending mandates 

in place.



COVID 19

✓ 11 March 2020 – global pandemic

✓ partial or total lockdowns….

✓ Impact on mobility
11.6% drop in global BF 

production

OWiD



The Russia-Ukraine war 

✓ …disrupted the chance of global economic recovery from 

the COVID-19 pandemic

✓ …one of the primary reasons for the rapid increase in global 

energy prices

✓ both Russia and Ukraine play key roles in the energy, food 

and fertilizers markets

✓ Russia 

✓ the world's largest exporter of wheat

✓ the second largest exporter of sunflower oil

✓ the largest exporter of fertilizers

✓ Ukraine 

✓ the largest exporter of sunflower oil

✓ the fourth largest exporter of corn

✓ the fifth largest exporter of wheat 



The Russia-Ukraine war 

✓ …increase in feedstock and energy costs…biofuels prices

✓ …vegetable oil export losses from Ukraine and weather-

related supply disruptions (drought in Latin America)…. 

Food vs fuel 

✓ … about 10% of all grain …biofuel production.. could be 

used to reduce food insecurity in many parts of the world

✓ calls …to change biofuel production mandates in favour of 

food production



Policy reactions to high prices:

some policy proposals and changes

✓ Argentina passed a law to reduce the biodiesel blend rate from 

the original 10% to 5% because of high crop costs. 

✓ Brazil will maintain its biodiesel blending mandate at 10%, from an 

intended 15% target for 2022. 

✓ The Colombian government reduced its ethanol blending 

mandate from 10% to 4% in 2021.

✓ Belgium’s green coalition has proposed to remove current 

biofuel mandates temporarily to reduce fuel and food costs and 

then slowly fade out crop-based fuels by 2030.

✓ The Czech government has proposed removing blending targets.

✓ Finland reduced its renewable energy requirement to 12% from 

20% for 2022.

✓ Croatia will remove penalties on blenders that miss their targets.
IEA



Share of biofuels



World land use







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



EU targets

2030 2050

Sustainable and Smart Mobility Strategy

at least 30 million 

zero-emission 

cars will be in 

operation on 

European roads

nearly all cars, vans, 

buses as well as new 

heavy-duty vehicles 

will be zero-

emission.

EU - the first climate-neutral continent by 2050 

European Green Deal 



Announced 100% ZEV sales targets 

and bans on ICE vehicle sales



Global investment in biofuels



Perspectives for biofuels

▪ The future prospects of biofuels are dependent on: 

− policy framework… the time of political promotion of biofuels is widely 

over, especially due to the current crisis and announced ban on ICE 

vehicles ….no bright prospects for biofuels are on the horizon.

− development of oil and feedstock prices

− electrification

▪ The Ukraine war… 

− Food-versus-fuel debate

− Accelerate the transition from 1st to 2nd generation biofuels…it is unlikely 

that there will be additional investments in conventional 

biofuels…incentives for the development of 2 gen. biofuels… especially 

from wastes and residues

▪ Biofuels…in aviation, shipping and heavy goods vehicles 



Electric vehicles

Power converter

Electric motor



Electric vehicles

Over 16.5 million electric cars were on the road in 2021, a tripling in just three years



Targets

Paris Declaration on Electro-Mobility and 

Climate Change & Call to Action:

• more than 100 million EVs

• 400 million two and three-wheelers



Economic assessment

skm

C
FIP

skm

IC
C MO

fkm
&++


=

 [€/100 km driven]      

The costs per km driven Ckm are calculated as: 

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]

A capital recovery factor (α) is the ratio of a constant annuity to the present value of 

receiving that annuity for a given length of time. Using an interest rate (z), the capital 

recovery factor is:

n…..the number of annuities received.



Total costs of service mobility



Scenario for development of 

investment costs 

(Power: 80 kW)

FCV

BEV



Technological learning – Battery



Monetary measures 

The most commonly used monetary
measures are subsidies and exemptions (or 
reductions) from:

➢ road taxes 

➢annual circulation tax 

➢company car tax 

➢registration tax 

➢fuel consumption tax 

➢congestion charges 



Non-monetary measures 

➢ free parking spaces, 

➢ possibility for EVs drivers to use bus lanes, 

➢ wide availability of charging stations, 

➢ permission for EVs to enter city centers and zero 
emission zones. 



Environmental assessment

Fuel

Car

Well-to-Tank (WTT) Tank-to-Wheel (TTW)

Well-to-Wheel (WTW)

Primary

energy

source
Mobility

TTW_car

TTW_fuel



Environmental assessment

CO2 emissions per km driven for various types of EV in comparison to conventional cars (power 

of car: 80kW)



The carbon intensity of electricity mix 



Electricity mix

Data source: tsp,2014



Environmental assessment

CO2 emissions per km driven for BEVs powered by grid electricity in different 

countries 



Car emissions

EVs

emissions
(e.g. gCO2)

=
Activity

(vkm) *

Intensity
(e.g.kWh/km) *

Ele. carbon 

contect
(e.g. gCO2/kWh)



Policy instruments

Regulation Monetary incentives Information

• Fuel efficiency 

standards

• Energy efficiency or 

CO2 emission based 

element in the annual 

circulation tax

• Car labelling based on 

fuel use or emissions

• Pollutant emission  

regulations

• Tax incentives for the 

purchase/first 

registration of efficient 

vehicles

• Eco driving campaigns

• Speed limits • Inclusion/exclusion 

in/for road 

pricing/congestion 

charging schemes



Impact factors on CO2 emissions in the car passenger transport

On-road power-specific 

fuel efficiency

Test-cycle fuel 

intensity

CO2 emissions

CO2 emissions 

coefficient

=

xEnergy

Total vkm

driven

Driving coefficient

behaviour

=

x

=

x

lower coefficient 

for biofuels or 

electricity

to be improved by 

automobile 

manufacture

to be reduced by

eco-driving

to be influenced by

fuel taxes or fuel 

intensity improvements

x

x Power (capacity)

of car

to be reduced e.g. 

by kW-specific 

registration tax 

Standards Education Fuel tax Registration tax
Subsidies, 

quotas
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Policy instruments

CO2 emissions in passenger car 

transport 



Standards

Fuel economy standards have been enforced in several countries 



Standards

How a standard works



Rebound effect
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Price structure of gasoline, May 2022

https://www.fuelseurope.eu/statistics



Price structure of diesel, May 2022 

https://www.fuelseurope.eu/statistics



Total taxation share in the end 

consumer price

https://www.fuelseurope.eu/statistics



Tax

How a tax works



How a tax vs a standard works



Standards & taxes

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

combined optimal way for society

Ps

0 …old 

efficiency

E

Tax 

effect

E0E1E2

1 …new

efficiency

ΔEη

Ps0 =Ps2

Efficiency 

effect

ΔEtax

Ps1
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E

Tax 
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E0E1E2
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Efficiency 

effect

ΔEtax

Ps1



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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