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Editorial
John Whitelegg
Editor
World Transport
Policy & Practice
For those of us who
keep wondering how
it

is

possible

transport

for

impacts

and transport policies
so be so bad and transport analysis so lacking in
intelligence, things are now much clearer. In
recent weeks the European Commission has
released its mid term review of the 2001
transport white paper (Note 1). The review is
very

clear

indeed

about

the

objectives

of

transport policy and these objectives make it
perfectly clear that we will never solve our
transport problems. The objectives are selfdefeating, problem generating and hopelessly
out of touch with the principles of sustainable
development. Perhaps more importantly they
mislead

the

400

million+

citizens

of

the

European Union into thinking that all is well with
a mobility greedy and infrastructure friendly
policy. Sadly this is not the case and all of us
are in for a nasty shock as capacity constraints
are breached and environmental problems start
behaving like a runaway nuclear reaction.
The June

statement

from

drivers. On page 27 of this document in a few
pie charts the Commission presents its vision of
the future (modal split for people in 2020). Key
points include:
 No mention of walking and cycling
 Passenger cars at 77% (up from the current
situation)
 Bus and coach at 6% (down from the current
situation)
 Railways

honest:

5%

(down from

the

current

situation)
 Tram and metro at 1% (same as the current
situation)
 Air at 11% (up from the current situation)
In

addition

European

we

will

citizens

still

each

be

killing

year

in

20,000

2010

and

churning out vast amounts of greenhouse gases.
In the 14 years of this journal’s existence we
have rarely seen such a dreadful document. The
European Commission has just given up and
given

in.

It

clearly

does

not

understand

sustainability, demand management and quality
of life in our communities. It clearly does not
understand

the

links

between

accessibility,

mobility and spatial planning which in over 50
years of development has shown that public
policy should be about increasing access to
things

Brussels is very

at

and

planning

for

a

rich

menu

of

destinations and opportunities in our urban and
rural areas. There can be no merit in pushing
mobility. Is the European Commission really
content with a policy objective that actually

 Mobility is an essential citizen right
 It is the objective of the EU to offer a high
level of mobility

encourages more travel? What possible merit is
there in travelling 20kms to gain access to a
school, clinic or shop if this can be achieved over

 CO2 emissions are a challenge
 Facilitating mobility (will be pursued) “as the
quintessential purpose of transport policy”
 The internal air transport market is an engine
for growth

10kms or 5kms? Will we see annual reports from
the Commission congratulating us on yet again
achieving a doubling of miles travelled? This is
too

close

to

Soviet

style

tractor

factory

management practices in 1930s Vladivostok and

At the heart of the European Commission’s
wayward

thinking

about

dreadfully

gloomy

rejection

transport
of

is

its

sustainability

has no place in a sustainable Europe.
The

Commission

also

speaks

about

citizen

rights. It is easy to link any policy to “rights” but
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how will we deal with the rights of children and

June 22nd 2006 is a sad day for Europe. We have

the elderly to live in a safe environment in our

all been badly let down by the latest statement

city and move around free from traffic danger?

on

How will we deal with the rights of those that

hopelessness

live in cities and practice living without a car

organisational intelligence that produced such a

when their residential streets are over-run by

monster.

transport

policy
and

and

it

reveals

bankruptcy

of

the
the

suburban and rural car owners who have opted
for an energy intensive life style which then

In this issue of WTPP we will continue to

multiplies environmental injustice? How will we

celebrate the intelligent life that strives to re-

deal with the rights of 250,000 people who live

engineer and re-orientate out transport polices

in

and

and practices. Articles in this issue take a

Hillingdon when they are subjected to aircraft

detailed look at the potential for compressed

noise caused by people flying to a shopping trip

natural gas in the Swiss passenger car sector,

in New York or a weekend party in Prague?

Italian highway building practices and policies to

Rights should always be linked to responsibilities

deal

and duties and the state has a role to play in

environment.

getting this right.

questions and deserve debate and comment to

the

London

Boroughs

of

Hounslow

with

transport’s
All

raise

burden

on

important

the
policy

develop the contributions further.
Our trajectory is now clear. More and more
travel is a good thing and we will supply

As always we welcome replies, rejoinders and

whatever roads and car parking and airports and

comments.

runways that are needed to achieve this. Maybe
we will also redefine energy policy to tell the

Note 1

same story. We want all European citizens to

Communication from the Commission to the Council

double their use of electricity in the next 15-20

and the European parliament.

years and we don’t want to hear any nonsense

Sustainable

about demand management, least cost planning,

review of the European Commission’s 2001 Transport

conservation etc. It is our right to use more,

White Paper

consume

Brussels, COM (2006) 314 final

more

and

extend

this

vision

of

mobility

for

our

Keep Europe moving.
continent.

Mid-term

unconstrained demand without consequences
into every area of life (energy, waste, pollution).

http://ec.europa.eu/transport/transport_policy_review
/doc/2006_transport_policy_review_en.pdf
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Abstracts______________________________
Market potential of compressed natural gas

“capture”

cars in the Swiss passenger car sector

competition could be better obtained through

Gian Carle, Alexander Wokaun, K.W.Axhausen

unbundling.

The transportation sector generates 26% of total

Keywords:

worldwide CO2 emissions (International Energy

Regulatory Policies

of

the

regulator.

Project

Benefits

Financing;

from

Motorways;

Agency (2000)). Given rising concerns over
fossil fuel consumption and CO2 production by

The effectiveness of policies to address

passenger cars, the automotive industry and

urban

governments

perceptions and realities

are

evaluating

strategies

for

sustainable mobility. The European Communities

environmental

problems:

some

Dominic Stead

(2001) believes that there is great promise in
the development of a new generation of hybrid

The growth in transport volume is adding to

electric cars (electric motor coupled with an

urban environmental problems and is one of the

internal combustion engine), cars fuelled by

main reasons for serious concerns about urban

compressed natural gas and, in the longer term,

environmental quality. A wide variety of policies

cars powered by hydrogen fuel cells. The paper’s

is

objective is to describe the specific competitive

problems associated with transport. This paper

conditions that will determine the successful

examines the effectiveness of various types of

market diffusion of natural gas vehicles in

policies that are available, looking at public

Switzerland. Natural gas vehicles may smooth

perceptions of effectiveness, empirical measures

the impact of transport as they are less polluting

of effectiveness and the actual implementation

and may be run on biogas, a renewable fuel.

of measures. The paper also examines concerns

available

about

the

to

tackle

urban

urban

environmental

environment

and

the

concerns

and

Keywords: Emissions, natural gas vehicles, fuel

relationship

cells, Switzerland, competition analysis

perceptions about the effectiveness of measures

between

these

to tackle environmental problems associated
Are highways best run by concessions?

with

The Italian experience

information and data from a number of sources

Giorgio Ragazzi

and re-analyses data from large-scale European

transport.

The

paper

synthesises

public opinion surveys.
Highways in Italy were built on a “cost of
service” principle, but in 1999 the regulatory

Keywords:

system was changed into a “price cap”. The new

transport, urban environment, public opinion,

system has failed in its purpose to relate tariffs

Eurobarometer, Europe.

Perceptions,

policy

effectiveness,

to productivity or quality improvements, while it
has

allowed

a

dramatic

increase

in

concessionaires’ profits. The State obtained a
large profit from the privatization of Autostrade,
by extending its concession for 20 more years.
Financing highways through project backing has
numerous drawbacks, mainly fragmentation and
irrational pricing. Regulation is difficult and
inevitably

discretional,

with

a

high

risk

of
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Market potential of compressed natural gas cars
in the Swiss passenger car sector
Gian Carle, Alexander Wokaun, K.W. Axhausen
Email: g@carke.ch
The transportation sector generates 26% of total

viability and strength of Europe’s automobile

worldwide CO2 emissions (International Energy

industry. In order to provide an assessment of

Agency (2000)). Given rising concerns over

the

fossil fuel consumption and CO2 production by

competitiveness

producers

of

natural

the

paper

gas

vehicle

analyses

the

passenger cars, the automotive industry and
governments

are

evaluating

strategies

for

sustainable mobility. According to the World
Business Council for Sustainable Development
(2001), sustainable mobility is the ability to
meet society’s need to move freely, gain access,
communicate, trade and establish relationships
without sacrificing other essential human or
ecological values, today or in the future.
In order to realise the goal of sustainable
mobility the triple ‘S’ principle (Saving, Shifting
and Smoothing) is applicable (Keller (1997)).
Saving reduces the need for transportation
through strategies such as better land use
planning. Shifting refers to encouraging people
to use a less harmful means of transport and
smoothing refers to reducing the impact of
transport on environment, economy and society
by implementing improved technology to reduce
greenhouse gas emissions per unit of transport
activity.

the market acceptance of more energy efficient
The

European

Communities

(2001)

believes that there is great promise in the
development of a new generation of hybrid
electric cars (electric motor coupled with an
internal combustion engine), cars fuelled by
compressed natural gas and, in the longer term,
cars

Natural gas cars function similarly to traditional
vehicles. However, they use natural gas or biogas
as fuel. Natural gas can power existing cars after
converting the petrol engine to a bi-fuel engine.
The conversion of internal combustion engines to
natural gas engines requires additional gas tanks,
fuel pressure regulators, fuel lines and a control
module, which adjusts the engine to maintain
comparable performance levels with either fuel.

One important smoothing strategy is to increase
cars.

competitiveness of this technology.

powered

by

hydrogen

fuel

cells.

Competition and innovation in the natural gas
vehicle field will be key determinants for the

Well to wheel analysis of natural gas vehicles
have

been

performed

in

depth

by

Weiss,

Heywood, Drake, Schafer und AuYeung (2000);
Röder (2001); Pehnt (2001); Nigge (2000);
Ogden,

Williams

und

Larson

(2004)

and

Isenberg und Edingerberg (2001). Therefore,
this

paper

focuses on

another

aspect, the

competition analysis of natural gas passenger
vehicle industry.
The paper’s objective is to describe the specific
competitive conditions that will determine the
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successful

market

diffusion

of

natural

gas

Porter’s technique is based on the Five Forces

vehicles in Switzerland. Natural gas vehicles

Model

may smooth the impact of transport as they are

enterprise

less polluting and may be run on biogas, a

environment.

illustrated
in

in

Figure

relation

1

to

describing
its

an

economic

renewable fuel.
Figure 1: Porters five forces
The research described in this paper is part of
the

Alliance

for

Global

Sustainability (AGS) project, ‘Role
of

Innovative

Promoting

Technology

Sustainable

for

Mobility’

being undertaken at the MIT, Paul
Scherrer Institut and at the Swiss
Federal Institute of

Technology

(Wokaun und Brändli (2001)).
This analysis considers natural gas
vehicles

as

traditional
engines

substitute

internal
(Carle

evaluation

was

competition
developed

combustion

(2004)).
guided

analysis
by

for
The

by

the

technique

Michael

Porter

(Porter (1998a); Porter (1998b)),
which

relies

on

existing

data

to

estimate

Source: Porter (1998b)

potential competitive forces in future markets.
Using Porter’s model, the natural gas vehicle
The second part of the paper describes the

industry’s position can be characterised as being

factors necessary for natural gas cars to become

in an early phase of market penetration. The

widely used in vehicle traction systems. In other

analysis answers the following question: How

words it describes the success factors that will

can the knowledge of competitive advantages be

contribute to a breakthrough for natural gas cars

used to most efficiently introduce natural gas

from niche to mass market. This analysis also

car into the market?

identifies critical factors that affect both market
penetration

time

and

the

rate

of

product

diffusion into the mass market. In this context

The five forces in the cng case are illustrated in
Figure 2:

the following four research questions are of
interest:
•

What is the competitive market power of natural

•

Market power of natural gas car manufacturers

•

Threat of new competitors entering the market

gas vehicles?
•

market (i.e. natural gas vehicle manufacturers)?

Methodology
•

(i.e. new natural gas car manufacturers)

Is there a threat of new competitors entering the
•

natural gas car

How serious is the threat of substitute products

In 1980 Michael Porter proposed a technique for
(i.e. traditional internal combustion engines?

analyzing industrial structure and its competitive
•

How strong will competition be within the natural

forces ((Porter (1998a); Porter (1998b)).

gas vehicle industry (i.e. between different natural
gas vehicle manufacturers)?

Market power of customers intending to buy a

•

Threat

of

substitute

alternatives to

products

traditional

(i.e.

other

internal combustion

engines)

__________________________________________________________________________________
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•

Competition within the natural gas car industry

existing (or alternative) technologies? Natural

(i.e. competition between different natural gas car

gas car technology is a substitute for traditional

manufacturers)

gasoline and diesel internal combustion engines.
Basic economic theory suggests that substitutes

In addition to these five forces the following two

will

forces play also an important role in the natural

competitive with the original good. In other

gas car sector:

words natural gas car technology will not be

only

be

adopted

when

they

are

cost

adopted unless it is in the same basic range as
•

•

All

Influence of the market penetration of natural and

traditional

biogas refuelling stations

technology.

Influence of the natural gas and biogas price

seven

forces

together

provide

a

Natural
good

gasoline

gas

car

and

diesel

industry

engine

competitive

analysis

overview of the attractiveness of this industry,

Competition in the natural gas car industry

and can help to estimate its further (profit)

The development of gas cars began more than

potential. This, in turn, can be used to assess

150 years ago. In 1862 the French Etienne Lenoir

the likelihood that natural gas cars are widely

built a gas engine vehicle, well before the first

adopted by the car manufacturing industry,

gasoline

since there will only be a good profit potential if

developed

the technology is widely adopted.

However, it took another 130 years until the first

and

diesel

(Erdgas

engine

vehicles

Information

were

(2005)).

compressed natural gas car was produced. After
Figure 1: Porter‘s Five Forces model applied to

the unsuccessful launch of BMW’s 316g and 518g

the compressed natural gas car industry

in 1995, Volvo was the first company offering
natural gas cars
(Strassmann
(2001);

Gibgas

(2005a)

and
Gibgas

(2005b)).
2001

Since
the

redesigned
models
V70,

S60,
S80

available

are
as

natural

gas

versions

with

under floor gas
bottles. In 2000,
Fiat was the first
company to offer
a

compressed

natural gas car
(again

with

Which market conditions must be fulfilled in

under floor gas bottles) that provided the same

order to have automobile manufacturers adopt

indoor car volume and comfort as the equivalent

compressed natural gas car as a substitute for

gasoline vehicle. Already in the design phase, the

__________________________________________________________________________________
World Transport Policy & Practice
Volume 12, No. 2, 2006

8

Fiat Multipla was conceived as a bipower car

amount of natural gas as the Multipla. However,

running with natural gas and petrol. The Multipla

the carbon gas pressure tanks are not stored

is the car with the largest range of about 900km.

under floor, resulting in a smaller trunk (AMAG

Another recent model, the Opel Zafira, is more

Automobil- und Motoren AG (2003)).

energy efficient than the Fiat Multipla bipower, as
the engine of Zafira is optimised for compressed

Table 1 shows that in Switzerland, Opel is the

natural gas and not for petrol. An Opel Zafira

preferred brand for

CNG has about the same size and same engine

contrast to elsewhere in Europe, where Fiat has

power as the Fiat Multipla, but consumes 15%

the lead due to the strong Italian market. After

less natural gas per 100km (Fiat Schweiz (2003);

Opel and Fiat, Volvo sold a substantial amount of

Opel Suisse SA (2003)). The VW Golf Variant bi

natural gas vehicles in the last six years in

Fuel, a station wagon, consumes the same

Europe as well as in Switzerland.

natural gas vehicles in

Table 1: Cumulative sales volume of compressed natural gas cars, up to September 2004 (for Europe
and Switzerland)
Total no. of natural gas Total no. of natural gas
Total no. of natural gas vehicles sold in 2004 in vehicles sold in the year
vehicles sold in Europe

Europe

2004 in Switzerland

Ford Galaxy CNG

8

-

0

Ford Mondeo CNG

48

-

0

Ford Escort CNG

53

-

0

Citroen

105

-

14

Ford Ka CNG

174

-

0

Peugoet

400

-

5

Ford Fiesta CNG

406

-

0

Mercedes E 200 NGT

500

500

10

Ford Focus CNG

640

-

0

VW Golf Variant 2.0 BiFuel

1’600

400

12

Volvo S60, V70 and S80

7’500

1’192

76

Opel Astra und Zafira

15’964

7’960

196

Punto, 55’150

11’150

139

Total OEM

82’548

21’202

452

Conversions

451’452

6’298

-

Total

534’000

27’500

-

Fiat

Multipla,

Doblo, Ducato

Sources: Banken (2005), Prellwitz (2005), Hennen (2005), Heinze (2005), Persson (2005), Tissot-Favre
(2005), Cardaci (2005), Bloch (2005), IANGV (2004), Savary und Tschopp (2005) and ASTRA (2004)
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Natural gas cars, directly produced by the car

The

manufacturer, are expected to gain market

compressed natural gas car producers is not very

share in the next few years and conversion

strong. Fiat is the company with the best natural

companies will have to find their niche market as

gas know-how. They are also the only ones

more

a

producing their cars on an assembly line resulting

compressed natural gas car directly from the car

in lower production cost. All other manufacturers

manufacturers (see figure 1).

produce first a petrol version, which is manually

and

more

customers

will

choose

competition

between

the

different

converted into a compressed natural gas variant
in a special plant.
Figure 2: Sales of cng vehicles since 1986

Government

Potential new competitors

Government policies play an important role in

It will not be very difficult for new competitors to

supporting technologies such as natural gas

enter the market for compressed natural cars.

cars. Tax incentives for buyers of natural gas

Firstly, the amount of money that has to be

cars may help to compensate for their higher

invested

prices. The VEL2 (Stettler (2004)) project in

compressed natural cars is not very high. A

Switzerland shows that cars with alternative

simple car conversion (i.e. VW Golf bi-fuel) costs

traction systems will only be purchased with tax

between 4’000 to 6’000. The Association of the

incentives

German

and

subsidies.

Incentives

and

into

research

Automobil

and

Industry

development

(Dübel

of

(2003))

subsidies for natural gas cars will be critical at

calculated that the development costs for natural

the beginning of market penetration as natural

gas cars amount to around 1 Billion, which is,

gas cars will be more expensive to acquire.

compared

to

fuel

cell

vehicles

or

a

newly

designed gasoline/diesel car not very much.
However,

the

development

and

market

introduction of efficient hybrid natural gas cars
__________________________________________________________________________________
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emitting around 70 – 90 gram CO2 per km as

There are four main competitors to natural gas

well as a super efficient compressed natural gas

cars: hybrid vehicles, optimised gasoline and

cars will take some more years until they are

diesel vehicles and later on fuel cell cars. Each is

available. Nevertheless, at the current market

discussed below.

penetration, these research and development
efforts are not very interesting as the sales

Today's parallel hybrid cars use two engines. A

volume and the natural gas fuel infrastructure

battery-powered electric motor is used in city

density are too low.

driving, which is characterised by frequent stopand-go activity, while a conventional spark-

Customer power

ignition gasoline or diesel engine is used on

The third factor in Porter’s competition analysis is

highways and for charging the battery. Hybrid

the strength of customers in negotiations with the

vehicles have relatively high costs due to the

manufacturer. In the case of natural gas cars, the

technology required to connect two traction

customers are the car owners.

systems in the same vehicle, but they are
energy efficient (table 2) and generate low

A problem is the higher natural gas car price.

levels

of

emissions

(Verband

However, a total cost of ownership calculation

Automobilindustrie e. V. (2002)).

der

shows that over the whole life-span natural gas
cars are cheaper than petrol or diesel cars.

Several

Another critical factor is the development of an

producing hybrid vehicles and others are testing

infrastructure to deliver the natural or biogas.

them. Hybrid cars are manufactured by Toyota,

This infrastructure has been slow to develop in

Honda, Nissan and Mitsubishi and are used by

Europe with the exception of Italy. Switzerland

fleet operators in Japan while the Toyota Prius

has, at the moment, just 58 natural gas fuelling

(Japan, Europe, USA), Honda Civic IMA (Japan,

stations covering the region from Geneva over

Europe, USA) and Honda Insight (Japan, USA)

Basel to St. Gallen, without any coverage in the

are available commercially. Toyota announced

cantons of Graubünden / Grisons, Uri, Schwyz,

that they will introduce one or two hybrid

Ob- and Unterwalden.

models a year until all of its high-volume cars
and

vehicle

trucks

are

manufacturers

covered

are

(Healey

currently

(2003)).

The rather small model palette, the low natural

According to Toyota Switzerland (2004) and

and biogas refuelling infrastructure and the

Honda Motor Europe Ltd. (2004) around 15,000

relatively high car price limits the number of

hybrid cars circulate in Europe and around

potential customers. As long as not more or less

270,000 hybrid cars have been sold worldwide

every type of car is available as a compressed

by 2004.

natural gas car, the market penetration will be
rather slow.

Liquified petroleum gas (propane, butane and
their mixtures) is a hydrocarbon, which can be

Substitutes

liquefied under relatively low pressure. In liquid

Porter’s fourth factor for the evaluation of the

form it takes only 1/260 of its gaseous volume.

competitiveness of a new technology is the threat

Liquefied petroleum gas (LPG) is a by-product of

of substitutes. This means identifying whether

oil refining. It can be stored relatively easily, has

there are other products that could substitute the

good anti-knock properties and burns relatively

new technology. These alternatives must be less

cleanly. Vehicles with liquefied petrol gas (LPG)

expensive or better (or both).

emit approximately 50% less carbon monoxide,
40% less hydrocarbons and 35% less nitrogen
oxides compared with gasoline vehicles (Cleaner

__________________________________________________________________________________
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Drive

2003).

However,

the

carbon

dioxide

takes several hours. Electric vehicles are also

emissions of an LPG car in the use phase is

relatively expensive, although their benefits, no

around 15% worse compared to a compressed

local emissions or engine noise, are significant

natural gas car and the nitrogen oxide emissions

enough to have created a commercial market.

are 20% higher than for cng cars. The well-to-

As with natural gas vehicles, electric vehicles are

wheel CO2 benefit of a LPG car is typically

popular

around 11% compared to a petrol car and zero

vehicles that remain in the same general area

compared to diesel cars (The Energy Saving

(e.g. local mail delivery). According to Vergels

Trust (2002)).

(2004)

with

from

fleet

the

operators,

‘European

especially

Association

for

for

Battery, Hybrid and Fuel Cell Electric Vehicles’
A very large quantity of LPG is flared on the oil
fields as well as in refineries around the world as
it is a by-product of producing oil, gasoline and
diesel. Instead of flaring LPG it would be better
used as an energy carrier to power the cars.
Besides some inconveniences, for instance the
prohibition of liquified petroleum gas vehicles in
underground parking and the smaller luggage
space if the cylinders are not mounted under
floor, it is already a reasonable alternative.
Worldwide approximately 9 million vehicles with

there were 22 000 electric vehicle on European

liquefied petroleum gas run on the streets.

streets in 2004.

Algeria, Bulgaria, China, Russia and South Korea
are important markets for liquefied petroleum

The fourth competitor is the improved traditional

gas vehicles. In Western Europe the major

gasoline and diesel engine technology. New

markets for LPG cars are Great Britain, Italy and

technology has made it possible to significantly

France.

improve

Roughly

registered

in

2.8

Europe

million

LPG

(Deutscher

cars

are

Verband

both

the

energy

efficiency

and

emissions levels of internal combustion engines.

Flüssiggas e.V. (2003)). Converting a car fuelled
by gasoline to CNG is technically comparable to

These

converting it to LPG. All big car producers like

control,

Renault,

DaimlerChrysler,

injection, particle filters and nitrogen oxide

Toyota, Mitsubishi, Volvo, Peugeot, Fiat, Isuzu

reduction catalysts for diesel cars. In addition,

and Nissan offer LPG cars. These are around

cars can be lighter, have a lower drag and tire

2,000 more expensive than a diesel car and

friction. In the long term it is possible to reduce

around 3,000 Euro more expensive than a

fuel consumption for conventional gasoline or

gasoline car.

diesel passenger cars by 40-50%, with an

Opel,

Ford,

GM,

improvements
cylinder

include

variable

disconnection,

fuel

valve
direct

efficiency improvement between 17% and 23%
The third competitor with natural gas cars is the

(Geschka

electric powered vehicle with a high efficiency

(2002)). However, super efficient vehicles like

level (see table 2). The main drawback of

the VW Lupo and the Audi A2, which use on

electric vehicles is their limited range and their

average 3 litres of gasoline per 100km, will

high

battery

remain niche products, since they are relatively

technology. Most electric vehicles are limited to

expensive. Only 7% of all sold VW Lupos are

less than 160km between recharging, which

delivered to their customers as 3 litre (diesel per

weight

given

the

existing

&

Partner

Unternehmensberatung
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100 km) versions and 4% of the Audi A2 are the

technology for transport applications is the proton

super efficient version. In addition, Volkswagen

exchange mechanism (PEM) fuel cell. Therefore,

announced to stop the production of these cars

the

(Madslien (2002)).

technology. However, until now only a few

vehicle

industry

has

focused

on

PEM

prototypes have been developed. Fuel cell cars
The fifth competitor is the fuel cell vehicle. Fuel

that will be available to customers will not be on

cells combine hydrogen (from a fuel source like

the market until about 2010 to 2015. A critical

natural gas) and oxygen (from the atmosphere)

factor in the market for fuel cell vehicles is

to generate electrical energy with only water

development of an infrastructure to deliver the

vapour as emissions. Since fuel cells create

hydrogen

energy without harmful emissions they are widely

infrastructure is available, the market for fuel cell

thought to be an ideal technology for use in

vehicles will be limited.

vehicles.

The

most

appropriate

fuel

they

use

as

fuel.

Until

such

an

cell

Table 2: Tank-to-wheel fuel consumption, well-to-wheel energy consumption and well-to-wheel
greenhouse gas emissions for different European compact class vehicles

hybrid
vehicle

compressed
natural
vehicle

tank to wheel 5.5

liquified

gas petrol

electric
gas power

vehicle

7

8.5-10

2-3.2

2-3.2

vehicle

improved

hydrogen

traditional

fuel

gasoline

vehicle

traditional

cell gasoline
and

diesel

engine

engine

vehicle

vehicle

7.5

3.5

7.99

0.5-1.1

2.75

1.5-2.7

3-3.7

0 - 121

130-160

fuel
consumption
(litre

gas

equivalent per
100 km)

well to wheel 2-2.5
energy
consumption
(MJ/km)

well to wheel

105-178

120 -198

135-215

96 -140

170-270

(EU

greenhouse

natural gas

gas emissions

mix)

(g CO2
equivalent /
km)
overall vehicle 25 %

19 %

16 %

60%

20%

35 %

17-19 %

efficiency
source: Choudhury et al. (2002), The Energy Saving Trust (2002), The Joint Research Centre of European
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Commission (2003), Hekkert et al. (2005), Gribben (2000), e’mobile (2002), Weiss et al. (2000)

Competition from Substitution Products

Natural gas car competitors are hybrid vehicles,

Figure 4 illustrates the concept that compressed

fuel cell vehicles, electric vehicles, and optimised

natural gas cars will need to compete with other

traditional gasoline and diesel engine vehicles.

technologies in the race for commercial success.

Competition from these vehicle types will be

This section discusses the factors influencing

strong

competition from substitute products in the

developed than natural gas cars – except for fuel

compressed natural gas car industry.

cell cars - and also cost less. In addition, all these

because

some

of

them

are

further

technologies (except for fuel cells) have a fully
functioning infrastructure (see table 3).
Table 3: 2004 estimated costs of different drive trains (Euro before tax per kW)
Current

Gasoline

Com-

Electric

H2 PEM Fuel

H2

gasoline ICE

parallel Hybrid

pressed

battery car

cell

car

Per kW in

30 - 40

60

Fuel

cell

natural

estimate)

(goal

for

gas car

powered with

2020

to

H2

2025)

3000 – 5000

50 - 70

60 - 80

300-500

(2004

PEM

Euro
Source: Service (2004), Ogden et al. (2004), The Joint Research Centre of European Commission
(2003), Suppes) and based on the Swiss sales price differences of a Citroën Saxo Electric, Citroën Saxo
1.1i Furio, Citroën Berlingo Electric, Citroën Berlingo Familiale 1.4i X, Fiat Multipla Bipower SX, Fiat
Multipla 1.6 SX Opel Zafira 1.6 CNG, Opel Zafira 1.6i

Figure 4: Sketch of the cost development and market penetration of natural gas cars

number of natural gas cars

total cost of ownership

cost of natural gas cars

cost of diesel and
petrol car
mass market penetration

# of fueling stations

time

The traditional internal combustion engine is an

performance and poor efficiency of about 19%.

established

Unburnt hydrocarbons, CO, and NOx emissions

technology

with

good

driving
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have already been reduced to very low values for

If countries with a high natural gas car market

gasoline

penetration

vehicles

equipped

with

three-way

are

taken

as

a

benchmark

for

catalysts, but NOx and soot remain a problem for

successful gas vehicle introduction, then the

diesel cars without particulate filters. However,

Swiss

very significant efficiency improvements to the

compared to diesel or petrol. Countries like

traditional internal combustion engine will be

Venezuela, Argentina and India have a much

difficult to achieve (Weiss et al. (2000)).

more favourable fuel price ratio (natural gas price

natural

gas

price

is

too

expensive

to petrol price). In these countries natural gas is
As long as natural gas engines cost over $60/kW

at least 80 % cheaper than petrol. An exception

and gasoline/diesel prices do not at least double,

is Italy, where the ratio is more or less like in

the gasoline and diesel engine will continue to

Switzerland. However, Italy has had a rather

play a dominant role in the vehicle market.

higher natural gas car market share for 20 years,
a dense refuelling infrastructure, as well as a

Hybrid

vehicles

are

another

reasonable

alternative to compressed natural gas vehicles

competitive passenger car conversion market
(see figure 5).

during the next 15–30 years. Hybrid vehicles still
consume a considerable amount of fuel; the

With the proposed Swiss federal mineral oil tax

Toyota Prius uses approximately 4.3 litres per

change, which will become effective in 2007,

100km and is rather heavy.

natural and biogas will be exempted from the
mineral oil tax, which currently stands at 0.40

A

significant

advantage

most

of

these

Swiss Francs per kg (Kommission für Umwelt

alternatives have in comparison to natural gas

Raumplanung

cars is that they can use the existing fuel

(2001)). In addition, the potential CO2-tax will be

infrastructure.

a further driver for a faster market penetration.

und

Energie

SR

(UREK-SR)

Fuel
Figure 5:

Ratio between petrol and diesel price to the natural gas and biogas price, August 2004
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Infrastructure

compared to countries with a high natural gas

At present (August 2005) a total of 58 natural or

car market penetration.

biogas refuelling stations are in Switzerland
available – 44 offer natural gas and 14 biogas

In the long term the ratio should be around 1:

(Gasmobil AG (2005)). A further 18 stations are

400 to 1:800 as in Italy, Brazil and Argentina

planned. For the year 2006, 100 natural gas or

(Figure

biogas refuelling stations are envisaged. The

unprofitable refuelling infrastructure, which may

ratio of fuelling stations to natural gas cars is

be a danger for the market penetration of

1:20 in Switzerland, i.e. 20 cars per refuelling

natural gas vehicles in the long term.

station

(Carle

(2004)).

This

is

very

1).

A

smaller

ratio

leads

to

an

low,

Figure 6: Natural gas cars per fuelling station, August 2004

Source: IANGV (2004)
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Conclusions

natural

Natural gas cars could be, at least during the

promote these cars even if they must

next 15–30 years, a real alternative to

subsidise the fuel as well as the cars at the

gasoline/diesel fuelled and fuel cell vehicles,

beginning. Also a total cost of ownership

since

are

(TCO) analysis performed for Switzerland

relatively inexpensive to produce and to

has shown that compressed natural gas

operate, even though the fuel price ratio

vehicles

between natural gas and petrol is much

gasoline/diesel fuelled vehicles (see table

higher in Switzerland than in other countries.

2).

compressed

natural

gas

cars

gas

industry’s

have

lower

determination

total

costs

to

than

Operating costs are relatively low given the
Table 4: Total cost of ownership per year and per kilometre cost of different drive trains (Euros)

Car used for
calculation
Total cost of
ownership per
year

Petrol car

Diesel car

Compressed
natural gas car

Fiat Multipla 1.6
SX

Fiat Multipla 1.9
JTD

7400
0.58

Cost per kilometre

Hybrid car

Battery car

Fiat Multipla
Bipower SX

Toyota Prius

Citroën Saxo
electric

7544

7210

8253

9000

0.59

0.56

0.64

0.70

Source: Carle (2004)
In contrast to Italy, the Swiss natural gas

output,

car market is in the very early stage of

standard platforms will be possible.

assembly

line

production

on

growth. Natural gas cars, which use bio or
natural gas, must

compete against

the

A strong competition force comes from the

strong market power of their substitutes.

possible

Only

heavy

financial

investments

substitution

goods.

Further

in

developed gasoline and diesel engines, and

infrastructure, model variety, marketing and

eventually also hybrid vehicles, will have

an attractive fuel price may lead to a

better chances in the medium term. These

successful market penetration in the next 10

substitution goods also have a good fuelling

years.

infrastructure, which only exist for natural
gas cars on a limited basis.

The barriers to entry to the natural gas car
market are not very high. In comparison to

The bargaining power of the suppliers will

fuel cell for transport applications natural gas

not be very strong. The necessary material

cars need neither very special know-how nor

is widely available on the market. The

a lot of capital investment. An important key

transfer costs of manufacturers from one

factor is the market size: If there were a

supplier to another will be low as various

world-wide rapidly growing natural gas car

suppliers offer similar products. In addition,

market, manufacturers would offer many

a supplier forward integration (i.e. their own

new natural gas cars, which again would

production of natural gas engines) will not

boost the market. In addition, economy of

take place, since these do not have the

scale has its positive influence on the vehicle

necessary know-how.

price. Above a certain number of vehicle
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The converters will keep a certain market

Carle,

share for special passenger cars (i.e. SUV,

Wettbewerb, Arbeitsbericht Verkehrs- und

cars with above average engine power and

Raumplanung, Zürich, IVT, ETH.

G.

(2004)

Erdgasfahrzeuge

im

delivery vans), as long as car manufacturers
offer only a minimum model range.

Deutscher Verband Flüssiggas e.V. (2003)
Was

ist

Autogas,

In order to solve the chicken and egg

http://www.dvfg.de/autogas/kraftstoff/was.

problem, the gas providers need to speed up

html, Deutscher Verband Flüssiggas e.V.,

the construction of natural gas and biogas

Januar 2003.

fuelling stations. The bargaining power of
the

infrastructure

operators

and

fuel

Dübel, F. (2003) German OEM Investment

providers is very strong, as they decide on

in

NGV´s,

Köln,

Ford

Werke

AG

und

the build-up of a dense fuelling station

Verband der deutschen Automobilindustrie.

network.
Erdgas Information (2005) Verwendung von
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Are Highways best run by concessions?
The Italian experience
Giorgio Ragazzi

giorgio.ragazzi@unibg.it
___________________________________________________________________________
The development of highways in Italy
Italy was the first country in Europe to build

(“autostrada del sole”), through its subsidiary

highways1. Projects for the first highways (8

Autostrade SpA. Eight years later the new

metres wide and with a cement pavement) were

highway was opened.

promoted in the mid 1920’s by entrepreneurs

Many other projects were started; highways

with interests in sectors such as constructions,

were financed by companies owned by the

cement and motor vehicles. The scheme was

government

that of project financing. Mussolini’s government

contracts granted under concession by ANAS,

favoured these initiatives for prestige and for

the government agency responsible for state

their impact on employment and production,

roads. A law (463/1955) set the principle that

with no burden to public finance.

every highway should be self financing, with

or

by

local

public

institutions,

government contributions limited to a maximum
In less than a decade, 375km of highways were

of between 20% to 30% of the total cost (36%

built

for the Milan – Naples highway). It was also

by

several

private

companies

under

concession by the State. But traffic was not

stated

enough to cover costs: in 1930 there were only

forecast

250,000 motor vehicles in the whole country! To

concessionaire was to transfer the excess to the

save licensees from financial collapse, in the mid

State (keeping only 10%

1930’s

income).

concessions

were

taken

over

by

a

that
of

if

toll

the

revenues

initial

exceeded

financial

plan,

the
the

of the additional

government agency (with only two exceptions).
Investments were stopped and tolls reduced by

In 1961 a new law was approved introducing a

one third to promote use of the infrastructures.

regulation based on the cost of service and

In 1940, the highways network amounted to

further

485km, of which 174 existed under concession

concessionaires. The Transport

to private companies, whilst a state agency

empowered

maintained management of the rest.

government offered to guarantee licensees’ debt

In 1950, the government-owned holding group

up to 50% of investment costs (later increased

IRI was commissioned to continue the project

to 100%) and to increase its subsidy up to 52%

for the highway link between Milan and Naples

of the cost of the new highways. However,

reducing
to

the

set

independence

the

level

of

the

Minister

was

of

tolls;

the

concessionaires were to hand over to the State
1

The word “highway” (“autostrada”) was first used

toll revenues in excess of agreed costs and of

by an Italian entrepreneur, Mr Puricelli, in 1922,

their own capital remuneration, fixed at 6,5%.

when he promoted the project for the first highway
from Milano to the lakes north of the city. At the
time, almost all roads were dirty roads, with

The

State,

through

IRI,

assumed

a

more

prominent role: most new investments were

numerous horses and carriages slowing the still

assigned to IRI’s Autostrade, who subsequently

rare motor vehicles. Highways thus offered a really

turned the whole network over to the State in

different service, reserved to motor vehicles only.

2003, according to a convention signed in 1968.

Now days, many “normal” roads may be just as
good as highways; the difference is essentially a
legal one.

By 1970, Italy had a very good network of
highways (3,913km), more than twice that of
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France and three times that of the UK. In 1975,

Toll revenues had also allowed for payments of

5,000km of highways were completed,

fat dividends to the owner, the State holding

665km

were under construction and 1,024km were

IRI, who

planned; 52% of the network was operated by

minimal equity.

had

originally

contributed

only

a

Autostrade, 42% by companies controlled by
local public institutions and only 6% by private

The

companies.

company to raise cash in order to reduce public

Government

decided

to

privatise

the

debt. The company was considered to be well
Concessionaires’ own capital covered only a

managed

minimal part of investment costs. Thanks to the

mentioned as an objective of privatisation. To

State guarantee, they had easy access to credit,

maximize the selling price, the Government

both in the bond market and from banks. But

extended Autostrade’s concession (in two steps)

this changed drastically in the mid seventies,

by 35 years, from 2003 to 2038 and granted

due to the petrol crisis and the increase of

very

interest

costs.

increases over existing levels, even when the

Concessionaires’ finances came under strain, at

network had been amortised. Highway users

a time when the State was also facing serious

were thus “taxed”, i.e. forced to (continue to)

financial imbalances. Therefore, in 1975 the

pay (increasing) tolls well beyond what was

Government decided to stop construction of new

required to cover operating costs and new

highways, despite projects still under way that

investments

were not yet complete. By 1980, the network

substantial (and rapidly

had increased to 5,900km. Since then, very little

profits to the company.

rates

and

investment

and

greater

generous

efficiency

conditions

planned,

for

was

never

future

thus

tariff

ensuring

increasing)

flow

a
of

has been added to the network’s length. Twenty
years later, the total length was 6,478km.

Tolls clearly included a tax component, which
reflected

in

extra

profits

for

the

company

Tariffs were often frozen by governments as part

(measured in proportion to its book equity). The

of anti inflationary policies. This was possible

price obtained by the State (through IRI) at the

because almost all licensees were owned either

end of 1999, close to 7 billion, can thus be

by IRI or by local public institutions. However,

regarded as the present value of a 38 years tax

freezing tariffs resulted in a worsening of public

flow “sold” by the State.

sector indebtedness, as licensees’ debts were
guaranteed by the State. In substance, this

Autostrade is not an exceptional case. In Italy

sector was regarded as part of the public sector,

there are 24 highways concessionaires. When

until the end of the 1990’s, when Autostrade

the

was

infrastructure is returned free of charge to the

privatised

and

new

conventions

were

drafted with the other concessionaires.

next

concessions

expire

and

the

State, both national and EU directives require
that the concession be reassigned through a

The privatisation of Autostrade
In

1999-2000,

the

government

tender. How could this tender be framed? There

privatised

are basically two different possible criteria:

Autostrade SpA, Italy’s major concessionaire,

either to assign to the one who offers to run the

accounting for two thirds of total (toll) highways

new concession at the lowest toll (maximising

traffic. Construction of its network had been

users’ benefit), or to assign to the one who

almost (95%) completed by the end of the ‘70’s

offers to pay the maximum price to the State,

and was supposed to be returned for free to the

given the toll level (and rules to revise tolls) set

State in 2003. Construction had been entirely

by the State. The first criterion will certainly not

financed through debts, practically all of which

be applied, if only because a drastic cut in the

had been reimbursed by the end of the ‘90’s.

tariff might worsen congestion and it would
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result in an irrational toll structure nationwide.

any cost-benefit analysis; extensions granted to

The State will certainly prefer to maximise the

finance new investments were also proportional

price it may obtain from the concession, as in

to the ratio between the planned amount to be

Autostrade’s case or in the more recent example

invested and the EBITDA of each licensee.

of the “Autostrada dei Parchi (see paragraph 4),
thus exposing the tax nature of tolls.

Overall, in 1999 licensees obtained extensions
averaging about 10 years, with a maximum of

The 1999 renewal of concessions

up to 30 years in some cases. Ex post, these

So far, concessions have always been renewed

extensions

over time, with the justification of the need for

generous

new

24

because only about one fourth of the planned

concessionaires still operate tracts built as far

investments have actually been implemented by

back as the 1930’s.

the licensees over the last five years, while their

investments.

Some

of

Italy’s

appear
“gift”

to

(paid

have
by

been

a

highway

most
users),

EBITDAs have increased well beyond forecasted
The renewal of the concession of Autostrade Spa

levels

in 1997, based as it was on a law intended to

Moreover, it seems that investments will not be

promote

privatisations,

traffic

and

tariff

increases.

controversial

paid twice: through tariff increases in addition to
the extension of the concession. Extension of

the

concessions is one of the least transparent

concessionaires

a

to

decision which also met several objections by
European

was

due

Commission.
seized

this

All

other

opportunity

to

aspects of highways regulation, facilitated as it

demand extensions of their concessions, to

is by the fact that consumers do not perceive

avoid the risk that their concession be put on

any increase of costs to them.

tender at its natural term as required by the
imminent

application

of

E.U.

rules.

All

The Italian highways network today

concessions were thus renewed at the end of

Today (2005), Italy has 5,593km of tolled

1999.

highways
companies,

under
and

concession
894km

of

to

24

free

licensee
highways

A reason brought forward to justify the request

managed by ANAS2. All free highways are in the

of renewals was the fact that, in the past, tariffs

south of Italy, for political as well as economic

had been frozen for various years, and licensees

reasons.

claimed a credit towards the State for revenues
thus lost. Renewals were also considered a way

The

to compensate licensees for other credits they

governments have traditionally tried to promote

claimed to have towards the State or ANAS (the

its development by increasing public spending in

public agency in charge of state roads).

transport infrastructures, even if the volume of

To limit pressures by the concessionaires, the

traffic was relatively low and often insufficient to

Government passed a decree allowing renewals

covers costs through tolls. Some of the free

only for a number of years (or fraction thereof)

highways, like the never completed Salerno –

proportional to the ratio between the agreed

Reggio Calabria, have a very low standard.

claims

(EBITDA,

However, the issue has now become politically

average of the previous three years) of each

sensitive, with political parties based in northern

licensee; this rule would have justified in most

Italy arguing that the same rules should be

cases extensions of only a couple of years.

applied countrywide, with regard to payments

and

However,

in

the

operating

order

to

margin

obtain

much

longer

extensions, licensees submitted programmes for
huge new investments, which were accepted by
ANAS even if they had not yet been subject to

Mezzogiorno

being

a

“poor”

region,

for the use of highways.
2

Anas manage also some 20,000km of state roads;
provincial roads are about 145,000km.
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Table 1: Prospect of highways concessionaires in Italy

Licensee

Km

ATIVA (Torino-Ivrea-Valle D’Aosta)

74,8

average
toll euro/km 3
0,053

Autocamionale CISA

101

0,102

31/12/2010

Brescia – Padova

182,5

0,052

30/06/2013

Centropadane

88,6

0,056

30/09/2011

Autostrada dei Fiori

113,3

0,115

30/11/2021

Autostrada del Brennero

314

0,065

31/12/2005

Venezia – Padova

23,3

0,053

Term of Concession
31/08/2016

30/11/2009

86,3

0,068

4

31/10/2028

SATAP (Torino-Alessandria-Piacenza)

164,9

0,060 5

30/06/2017

Torino - Milano

127

0,060 3

31\12\2026

Autostrade Meridionali

51,6

0,054

31\12\2012

Autostrade per l'Italia

2854,6

0,056

2038

Autovie Venete SpA

180,3

0,051

31\3\2017

Consorzio Autostrade Siciliane

217,4

0,048

31\12\2030

Raccordo Aut. Valle d'Aosta

27

0,117

31\12\2032

SALT (A12 Sestri Levante-Livorno)

154,9

0,091

31\7\2019

SAV (A5 Quincinetto-Aosta)

59,5

0,098

31\12\2032

SITAF (A32 Torino-Bardonecchia)

79,2

0,143

31\12\2050

SAT (A12 Livorno-Rosignano)

36,6

0,107

31\10\2028

Tangenziale di Napoli

20,2

0,058

31\12\2037

Torino - Savona

130,9

0,076

31\12\2038

Autostrade dei Parchi (ATI)

281,4

0,058

31\12\2029

Traforo M. Bianco

5,8

na

Traforo S. Bernardo

12,8

na

Serravalle – Milano

ANAS is planning to introduce tolls on all its

Teramo. The quality of this tract was poor, but

highways, as upgrading works are completed,

tolls were low. After

but no clear government decision in this sense

concession was assigned to a subsidiary of the

has yet been taken due to its potential political

Autostrade group, which undertook to upgrade

repercussions. A first example in this direction

the infrastructure and to pay (over a long period

was the “privatisation” of the Autostrada dei

of time) 1.4 billion to ANAS; as part of the

Parchi, 115km connecting Rome to Pescara and

agreement, tolls were increased by 50%. Users

an open tender, the

complained because tolls were increased within
a
3

2004, based on AISCAT informazioni, num 3-4,

short

period

of

time,

while

upgrading

investments were still at the project stage.

2004. p 42.
4

5

Among concessionaires there are two main

MilanoMare, Milano tangenziali.

groups: Autostrade, which together with its
Starting from year 2004, Torino-Milano has been
merged into SATAP. The figure 0,60 that is given in
the

table

network.

is

computed

on

the

whole

SATAP

subsidiaries manages 3,400km of toll roads
(some 60% of the total), and ASTM - SIAS with
about 1,000km of highways plus a further
138km managed by companies where it has an
important share of the capital. Both groups are
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privately owned: the Benetton family controls

concessionaire. It is estimated that the cost per

the first one and Mr. Gavio controls the second

km of an average passenger car is roughly
equivalent to the cost per km of
the gasoline tax. Tolls thus amount
to a doubling of the gasoline tax
for highways users.
In

2004,

total

revenue

from

highways tolls amounted to 4.9
billion. After deduction of 20% for
VAT and about 3% for a central
fund, established in the 1970’s to
cover

default

concessionaires’
revenues

risks

on

debts,

net

accruing

to

the

concessionaires amounted to 4
billion. If we also consider income
taxes on companies’ profits, we
may conclude that close to one
one.

While

Autostrade

has

one

company

(“Autostrade per l’Italia”) which controls most of

third of gross revenue from tolls ends up in the
state budget.

the network (2,854 km out of 3,400km of the
whole

group),

ASTM

–

SIAS

control

six

Between 1997 and 2004, Autostrade revenues

subsidiaries, none of which have tracts much

rose from 1762 to 2,882 million, even if no

longer than the others.

new tract was added, and operating costs
declined from 45% to 36% of revenue. To quote

The third operator is Autostrada del Brennero

another

which is owned by local public authorities and

revenues of Autostrada Torino - Milano rose

manages

314km

between

Austrian

border6.

There

Modena
are

a

example,

over

the

same

period,

and

the

from 78 to 158 million, and operating costs

further

six

declined to 50% of revenue.

independent companies owned by local public
authorities or by public/ private partnerships.

These very large cash flows were mostly used
for

financial investments:

to buy

up other

Large parts of the network are increasingly

licensee companies, in the case of Gavio, or to

congested: over the last 15 years the length of

re-purchase one third of its own equity from the

the network

16%, while

market, in the case of Autostrade (through a

motorways traffic grew by 310%. Over the 5

public offer at the cost of 8 billion, all financed

year

through debt).

period

was increased by
2000-2004,

concessionaires

received net revenues of 17.6 billion, but
invested less than one third of this sum.

All concessionaires are recording huge profits,
and

6

share

prices

have

skyrocketed.

The

(equity

capitalisation

plus

Tolls average about 0.06 per km, but they vary

enterprise

between 0.04 and 0.15 depending on the

financial debts) of Autostrade increased from

value

8.6 billion at the end of 1999, when it was

Austostrada del Brennero, which is highly profitable,
privatised, to 21 billion four years later.
has been authorized to create a tax free fund to
finance the new Brenner rail tunnel. This fund
amounted to 232 million at the end of 2003, to be
invested in treasury bonds.
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The tariff adjustment mechanism

Actual regulation of highways tariffs in Italy is

Up to the end of the ‘90’s, the tariff level was

far from this model, in spite of the reference to

set so as to assure an adequate profitability,

“price cap” (Ragazzi, 2004). One of the least

calculated on a WACC to be determined yearly

transparent aspects is the interpretation of the X

by the government and based on prevailing

parameter. This is set by ANAS with regard to a

financial market conditions. Any increase of

number of considerations, in addition to the

traffic was to be reflected in lower tariffs.

expected increase of productivity: recovering
financial costs of new planned investments,

In view of the privatisation program, CIPE

forecast traffic increase, compensation for past

(Inter-ministerial

Economic

differences between planned and actual inflation

Planning) decided, at the end of 1996, to adopt

and profitability to be recognised to the operator

price caps as a general criterion to adjust tariffs

(8). Bundling together such different aspects

for public utilities, including highways. In this

reduces

sector the increase in tolls is a function of three

discretional powers to ANAS in negotiating tariff

factors:

adjustments

Committee

for

transparency
with

each

and

leaves

wide

concessionaire.

This

became evident when Autostrade’s tariffs had to
be renegotiated for the second five year period.

T  P - X +  Q

The 20%

difference (in

2007

tariff

levels)

between ANAS and NARS (see paragraph 8.f)
Where T is the increase of tariff (average for

was due to a number of reasons, but it boiled

the entire network of each concessionaire), P

down to the very “philosophy” of the price cap:

stands

the

NARS intended to apply the “claw back” of extra

planned increase in productivity, Q is the

profits, while ANAS interpreted the convention

percentage change in the quality of service and

as giving to the licensee the right to have tariffs

 is a coefficient.

adjusted according to the “formula”, with little

for

(planned)

inflation7,

X

is

or no regard for the level of profitability.
This approach seems to follow the standard
price cap regulation model. The purpose of price

There is no doubt that Autostrade gained large

cap regulation is to stimulate greater efficiency

extra profits compared to the original financial

by allowing the operator to keep profits resulting

plan for the period 1998-2002. Revenues in the

from having achieved productivity gains greater

last year were 25% higher than forecast, ROI

than forecast. However, at the end of the

increased from 6.8% in 1997 to some 16%, net

regulatory period (generally five years) there

profits more than doubled. The reasons for this

should be a “claw back” of extra profits: in the

were essentially two: the increase of traffic,

following period all forecasts should be made

which

anew, and the new tariff should be set so as to

forecasted, and the volume of

reduce forecast profitability to the level deemed

which barely reached 30% of those originally

appropriate by the regulator.

envisaged, also in part due to administrative

was

22%

compared

to

the

11%

investments

delays in projects approval.
7

Planned inflation is set every year in the
Government’s Economic and Financial Planning
Documents
(DPEF).
However,
following
a
controversial
interpretation
of
Autostrade’
concession contract, ANAS agreed to allow
differences between planned and actual inflation to
be recovered in its tariffs, after the concession’s
first 5 years.

8

With regard to profitability, a peculiar norm of
CIPE’s decree states that tariffs in each regulatory
period should be set so as to insure that the licensee
obtains, for the next 5 (now 10) years, an IRR at
least equal to the ROI of the previous period, with
the consequence that if a high profitability is
achieved in one period, it is “guaranteed” to the
licensee for the next one.
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Tolls are taxes, not the price for a service
Assigning

licensee

translates in a tariff increase, which seems

appears a fundamental weakness of the Italian

the

“traffic

unjustified. There is little that operators can do

regulatory

traffic

on their own to reduce accidents. In recent

growth is outside the control of the licensee,

years, due to the introduction of higher penalties

negotiating with ANAS “prudent” traffic forecasts

for exceeding speed limits, accidents declined,

offer a wide open opportunity for extra profits.

but

This risk has been substantially increased, after

highways.

a 2004 law that allows the regulatory period to

interest in reducing average speed, since users

be extended from 5 to 10 years.

may opt for ordinary free roads if they cannot

system

risk”

(9).

to

While

the

actual

more

so

on

ordinary

Licensees

also

roads
have

than
a

on

dubious

achieve high speeds on highways (11).
Concerning new investments, if their volume is
less than forecasted in the financial plan, while

Since the introduction of the new tariff setting

the tariff was set to include their amortisation,

system,

the

substantial tariff increases, year after year, for

operator

obviously

benefits

from

extra

all

concessionaires
improved

have

quality,

obtained

profits. This was deemed acceptable by ANAS,

supposedly

which

has

due to the expectation that planned investments

translated in extra profits, since no appreciable

would finally be realised, even if with long

additional cost

delays. However, recently it has been decided

alleged improvement of quality.

was required to obtain the

that tariff increases for amortization of new
investments (spread over a ten year period)

In conclusion, the system applied in Italy is only

would be recognised only when investments

nominally a price cap: there is no “claw back” of

were actually under way.

profits and profitability is not limited to a target
rate of return. In spite of the apparently rigid

The last term of the price cap formula,  Q, is

formula for tariff adjustments, ANAS has a wide

supposed to

measure improvements in the

discretional power in granting tariff increases.

quality of service. As it is applied in Italy, Q is

Following the introduction of the new regulatory

measured as the weighted average of two

system, in 1999, profits of all concessionaires

parameters:

increased dramatically, mainly because traffic

the

quality

of

road

pavement

(60%) and the amount of accidents (40%).

increased

well

beyond

the

overly

prudent

forecasts made by ANAS, investments remained
Tariff increases for better pavement quality (10)

well below what had been planned and there

seem

was an unjustified remuneration for quality.

unjustified,

since

expenditures

for

maintenance of road pavement are already
included among recognised costs in the financial

Payment

plans. Accidents are essentially a function of

justified by the “user pay” principle. Considering

average speed, and average speed may be

however that the use of most of the road

effectively limited only by police regulations.

network is free, the “user pay” principle could be

Stricter police enforcement of speed limits thus

advocated only if one considered highways as an

9

In an optimal risk allocation the operator should
assume only the (small) portion of traffic risk that
depends on his leeway for stimulating additional
traffic.
The roughness index is measured by cars equipped
with special instruments directly by the licensees
and the results of the tests are then examined by
ANAS. Accidents are registered by the police and
compared with the volume of traffic.

11

of

tolls

on

highways

is

generally

An interesting example is the company Milano Mare
– Milano Tangenziali which in 1999 introduced very
low speed limits in the urban tracts of the highway:
50km/h for lorries and 90 km/h for cars. While
accidents
declined,
congestion
increased
substantially. Under strong pressures from the
transport industry, only 20 days later the speed
limit for lorries was upgraded to 70km/h and
enforced only during daytime.
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not the case.

Building highways through project
financing/ concessions:
Where are the benefits?

Highways are planned everywhere as an integral

The

part of the road system. They are not duplicates

concessions, much appreciated by politicians, is

of state roads, which would be an enormous

that it reduces the need for public funding, i.e. it

social

for

reduces both the budget deficit (at the time the

otherwise badly needed improvements of state

money is spent) and the public debt. Also, it

roads.

appears that the introduction of tolls has a lower

optional choice for the user, which is generally

waste,

but

rather

a

substitute

main

benefit

of

project

financing/

political cost than an increase in fuel taxation,
In

some

countries

(e.g.

France,

Portugal)

perhaps because people perceive that tolls, even

parliaments authorise charging tolls on highways

if

equivalent

to

a

new

tax,

are

at

least

only if it an alternative “free” route exists, but

earmarked to finance the new service offered by

this is only a political expedient: it all depends

the highway, and are paid by those who use it.

upon the quality of the “free” alternative. Some

Actually, the financial advantage of

economists have tried to justify tolls as the price

funding is largely overstated. Companies in this

for the “better service” offered by the highways,

sector may be highly leveraged, given the

but this is clearly inconsistent: the worse is the

stability of revenues; thus, highways may be

alternative state road, the higher the price that

built by government owned companies with very

may be charged for the service offered by the

little equity paid in from state funds, as shown

highway.

by the experience of Italy and France. Moreover,

private

if a company draws its income from tolls it is
Highway tolls may be considered instead an

excluded

from

the

public

sector

accounts

additional form of taxation on road traffic, for at

relevant for the European Monetary Union, even

least three reasons. One is that the use of

if it is wholly owned by the government.

highways is not actually optional: in most cases
viable alternatives do not exist, and one “must”

The financial advantages and efficiency gains (if

use the highway to travel certain distances. A

any) of project financing could also be obtained

second reason is that traffic using highways

with shadow tolls, but of course in this case the

reduces congestion on alternative state roads,

financial benefit of project financing for the

and the need for public sector investments on

public sector budget is only temporary, and

(free) state roads. Thus, if traffic using the

actually only of an accounting nature, as costs

highway is charged (through tolls) the full cost

must then be repaid over time out of budgetary

of the infrastructure, it is in fact indirectly,

funds (in the same way as for the amortisation

paying a tax, in that it reduces the need for

of a public debt). Concerns over the rigidity of

public expenditure on state roads. A third reason

this burden on future years budgets has induced

is that traffic using highways is charged much

parliaments in some countries (e.g. Portugal,

more than would be justified by the “user pay”

Norway) to limit new projects financed through

principle considering that, in addition to tolls, it

shadow tolls. Governments clearly prefer to

also pays the normal fuel tax, which is thought

finance projects through real tolls, whenever

to be a charge to cover public expenditure on

they

roads. In European countries transport fuel

parliamentary approval) this additional tax at a

taxes

low political cost, i.e. if users “buy” the user-pay

amount

to

several

times

what

governments spend on roads, and it makes little

can

introduce

(often

without

explicit

principle.

sense to invoke the “user pay” principle only for
highways.

To

justify

governments

recourse
(and

to

project

investment
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bankers

who
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draw fat profits from these operations) tend to

discussion for many years. A pre-feasibility

focus rather on the potential benefits in terms of

study was completed in 1997; the project was

greater efficiency. A number of studies in the

put on tender in 2003 (the first such tender in

U.K., where project financing has been used

Italy!) and the concession granted in 2004, but

most show that advantages of project financing

the definite design has not yet been approved. It

compared to direct public investment depend

is worth noting that, in the tender for selecting

entirely on how the risk of cost overruns in

the licensee, a point in favour of the winner was

public procurement is evaluated, and by the

the promise to complete construction in 31

discount rate considered (the closer the discount

months, 7 less than in a competing offer. This

rate to the actual cost of public debt, the less

indication

advantageous project financing appears). No

construction period

clear conclusions may be drawn by such studies

considering that due to public administration

about the supposed greater efficiency of project

delays construction has not yet started even two

financing (Mackie & Nigel, 2005).

years after the tender was assigned, while

of

“greater

efficiency”

in

the

seems really irrelevant,

construction costs are now estimated to have
The room for greater efficiency in operation and

doubled

maintenance is very limited, as technologies are

changes). The license will still be assigned to the

standard and operating costs generally account

company who won the tender, but the state

for around one third of revenues. There is no

agency ANAS will cover the extra costs and tolls

evidence that private Italian concessionaires are

will be doubled compared to the level indicated

more

in the tender.

efficient

governments,

than
nor

those
that

owned

the

by

local

efficiency

(due

also

to

subsequent

project

of

Autostrade has improved after privatisation,

A real merit must be recognised to project

beyond that which would have been achieved

financing: it secures that funds are available to

under the control of IRI.

complete construction, once this is started, even
if

this

may

require

additional

government

The real difference in a project’s social return is

outlays, as in the Brebemi case. In some

in the planning and construction phase. In the

countries, and Italy is again a good example,

Italian experience, enormous delays and cost

road projects may be initiated under pressure

overruns

from local politicians, without certainty that

in

road

projects

are

due

to

administrative procedures (contrasts between

public funds will be available to complete them.

local authorities concerning territorial aspects,
compensations,

authorisations

Even when enough funds are initially budgeted

etc.). There is nothing a private concessionaire

for future years, these may not prove enough to

can

cover

do

to

environmental
overcome

or

reduce

these

cost

overruns,

or

the Treasury

may

“inefficiencies” of the public administration: he

suspend actual outlays to divert funds to other

cannot start construction before obtaining all

uses, if the political power of the promoters has

authorisations.

been

declined. It thus may happen to see unfinished

defined in detail and authorizations are granted,

projects abandoned or delayed for decades, with

there is not much room for differential efficiency

enormous social waste. Can public authorities

between construction contracts granted by the

justify recourse to project financing due to their

concessionaire or under public procurement.

incapacity to secure financial discipline in public

Once

the

project

has

investments?
Let me mention the example of Brebemi, the
project for an 80 km new tract of highway
between Brescia and Milano, in Northern Italy
(Torta, 2005). The project has been under
__________________________________________________________________________________
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Building highways through project
financing:
The drawbacks

road network. Maximszing social welfare would
require charging high tolls on congested tracts
and low (or no) tolls on tracts with little traffic,
i.e. exactly the opposite of what happens if tolls

- High cost of private capital -

are set to cover average costs, whereby higher

A drawback of project financing is that the cost

tolls must be charged the lesser the traffic, while

of private capital raised to finance projects of a

tolls must be set low, to avoid extra profits by

public nature is much higher than interest on

the

public debt. Investors expect to receive returns

worsening congestion) (12). Traffic authorities

of 15-20% on the equity portion, even if they

have their hands tied; they cannot choose any

very rarely bear commensurate risks, as all sorts

different and more socially desirable pricing

of guarantees are generally introduced in project

system for decades after granting a concession.

licensee,

on

high

traffic

tracts

(thus

financing contracts so that risks are actually
born by the government or by the users (under
the

form

to

secure

Average cost pricing leads to an erratic and

to

extend

irrational structure of toll pricing for different

concessions). Over the last decade all highway

spans of highways, depending upon historic

concessionaires, in Italy as well as in France or

costs and seniority, the more so the greater is

in Spain, have achieved very high profits, with

the fragmentation of the network among several

no justification if compared to the stability of

operators. In Italy there are 24 concessionaires

adequate

of

tariff

returns

adjustments

- Fragmentation -

and

provisions

revenues and absence of risks.

and tolls vary from 0.04 to 0.15 per km.
These problems are common to countries where

- Financially driven investment allocation Financing

highways

investments

(and

maintenance) through real tolls (set to cover

tolls are collected, like Spain, and are made
worse by the coexistence of toll and free
highways (Bel & Fageda, 2005).

average costs) tends to cause distortions in
investment

allocation

at

country

level.

Fragmentation among large and small operators

Conventions allow licensees to recover quickly

also

the full cost of new investments by increasing

investments. If a new span of highway is built

average tolls over “their” network with no risk,

by a new operator (as in the Brebemi case

and

approve

mentioned above) the toll is set to cover the full

investments that require no public funding. This

cost of that tract; on the contrary, if the same

tends to cause over investment in highways,

tract was built by an operator who already

while investments in normal roads are cut due

manages

to a lack of public funds (as has become evident

Autostrade) the cost could be spread among all

in recent years, in Italy). New investments are

users of that network, thus tolls on the specific

Public

Authorities

easily

causes

an

a

irrational

large

pricing

network

(like

for

new

Italy’s

directed where they can be easily financed
through tolls, not where they would be most
urgently needed to reduce congestion costs.
- Socially suboptimal pricing policy -

12

Investment decisions should be based on costbenefit analysis, but once construction is decided
average cost pricing for road use is nonsensical.

Perhaps the major drawback of project financing

Consider

is that the logic of the system requires tolls to

(motor)road, built to avoid population leaving the

be set at the average cost level, which results in

mountain area or

an irrational and socially sub-optimal pricing
policy, in addition to diverting traffic to free
roads and thus causing sub-optimal use of the

for

instance

a

costly

mountain

to reduce congestion on other

routes. If users were charged for the average cost
of the road, this might well defy the very purpose
for which the road was built.
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tract could be much lower, depending on the

evolution

licensee who is assigned construction.

outside the control of the licensee (13). It is

of

traffic

which

again

is

entirely

therefore very difficult to establish incentives for
- No competition -

greater efficiency (or for better quality) through

Fragmentation of the toll system among several

a price cap mechanism, as the Italian case

licensees offers the scent of competition, but not

discussed above indicates.

the substance. Each one manages its own
natural monopoly (large or small as it may be)

Regulation of tariffs over contract periods of

for the inevitably long licence period. Tenders,

many decades is inevitably highly discretional.

(be

As an example, I can mention what happened in

it

for

renewal

of

concessions

or

for

construction of new tracts), are inevitably very

Italy,

rare and even then real competition is doubtful,

renewed for the period 2003-2007. A committee

for instance in Italy, project companies are

of experts (NARS) attached to the Treasury was

mostly owned by consortia of licensees. The

asked to review the size of the tariff adjustment

entire

and

which had been agreed between the licensee

securing quality and investments, while avoiding

and the regulator (ANAS, a company fully owned

extra

by the Ministry of Transport); their opinion was

burden
profits

of
by

promoting
the

efficiency

licensee

rests

upon

regulation.

when

Autostrade’s

tariffs

had

to

be

that tariff increases should have been much
lower, by as much as 20% in the end year 2007!

The

best

system

to

reap

the

benefits

of

But this committee had only a consulting role,

competition would be to apply “unbundling” to

and in the end tariffs “negotiated” between

road investment and management (Trujillo et al,

ANAS and the licensee were implemented.

1997), that is to separate the various functions
that

are

normally

“bundled”

in

a

project

- High risk that the regulator be “captured” -

financing license and to contract out separately

As tariff adjustments are inevitably discretional,

(through

construction,

shareholders of concession companies run the

pavement maintenance, toll collection, cleaning

risk that an “aggressive” regulator may cut their

etc, with real competition among many suppliers

capital returns (and require a premium for this

for each of these services. This requires an

“political risk”); highway users run the risk that

efficient public agency with only limited staff,

the regulator be “captured” by the licensee and

dedicated to planning and contracting, and a

induced to grant high tariffs resulting in extra

public fund which would receive the revenues

profits.

tenders)

financing,

and pay the costs.
In setting tariffs, the politician/regulator faces
- Regulation is very difficult and discretional -

two opposing interest groups: the users/voters

It is very difficult or impossible to design binding

and the licensee. The former are very numerous

contracts for very long periods of time. The

but unable to organise themselves; the licensee

evolution of locations and traffic may require

has instead large resources for lobbying (and

changes in pricing policy or originally unforeseen

great interest to using them), as its profit

new investments.

depends entirely on the tariff obtained by the
regulator

(Di

Domenico

&

Ragazzi).

Thus,

One of the problems of regulating networks is

various forms of legal or illegal “capture” of the

that the usual definition of productivity (output

regulator are most likely to happen.

per unit of input) has little or no meaning as a
measure of efficiency, since the output - which
for

highways

is

usually

interpreted

as

vehicles/km - depends essentially upon the

13

For Italian highways, it has been estimated that
traffic depends on the evolution of GNP, with an
elasticity of 2.
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Highway tolls are a tax which some countries
Assigning regulation to independent Authorities

have introduced to finance the development of

rather than to ministerial offices might reduce

their networks. After financial amortisation of

such risk. However, as we see in Italy and

the bulk of investments was completed, tolls

France, politicians are very keen to keep control

have become a source of enormous rents to the

over concessionaires in their hands. In Italy, all

concessionaires.

concessionaires record huge profits, and some

France, have cashed the future flow of such

have been the “stars” of the stock exchange for

rents,

several years. The same happens in Spain or

originally publicly owned licensees.

France:

enormous

financial

fortunes

at

Governments,

least

in

part,

by

in

Italy

privatising

and
the

are

accumulated thanks to highways tolls!

However, financing highways through tolls has
many drawbacks, such as fragmentation and

The risk of extra profits would be limited, and

irrational pricing. Regulation is difficult

regulation made easier and more transparent, if

inevitably

discretional,

tariffs were set so as to insure a fixed financial

“capture”

of

return to the licensee, possibly

with some

appears to be a better instrument to finance the

limited and specific incentive/ penalty for quality

cost of roads, as collection costs are much lower

and cost efficiency. Of course such a system

and it does not distort traffic flows between free

(cost of service), which would be close to

and toll roads. Tolls should rather be applied by

financing infrastructures with the issuance of

public agencies to control traffic congestion, to

bonds, reduces the (alleged) efficiency gains

ensure optimal use of the existing infrastructure

obtainable through privatisations and price cap

with

regulation.

normal state roads.

no

the

with

regulator.

difference

between

a

high

The

risk

petrol

highways

and
of
tax

and

The task of regulation would also be made much
easier if construction and maintenance of the
entire national network was assigned to a single
government owned company. Authorities would
be free to set homogenous tariffs over the entire
network (or to differentiate them to control
congestion

or

for

other

socially

relevant

purposes) and extra profits, if any, would benefit
the state budget.
Certainly, there could be the well known risks of
state

owned

enterprises:

over-employment,

generous salaries, poor incentives to increase
productivity. But in this sector salaries are only
a small portion of total costs, and the room for
differential productivity is small. Moreover, at
least in the Italian experience, even private
licensees

have

little

efficiency,

as

yardstick

applied

and

the

incentive

to

competition

regulator

bases

greater
is

tariffs

not
on

existing costs.
Conclusions
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European

Communities,

2001:p80).

The effectiveness
address
urban
problems:

of policies to
environmental

In 1999, more than two
thirds of all Europeans
(68%)
about

were
urban

worried
problems

such as traffic, noise and

Some perce ption s & realities

pollution, and more than
a

Dominic Stead

quarter

Europeans

of

all

(27%)

were

very worried about these
Around 80% of the European population live in

urban problems. Many Europeans felt that these

urban areas and it is in these areas that the

urban problems have become worse than they

effects of many environmental problems such as

were in the recent past (1999 compared to

noise, poor air quality and heavy traffic are felt

1994). Attitudes about these problems vary

most strongly (Commission of the European

significantly across different European Member

Communities, 2004). Issues of air quality, noise,

States.

congestion

at

countries such as Greece, Italy and Portugal are

despite

most concerned about these problems: more

actions taken to tackle emissions, manage traffic

than three quarters of all respondents in these

and

countries

and

unacceptable

safety

levels

improve

in

safety.

are

currently

many

cities

Further

increases

in

Residents

have

of

some

southern

worries

European

about

urban

transport demand threaten to worsen air quality,

environmental problems and more than one

noise, congestion and safety, reduce the quality

third are very worried about these problems

of

development

(Figure 1). Residents of northern Europe such as

pressures on peri-urban areas. As the 2001

life

in

cities

Finland, Sweden and Denmark, on the other

European

Policy

hand, are less concerned about these issues in

urban

comparison

White

highlights,

‘the

and
Paper
big

increase
on

Transport

problem

that

to

their

southern

European

authorities will have to resolve, sooner than

counterparts: less than one fifth of residents in

might be thought, is that of traffic management,

Finland, Sweden and Denmark are very worried

and in particular the role of the private car in

about

large

urban

centres’

(Commission

of

urban

problems

(Figure

1).

the

Figure 1: Public concern about urban problems amongst European citizens in 1999
100%
80%
60%
40%
20%
0%
AT

BE

DK

Very worried

Source:

calculations

FI

FR

DE

Somewhat worried

based

on

GR

IE

IT

Not very worried

data

from

LU

NL

PT

ES

SE

UK

EU15

Not at all worried

Commission

of

the

European

Union,
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This is not to say however that urban problems

where the problems are perceived to be most

are not important in these countries: more than

acute. In southern European countries such as

half of respondents in these countries still have

Greece, Italy and Portugal, there is a stronger

some worries about urban traffic, noise or

feeling than elsewhere that urban environmental

pollution. Concerns about these issues appear to

problems are becoming worse (Figure 2).i

be growing in all European countries, especially
Figure 2: Changes in public concern about urban problems amongst European citizens between 1994 and
1999

100%

80%

60%
40%

20%

0%
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More worried than before
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Neither more nor less worried than before
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SE

UK

EU15

Less worried than before

Source: calculations based on data from Commission of the European Union, 1999
Whether

these

public

perceptions

about

urban

environmental

problems

against

the

worsening urban problems match the reality is

growth in travel distance (Figure 3) and car

beyond the scope of this paper. However, it is

ownership (Figure 4) across European countries.

possible to compare national attitudes about

average annual travel distance by car (km)

Figure 3: Changes in travel distance between 1990, 1995 and 2000
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Figure 4: Changes in motorization between 1990, 1995 and 2000
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From this comparison it is quite clear that

Instead, a combination of various policies that

citizens consider urban problems to be most

reinforce each other is required (see for example

acute

Banister et al, 2000; OECD/ECMT, 1995).

in

the

countries

where

rates

of

motorisation and travel distance by car have
increased

most

rapidly

over

recent

years.

This paper focuses on the effectiveness of these

Greece, Portugal and Spain for example have all

policy measures and looks specifically at the

experienced large increases in motorisation and

following:

passenger travel distance by car over recent
years and public concern about urban problems



in these countries is higher than the European

the geographical and temporal differences in
the perceived effectiveness of measures

average.


the

differences

A wide variety of policies and measures is

effectiveness

available to tackle these urban environmental

levels

problems associated with transport. Examples of

environment

of

of

in

the

measures

concern

perceived

according

about

the

to

urban

typical measures are presented in Table 1.ii
Some measures are based around the provision



the

differences

between

the

perceived

of services, facilities or infrastructure (e.g. park

effectiveness and the actual (measured)

and ride, cycle paths, pedestrian areas), others

effectiveness of measures

are regulatory (e.g. planning measures) and
others are economic (e.g. road pricing, toll
charges).

It

is

widely

agreed

that

single

measures are not sufficient to tackle urban

•

the

differences

between

the

perceived

effectiveness, actual effectiveness and the
implementation of measures

environmental problems caused by transport.

__________________________________________________________________________________
World Transport Policy & Practice
Volume 12, No. 2, 2006

36

Table 1: Policies and measures in current use to address urban transport problems
Planning measures
Strategic policy for land use and transport planning
Regional policy affecting economic development in different areas of the country
Restraint on economic growth of principal city centres
Designated cities or areas for growth/control over the pattern of development
Relocation of particular employment groups/sectors
Use of preferred locations for travel-generating activities (e.g., town centres)
Fiscal inducements to relocate in designated areas
Zoning regulations (single use, mixed use, densities, etc.)
Green belts
Regeneration of decaying areas (city centres, inner-city areas)
Improvements to housing and neighbourhood quality/facilities
Parking standards for new developments
Transport Supply Measures
Road construction
Rail investment/construction
Improved public transport service/fares, ticketing and information
Traffic management, driver information
Park and ride
Pedestrian areas, cycle and walkways
Transport Demand Management
Car restraint/road pricing
Toll charges
Parking controls
Entry prohibitions
Goods traffic restraint
Pedestrian priority
Cycle priority
Bus/tram priority
Traffic calming
Car pooling/sharing
Targets and Standards
Targets for improved road safety, reduction of noise and air pollution levels
Targets for reduced traffic levels, certain types of traffic (e.g. heavy goods vehicles) and car
park supply
Targets for reduced fuel consumption and CO2 emissions
Targets for increased car pooling, public transport use, cycling and walking
Standards for vehicle noise, emission control and safety

Source: OECD/ECMT (1995)
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In examining the above areas, the paper draws

perceived

on information and data from a number of

policies varies across eight cities across Europe.

effectiveness

of

various

transport

sources and also re-analyses data from Special
Eurobarometer

surveys

public

The results show that in all case study areas

opinion surveys carried out regularly across

policies to improve public transport are rated by

Europe. Special Eurobarometer surveys concern

the public as more effective than regulatory or

a range of subjects (recent topics have included

economic policies. In all the case study cities,

animal welfare, passengers’ rights, radioactive

economic policies are considered to be the least

waste, price and quality of services, social

effective option. Schade and Schlag (2000)

values, science and technology and ethics). Each

assess the level of support for various transport

survey consists of approximately 1000 face-to-

demand management policies in six case study

face interviews per Member State, with the

cities across Europe. The results from their

exception

interviews),

study are also in line with those of Jones

Luxembourg (600 interviews) and the United

(1991a) and Bartley (1995). Thorpe et al (2000)

Kingdom (1300 interviews, including 300 in

examine public attitudes to transport demand

Northern Ireland). This paper uses data from

policies in two case study cities in the UK and

three Special Eurobarometer surveys from 1991,

also

1995 and 1999 (the 1999 survey is the most

transport are rated by the public as much more

recent of all Special Eurobarometer surveys to

effective than either regulatory or economic

have examined opinions about the effectiveness

policies. Again, economic policies are considered

of

urban

to be the least effective option. Stradling et al

environmental problems). The datafile for this

(2000) investigate the perceived effectiveness of

survey was supplied to the author by Data

a variety of measures aimed at reducing car use

Archiving

joint

and conclude that most pull measures (such as

initiative of the Royal Netherlands Academy of

improving public transport or cycling facilities)

Arts and Sciences (KNAW) and the Netherlands

are perceived to be more effective than push

Organisation

(NWO),

measures (such as increasing the costs of

which provides researchers in the Netherlands

transport or reducing car access). Nilsson and

with

the

Küller (2000) compare the level of acceptability

humanities and social sciences. The data for the

of various transport policies amongst politicians,

1991 and 1995 special Eurobarometer surveys

civil servants and the general public in a

come from the survey codebooks (which contain

Swedish

data frequencies for all variables in the survey)

produces results that are very much in line with

obtained from the Central Archive for Empirical

the other studies outlined above: policies to

Social Research at the University of Cologne.

improve public transport are considered more

of

policy

large-scale

Germany

measures

and

access

–

(2000

to

Networked

for

Services,

Scientific

to

address

research

a

Research
data

from

show

that

case

acceptable by

Perceived
effectiveness
transport policies
Jones (1991a) reviews a number

of

policies

study

to

city.

the public

improve

Their

in

public

study

also

comparison to

regulatory or economic policies. Also apparent
from their study is that the opinions of the

of public

public are somewhat different to those of local

opinion studies carried out in the UK between

politicians and civil servants. Policies to support

1988 and 1990 and reports how public support

public

for

policies

to

improve

a

lower

level

of

is

acceptability amongst local politicians and civil
servants than amongst the general public. In a

economic policies. Of all types of policies, Jones

similar piece of work, Gatersleben and Uzzell

(1991a)

policies

(2003) compare public perceptions about the

consistently receive the lowest level of public

necessity to implement various transport policies

support.

and compare these with the perceptions of

Bartley

that
(1995)

transport

have

consistently higher than for either regulatory or
reports

public

transport

economic
reports

how

the
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politicians and policy officers in a UK case study.

2005),

They also report that policies to improve public

effectiveness of different policies (e.g. Bartley,

transport are considered more necessary to

1995; Stradling et al, 2000; Thorpe et al, 2000),

implement by the public (and also by local

the level of acceptability of different policies

politicians and local authority policy officers) in

(e.g. Nilsson and Küller, 2000) or the perceived

comparison to regulatory or economic policies.

necessity to implement various policies (e.g.

The study by Gatersleben and Uzzell (2003) also

Gatersleben and Uzzell, 2003). Clearly there are

confirms one of the observations of Nilsson and

important differences between each of these

Küller (2000): the level of support or acceptance

issues, although they are all closely related.

for

policies

is

different

amongst

others

consider

the

perceived

public,

However, the evidence from the studies cited

politicians and policy officers. Finally, Bonsall et

above seems to indicate that the issues are all

al (2005) examine levels of support from the

quite similar, at least in terms of the results of

public, transport professionals and transport

public

organisations for a variety

opinion

surveys.

Another

related

of measures to

observation is that the perceived effectiveness

reduce problems on Britain’s roads. They also

and the actual effectiveness of policies are two

show that support for pull measures is generally

separate

greater than for push measures. Like Nilsson

clearly indicates that public opinion surveys

and Küller (2000) and Gatersleben and Uzzell

consistently consider pull measures to be more

(2003),

various

effective for tackling transport problems than

differences in levels of support for measures

push measures. Whether push measures are

according to the different types of respondents.

more effective than pull measures in practice is

Bonsall

et

al

also

report

things.

The

literature

cited

above

examined later in this paper.
It is important to recognise here that a number
of separate issues are considered in the studies

Figures 5, 6 and 7 show European public opinion

outlined above. Some consider the level of

concerning the effectiveness of different types of

public support for different policies (e.g. Jones,

policies to solve traffic congestion problems in

1991a; Schade and Schlag, 2000; Bonsall et al,

1991,

1995

and

1999

respectively.

Figure 5: Perceived effectiveness of policies to solve traffic problems in 1991

public transport
pedestrian areas
limiting cars in towns
parking restrictions
urban highways
toll for centres
petrol costs
0%

50%

100%

Source: calculations based on data from Commission of the European Union, 1991
Figure 6: Perceived effectiveness of policies to solve traffic problems in 1995
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public transport
pedestrian areas
limiting cars in towns
parking restrictions
urban highways
toll for centres
petrol costs
0%

50%

100%

Source: calculations based on data from Commission of the European Union, 1995
Figure 7: Perceived effectiveness of policies to solve traffic problems in 1999

public transport
pedestrian areas
limiting cars in towns
parking restrictions
urban highways
toll for centres
petrol costs
0%

50%

100%

Source: calculations based on data from Commission of the European Union, 1999
Since the data is not completely comparable for

effectiveness

all

substantially changed between 1991 and 1999.

three

surveys,

the

three

figures

are

of

different

policies

have

not

presented separately rather than in one figure.iii
Nevertheless, it is possible to compare the

The data from the three surveys indicate that

overall

three

policies to promote the use of alternative modes

from

to the car (e.g. improving public transport or

public

pedestrianisation) are generally believed to be

transport is consistently seen as being the most

the most effective, regulations (e.g. access or

effective

parking

surveys.

ranking
For

Figures 5, 6
way

of

policies

example,

it

and 7

that

of

solving

from
is

the

apparent

improving
congestion,

whilst

restrictions)

are

believed

to

be

increasing petrol costs is consistently seen as

somewhat

being least effective. In general, it is possible to

instruments (e.g. road tolls or fuel prices) are

say

believed to be most ineffective. These opinions

that

public

opinion

regarding

the

less

effective,

whilst
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are very much in line with the results of other

option. In Denmark, however, 51% of the 1999

public opinion surveys concerning the perceived

survey respondents identified tolling for urban

effectiveness

centres as one of the three most effective policy

of

transport

policies

reviewed

above.

options. In Denmark, petrol costs were also
identified as being a more effective policy option

In terms of differences in perception across EU

than in other EU member states: 19% of the

member states, a number of observations can

1999

be made. The first is that, in general, the overall

identified petrol costs as one of the three most

pattern of perceptions about policy effectiveness

effective policy options, whereas only 8% of all

is remarkably similar for all member states,

respondents across the EU15 member states

even before controlling for any socio-economic

identified petrol costs as one of their three most

differences between respondents in the various

effective policy options to solve environmental

countries. Policies to improve public transport

problems linked to traffic in towns. Opinion

are generally believed to be the most effective

about urban highways as a policy option to solve

and economic instruments such as fuel prices

environmental

are believed to be most ineffective (Table 2).

towns shows a substantial amount of variation

Policies

were

across EU member states. Survey respondents

identified by more than 60% of the 1999 survey

in France, Greece, Ireland, Italy, Spain and the

respondents in each member state as one of the

United Kingdom rated it as the third most

three most effective policy options to solve

effective

environmental

in

respondents in Austria, Denmark, Finland and

towns. Petrol costs, on the other hand, were

Luxembourg, on the other hand, rated it as one

identified by fewer than 12% of the 1999 survey

of the least effective policy options. One final

respondents in each member state as one of the

comment

three most effective policy options. Policies to

effectiveness of policies across different EU

promote pedestrianisation were more popular in

member states is that the overall ranking of

France,

EU

policies for each of the three years examined

member states: these policies were identified by

(1991, 1995 and 1999) remained very similar in

more than 50% of the 1999 survey respondents

all EU member states. There was thus little

in each of these three countries as one of the

overall

three most effective policy options. The only

effectiveness of different policies across Europe

other policy that was identified by more than

as a whole and within EU member states.

to

improve

public

problems

Greece

and

transport

linked

Spain

to

than

traffic

other

survey

respondents

problems

policy

in

linked

option,

relation

change

from

in

Denmark

to

traffic

whilst

to

the

perceptions

in

survey

perceived

about

the

50% of the 1999 survey respondents in any of
the EU member states as one of the three most

Figure 8, compiled from data from the 1999

effective policy options to solve environmental

Eurobarometer

problems

perceived effectiveness of policies to solve traffic

linked

to

traffic

in

towns

was,

survey,

illustrates

surprisingly, tolling for urban centres. For all EU

problems

member

concerns about urban problems.

states

except

Denmark,

few

varies

according

to

how

the

respondents’

respondents considered this an effective policy
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Figure 8: Perceived effectiveness of policies according to concerns about urban problems

public transport
pedestrian areas
limiting cars in towns
parking restrictions
urban highways
very worried
somewhat worried
not very worried
not at all worried

toll for centres
petrol costs
0%

50%

100%

Source: calculations based on data from Commission of the European Union, 1999
The figure clearly indicates that public opinion

to

concerning the effectiveness of policies to solve

pedestrian areas or limit cars in towns) is judged

traffic congestion does not substantially differ

to be somewhat higher by people who are

according to the level of concern about urban

concerned about urban problems and somewhat

problems. Whatever the level of concern about

lower by people who are unconcerned about

urban

public

such problems. Analysis also shows that the

transport are consistently seen as being the

perceived effectiveness of policies to solve traffic

most effective way of solving congestion, whilst

congestion does not differ very substantially

increasing petrol costs is consistently seen as

according to occupational differences or age and

being

sex differences of respondents.

problems,

least

policies

to

effective.

improve

The

perceived

improve

public

transport,

create

more

effectiveness of most policies (especially policies
Table 2: Opinions about policy effectiveness in European member states in 1999
Proportion of respondents identifying the policy as an effective means of solving environmental problems linked to
traffic in towns (%)
petrol

toll

urban

parking

limiting cars

pedestrian

public

costs

centres

for

highways

restrictions

in towns

areas

transport

Austria

11

26

14

29

29

41

68

Belgium

6

19

19

28

28

48

65

Denmark

19

51

15

27

27

17

72

Finland

11

19

15

25

25

45

72

France

2

9

27

25

25

60

61

Germany

11

23

13

23

23

46

68

Greece

8

11

32

22

22

56

63

Ireland

5

24

39

25

25

45

70

Italy

4

12

35

29

29

42

67

Luxembourg

9

18

9

32

32

42

61

Netherlands

11

17

25

26

26

25

79
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Proportion of respondents identifying the policy as an effective means of solving environmental problems linked to
traffic in towns (%)
urban

parking

limiting cars

pedestrian

public

centres

highways

restrictions

in towns

areas

transport

7

9

28

35

35

29

72

Spain

6

7

26

16

16

52

69

Sweden

10

38

20

25

25

29

78

United Kingdom

5

24

27

22

22

45

74

EU15

8

21

23

25

25

42

70

petrol

toll

costs
Portugal

for

Source: own calculations based on data from Commission of the European Union, 1999

Perceived policy effectiveness and
actual policy effectiveness

transportation control measures, carried out by

Whilst there is a plethora of articles classifying

Regional Councils (Apogee Research Inc., 1994),

and

transport

allows some comparisons to be made with

policies, there are very few empirical studies

perceptions about policy effectiveness, albeit

that investigate the range of impacts across a

with some limitations.iv The Apogee review

variety of settings and for a variety of different

presents another quite different view of the

policies: most studies focus on a single measure

effectiveness

in

Thus,

(Figure 9). Other empirical studies provide a

information to compare perceived effectiveness

similar picture of the actual effectiveness of

and

various policy measures (e.g. Washington State

organising

one

area

actual

different

(Sakano

et

effectiveness

types

al,
is

of

2001).
quite

limited.

Information from a review of the effectiveness of

Apogee Research for the National Association of

Department

of

different

of

transport

Transportation,

policies

2000).

Figure 9: Range of effects of different policy options on vehicle miles travelled according to empirical
evidence

T ransit improvements
Park and ride
Cycle and walk facilities
Parking pricing: non-work
Parking pricing: work
Congestion pricing
Employer trip reduction
Smog/VMT tax
T elecommuting
Compressed working week
HOV lanes
Land use planning
Ridesharing
0
2
4
6
reduction in vehicle miles travelled (VMT ) as a proportion of total (%)

8

10

Source: Apogee Research, 1994
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Looking at the impacts of various policies on

effective by respondents in an attempt to try to

vehicle miles travelled (VMT), it seems that

justify the rejection of these measures and/or

many of the policies considered to be least

try

effective in solving traffic congestion according

implementation.

to

reduce

the

likelihood

of

their

to the 1999 Eurobarometer survey are the ones
considered to be most effective in solving traffic

The effectiveness of measures and
their implementation

congestion according to the 1999 Eurobarometer

The OECD/ECMT’s 1995 study on urban travel

survey are the ones that may reduce VMT the

and

least. For example, congestion pricing, according

1995)

to the Apogee review, appears to be one of the

identifying the types of policies that were either

most effective policies in reducing VMT of all

in place or being developed across various

options

European

that may reduce VMT the most, whilst policies

considered:

the

study

reports

that

sustainable
provides

development
one

countries

of

the

(and

(OECD/ECMT,
few

means

elsewhere)

in

of

the

congestion pricing might reduce VMT by up to

1990s (Figure 10). The study, which presents

6%. This is in contrast to public opinion reported

information from 132 cities across 19 OECD

in the 199 Eurobarometer survey, which show

member countries shows that certain measures,

that road tolling (broadly similar to congestion

both push and pull measures, were widely in

pricing) is seen as one of the least effective

place

policies for reducing congestion. Conversely,

pedestrianisation,

policies to promote public transport use, such as

management) in the 1990s whilst certain other

transit

improvements

facilities,

which

effective

policy

are

and

park

regarded

option

as

according

or

under

development

parking

(e.g.

restrictions,

traffic

and

ride

measures, again both push and pull measures,

the

most

were seldom in place or under development

to

the

(e.g. road tolling, road traffic information).

Eurobarometer survey, appear to have a low or,
at best, moderate impact on reducing VMT of all

Policies

policy options, according to the Apogee study.

transport and the pedestrianisation of urban

What is also noticeable according to the Apogee

areas were most widely implemented of all pull

review is that pull measures (e.g. park and ride,

measures whilst policies to restrict parking, limit

cycle and walk facilities) are less effective than

cars and manage traffic in urban areas were the

push measures (e.g. parking pricing, congestion

most widely implemented of all push measures.

pricing) in reducing VMT: very different to the

Push measures involving economic instruments,

perceived levels effectiveness according to the

such as tolls for urban areas, were very rarely in

1999 Eurobarometer survey.

place or under development in the majority of
cities.

involving

The

the

promotion

situation

of

regarding

public

the

Similar observations from other opinion surveys

implementation of measures involving economic

lead Thorpe et al (2000) to hypothesise whether

instruments has shifted to a certain extent since

there

relationship

the 1990s, especially since the introduction of

between effectiveness and acceptability: more

congestion charging in London and the interest

effective

this has aroused in other cities, but policies

is

acceptable

some

sort

measures
and,

of

inverse

are

viewed

conversely,

as

less

less

effective

involving

economic

instruments

to

address

acceptable.

urban environmental problems associated with

Similarly, Rienstra et al (1999) propose that

traffic are nevertheless still not widely in place

‘painful policy measures’ may be rated as less

or under development.

measures

are

viewed

as

more
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Figure 10: Implementation of policies to tackle congestion in 132 OECD cities

public transport
pedestrian areas
limiting cars in towns
parking restrictions
urban highways
toll for centres
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road traffic information
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in place

staggered work and school hours

being developed
0%

20%

40%

60%

80%

100%

proportion of cities with policy in place or planned (%)

Source: calculations based on data from OECD/ECMT, 1995
Figure 11: Perceived effectiveness of policies to tackle congestion in 132 OECD cities

public transport
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limiting cars in towns
parking restrictions
urban highways
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Source: OECD/ECMT, 1995
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Comparison of policy implementation (see Figure

Public

10) and the perceived effectiveness of these

measures are consistently considered to be

policies in the cities where they have been

more effective for tackling transport problems

implemented (Figure 11) reveals that there are

than

several

widely

Eurobarometer surveys from 1991, 1995 and

implemented within the 132 cities that are

1999 also support this observation. Despite

widely

cities

some variations in the popularity of different

reducing

policy measures across EU member states, the

policies

that

considered

themselves

to

congestion

(e.g.

have

by

be

officers

been
in

effective

parking

the

in

restrictions

and

opinion

push

general

surveys

indicate

measures.

pattern

of

Data

that

from

opinions

pull

Special

about

the

pedestrianisation schemes). However, there is

effectiveness

another sizeable group of policies that are

remarkably

judged to be effective by the cities that have

concerns about the urban environment are not

implemented them but are not widely planned or

strongly

implemented across the 132 cities (e.g. road

effectiveness of different policy options. People

tolling, road traffic information). Comparison of

who are most concerned about urban problems

policy

perceived

have quite similar views about the effectiveness

effectiveness also reveals that there is little

of policies than those who are least concerned

relation between the extent to which cities have

about urban problems.

implementation

and

of
similar

related

different
for
to

all

measures
countries.

opinions

is

Public

about

the

implemented certain policies and the perceived
effectiveness of these policies. In other words,

Many

the more widely implemented policies are not

Eurobarometer surveys from 1991, 1995 and

perceived to be any more effective at reducing

1999, show that public opinion favours pull

congestion than many other policies. Moreover,

measures in preference to push measures in

the policies considered the most effective are

order to tackle transport problems, and that

not always the ones that have been most widely

improving public transport is judged to be the

implemented. Exley and Christie (2002) note

single most acceptable measure for reducing

that, despite the popularity of pull measures,

traffic congestion. Empirical evidence however

there is often a lack of public willingness to

suggests that push measures are often more

provide

effective than pull measures and, in addition,

the

necessary

financial

support

to

attitudinal

surveys,

including

Special

implement such measures. Thus, it is not the

that

case that the policies considered to be the most

expensive than push measures (Sakano et al,

effective are the ones that are most widely

2001).

pull

measures

are

frequently

more

implemented. One important reason for this is
that

pull

measures

are

frequently

more

expensive than push measures.

There is little relation between perceived policy
effectiveness

and

policy

implementation

in

practice: what are considered by the public as

Conclusions

the most effective policies are not always the

Concerns about urban environmental problems

ones that have been most widely implemented.

associated with transport are growing across

Questioning the public about the effectiveness of

Europe. Citizens consider urban problems to be

policy may lead to answers that are more a

most acute in the countries where rates of

reflection of personal acceptability rather than

motorisation and travel distance by car have

actual effectiveness. It may indeed be the case

increased most rapidly over recent years. A wide

that measures are rated as ineffective to try to

variety of policies and measures is available to

justify their rejection and/or try to reduce the

tackle

likelihood of their implementation (Rienstra et

these

urban

environmental

associated with transport.

problems

al, 1999).
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Evidence from Jones (1991b) suggests that

European

public support for a package of measures can be

Development.

quite

COM(2001)264

final.

individual measures contained in the package.

Publications

of

the

Thus it may also be that public opinions about

Luxembourg.

effectiveness of a package of measures are quite

Commission

of

the

different to opinions about the effectiveness of

(2004). Towards a Thematic Strategy on the

the

Urban Environment. Communication from the

different

to

individual

public

support

measures

for

contained

the

in

the

package.

Union

Commission

Strategy

for

Commission

to

communication

Office

for

European

Council,

Official

Communities,

European

the

Sustainable

Communities
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The data collection techniques and sample

and

1999

but

there

are

some

differences

between the three surveys. Firstly, the number
of European member states increased from 12
to 15 in 1995, when Austria, Finland and

Policy 7(3) 207-215.

Sweden became members of the European

Thorpe, N., Hills, P. and Jaensirisak, S. (2000).

Community.

Public

survey (used to produce Figure 5) does not

attitudes

to

TDM

measures:

a

comparative study. Transport Policy 7(4) 243-

include

257.

Sweden,

Thus,

opinions
whereas

the
from
the

1991

Eurobarometer

Austria,
1995

Finland
and

or

1999

Eurobarometer surveys (used to produce Figures
Washington State Department of Transportation
(2000).

TDM

Guide

Transportation

for

Demand

Planners:

Including

Management

(TDM)

Strategies in the Planning Process. Washington
State Department of Transportation, Seattle.

6 and 7) do include these three countries.
Secondly, the survey question relating to the
effectiveness of different types of policies to
solve traffic congestion problems was worded
slightly differently in the 1999 survey compared
to the 1991 and 1995 surveys. In the 1991 and

Notes:

1995 surveys, respondents were asked to give
i

A similar European survey carried out in 2002

their opinions about the effectiveness of all

suggests that worries about urban problems did

policies,

not change substantially between 1999 and

respondents were asked to choose just three

2002 but this is not entirely clear since the

policies from a list of policies that in their

phrasing of the questions in the 1999 and 2002

opinion

surveys

Commission,

environmental

contained

towns.

differed

2002:p13).

The

question

about

problems

such

(European
1999

survey

worries
as

‘traffic

concerning
in

towns,

a

whereas

would

in

most

problems

the

1999

survey,

effectively
linked

to

solve

traffic

in

urban
noise,

pollution’, whereas the 2002 survey asked about

iv The data from the Apogee study is based on
evidence from the United States only. The

urban problems such as ‘traffic, public transport,

Apogee study focuses on the contribution of

green spaces, etc.’ (i.e. noise and pollution

policies to reduce VMT whilst the Eurobarometer

problems were not mentioned).

survey contains questions about the perceived
effectiveness of policies to solve ‘environmental
problems linked to traffic in towns’.
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