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Dispelling the myths of transport

growth:

a critical appraisal and some introductory remarks

Ida J. Koppen

The connection between economic growth, transport growth and environmental pollution is not

inevitable

The ever-growing quantity of goods transported in Europe
is normally seen as an unavoidable consequence of the
increase in economic activity and the improvement of the
standard of living. The creation of the internal market and
the opening of new markets in Central and Eastern Europe
exemplify this trend. Transport is accompanied by a
number of socio-economic externalities, including
environmental pollution, which are generally assumed to
increase with increasing transport volumes: more freight
transport implies more emissions, more infrastructural
works, more noise, more visual pollution and more energy
consumption. At closer scrutiny, however, these
assumptions turn out to be false or at least refutable.

In this issue the reader will be confronted with a number of
facts and analyses which attempt to demonstrate how the
bond in which economic growth, transport growth and
environmental degradation can be broken. Taking recent
EU initiatives in this area as a starting point, the authors
each look at a different aspect of the relationship between
freight transport and environmental protection.

Dispelling the myths of transport growth

The positive correlation between economic activity and
transport is for the moment a statistical fact. Indeed,
until now, an increase in economic activity has been
accompanied by an increase in transport volume (tonne-
kilometres). This connection, however, might not be as
inevitable as it now seems. If we look at the energy sector,
we find that prior to the energy crisis in 1974, a similar
coupling existed between energy consumption and
economic activity. When energy prices rose and energy
became a scarcer resource, a decoupling took place.
National and international policies directed at energy
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savings were responsible for achieving economic growth
at a lower level of energy consumption. The decoupling of
transport demand and economic growth is one of the
central issues discussed in this issue.

The second assumption presented above concerns the
correlation between transport growth and environmental
pollution, in the broad sense of the word. It is undoubtedly
true that the socio-economic costs associated with
transport are high. Estimates for the European Union are
as high as 5 per cent of the GDP. However, a distinction
must be made between different transport modes that
each have a very different impact on the environment.
Road and air transport are by far the most polluting
transport sectors. They are, moreover, the sectors in
which the largest increase in transport has taken place.
The percentage of road freight transport of the total
volume of goods transported rose from 50 per cent in 1970
to 70 per cent in 1990. Hence, we can conclude that the
environmental effects of transport depend on the
transport mode that is chosen. A shift to less polluting
modes of transport, e.g. rail and waterways, would result
in a lower environmental impact for the same quantity of
goods transported.

A final myth about transport that needs to be dispelled
concerns the belief that technology can fix it. The
“technological fix” approach assumes that technological
development will be able to reduce transport-related
pollution. Although technology can certainly make an
important contribution, it is absolutely clear that with
present trends in transport growth, any technological
improvement achieved will be cancelled out by the
projected growth in traffic volume in the long term.
Moreover, certain technological changes shift externalities
from one environmental sector to another. This is, for
instance, the case when fuel consumption increases as a
result of the installation of exhaust filters. Another
problem arises when a technological improvement
reduces not only the environmental impact but also the
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cost of transport and hence ends up stimulating transport
growth. The “technological fix” must be taken with
caution.

Recent EC initiatives: “sustainable mobility”

The notion of “sustainable mobility” was introduced in the
EC Commission’s Green Paper on the impact of transport
on the environment of February 1992. Parallel to the
guidelines for sustainable development elaborated in the
1987 Brundtland Report, Our Common Future, the
common strategy for sustainable mobility presented in the
Green Paper “should enable transport to fulfil its economic
and social role while containing its harmful effects on the
environment”. Although this is not a particularly clear
definition of a policy strategy;, it does indicate a recognition
of the necessity to place environmental restraints on
transport needs.

Until now, the area in which the EU has been most effective
is the application of technical standards and technological
improvements. The most important new elements
presented in the Green Paper include:

e the introduction of telematics to improve the
efficiency of transport operations;

e guiding public and private investment towards the
more environment-friendly modes such as railways,
inland waterways, combined transport and coastal

shipping;
o the use of fiscal and economic instruments in favour

of cleaner technology and the more environment-
friendly transport modes;

e gearing urban and regional development planning
towards reducing the need for transport.

Transport is also one of the five selected target areas in the
fifth Environmental Action Programme of the EC
Commission, Towards Sustainability, published in March
1992. The action programme summarizes the present state
of affairs in the EU in clear terms: “Present trends in the
Community’s transport sector are all leading towards
greater inefficiency, congestion, pollution, wastage of time
and value, damage to health, danger to life and general
economic loss. Transport demand and traffic are expected
to increase even more rapidly with the completion of the
Internal Market and the political and economic
developments in Central and Eastern Europe”. The
programme repeats most of the measures spelled out in the
Green Paper and adds an interesting new component.
Along with the general idea of subsidiarity it introduces the
notion of shared responsibility and identifies the different
actors that must co-operate in order to execute the
measures. The idea of a partnership between different
actors involved, developed in some detail in the Dutch
National Environmental Policy Plans, is for the first time
introduced at the Union level.

In December 1992, the Commission published the White
Paper on the future development of the common transport
policy. In the section dedicated to the environment, the
White Paper takes the debate that resulted from the
publication of the Green Paper early that year as a starting
point. Although the White Paper starts from the
presumption that transport growth accompanies economic
growth, it recognizes at the same time the need to reduce
the total costs to society associated with transport,
including the environmental costs. In order to achieve this
objective efficient policies must be developed to internalize
the external costs. Most of the measures proposed in the
White Paper are rather general and do not indicate how the
different objectives can be reconciled. The following issues
are addressed:

e the progressive integration of transport modes;

e standard setting at the Community level for
emissions and energy consumption in the transport
sector;

e noise control around airports;
o the promotion of public transport;

e environmental impact assessment as part of the
decision-making process for transport infra-
structure policies, programmes and investment
decisions;

e the use of economic and fiscal instruments.

Two earlier reports should be mentioned which had already
indicated the difficulties of reconciling environmental
considerations with current transport trends. The Task
Force Report on environment and the internal market,
1992, The Environmental Dimension, published in 1989,
called for measures to break the link between economic
growth and environmental degradation. It identified the
transport sector as the one posing the most important
environmental challenge for the European Community.
Similarly, a 1990 report of the Forward Studies Unit on
Transport and the Environment pointed to the Community
as the only appropriate level to conceive and co-ordinate a
multimodal European transport network and to adopt
provisions concerning the taxing of energy and vehicle
emissions standards.

Recent documents prepared for the meeting on transport
and the environment of the EC ministers of environment in
Arhus in May 1993 repeat the measures formulated in the
various policy documents with a special emphasis on the
necessity to reduce CO, emissions and on the use of taxes
and environmental performance targets as policy
instruments.

Notwithstanding these explicit calls for action, it remains to
be seen whether the EU is really willing to accept a radical
shift in transport policy. The trans-European infra-
structure networks that are planned are developing on the
basis of existing trends with a very strong push for
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extensive development of the motorway network to keep
up with the projected growth in road traffic and, until now,
without an adequate integration of different modal
networks into an intermodal Trans-European Transport
Network. It is likely that a significant proportion of the
Cohesion Fund will go into motorway construction in the
four countries concerned — Portugal, Spain, Greece and
Ireland. This points at yet another myth of transport
growth: the assumption that the economies in the periphery
will benefit from additional road construction. Even leaving
aside the environmental aspects, this argument is
questionable. New links obviously benefit both ends and
thus do not essentially change the conditions of
competition. The evidence of southern Italy, comparatively
well served with motorways, does not suggest that they are
an automatic boost to the economy.

From problems to solutions

From the complex picture that has emerged, it is clear that
no single solution will be able to adjust transport policy to
environmental considerations. Improvements will be
achieved only on the basis of an integrated approach. This
should be kept in mind when the different elements of such
an approach are discussed in the following articles.

In the first contribution, Jack Short describes the recent
trends in transport growth and the accompanying
environmental effects. He underlines the importance of
decoupling transport and economic growth and discusses
the possibility of changing the “modal split”, i.e. the
distribution of transport volumes over the different
transport modes. Since the externalities of road transport
are significantly higher than the externalities of rail and
waterways, one of the ways to reduce the impact of
transport on the environment is a shift in transport mode.
Even without reducing the transport volume major
improvements can be achieved in environmental
performance by a modal shift. Even if road transport
presently provides the best service for most connections,
so-called combined transport systems offer a promising
alternative.

In the area of research and development, the EC
Commission has undertaken several research projects
which look at vehicle design, engine performance and the
substitution of fossil fuels by renewable resources. Martin,
Cannell and Gwilliam describe the various research
initiatives. As they explain, however, any technical
improvement must be seen in the light of the policy context
in which it will be placed. A research agenda for transport
issues can be developed only as an integral part of a general
policy on transport and environment.

An important element in changing transport behaviour is
the use of economic instruments. Koopman gives an
overview of the different kinds of economic instrument that
might be used in a policy for sustainable mobility, e.g.

emission charges for air pollution, road pricing to deal with
congestion. He argues that fuel taxes by themselves are not
an efficient way to reduce transport demand. Although
research data about goods transport are scarce, the price
elasticities seem to be low, suggesting low substitutability
between transport modes. More innovative solutions are
discussed which seem to offer promising alternatives.

The issue of fuel prices is further analysed by Arie N.
Bleijenberg. According to Bleijenberg, fuel prices should be
as high as 1.4 ECU per litre, of which 0.2 ECU are fuel costs,
if transport is to pay its full cost. The additional revenue
raised with the high fuel taxes should be used to reduce
other taxes. Thus, the total tax burden for businesses and
consumers remains unchanged and distributional
distortions are avoided.

Markham, in his article on the railways’ perspective,
emphasizes that if the railways invested more in improving
service and guaranteeing fast delivery, they could easily
gain back part of the market share they have lost since
1970. In this respect, the new European initiatives to co-
ordinate rail investments are a promising development.

Regional diversification and market integration

The internal market will create new opportunities for
producers to market their products in other parts of the
Union. But is this aspect of market integration really
always so desirable? And does it favour the economies in
the peripheral regions? Besides the elimination of trade
barriers, access to faraway markets is largely determined
by the price of transport, the demand for foreign products
and the existing infrastructure. We have already indicated
how the use of financial instruments will be crucial in
finding effective solutions to transport problems. Another
trend that runs counter to the internationalization of the
market and the resulting disappearance of regional
differences is the emerging revaluation of the region. As
Holzapfel points out, the advantages of regional
differentiation should be rediscovered. In terms of supply
markets, he explains that producers are very often not even
aware of the available products in their own region. If, for
example, this information is made more easily available
through regional information systems, some manu-
facturers might shift their supply requirements to nearer
suppliers. He demonstrates with a concrete example how
transport distances may be reduced if regional suppliers
are found.

In the final article, Henning A. Arp presents the policy
package that might be composed with these different
elements. The major challenge for sustainable mobility, he
concludes, lies in the willingness of the actors involved,
government, business and transport operators, to co-
operate closely.
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Freight transport as an
environmental problem

Jack Short

Direct policy measures for road freight can be effective in reducing environmental harm

Transport trends

Freight transport in Europe by road, rail and waterway
together has grown by about 60 per cent since 1970 (ECMT,
1992). Road transport has more than doubled, while rail
and waterway traffic have remained static. Within the road
sector, international traffic has grown the fastest.

The growth in goods traffic has mirrored economic growth
(Short, 1992). Each 1 per cent growth in GDP has been
accompanied by a 0.9 per cent increase in freight transport.
For road transport, these elasticity figures are much higher
and each 1 per cent growth in economic activity has been
associated with a 1.7 per cent growth in traffic. In general,
countries with rapid economic growth have also had rapid
transport growth. There is also a strong correlation
between the wealthiest and the most mobile countries.

These statistical relationships between transport growth
and economic development are significant from an
environmental and from a political point of view:
environmentally, because transport growth is usually
harmful for the environment; politically, because they make
it difficult to suggest that transport growth should be
restrained.

However, the transport and GDP trends seen here are
significantly different from those linking the economy to
the energy sector generally. The energy intensity of OECD
economies — defined as the amount of energy needed to
generate 1 GDP unit — has declined sharply since 1974.
Thus, energy use and economic growth have become
decoupled. From the data shown, transport and the
economy have become even more coupled during the last
decades and our economies have become even more
transport-intense. It is, thus, a major challenge for the
future, to decouple transport and economic growth. So far
no economy has been able to achieve it and recent trends
even go in the opposite direction.
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Forecasts

Forecasts for road freight transport are for a continuation
of the extremely rapid recent growth — at rates of up to 4 per
cent per annum for the next 15-20 years. For the other
surface modes it is questionable whether any substantial
growth will take place. Even a spectacular growth of
combined transport may be at the expense of traditional
rail traffic. An area of great uncertainty concerns traffic
between East and West European countries. At an
European Conference of Ministers of Transport (ECMT)
seminar, forecasts of increased traffic varying from 50 per
cent to 1,000 per cent were presented for the period to the
year 2000 (ECMT, 1991).

These forecasts for large traffic increases, on top of already
over-congested networks, have stimulated an intense public
debate on the possibilities and the desirability of catering
for ever-growing traffic. The forecasts are being criticized
increasingly because they reflect past relationships and
because they threaten to become self-fulfilling prophesies.
While there is no evidence that a turning point has yet been
reached in traffic growth perhaps there is such a turning
point in the ways of thinking about the problem.

The environmental effects of transport

The environmental effects of transport have been described
many times and it is not intended to repeat them here (for
the freight transport effects see, for example, Mitchell
(1991)). Most of the emissions are due to road transport. For
road freight we can say that the main quantified emission
concerns are NO,,, hydrocarbons (HC), CO, CO,, particles
and noise emissions.

To give an idea of magnitudes, for The Netherlands 40
per cent of NO,, 25 per cent of HC, 15 per cent of CO, 30
per cent of CO, and 65 per cent of particles emitted by
vehicles are due to road freight vehicles. For NO, especially
the relative share from freight transport will rise as cars fit

The views in this article are the author’s and are not necessarily
those of the ECMT, or its member countries.
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catalytic converters. Carbon dioxide will most probably
also become a relatively greater problem as cars become
relatively more fuel-efficient. Noise cannot diminish much
below 78 dB(A): at present it is well over 80 dB(A).

Itis also clear that the focus of discussion on environmental
effects has been on the more quantifiable effects. There is
evidence that the aspects of traffic which cause most
annoyance are those which are less easy to quantify. If, as
seems likely, these subjective annoyances are increasing,
then, even if traffic and emissions stabilize, new demands to
reduce transport’s adverse effects will arise. Many of these
subjective nuisances concern trucks and are reflected in
fear or hostility towards them.

It is widely accepted that rail transport is less harmful to
the environment than truck transport. For example,
pollution rates per tonne-km of truck transport are four
times higher for NO,, 45 times for HC and 35 times higher
for CO than for rail transport (Befahy, 1992).

The policy questions which arise concern the extent to
which these environmental consequences justify
intervention in the operation of the transport market and
the effectiveness and costs of measures which might be
used. Before looking at these issues, the concept of
sustainable development and in particular, sustainable
mobility will be examined.

Sustainable development

Definitions of sustainable development are very worthy but
are of limited immediate use as guides to action. Despite
this, it is clear that development is a broader concept than
economic growth and includes all factors that lead to
increases in societal wellbeing.

Two main approaches can be identified in attempting to
make these definitions more concrete. Simplistically, these
could be called the economic approach and the ecological
approach. The economic approach puts the accent on
maintaining the productivity of the total capital base (both
man-made and natural assets) while the ecological
approach focuses on maintaining the stock of natural
assets.

Uncertainty about whether or not processes of
environmental change are reversible, uncertainty about the
risks and about the possibilities of substituting man-made
for natural products, are combining to shift the balance of
political thinking more towards an ecological approach,
although in practice most countries’ actions are still very
much based on an economic, even financial concept of
assets.

It is argued that the sustainability concept can be made
more operational by paying particular attention to natural
capital and by treating international aspects, in addition to

attempting to increase the wellbeing of present generations.
Thus, recent analysis concentrates on the need to transmit
to future generations a stock of capital capable of
maintaining prevailing rates of welfare growth. However,
the extent to which reductions in the overall capital stock
should be permitted and the degree of permissible
substitution between environmental and man-made assets
are unresolved. While all of this is still not particularly
concrete, the term sustainable development is here to stay.
For the transport sector it is therefore worth asking what
the concept might indicate.

Transport and sustainability

It is difficult to define sustainability in the transport sector.
It may be easier to begin by taking some examples of what
is not sustainable: ever-increasing total CO, emissions are
not sustainable. Despite uncertainty about the timing and
extent of global warming, the minimum requirements are
for sharp reductions in emissions. Because of this, almost
the entire transport sector is put in question. Further
increases in private car traffic in towns are not sustainable.
For numerous cities limits have been reached in space
occupation and air quality. Increases in traffic in sensitive
areas like the Alps are not sustainable. Here the population
no longer accepts traffic growth.

These examples illustrate a number of points. First, where
agreed health standards for air or noise quality are
breached it is evident that transport must be curtailed.
Mobility makes an important contribution to welfare but
where this is harmful (in ways that can be defined, e.g.
exceeding World Health Organisation (WHO) guideline
concentrations) it must give way to the higher goal of the
health of the population or nature. Second, since the
tolerances of people and nature to traffic vary,
sustainability cannot easily be defined rigorously in
numeric terms. Clearly too, sustainability can have local,
regional or global connotations. Third, setting global
targets for emissions runs into equity problems when these
targets are applied to sectors or regions because of differing
initial levels and varying abatement costs. Fourth, in the
face of uncertainty, strategies of risk avoidance should be
chosen. This especially concerns pollutants with longer-
term or cumulative effects. Moreover, at least in the short
term, transport and emission growth can occur in markets
or sectors where economic development or emission levels
are relatively low.

A fundamental issue is the extent to which growth itself is
“unsustainable”, since several environmental impacts are
directly correlated with traffic volume. Even countries with
progressive policies, like The Netherlands, have talked only
in terms of reducing the rate of growth and not in terms of
reducing the levels of traffic. In summary, these few points
make it clear that much more work is needed to define and
make workable the concept of sustainable development.
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Relationship to cost-benefit analysis

Existing appraisal methodology for transport projects is
based largely on cost-benefit analysis (CBA). A key
question is to what extent should the methodology be
modified to deal with the sustainability concept? The cost-
benefit approach applies a reasonably consistent
assessment of the advantages and disadvantages of
projects. The strength of the method is in comparing
alternative projects. Its weakness lies in its attempts to
measure all costs and benefits in monetary terms.

Areas where CBA could be modified to take account of the
sustainability concept could include:

e Less reliance on time savings, either through lower
money valuation or equivalently higher valuation
for other factors.

e More explicit valuation of environmental factors like
noise and air pollution, at present not valued
explicitly. Indeed, this is happening in several
places. In Norway, for instance, 40 per cent of road
investment is in projects specifically planned to
reduce adverse environmental effects.

e For construction costs use of estimates that include
best possible environmental protection.

Several countries are moving towards including more
environmental or safety considerations in the traditional
CBA. For instance, it is now common to see bypasses built
for environmental reasons and not just because of time
savings to those using the bypass. However, the results can
also be surprising. For example, a substantially higher
value for the cost of accidents (deaths and injuries) can
decrease the economic return on road building. There are
changes under way and some innovative ideas about, as for
example a proposal in the UK to “invest” the NPV (net
present value, a theoretical sum representing the net
benefits of the scheme) back into the project, by building on
better environmental features.

The EC Green and White Papers and
sustainability

The Commission of the European Communities’ Green
Paper on transport and the environment includes, in
paragraph 128, an outline of Commission thinking on what
sustainable transport is (Commission of the European
Communities, 1992a):

(1) it should contain the impact on the environment;

(2) it should allow transport to continue to fulfil its
economic and social functions;

(3) it should contribute to social and economic
cohesion...and to the creation of new opportunities
for the peripheral regions;

(4) and within this it should safeguard the freedom of
choice for the user.

This text is a typical political compromise containing
something for everyone but with no clear indications of
new policy directions. Some of the questions which arise,
concerning each of the four points mentioned, are:

(1) Which impacts are to be contained? What does
“contain” mean?

(2) The principle is beyond reproach but what does it
mean in practice? In one sense, all trips have an
economic or social function and therefore no
intervention in trip making is warranted, especially
when (4) is taken into account. (For (1) and (2)
together, the obvious question is, how can conflicts
between them be resolved?)

(3) New opportunities for peripheral regions implies
more infrastructure to these regions, more regional
policy measures (agreed at Maastricht) and
probably more dispersed industry location patterns.
This has probably got a trade-off for the
environment, viewed as a whole. It also implicitly
recognizes that pollution will increase in peripheral
regions.

(4) This is the standard political red herring. The “free”
choice is an emotive term and is stated without
consideration of costs or other factors. If the
population of a region will not accept more traffic
what is to be done? If the limits that nature or health
can bear are reached what policy should be
followed? How does this square up with (1)?

The EC White Paper takes up the environmental theme in
its subtitle “a global approach to the construction of a
Community framework for sustainable mobility”
(Commission of the European Communities, 1992h).
However, like the Green Paper, it does not define
sustainable mobility or clarify how conflicts between
mobility demands and environment might be resolved. In
general, the White Paper seems to step back from the
positions in the Green Paper. In terms of priorities for
action, the emphasis is on further improving technical
norms, and the difficult pricing and internalization issues
are left somewhat to the side.

These observations confirm the need to continue to work
on the concept of sustainable mobility. Even though the
concept is not precisely defined, it is not a “soft” idea and its
achievement will require difficult choices that cannot be
sidestepped by careful wording.

Some policy measures

In this final section some policy issues are briefly
discussed. The possibilities of changing modal split are
examined; measures to reduce the environmental damage
caused by road transport are suggested. Finally, the
possibilities of limiting transport demand are set out.
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Changing modal split

It must be emphasized that the possibilities for changing
modal split are limited by simple arithmetic. One year’s
growth in road transport in the late 1980s was equivalent to
three times the entire combined transport output.
Switching 10 per cent of lorries to rail would require a rail
capacity increase of 35 per cent. To get back to their 1970
modal share, European railways would have to carry three-
quarters more traffic than they do.

It is also worth noting that modal split can change without
anyone actually changing mode. Indeed railways have
maintained their tonnage carried. New clients may choose
road. In many parts of the market and for many products
this is what is happening. It should be noted also that about
two-thirds of truck traffic in Europe is over distances of less
than 50 kilometres.

There is evidence that price is becoming less important,
and that reliability and service regularity are the most
important choice factors. Nevertheless, price is crucial
when the other quality requirements are met, as for
example in combined transport. Road freight transport
volumes, moreover, are less sensitive to price changes than
rail or waterway transport.

The forces driving the changes in modal split are so
powerful that very strong measures will be needed to halt
and reverse the trends. All positive measures to improve the
alternatives such as heavy rail investment and much
improved services are necessary but are not likely to be
enough. Therefore direct policy measures for the road
freight sector are needed.

Measures for road freight transport
The following measures can have effects on reducing
environmental harm:

e Highest possible technical standards for engines,
tyres, road surfaces; limiting vehicle power output.

e Good maintenance programmes for in-use vehicles —
these are essential but virtually non-existent; tighter
enforcement of existing rules is also needed.

o Improved efficiency in market organization through
cabotage, telecommunications, liberalization of own-
account transport.

e Optimizing vehicle sizes can also help but runs the
risk of making road traffic more competitive and
thereby generating demand. This is not, however, a
valid argument against such measures.

The first two points can make a significant difference, at
least in pollution per vehicle and the third, possibly, could
lead to a reduction in the number of vehicles needed to
carry out the same work. Nevertheless, all these together

are unlikely, in particular, to reduce CO,. Thus, further
measures are necessary. Restrictions on trucks, at night, at
weekends or in towns can encourage shippers to use
alternatives but also risk the displacement nuisances.
Increasing congestion may also have the effect of
encouraging a shift to rail. More fundamental longer-term
strategies need to be looked at, including the need to look at
transport generation itself.

Reducing the need for transport

Examples of what might be called “irrational” transport
include the case of partially completed garments, sent by
trucks from East Anglia in the United Kingdom to Morocco
for the addition of buttons and zips and then back by truck
to England; milk from the south of Germany transported
across Switzerland to Italy where it is processed and
retransported across Switzerland as mozzarella cheese.
While such transport appears to be “irrational” it is
perfectly rational from the point of view of the companies
concerned. Moreover, there is no sensible administrative
measure that can effectively eliminate it. The only way to
get rid of “marginal” travel is to increase the price.

Indeed, it is inescapable that in order to limit traffic growth,
higher prices are needed, through tolls or fuel charges or
both. This is not arbitrary since in any case full costs are
not covered. Indeed ECMT ministers of transport have
agreed, in principle, that there needs to be a system of
supplementary charging for environmental damage
caused. The crucial issue is implementation and the fact
that the levels of price increases required to achieve
“sustainability” may be politically unacceptable in the
short term.
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Reducing the impact of freight
transport on global warming:

the potential of technical solutions

David Martin, William Cannell and Ken Gwilliam

A technology strategy must be developed and integrated into a general transport policy

Technology in the context of sustainable
mobility

The impact of transport on the environment is a
multidimensional problem. Transport is at the same time a
major source of economic wealth and welfare and a
destroyer of environmental amenity. Given the underlying
socio-economic trends of increased income, increased
female participation rates, household fission and
demographic ageing, this conflict is set to increase. The
central policy issue for transport is how to reconcile its
wealth-producing characteristics with its welfare-
destroying characteristics.

Given the political and behavioural difficulties of reducing
mobility by means of regulation or other imposed
measures, governments at all levels would prefer a
technology-based solution if it is available. Indeed, many
people, not just governments, would see technology as
playing an essential role in improving the balance between
transport and the environment.

The European Commission’s recent Green Paper on
transport and environment points out the limitations to a
“technological fix” approach to the problems of transport
and the environment (Commission of the European
Communities, 1992). This does not imply that a technology
policy in this area is unimportant; the availability and
characteristics of technologies to enable economic
activities like transport to impose reduced environmental
damage are crucial elements in identifying and shaping
strategies for sustainable development. Certain
technological options can also have pervasive effects
outside the area of immediate application. This is the case
for example with biofuels. Awareness of technological
potential and active support for the realization of
appropriate technologies are thus vital components of a
strategy for sustainable mobility.
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This article considers the way in which technology policy
can contribute to the reduction of the global warming
effects of transport, with particular reference to freight
transport. The specific technologies considered — vehicle
design, engine technology and alternative fuels — are those
which were examined by the Energy Technology Support
Unit (ETSU) in the context of a study carried out for the
Strategic Analysis in Science and Technology Unit of the
European Commission (SAST) (Martin and Michaelis,
1992).

European Union research and technology
development

The EU objectives and responsibilities regarding research
and technology development (RTD) are set out in the EC
Treaty. The revised treaty agreed at Maastricht states that
the main objective is to strengthen the scientific and
technological base of European industry and to encourage
it to become more competitive at the international level,
while promoting all the research activities deemed
necessary by virtue of other EU policies.

In support of those responsibilities the Commission already
has a substantial programme of research and technology
development, including work in the transport sector,
mostly funded through ongoing research programmes.
Many of the specific programmes funded by the
Commission are based on collaboration with industrial
partners, including the BRITE/EURAM programme in
industrial technologies and materials developments, the
JOULE programme on new energy technologies, the STEP
programme on environmental research and the EURET
programme which concentrates specifically on transport.
Programmes in other Commission services include the
DRIVE programme of DGXIII and the THERMIE
programme of DGXVII. These programmes usually involve

This article reflects the views of the authors, not the position of
the European Community.
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cost-shared arrangements between the Commission and
groups of collaborating companies.

SAST project no. 3

The SAST activity is part of the MONITOR Programme of
DGXII which provides the European Commission with the
means to carry out science and technology policy research
and evaluation. SAST’s role is to examine specific areas of
RTD policy which have been identified as having
immediate significance to the EU[1]. The strategic
challenge for EU RTD policy and hence the basic objective
of the SAST projects is to balance the different demands
and perspectives relating to science and technology, taking
account of the wider context of industrial competitiveness
and societal needs. To achieve this, SAST commissions
external contractors to carry out studies and organizes
extensive consultations with the various interested parties.
Internal consultations are carried out through regular
meetings of established steering groups, which aim to
ensure coherence with related areas of EU policy.

The aim of SAST project no. 3 is to develop a research and
technology strategy to help to overcome the environmental
problems in relation to transport, taking account of the
many associated interactions. The project was based on an
evaluation of the potential contribution of alternative
technological options, leading to a reasoned assessment of
the priorities for research and development. The project
was organized into a series of interlinked study groups. The
subject matter was divided by environmental impact into
four areas, namely:

(1) local pollution (Environmental Resources Manage-
ment, London);

(2) global pollution (ETSU, Harwell, UK);
(3) air, water and land resources (TPRI, Dublin);
(4) other quality of life effects (Roland Berger, Madrid).

These contracts were supplemented by a contract to
examine the implications for the transport sector of
technology developments outside the sector, particularly in
telematics. This was undertaken by TNO-INRO, Delft. The
whole project was co-ordinated by the Rotterdam
Transport Centre in association with the Erasmus Centre
for Environmental Studies.

Global warming and transport technology

The major factor in the emission of greenhouse gases is the
combustion of fossil fuels as the energy source for
transport activities throughout fuel production and
processing, and the manufacture, operation and disposal of
road vehicles, aircraft, ships and trains. For this reason, the
central focus of the analysis of global pollution in the SAST
project was that of energy utilization, and the ETSU study
examined the wide range of technological measures which

are available to reduce energy consumption by means of
alternative fuels, engine technology and vehicle design.
The transport sector is responsible for around 30 per cent
of total final energy use in the EU. Nearly 85 per cent of the
energy used by transport is by road users, over two-thirds
of this is by private cars. A further 11 per cent of transport
energy use is by aircraft. Petroleum-derived fossil fuels
supply over 98 per cent of transport energy, with the
remainder coming from electricity, over 50 per cent of
which is generated by fossil fuel power plants.

Carbon dioxide abatement represents the greatest
technological challenge in the transport sector, but the
global warming impact of transport is enhanced relative to
other sectors by emissions of other gases, including
nitrogen oxides and hydrocarbons. Figure 1 shows
greenhouse gas emissions for a range of land-based freight
transport modes.

The outlook for technology development

In the SAST study, the relevant technologies were divided
into a series of “clusters”, which can be categorized into
vehicle-related (engine technologies, vehicle technologies,
alternative fuels), traffic-related (traffic management,
demand management, modal transfer) and infrastructure-
related (manufacturing technologies and infrastructural
design). The evaluation of these technologies was carried
out by means of a multiple criterion assessment, structured
in such a way as to be capable of contributing usefully to
decision making under different prevailing weights or
value sets. The overall report of the study takes into
account the different contributions which could be made by

Figure 1. Greenhouse gas emissions: land-based goods
transport
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the various technology options in the short and the long
term (Gwilliam and Geerlings, 1992).

The ETSU contribution to the project considered three
clusters of particular relevance to global warming:
alternative fuels, engine technology and vehicle design.
The principal characteristics of these technologies are
discussed in the following sections.

Alternative fuels

Alternative fuels offer the opportunity to reduce
dependence on petroleum-derived fossil fuels which at
present form the vast majority of the fuels used for
transport. Substitution by alternative fuels is attractive
when the combustion process can produce lower
emissions of greenhouse gases per unit of useful energy.
Some alternative fuels could also provide the opportunity
to offset carbon dioxide emissions in use by carbon fixing
in plant growth. Both these factors could make significant
contributions to the reduction of global warming from
transport, even when the complete fuel cycle is taken into
account. Freight transport operators could benefit from
the use of alternative fuels, in particular using biodiesel
and compressed natural gas (CNG). However, many of
these fuels are not commercial either because the
economics of their use are not favourable or because
research is still needed to develop them fully.

Engine technology

Engine technology determines the efficiency with which
fuel is converted into engine power. It also determines the
guantities and chemical compositions of gaseous
emissions from the engine. Present-day engine technology
utilizes petroleum-derived fuels and these are responsible
for greenhouse gas emissions. There are many aspects of
engine technology, including different engine types, which
can improve energy efficiency and combustion conditions
and hence reduce emissions of greenhouse gases.

Vehicle design

Vehicle design determines the way in which engine power
is converted into a useful transport product. Designs which
improve the efficiency of this conversion require less energy
and provided that they are integrated with an appropriate
drive-train can reduce emissions of greenhouse gases. For
example, in the UK an aerodynamic design for rigid and
articulated trucks can offer fuel savings of between 15 and
25 per cent.

The impact of technologies

Each of these technology classes can offer environmental
improvements for freight transport. However, the size of the
improvements available, the time scales required for
successful commercialization and exploitation of the

technologies and the extent of research, development and
demonstration needs differ quite markedly between them.

Tables I, Il and Il illustrate the broad findings of the ETSU
study for the three technology classes. It can be seen that
the tables give data and reasoned judgements on the
environmental, RTD and other characteristics of each
technology, together with an indication of the implications
for RTD strategy. These judgements are intended to help
prepare the RTD recommendations for this study, and
should not be used for comparisons between technologies.
The intention of these tables is to give a broad picture of the
technologies in respect to a variety of parameters. For
example, these tables do not allow a clear distinction to be
made between the nature of RTD required and the amount
of effort required.

The context of technology development

The appraisal of technology options presented above
relates primarily to emissions with global warming impact.
When a wider range of impacts and technologies is
considered, as was the case in the SAST project, the
situation becomes more complex.

The relationship between different areas of technological
potential is not always benign and synergetic. Some
technologies offer reductions in one impact only at the cost
of deterioration in other environmental dimensions. For
example, if CNG is compared with gasoline, it is likely to
have lower emissions of carbon dioxide, carbon monoxide
and volatile organic compounds. On the other hand, it may
have much higher emissions of the greenhouse gas
methane. On the side of cost and performance, it is more
expensive to buy but cheaper to run. It gives lower
performance for a given engine size, although energy
efficiency is likely to be about the same. From the user’s
point of view the main disadvantage is likely to be the gas
cylinders, which occupy storage space and are likely to give
a shorter range between refuelling than is achievable with a
gasoline engine.

Furthermore, the environmental performance of tech-
nologies depends crucially on the context in which they are
developed and used. Technologies that bring about at least
a 20 per cent improvement in vehicle efficiency are readily
available without further research and development.
However, much of this improvement will require
substantial capital investment by vehicle manufacturers,
who may be reluctant to undertake the necessary changes if
there are no economic or regulatory incentives to do so.

It is also important to acknowledge the difference between
improvements in environmental performance per unit of
travel and the overall benefits to the transport system. On
current forecasts, the energy savings benefit of 20 per cent
increase in fuel efficiency will be overtaken in less than ten
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Table |. RTD appraisal of alternative fuels technologies

Greenhouse gas Local Supply RTD
Technology Economics  (GHG) reduction reduction security Performance  needs Strategy
Light duty IC engines
Reformulated gasoline 00 - 0 X - 000 0
Diesel 00 0 X 0 X 00 0
LPG 00 0 00 0 X 0 0
CNG 00 0 00 0 X 00 00
Biomethanol 0 00 0 000 X 00 000
Bioethanol 0 00 0 000 - 00 000
Vegetable oils 0 00 X 000 X 00 000
Hydrogen 0 000 000 000 XX 000 000
Heavy duty IC engines
CNG 00 0 00 0 X 000 00
Biomethanol 0 00 00 000 X 000 000
Bioethanol 0 00 00 000 - 000 000
Vegetable oils 0 00 - 000 - 00 000
Hydrogen 0 000 000 000 XX 000 000
Electric vehicles
On-board batteries - 0 000 00 XXX 000 000
Fuel cells - 00 000 00 XX 000 000
Diesel-electric hybrid
Constant output diesel 0 0 0 0 XX 000 000
Variable output diesel - 0 00 0 X 00 00
Aircraft
Hydrogen 0 0 00 00 XX 000 000
Methane 00 0 00 0 X 000 000

Key: See foot of Table Il

years by increased traffic. Worse, if a technological
improvement designed to ameliorate environmental
impacts also reduces the cost of transport it will tend to
further increase total amounts of travel.

This emphasizes the importance of obtaining and
publicizing more information on the real magnitudes of
many of the environmental problems and the capacity of
alternative policies to address them. It also underlines the
importance of having a strategy for technological develop-
ment in respect of transport and the environment which is
well integrated with policy for transport in general.

Further technological development can be envisaged which
will reduce the adverse impacts of transport on the
environment. But there are sufficient areas in which the
potential of technology is so uncertain, or where the time
scale of the necessary technological development is likely to
be so protracted, that a policy concentrating solely on
research and development support is not enough. What is
required is a sophisticated appreciation of those time scales
and balances and a strategy involving a whole range of
instruments capable not only of getting the best technology

we can, and getting the best out of the technology we have,
but also of controlling the use of our technology to ensure
that environmental standards are not irrevocably damaged
while we wait for a “technological fix” that is unlikely to
arrive in time.

RTD strategy

In developing an RTD strategy for the areas of technology
considered by ETSU, itis important to bear in mind the fact
that R&D can be carried out for a number of different
motives, such as to:

e improve economic cost-effectiveness;

e bring about performance improvements;

e increase safety and reliability;

e enhance supply security, particularly for energy;

e improve the environmental characteristics of the
sector.

The three technology clusters examined are all essentially
engineering solutions to the problem of reducing environ-
mental pollution from transport. As such, they are very
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Table Il. RTD appraisal of engine technologies

Greenhouse gas Local Supply RTD

Technology Economics  (GHG) reduction reduction security Performance  needs Strategy
Up to 100kW IC engine
Catalytic converter - - 0 X X 000 00
Turbocharge/intercool/MPI 0 0 0 0 0 000 00
Electronic valve timing 0 0 00 0 0 000 00
Ceramic engine 0 0 0 0 - 000 000
Direct injection gasoline/

stratified charge 00 0 X 0 X 000 00
Indirect injection diesel 00 0 X 0 X 0 0
Direct injection diesel 00 0 X 0 X 0 0
Direct injection diesel/

oxy-catalyst 00 0 0 X X 0 0
Transmissions 000 0 0 0 0 0 0
Two-stroke gasoline 000 0 X 0 0 000 00
100-350kW IC engines
Intercool/turbocompound 000 0 0 0 0 0 0
Ceramic engine 0 0 X 0 - 000 000
Evaporative trap - X 0 X X 000 00
Particle trap - X 0 X X 000 00
Transmissions 00 0 0 0 0 000 00
350-kW-20MW IC engines
Turbocompound 000 0 0 0 0 00 00
Ceramic engine 000 0 X 0 - 000 000
HP/retarded ignition - - 0 X 0 00 00
Precision cooling 000 0 0 0 X 00 00
Transmissions 000 0 0 0 0 00 00
Low-speed two-stroke diesel 000 0 X 00 X 0 0
Gas turbines - X 0 0 X 00 000
Aircraft engines — efficiency improvement
Component improvement 000 0 0 0 0 000 00
Unducted propfan 000 00 XX 00 0 000 00
Ducted propfan 000 0 X 0 0 000 00
Aircraft engines — NO, reduction
Modified engine - 0 - X - 000 00
Staged combustion - 00 00 X 00 000 000
Fuel catalyst - 0 - X - 000 00

Key: See foot of Table 11l

relevant to the transport equipment industry since this
industry is capable of determining the nature and scope of
developments in the three technology clusters. Further-
more, the rate of penetration of the technologies involved
and their cost-effectiveness are strongly influenced by
market factors such as economic growth rates, fuel prices
and availability, environmental legislation and consumer
choice. Thus, the sensitivities of the appraisal parameters
need to be examined in relation to factors outside the
transport sector.

With regard to the ETSU part of the SAST project, this has
been done by means of a series of scenarios: a pragmatic

scenario, in which the greenhouse effect either does not
occur or is much less severe than predicted; a laissez-faire
scenario, in which regulations remain as planned and
manufacturers’ strategies are driven by customer demands;
a fortress Europe scenario, in which the EC is forced into
materials and energy self-sufficiency; and anenvironmental
concerns scenario, in which there is strong pressure for
carbon dioxide abatement.

In the context of these scenarios, the principle consideration
underlying the ETSU analysis is that an RTD strategy
should be adopted which provides a “no regrets” policy
with respect to overcoming global pollution problems from
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Table 1ll. RTD appraisal of vehicle design technologies

Greenhouse gas Local Supply RTD

Technology Economics  (GHG) reduction reduction security Performance  needs Strategy
Light duty road vehicles
Reduced aerodynamic drag 000 0 0 0 00 0 0
Weight reduction 000 0 0 00 00 0 0
Reduced rolling resistance 000 0 0 0 X 0 0
Heavy duty road vehicles
Reduced aerodynamic drag 000 0 0 0 0 0 0
Weight reduction 000 0 0 0 0 0 0
Reduced rolling resistance 000 0 0 0 0 0 0
Light rail vehicles
Reduced aerodynamic drag 000 0 0 0 0 0 0
Weight reduction 000 0 0 0 0 0 0
Local rail vehicles
Reduced aerodynamic drag 000 0 0 0 0 0 0
Weight reduction 000 00 00 000 00 0 0
Regenerative braking 000 000 000 000 - 0 0
Intercity rail vehicles
Reduced aerodynamic drag 00 0 0 0 0 0 0
Weight reduction 0 0 0 0 0 0 0
Aircraft
Reduced aerodynamic drag 000 0 0 0 0 000 0
Active laminar flow 0 0 0 0 0 000 00
Weight reduction 000 0 0 0 0 000 00
Supersonic stratospheric

aircraft - X X X 0 000 0
Shipping
Hull-form — low drag 000 0 0 0 0 000 00
Low skin friction 000 0 - 0 0 0 0
Wind-assisted ships 0 0 00 00 00 000 000
Efficient propellers 000 0 0 0 0 000 00
CFC substitution
HFC-134a - 0 - - X 000 00
Propane 0 000 - 000 0 000 000

Key to ratings on Tables I, Il and Il
Economics: 000 cost-effective in all; 00 some; 0 one; — none of the scenarios

Greenhouse gas reduction: 000 > 60 per cent; 00 30 to 60 per cent; 0 up to 30 per cent; — none; X up to 30 per cent worse; XX 30 to 60
per cent worse; XXX > 60 per cent worse

Local pollution reduction: 000 > 60 per cent; 00 30 to 60 per cent; 0 up to 30 per cent; — none; up to 30 per cent worse; XXX > 60 per
cent worse

Security of supply improvement: 000 major; 00 useful; 00 moderate; — no change; X slightly worse; XX may be difficulties;
XXX difficulties likely

Performance improvements; 000 major; 00 useful; 0 moderate; — no change; X slightly worse; XX may be difficulties; XXX difficulties
likely

RTD needs; 000 R&D + demonstration + information dissemination; 00 demonstration + information dissemination; 0 information
dissemination only

Strategy: 000 EC-led research; 00 industry-led research with EC involvement; 0 market forces + regulation
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transport. In other words, none of the actions undertaken
should be detrimental to the environment whatever the
outcome will be of the current scientific debate on the
magnitude and extent of impacts such as global warming
caused by transport.

RTD priorities

There are four key areas for RTD support emerging from
ETSU’s work. First, there is a need for additional research
into exhaust emissions from transport activities and into
atmospheric chemistry processes in order to improve the
understanding of greenhouse gas emissions and global
pollution mechanisms. Second, a full in-depth evaluation of
the merits of alternative fuels should be carried out, in order
to ascertain whether a net environmental benefit can be
derived from the use of these fuels. Of particular interest to
freight transport are: compressed natural gas, biomethanol,
bioethanol, vegetable oils and perhaps hydrogen. Third,
there are some important technological developments
which need to be supported by a combination of private
and public-sector financing. These include:

e improving combustion systems in gasoline engines
for road vehicles;

e improving combustion systems in conventional IDI
and DI diesel engines;

e exploring the potential of unconventional internal
combustion engines;

e improving conventional internal combustion
engines in trains and shipping;

o developing suitable processes for nitrogen oxides
reduction from aircraft engine exhausts including
after-treatment.

Fourth, to take advantage of longer-term technological
possibilities, it will be important to promote excellence at
the European level (within existing structures) in the fields
of materials research, heat exchanger design and
development, and electrochemistry research.

Conclusions

RTD policy is just one part of an overall approach to
tackling the environmental problems of transport.
Technology development can, in some respects at least,
reduce the adverse impacts of transport on the
environment. An understanding of the existing
technology options, their development potentials and
their likely effects on the relationship between transport
and environment is a crucial element in any viable path
towards sustainable mobility.

But technology in itself is certainly not enough. At the
very least it will be necessary to consider a range of
policies for restraining the amount of traffic if global
environmental objectives are to be secured. Unless the
adverse environmental impacts of transport are better
internalized into the cost to users, technology
developments may even be counter-productive. A
technology strategy therefore needs to be integrated
properly into transport policy more generally.

Note

1. Besides SAST, MONITOR also includes the FAST
activity (Forecasting and Assessment in Science and
Technology) which carries out long-term prospective
studies, and SPEAR (Activities in Support of the
Evaluation of R&D programmes) which concentrates on
methodologies for retrospective evaluation of
Community RTD actions.
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costs. By raising this key parameter, the argument goes,
the effects of the first-best set of instruments can be
approximated, at a roughly comparable cost.

However, it can be argued that the overall effect of fuel
taxes, in terms of economic costs and consumer
satisfaction, is likely to be significantly worse than that of
efficient policies. Basically, this is caused by the fact that
the only channels which fuel taxation employs to reduce
externalities are fuel use and, consequently, to a certain
extent, lower private mobility. Other response options to
reduce externalities are not tapped at all as no incentive is
given to exploit them. This generally implies that the
overall costs of reaching the same reduction in an
externality are significantly higher when fuel taxation is
used than in the case of the efficient economic instrument
as the latter gives economic agents the possibility of
finding the least-cost reduction using all possible means.
This argument is not only of theoretical relevance as the
case of congestion demonstrates. Here, fuel taxes have
practically no effect as they only reduce overall mobility to
a certain extent, while what is needed is a reduction at
certain places and points in time. In this case, fuel taxes
are thus practically ineffective from the transport policy
point of view and, in addition, imply significant welfare
costs as consumers are also induced to reduce mobility
which is congestion-free. Another example is taxing for
road wear and tear which (insofar as it is man-induced) is
nearly exclusively caused by buses and freight transport.
Major reductions in maintenance costs can be achieved by
reducing the weight per axle which is achieved by adding
more axles to a vehicle. As such a measure has a fuel
penalty it is actually discouraged by fuel taxation. This
demonstrates that in certain cases fuel taxation can even
have perverse effects. Elsewhere | have argued that these
welfare losses of fuel taxation are likely to be large in the
case of nearly all externalities — with the notable exception
of CO, emissions — and that it is thus worthwhile to
develop more efficient options (Koopman, 1993b).

When analysing the impact which fuel taxation has on
road haulage the following transmission channels are of
importance:

o fuel efficiency;
e changes in modal split;
o total demand for freight transportation.

As fuel becomes more expensive road hauliers will
attempt to reduce energy consumption per tonne-km
transported. This might be achieved by various measures:
larger trucks, fuller trucks (reduction of empties), driving
behaviour and, especially in the long run allowing for an
R&D lag, more fuel-efficient trucks. There is more
research available for private transport than for road
haulage, where the picture seems rather sketchy. However,
well-documented long-term price elasticities of fuel
efficiency in private transport of the order of 0.6 suggest

that also in goods transport some effects are likely (see, for
example, Goodwin, 1992).

In general it appears that at an aggregate level
substitutability between transport modes is rather low.
This is due to the large heterogeneity in the demand side
and the supply side of transport. Modes differ
significantly in terms of suitability, availability, reliability,
frequency and speed. Generally road transport has far
higher scores on these criteria than other modes and this
is one of the driving forces of its growing share: in spite of
the fact that it is two to five times more expensive per
tonne-km than inland waterways and rail, it is the
preferred choice in most transport markets. Furthermore,
relative transport prices are not likely to be greatly
affected as fuel costs comprise only roughly 10-15 per cent
of total road haulage costs (the bulk consists of labour and
capital costs). Thus, fuel taxation will have only a limited
effect on the relative price competitiveness of road versus
rail and inland waterways, even when fuel cost shares in
these latter sectors are significantly lower than in rail[3].
Calculations with input-output models show, for example,
that the effects of a $10 per barrel of oil equivalent
CO,/energy tax on prices of road haulage in Denmark,
Germany, Spain, France and Italy would vary between
only 1.5 and 2 per cent; a significant part of which is due
to price rises in other branches of the economy (see
Commission of the European Communities, 1992a).

The impact on the total demand for transport is likely to
be very small in the short run as many production
processes can be adjusted only at significant costs in this
time frame and freight transport prices will be affected
only moderately by fuel-price changes (see above). In the
longer run, interactions between location, production
(batch sizes, number of suppliers etc.) and inventory (high
inventories/bulk transport versus low inventory/many
small transport batches) decisions should allow greater
flexibility. Aggregate price elasticities from transport
models, however, are rather low (in the order of 0.1 to
—0.2). These might underestimate the true long-term
relationship as current transport models do not simulate
the location, production and inventory decisions.
Innovation in research in this area might produce more
useful results to judge this issue (for a promising
approach, see Ruijgrok, 1991). Analytical studies of
industries where economies of scale are important (e.g.
cement) show that transport prices can have an important
effect on production and location decisions and hence on
transport demand. It is therefore likely that, in the longer
run, price elasticities of demand for freight transport
could be significantly larger and might be in the order of
—0.5. Where fuel taxation is concerned, it should, however,
be repeated that owing to the small share of fuel costs in
total costs, very significant price rises would be needed in
order to have a noticeable effect on demand for freight
transport.



