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Executive Summary

$LPV�DQG�VFRSH

The aims of the European Auto-Oil
II Programme (AOPII) were to
make an assessment of the future
trends in emissions and air quality
and establish a consistent
framework within which different
policy options to reduce emissions
can be assessed using the principles
of cost-effectiveness, sound science
and transparency; and to provide a
foundation (in terms of data and
modelling tools) for the transition
towards longer term air quality
studies covering all emission
sources.

The scope of AOPII included all the
main “conventional” pollutants
(effects on CO2 emissions were also
tracked); the period 1990-2020 but
with the focus on introducing
measures in 2005 which might help
meet air quality objectives by 2010;
the EU15 but with a focus on ten
“auto-oil” cities and their nine host
countries; air quality modelling at
regional, urban and local scale; a
detailed assessment of the full
range of potential road transport
measures, including “non-
technical” measures; comparison
with other sources than road
transport; and an evaluation of the
benefits of reducing emissions.

The programme ran from spring
1997 to early 2000 and is reported
in a series of working group and
consultants reports and this
overview report from the services
of the European Commission.
Further detail is available from the
Commission’s and related web
sites.   The Commission’s services
grateful acknowledge the
considerable contributions from the

many stakeholders and other
experts who have participated and
assisted throughout the programme.

A draft of this report and a set of
preliminary draft conclusions was
presented to the stakeholder contact
group on 26 November 1999;
conclusions from the integrated
assessment modelling were also
discussed at the last Working
Group 7 meeting in May 2000.
Their comments and suggestions
are reflected as far as possible in
the final version.

$SSURDFK

The approach in AOPII broadly
followed that of the first
programme, i.e. to identify
environmental objectives for air
quality; forecast future emissions
and air quality; establish emission
reduction targets (or appropriate
functional relationships); collect
input data on costs and effects of
potential measures to reduce
emissions; and carry out a cost-
effectiveness assessment as a basis
for a future air quality strategy.

There were, however, several
important differences between the
two programmes.  First, the
participation in AOPII working
groups was extended to all
interested stakeholders including
Member States and non-
governmental organisations and,
through the contact group and other
briefings, the European Parliament.
Second, more extensive work was
carried out on the emissions base
case and the air quality modelling,
including the use of reactive and
street canyon models and an
empirical assessment of future air
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quality in most large European
cities.   Third, the development of
the TREMOVE model enabled the
analysis of technical and market-
based solutions in the transport
sector on an equal footing.

On the other hand, the agreement
reached in 1998 by the Council and
Parliament on the “auto-oil I”
directives meant that the range of
remaining potential measures on the
“technical”  side (notably emission
standards for cars and heavy duty
vehicles and several of the fuel
quality parameters) narrowed the
scope of the programme.

Management of the programme was
carried out by an ad hoc inter-
service group which reported
progress to the contact group of all
stakeholders.   Responsibility for
carrying out the various activities
was delegated to seven working
groups, each chaired by a
Commission service but with wide
participation from stakeholders and
other experts.

(QYLURQPHQWDO�REMHFWLYHV

Air quality objectives in AOPII
were derived mainly from recently
proposed or adopted “daughter”
directives which set limit or target
values for air quality to be achieved
in 2005 or 2010.

In addition, the Commission’s
proposed national emission ceilings
for nitrogen oxides and volatile
organic compounds were taken as
emission reduction targets for
“regional” ozone.

Some stakeholders considered a
number of non-regulated pollutants
also to be of importance, including
PM2.5, 1,3 butadiene and polycyclic
aromatic hydrocarbons.   For all
these pollutants there was

insufficient data to enable detailed
air quality modelling to take place.
Nonetheless, a brief assessment of
their significance is discussed in the
air quality report.

CO2 was not treated as a policy
driver in the analysis but it was
generally recognised that it was
important to look for any potential
synergies in the assessment of both
technical and non-technical
measures.

7KH�$23,,�EDVH�FDVH

The overall AOPII base case,
essentially a “business-as-usual”
scenario, covered the EU15 and the
period 1990-2020, six conventional
pollutants plus CO2 and all
emission sources.

It predicted significant reductions in
emissions of all the conventional
pollutants over the period, typically
between approximately 40 and 50
per cent.   The reductions were
expected to occur predominantly in
the combustion in energy and road
transport sectors.

Within the overall base case, a
more detailed base case for road
transport was developed covering
the nine Member States containing
the ten auto-oil cities.  This base
case included historic and projected
data for transport demand, activity
levels and transport system costs in
order to be able to model the effects
of potential policy measures on
demand, modal choice etc.

The road transport base case
incorporated the estimated effects
of the “auto-oil I” legislation as
well as the voluntary agreement on
CO2 emissions reached with the car
industries.   It projected that in
broad terms, emissions from road
transport would fall by 70-80%
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between 1995 and 2010 and indeed
fall further beyond that as new
EURO IV technologies continued
to penetrate the market from 2005
onwards. Road transport emissions
were expected to take a dLminishing
share of total EU and national
emissions.

In the absence of the “auto-oil I”
measures, road transport emissions
would have been 50-100% higher
by 2010 and, with continued traffic
growth, would have begun to
increase again by that point.

The projections suggested that, as
far as the objectives for air quality
were concerned (but not necessarily
all other objectives), it is possible to
break the link between economic
growth and environmental damage
from transport and other sources.
Improvements in technology above
all else appeared to be capable of
staying ahead of the effects of
traffic growth.

Similar reductions could not be
expected for CO2 emissions from
road transport, which were
expected to be 10-15% higher in
2010 than in 1995.

$LU�TXDOLW\

Though a key pollutant for future
air quality policy, regional ozone
was not modelled in detail in AOPII
since the parallel ozone strategy
already provided a full evaluation
of predicted ozone levels in 2010
and the Commission had already
proposed a set of national emission
ceilings to be met by that date.

The principal focus of the air
quality modelling in AOPII was
therefore on urban air quality in the
ten AOPII cities (Athens, Berlin,
Cologne, Dublin, Helsinki, London,
Lyons, Madrid, Milan (including

Reggio D’ell Emilia), and Utrecht)
led by the Joint Research Centre of
the Commission.    The modelling
provided results for benzene,
carbon monoxide, nitrogen dioxide
and particulate matter in eight
cities.   The modelling of PM10 was
subject to a variety of important
uncertainties including the emission
inventories, concentration
measurements, and modelling of
secondary as well as primary
particulate matter.

In order to have an idea of the
effects of the predicted emission
reductions on air quality at the very
local scale, street canyon modelling
was carried out for Berlin and
Milan.

The results of the modelling of air
quality in 2010 suggested that of
the targeted pollutants, neither
carbon monoxide nor benzene
would pose challenges in any of the
AOPII cities.   Exceedences of the
objective for nitrogen dioxide were
predicted only for two cities.
Exceedences of the PM10 objective
would be more widespread,
affecting possibly half of the cities.

These conclusions were broadly
supported by the generalised
empirical approach applied by the
European Environment Agency to a
large sample of European cities.

Further scenario analysis by the
JRC demonstrated that road
transport would still have a major
influence on urban air quality in
those cases where exceedences
were predicted.   Another major
obstacle to improving air quality
was, however, the local climatic
conditions which could impair the
effectiveness of emission
reductions for the reactive
pollutants.



8

In relation to the objectives set in
AOPII, therefore, the remaining air
quality challenges would appear to
be:

• Meeting the PM10 objectives for
2010 in around half of the AOPII
cities;

• Tackling remaining but rather
limited exceedences of the NO2

objectives.

• Closing the gap between the
AOPII base case emissions
projections and the proposed
national emission ceilings for
ozone precursor emissions of
NOx and VOCs;

In terms of urban pollution
problems, continued widespread
exceedences of the PM10 objective
would suggest the need for action at
the European as well as
national/local scales in order to
bring down concentrations; in
contrast, it would seem likely that
city-based or even more targeted
measures to tackle remaining NO2

problems could be sufficient;
exceedences of the benzene
objective at background levels
would appear to be very slight and
may be eliminated as a side-effect
of measures to meet other
problems.

3RWHQWLDO� PHDVXUHV� WR� UHGXFH
HPLVVLRQV

The scope of the assessment of
measures aimed at improving
vehicle technology in particular was
limited as a result of the agreement
on the “auto-oil I” directives and
the setting of most emission limit
values for 2005.   The successful
agreement also meant that much
further progress towards meeting
the air quality objectives had been
achieved than was originally

anticipated.   This also served to
change the nature and extent of the
remaining air quality gaps.

Data on the costs and effects of
measures in the road transport
sector was collected through a
number of studies, questionnaires,
and literature surveys.   Some
measures could be considered to be
applicable at the European scale;
others were more likely to be
applied at national or city level.   In
order to make them comparable,
data on all the measures was fed
into the TREMOVE model, which
was developed to support the AOP-
II cost-effectiveness analysis.

Input scenarios were developed for
the following:

• Tighter emission standards for
motorcycles;

• Promotion of enhanced
environmentally friendly (EEV)
passenger cars;

• Changes in fuel specifications
for gasoline and diesel (though
not for sulphur or aromatics in
gasoline which had already been
fixed for 2005);

• Promotion of alternative fuels in
captive fleets;

• Promotion of a city fuel to
reduce PM emissions;

• More sophisticated
dynamometer testing of catalyst-
equipped cars for inspection and
maintenance;

• Local measures, including
parking charges, differentiated
road pricing, improved
infrastructure, public transport
priority, improved logistics for
freight;
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• National scrappage schemes;

• Fiscal instruments, including
fuel duty increases or
replacement of registration or
circulation taxes with fuel duty
increases.

,QWHJUDWHG�DVVHVVPHQW�RI�PHDVXUHV

The TREMOVE model provided a
consistent framework for the
comparison of measures in the
transport sector.   Outputs from
TREMOVE included not only the
impact on emissions and costs but
also the size and composition of the
vehicle stock and vehicle usage.
Impacts on changing costs could
also be decomposed between
transport users, transport producers
and Government.

TREMOVE could be used to
analyse scenarios with or without
the use of  optimisation tools.
However, the limited number of
emission reduction targets and
transport scenarios tended to mean
that less use of the optimisation
model (LEUVEN-II) was required
than originally anticipated. In the
case of some remaining air quality
problems (notably nitrogen dioxide
in Athens and PM generally) it was
unlikely that sufficient measures
could be identified to close the air
quality gap.

The structure of the TREMOVE
model and the base cases (covering
the auto-oil cities and countries)
also meant that the potential of
measures could be evaluated� at all
political scales, from European
down to the urban scale (though not
street canyons).

Among the scenarios studied there
were few remaining measures in the
road transport sector which could

on their own have a major impact
on emissions.

Nonetheless, technical measures
could still be justified in view of the
very low costs per kilometre or litre
associated with them..  In
particular, the analysis tended to
support the application of more
stringent standards for motorcycles
not least because they are some way
behind those applied to other
vehicles .

The broadly based fiscal measures
studied, including moderate
changes in fuel duty rates, were not
expected to have much impact on
overall transport demand due to its
relative inelasticity.   On the other
hand, the modelling assumptions
used led to a predicted large net
societal benefit on the assumption
that increased revenue will be used
to reduce more distorting forms of
taxation. In all cases, results of
broad based tax increase scenarios
can differ significantly across
countries as important differences
exist between the general tax
structure and levels of countries.
Considerable analytical work would
be needed to design budget-neutral
fiscal packages.

Limited work carried out to date
suggests that� differentiated fiscal
instruments can be more effective
in reducing emissions by
influencing consumer choice on
type of fuel or vehicle.

Locally targeted measures could
provide highly cost-effective
solutions to a number of remaining
air quality problems. These
measures can often target the cost
per kilometre for certain modes
significantly and therefore
effectively influence modal choices.
Promising individual measures
included the application of parking



10

charges and differentiated road
pricing. Generally, when local
measures are aimed at shifting
passenger transport to public
transport they often generate
"negative costs” (i.e. benefits) to
society provided that sufficient
alternative transport modes are
available. These benefits are mainly
a function of travel time, which
remains more or less constant for
those shifting (away from highly
congested roads) to faster metro or
bus systems and significantly
improves for those remaining on
the road (in particular freight
transport).  Impacts on emissions
depend on how much additional
traffic is attracted to the roads and
the environmental performance of
public transport that is operating at
higher capacities. When demand for
public transport increases such that
additional vehicles are required,
complementary technical vehicle
and/or fuel measures are imperative
in order to avoid that overall
emissions going up rather than
down due to the higher emission
factors of city buses (e.g. PM).

Scrappage schemes introduced in
the short-term and focussing for
example on pre-catalyst vehicles
could bring benefits in the period
before 2010 but trade-offs may
exist with climate change
objectives� In the long-term,
however, they offer little attraction
as the pre-catalyst vehicles will
soon disappear from the fleets and
the newer catalyst vehicles are
becoming more durable. Well-
designed scrappage schemes
targeting "gross polluters" (e.g.
remaining pre-catalyst vehicles or
malfunctioning catalyst vehicles)
are potentially very cost-effective,
in particular when combined with
enhanced inspection & maintenance
(I&M) schemes.

The gradual phasing out of pre-
catalyst and the early generation of
catalyst means that increased
testing only has advantages in the
near future. On the other hand, the
current trend in I&M regulation to
focus in particular on gross
polluters (see also above) is likely
to be very cost-effective and
warrants the introduction of more
sophisticated dynamometer testing.

Relatively few fuel and vehicle
options were analysed that offered
much potential to reduce PM and
NOx emissions, although the  diesel
fuel packages studied have the
potential to achieve modest
reductions of PM. A number of
promising new after-treatment
systems are also appearing such as
the deNOx catalysts and the so-
called PM-traps. However,
considering the stringent vehicle
emission limit values imposed by
the AOP-I directives by 2005 in
combination with the commitment
of the car manufacturers to
significantly improve the fuel
efficiency of new cars as contained
in the so called ACEA agreement, it
is likely that these technologies will
be implemented even in the absence
of additional regulation, although it
is not clear to what extent.

Local retrofit schemes could
provide cost-effective alternatives
for combating local air quality
problems. Further work is needed to
estimate the cost of such solutions
and to see to what extent the
introduction of these technologies
could be promoted through, for
example, fiscal incentive or local
retrofit schemes in particular in an
urban context. Similarly, the
introduction of alternative fuels in
certain polluted areas could
potentially provide a cost-effective
solution for achieving air quality
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standards in the remaining problem
areas.

None of the scenarios investigated
had a significant benefit for CO2,
although information on the effects
of some technologies on the fuel
consumption was often lacking.
Whilst it should be emphasised that
none of the scenarios was
specifically designed with this
objective, the difficulty in reducing
overall transport demand is
nonetheless noteworthy.  As with
the conventional emissions the
biggest reductions in CO2 might
still need to be found through
technical innovation, improved
efficiency and the development of

renewable fuels.    The AOPII
analysis would, however, argue at
least for the potential to reduce
traffic and encourage modal shifts
in those urban areas where viable
alternatives exist and to invest in
alternatives where it is currently
lacking.
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Poor air quality affects our health, our ecosystems, our food crops and even
our architectural heritage.   One way or another most people in Europe still
experience poor air quality.   According to the European Environment
Agency’s 1999 report “Environment in the European Union at the turn of the
century” nearly 40 million people living in the 115 larger European cities
still experience exceedences of the WHO’s air quality guidelines for at least
one pollutant.   People living in rural areas can also be affected, not only
when they enter urban areas but also due to exposure to those pollutants,
such as ozone and fine particles, which have impacts on the regional scale.
Ecosystems can be damaged from the effects of acidification and
eutrophication as well as from pollutants such as ozone which can inhibit the
growth of individual crop and tree species as well as natural vegetation
species.  Some pollutants, such as heavy metals and persistent organic
pollutants, accumulate in the soil and groundwater, damaging ecosystems
and making their way into the food chain.  And cultural and historic heritage
is lost as air pollutants, particularly sulphur compounds, erode and discolour
buildings and monuments.

In the past the dominant sources of air pollution have been industry and
energy production.   The switch to cleaner fuels and more efficient
combustion, however, have driven down emissions of sulphur dioxide (SO2)
and particulates over the last few decades.   SO2 emissions, for example,
reduced by an average of 20% between 1980 and 1990 in the Member
States1.

However, as emissions of some pollutants have been falling for some time,
emissions of other pollutants have, at least until recently, been rising.   Only
since around 1990 have emissions of nitrogen oxides (NOx) and volatile
organic compounds (VOCs) begun to decline.   Both the rise and fall in
emissions of these pollutants have been strongly influenced by road traffic.
Until the early 1990s the growth in traffic had tended to outpace the benefits
of efforts to improve the emissions performance of individual vehicles.   But
more recently, the introduction of catalysts and other emission control
technologies has begun to make significant in-roads into the problem.  It has
been possible to demonstrate that the link between traffic growth and air
pollution (though not necessarily other environmental effects) can be broken.
The questions now are how far and how fast do these improvements need to
be made, and how best should responsibility for improvement be shared
between the vehicle manufacturers, refining industries or, indeed, other
policy instruments and sectors.

                                                

1 62��3RVLWLRQ�3DSHU, European Commission Directorate-General XI,  November 1997
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Community action to improve air quality has followed three strands:

• developing limit or target values for ambient air quality;

• developing integrated strategies to combat transboundary pollutants (in
particular, acidification and ozone) and to identify cost-effective
reductions in targeted sectors (such as the Auto-Oil Programme); and

• introducing specific measures to limit emissions or raise product
standards (or otherwise promoting national or local action to reduce
emissions).

Following the adoption of the air quality framework directive2 the European
Commission has come forward with proposals for a series of new air quality
standards to protect human health and ecosystems.  New limit values for
SO2, NOx, particulate matter and lead were adopted in 19993.  Limit values
for carbon monoxide (CO) and benzene should be agreed soon.  Under these
directives Member States and their local authorities will need to monitor air
quality and introduce improvement plans and programmes where air quality
fails to meet the specified criteria.   The Commission has also come forward
with new strategies to combat acidification and ozone for which the principal
policy instrument is an integrated set of national emission ceilings.    Taken
together, these initiatives form a comprehensive set of objectives for
2005/2010 not only for Community action but also for Member States and
their regional and local authorities.   If they can be achieved, they will serve
to raise the overall quality of life for everyone in Europe.

����� 7KH�ILUVW�$XWR�2LO�3URJUDPPH

Progress between now and 2010 will depend to a large extent on the
successful reduction of emissions from road transport.   Much has been
achieved already.

Directive 70/220/EEC was the first directive to lay down emission limits for
passenger cars4. Since then, subsequent amendments to Directive
70/220/EEC and the adoption of legislation for light commercial5 and heavy
duty6 vehicles have strengthened and extended Community policy in this
area. When Directive 70/220/EEC was again amended by the adoption of

                                                

2 Council Directive 96/62/EC on ambient air quality assessment and management

3 Council Directive 1999/30/EC; OJ No. L/63, 29.6.1999, p41

4 Directive 70/220/EEC; OJ No. L76, 06.04.1970, p.1

5 Directive 93/59/EEC; OJ No. L 186, 28.07.1993, p.21

6 Directive 91/542/EEC; OJ No. L 295, 25.10.1991, p.1
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Directive 94/12/EC it was calculated that emissions of regulated pollutants
would be reduced by over 90% by 1996/97 compared with their levels in the
early 1970’s.

At the same time, however, it appeared that the scope for making further
improvements in emissions performance was becoming increasingly limited
and that greater consideration needed to be given to the interaction between
vehicles and their fuels as well as other policy options, such as traffic
management, alternative fuels or the promotion of public transport.   The
European Commission therefore organised a conference in October 1992 to
discuss the issue of vehicle emission standards for the year 2000 and beyond.
The major conclusion of this conference was that future emission standards
should be based on a more comprehensive and integrated approach.

At the end of 1992 the Commission invited the European automobile and oil
industries to participate in a technical work programme with the aim of
providing policy-makers with an objective assessment of the most cost-
effective measures for reducing emissions from the road transport sector to a
level consistent with the attainment of the new air quality standards which
were being developed for adoption across the European Union.   This work
programme subsequently became known as the Auto-Oil Programme and
fulfilled the requirements for an integrated approach laid out in Directive
94/12/EC.

The scope of the Programme included studies on the future development of
emissions from the European vehicle fleet, modelling to predict air quality
for a range of pollutants, research on vehicle-fuel quality interactions (the
“European Programme on Emissions, Fuels and Engine Technologies”, or
EPEFE) and cost-effectiveness studies to help identify promising packages
of measures to meet air quality standards.   These latter studies included a
limited evaluation of “non-technical” measures such as enhanced inspection
and maintenance, fiscal instruments, traffic management, scrappage
subsidies and conversion to alternative fuels.

The first Auto-Oil Programme was concluded in 19967 and was closely
followed by the adoption of a Commission Communication on a future
strategy for the control of emissions from road transport (COM 96/248) and
proposals for directives on fuel quality and passenger car emissions.  These
were to be joined subsequently by proposals for:

• tighter emission standards for light commercial vehicles (adopted
by the Commission in February 1997),

• tighter emission standards for heavy-duty vehicles (adopted by
the Commission in December 1997), and

                                                

7 The European Auto Oil Programme, Directorate Generals for Industry; Energy; and Environment, Civil
Protection and Nuclear Safety, European Commission, 1996 (XI/361/96)
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• improved procedures for inspection and maintenance (e.g.
Directive 99/52/EC).

The focus of the Commission’s proposals was on a family of standards to
take effect from the year 2000.   However, it proposed at the same time that a
further programme should be launched in order to provide the technical
foundation for a second step in 2005 (for which a number of indicative
standards were already proposed).   In the event, however, the package of
measures on fuels and passenger car and light commercial vehicles adopted
in October 1998 by the Council and European Parliament8 went further than
anticipated and settled many, though not all, of the 2005 standards.  It was
estimated that the package would result in reductions in emissions per
vehicle in the order of 70% as compared with current (1996) standards.
The package included:

• A two-step tightening of vehicle emission limit values for
passenger cars and light commercial vehicles, with the first step in the
year 2000 and the second step in 2005;

• New environmental specifications for petrol and diesel fuels to
take effect from the year 2000; very low sulphur fuels to be mandatory
from 2005;

• Provision made for earlier phase-in of very low sulphur fuels
(2005 specifications);

• Leaded fuels to be phased out by 2000 (though with the
possibility of derogations up to 2005);

• Proposals to be brought forward by the Commission for further
complementing measures to take effect from 2005.

Similarly, agreement has recently been reached on emission limit values for
heavy-duty vehicles to take effect in 2000, 2005 and, for a further reduction
in NOx emissions, 2008.   The 2005 standards would effectively require the
fitting of particulate traps; the 2008 step would require deNox treatment.

����� 7KH�$XWR�2LO�,,�3URJUDPPH

The Auto-Oil II Programme (AOPII) was launched in Spring 1997 initially
in order to fulfil the aims of the review clauses in the Commission’s “Auto-
Oil I” proposals.  These referred to the need to come forward with an
updated strategy to meet the requirements of the Community air quality
standards and related objectives by 2010 at least cost.  In particular, the

                                                

8 Directive 98/69/EC of the European Parliament and of the Council relating to measures to be taken
against air pollution by emissions from motor vehicles and amending Council Directive 70/220/EEC;
Directive 98/70/EC of the European Parliament and of the Council relating to the quality of petrol and
diesel fuels and amending Council Directive 93/12/EEC



16

Commission was required to submit proposals for a further tightening of the
standards, confirming or amending the indicative values for the year 2005.

According to this “mandate” the programme needed to take account of the
following:

- trends in air quality towards the year 2010 and beyond;

- noxious pollutant emissions from transport and non-transport sources and
an estimate of the contribution that existing and pending and potential
emission reduction measures from all sources could make towards
improving air quality;

- technical developments with regard to vehicle technologies as well as new
propulsion technologies (e.g. electric propulsion, fuel cells) and their market
potential;

- refinery technologies;

- the potential for reducing vehicle emissions by the use of alternative fuels
such as natural gas (CNG), liquefied petroleum gas (LPG), dimethyl ether
(DME) and biofuels;

- possible improvements in the test procedures, in particular measurement
methods for particulates and consideration of extending durability
provisions;

- the potential and feasibility of technical, non-technical and local measures
to reduce vehicle emissions;

- captive fleets and the potential of fuels with very stringent environmental
specifications;

- the potential emission reductions to be gained from fixing the
environmental specifications of fuels to be used in agricultural tractors and
non-road mobile machinery;

- the contribution that selective and differentiated fiscal measures could
make to reducing vehicle emissions;

- the effect of any such measures on CO2 emissions

- the strategies followed by relevant third countries to improve air quality
and the emission limit values and environmental fuel specifications
envisaged in those strategies;

- the supply situation and qualities of crude oil available to the Community9.

                                                

9 Common Position text
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Following the final adoption of the “Auto-Oil I” Directives, the Commission
services produced revised terms of reference for AOPII in November 1998
(Annex A).   Two principal aims were proposed:

• To complete the work which is being done under Auto-Oil II to assess
future air quality and establish a consistent framework within which
different policy options to reduce emissions can be assessed using the
principles of cost-effectiveness, sound science and transparency; and

• To provide a foundation (in terms of data and modelling tools) for the
transition towards longer term air quality studies covering all emission
sources.

Within this relatively wide remit, there was still a specific need to provide
the analytical foundation for a limited remaining set of Community measures
which would take effect from around 2005 and would complement those
specifications which had already been fixed in the Auto-Oil I Directives.
These new measures could include:

• Community provisions for improved roadworthiness testing;

• environmental specifications for two and three wheeled vehicles;

• environmental specifications for petrol and diesel fuels complementing
the mandatory specifications for sulphur and aromatics;

• specifications for fuels used by captive fleets; and

• environmental specifications for liquid petroleum gas, natural gas and
biofuels.

These do not, however, alter the need to evaluate the potential of other
predominantly non-technical measures.

����� 7KH�$XWR�2LO�,,�3URJUDPPH�UHSRUW

This report summarises the full range of work carried out in the frame of
AOPII between 1997 and 1999.  It draws on the reports prepared by the
various working groups, sub-groups and their consultants and has been
prepared jointly by the Directorates General for Economic and Financial
Affairs, Enterprise, Energy and Transport, Environment, Research,  and
Taxation and Customs Union with the support of the Joint Research Centre.

The report covers the following:

• Organisation and methodology;

• The AOPII base case;

• Future European air quality;
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• Potential additional measures to reduce emissions;

• Integrated assessment;

• Evaluation of environmental benefits;

• Conclusions.

It is not the purpose of the report, however, to conclude in detail on the
further action which needs to be taken in the EU.  Those policy conclusions
will need to be proposed by the Commission and agreed through the normal
processes by the Council and the European Parliament. The purpose of this
report is rather to outline the options that might be considered.

The Commission services gratefully acknowledge the considerable
contribution from the many participants in the contact group, working groups
and sub-groups as well as the consultants and other experts who were
commissioned to deliver specific tasks.   The success of the Auto-Oil process
depends strongly on the active involvement of all the “air quality
stakeholders”.   In practice this is not so much a one-off exercise but a
continuing evolution in the working relationship between the European
institutions, Member States, industry, non-governmental organisations and
all other interest groups based on the common guiding principles of cost-
effectiveness, sound science and transparency.

Further information on the Auto-Oil Programme may be obtained from the
working group and consultants reports, available on the Auto-Oil II web sites
(listed in Annex B).
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��� 25*$1,6$7,21�$1'�0(7+2'2/2*<

����� 2UJDQLVDWLRQDO�VWUXFWXUH

The Auto-Oil II Programme (AOPII) was established with the aim of
engaging a wide community of interests.  This is reflected in the
organisational structure that was given to the programme.

Responsibility for the management of AOPII was delegated to an ad hoc
inter-service group comprising the Directorates General for Economic and
Financial Affairs, Enterprise, Energy and Transport, Environment, Research,
and Taxation and Customs Union.  Chairmanship of the group rotated
between the transport, energy, industry and environment DGs10.    Permanent
secretariat support and general project management was provided by the
Environment DG.   The group received regular progress reports from the
working groups and addressed other strategic issues.   It also reported
progress to a “contact group” made up of all the auto-oil stakeholders,
including Member States, industry, non-governmental organisations, other
experts and interested Members of the European Parliament.

Responsibility for carrying out the work was divided between seven working
groups.  Each of these was chaired by one of the Commission services but
brought together a wide range of expertise from stakeholders.

The groups were:

&KDLUHG�E\�'*�IRU�

:*� Environmental Objectives Environment

:*� Vehicle technology Enterprise

:*� Fuels Energy

:*� Inspection and maintenance Transport

:*� Non-technical measures Transport

:*� Fiscal instruments Taxation and Customs Union

:*� Cost-effectiveness Environment

Some of the groups also established ad hoc sub-groups in order to advance
certain technical issues.  These included sub-groups on air quality modelling,
city contact groups, joint WG2/3 sub-group and sub-groups on the
specification of non-technical measures.

The terms of reference, methodology and results from these groups are
described in their respective reports (listed in annex B).

                                                

10 The energy and transport DGs were merged towards the end of AOPII
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Figure 1 summarises the overall structure.

)LJXUH����6WUXFWXUH�RI�$XWR�2LO�,,�0DQDJHPHQW

����� 2YHUDOO�DSSURDFK

The aim in AOPII was to build on the approach of the first programme but
improving where possible.   Ideally, the overall methodology to be applied
would have consisted in the following steps, to be applied sequentially.

1) Identify environmental objectives for air quality (air quality standards or
emission ceilings);

2) Forecast base case trends in emissions of all pollutants from road
transport and other sources and at national and local scale, taking account
of changes in activity levels and impact of current and expected
legislation;

3) Forecast future air quality, at regional and urban scale, using air quality
models;

4) Establish emission reduction targets (or ideally functional relationships)
which will result in the achievement, as far as possible, of the
environmental objectives;

5) Collect input data on costs and effects of reducing emissions from road
transport and other sources and compute comparable output data,
including fiscal and local measures;

6) Carry out optimisation analysis where appropriate or otherwise rank
measures, and evaluate costs and benefits of strategy;

7) Disseminate results, including data, modelling tools, reports.

In practice, due to the limited time and resources available, only some of the
above steps were carried out, and the work took place in parallel rather than
sequentially. Thus, environmental objectives were set, an emissions base
case for road transport and for other sources was constructed, and future air

0DQDJHPHQW�*URXS
EC Inter-service Management Group

Co-ordination

&RQWDFW�*URXS
Joint MS, EP, Industry, NGO

Information Dessimination

0HPEHU�6WDWHV
Experts

,QGXVWU\
Experts

1*2V
Experts

���:RUNLQJ�*URXSV
Expert Level

'LUHFWRUV�*HQHUDO
Economic and Financial Affairs, Enterprise, Transport, Energy, Environment, Research, Taxation and Customs Union
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quality was assessed using a number of different approaches. A number of
potential policy scenarios were identified and their cost-effectiveness
assessed. However, the air quality projections were not used to establish
emission reduction targets based on the environmental objectives since they
were based on the emissions base case and only limited results were
available for the so-called source attribution functions, linking changes in
emissions for a specific source/location to changes in ambient
concentrations. This also prevented an optimisation analysis identifying the
most cost-effective scenarios to achieve the environmental objectives.
Various consultancy studies and services were commissioned by the working
groups, including from the Commission’s Joint Research Centre.   These
were focussed in particular on the assembly and processing of data and the
development and implementation of the models.  In many cases the
effectiveness of such work depended strongly on contributions from the
auto-oil stakeholders and their subsequent acceptance of the results.  Whilst
much is frequently made of the significance of the models in processes such
as auto-oil, it is ultimately the data which are both the more important and
often the more challenging and time-consuming to obtain.

7DEOH�����&RQVXOWDQF\�VWXGLHV�DQG�VHUYLFHV

66XXEEMMHHFFWW��RRII��VVWWXXGG\\ ,,QQVVWWLLWWXXWWLLRRQQ

$LU�TXDOLW\
VWXGLHV

Urban impact modelling JRC Environment Institute
(and contractors)

Generalised empirical assessment European Environment
Agency and topic centres

Emissions base case, data on other
sources”, evaluation of benefits, links to
cost-effectiveness

Sustainable Environment
Consultants (SENCO)

Compliance with National emission
ceilings

International Institute for
Applied Systems Analysis

&RVW�
HIIHFWLYHQHVV
DVVHVVPHQW

Road transport data; road transport and
optimisation models; cost-effectiveness
assessment

Standard and Poor’s
DRI/University of Leuven

,QVSHFWLRQ
DQG
0DLQWHQDQFH

Comparison of in-service tests University of Thessaloniki et
al

)XHOV�
YHKLFOHV

Questionnaires on costs/effects JRC Institute for Advanced
Materials

Study on refinery costs of changes in
fuels specifications; alternative fuels

Bechtel

Study on validity of EPEFE equations TÜV Rheinland

Study on motorcycle emissions TNO Road Vehicles
Research institute



����� (QYLURQPHQWDO�REMHFWLYHV

������� 6HOHFWHG�SROOXWDQWV

The selection of pollutants for study in AOPII was partly determined by the
relative significance of road transport as an emissions source but also by
practical questions of data availability.   Not surprisingly, there is a tendency
for data to be lacking in relation to “new” or emerging problem pollutants
and for it to be abundant in relation to pollutants which are closest to having
been eliminated as a serious threat.   In the first Auto-Oil Programme, there
was a severe lack of data on PM10 and limited scope for applying integrated
assessment techniques to the ozone problem. By the time of AOPII, the
position had improved in that more inventory and air quality data were
available on primary PM10 and that an integrated assessment model (RAINS)
had been developed for ozone.   However, insufficient data were available
either to look into PM2.5, secondary PM or other currently unregulated
pollutants which may be the subject of controls in the future.

The selected list of pollutants for study, therefore, was:

• Benzene (C6H6);

• Carbon Monoxide (CO);

• Nitrogen Dioxide (NO2);

• Particulate Matter (PM10);

• Ozone and its precursors: nitrogen oxides (NOx) and volatile
organic compounds (VOCs).

It was agreed, however, that whilst it was not possible at this stage to carry
out full air quality modelling, WG1 should also provide an indication of
future trends in emissions of the following pollutants, as far as the
information permits:

• 1,3 butadiene;

• PM2.5;

• Polycyclic aromatic hydrocarbons (PAHs).

The list of AOPII objectives does not include sulphur dioxide (where road
transport is a minor contributor) or lead (since the phasing out of lead in
petrol is already envisaged by 2000), though they are included in the
generalised empirical approach (chapter 4).

������� 2WKHU�HQYLURQPHQWDO�LVVXHV

Whilst the focus of the auto-oil programmes has been on the achievement of
air quality objectives, it was also acknowledged in AOPII that it is
increasingly important to consider the interactions with other environmental
objectives, particularly those relating to climate change.  The achievement of
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one environmental goal cannot be pursued with complete disregard to other
environmental or indeed economic and social goals.   In some instances there
will be a need to make choices about priorities; in other instances, it may be
possible to find productive synergies or at least find compensating measures
(such as the introduction of de-NOx catalysts to compensate for higher NOx
emissions from more energy efficient direct injection engines).

As far as the greenhouse gases are concerned, the AOPII methodology makes
provision for showing the impact of transport policy measures on future CO2

emissions trends11.  Other effects which can be assessed on an approximative
basis include effects on noise and accidents.  Extending the impact analysis
to other aspects such as CO2, noise and accidents is particularly useful when
looking at those structural instruments such as taxes or subsidies which
influence the transport sector as a whole rather than just the technical
performance of the fleet.

������� (QYLURQPHQWDO�REMHFWLYHV�IRU�DLU�TXDOLW\

The air quality objectives for AOPII (tables 2 and 3) have been based on
adopted or proposed Community directives, in particular the series of so-
called daughter directives which have been introduced pursuant to the 1996
air quality framework directive12.   These directives establish limit values (or
target values for ozone) for certain air pollutants which should be attained in
the Community before certain specified dates, and they require Member
States or local authorities to initiate plans and programmes of action where
air quality may fail to meet the specified criteria.   Some of the values are
expressed annually, which means that average air quality should comply with
those levels through the year; others are expressed as short term values and
are particularly targeted at pollution episodes or hot spots.

As far as regional ozone is concerned, the objectives can be expressed in two
complementary forms.  First, as a result of the Commission’s ozone strategy
and the further analysis which it has carried out for a combined approach to
combat acidification and ozone, the Commission has adopted a proposal for
a set of national emission ceilings for NOx, VOCs, SO2 and NH3 to be
achieved by 2010.  In nearly all cases Member States would have to make
further reductions in their emissions beyond the “reference case” (or the
AOPII base case) in order to meet those ceilings and achieve the interim
objectives for ozone which have been proposed by the Commission.
Second, the Commission has proposed a daughter directive for ozone which
is broadly consistent with the same interim objectives but which would help
to ensure a consistent minimum level of protection across the Community.

                                                

11 Other greenhouse gases were included in the modelling but the relevant emission factors were not
subjected to the same detailed scrutiny

12 Council Directive 96/62/EC on ambient air quality assessment and management
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7DEOH����������OLPLW�YDOXHV�DQG�WDUJHW�YDOXHV�IRU�SURWHFWLRQ�RI�KXPDQ
KHDOWK

33RROOOOXXWWDDQQWW $$YYHHUUDDJJLLQQJJ��SSHHUULLRRGG $$44��66WWDDQQGGDDUUGG��RREEMMHHFFWWLLYYHH 66WWDDWWXXVV
1 hour 200µg/m³  not to be

exceeded more than 18
times per calendar year
[99.8 per centile]

Council Directive
1999/30/EC, adopted 22
April 1999

12�

Calendar year 40µg/m³ “”
24 hours 50µg/m³  not to be

exceeded more than 7
times per year
[98 per centile]

“”30��
[LQGLFDWLYH]

Calendar year 20µg/m³ “”
&2 8 hours

(rolling basis)
10 mg/m³  (proposal
requires compliance by
2005)

Commission’s proposal
COM(1998) 591 Final

%HQ]HQH Calendar year 5µg/m³ “”
2]RQH
�WDUJHW
YDOXH�

Highest 8 hour
mean within one
day, calculated
from hourly
running 8-Hour
averages

120µg/m³ not to be
exceeded on more than 20
days per calendar year
averaged over 3 years

Commission’s proposal
COM(99) 125

7DEOH����1DWLRQDO�HPLVVLRQ�FHLOLQJV�IRU�12[��DQG�92&���WKRXVDQG
WRQQHV���WR�EH�DWWDLQHG�E\�������&20�����������

$$2233,,,,�� EEDDVVHH
FFDDVVHH��99��

1122[[

..LLOORRWWRRQQQQHHVV

11DDWWLLRRQQDDOO
HHPPLLVVVVLLRRQQ
FFHHLLOOLLQQJJ
1122[[��..LLOORRWWRRQQQQHHVV

$$2233,,,,�� EEDDVVHH
FFDDVVHH��99��

9922&&
..LLOORRWWRRQQQQHHVV

11DDWWLLRRQQDDOO
HHPPLLVVVVLLRRQQ
FFHHLLOOLLQQJJ
9922&&
..LLOORRWWRRQQQQHHVV

$XVWULD 98 91 196 129
%HOJLXP 161 127 171 102
'HQPDUN 133 127 81 85
)LQODQG 154 152 109 110
)UDQFH 873 679 1157 932
*HUPDQ\ 1099 1051 1152 924
*UHHFH 368 264 211 173
,UHODQG 63 59 41 55
,WDO\ 1048 869 1050 962
/X[HPERXUJ 10 8 6 6
1HWKHUODQGV 260 238 217 156
3RUWXJDO 130 144 145 102
6SDLQ 832 781 624 662
6ZHGHQ 198 152 283 219
8. 1235 1181 1597 964
(&�� 6652 5923 7040 5581

                                                

13 It should be noted that the figures quoted here are taken from the original Commission Proposal for a Directive on national
emission ceilings for certain atmospheric pollutants and were used as environmental objectives for the purposes of Auto-Oil II. At the
time of drafting this report, political agreement has recently been reached in Council on a different set of targets, but the final result
will depend on the outcome of the second reading in Parliament and a possible conciliation procedure.

The objectives driving the calculation of the NECs are set out in the explanatory memorandum and annex 1 of the Commission’s
proposal; for ozone they are

+HDOWK�UHODWHG�R]RQH�H[SRVXUH���The ozone load above the health-related criterion (AOT6013) is to be reduced by two-thirds in all
grid cells compared with the 1990 situation. In addition, the ozone load is not to exceed an absolute limit of 2.9 ppm.h in any grid
cell.

9HJHWDWLRQ�UHODWHG�R]RQH�H[SRVXUH���The ozone load above the vegetation-related criterion (AOT4013) is to be reduced by one-third
in all grid cells compared with the 1990 situation. In addition, the ozone load is not to exceed an absolute limit of 10 ppm.h above the
critical level for crops and semi-natural vegetation of 3 ppm.h in any grid cell.
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����� 7KH�$23,,�EDVH�FDVH

A major piece of work in AOPII was the construction of the base case.  It has
two main purposes.  First, it provides as consistent an overview as possible
of trends in the major pollutants up to 2020 and the basis for the estimation
of future air quality.   Following the adoption of the “Auto-Oil I” directives,
this has in practice become one of the most significant outputs from AOPII
since the bulk of measures to reduce emissions are now in the base case.

)LJXUH����&RQVWUXFWLRQ�RI�WKH�$23,,�EDVH�FDVH

:*�
'5,�.8/

:*�
6HQFR

:*����-5&�,VSUD

AOPII
Road Transport

Quantitative
Base Case
Emissions

(1990-2020)

TREMOVE
(version 1.3)Quantitative

Transport Sector
Data (1990-2020)

Quantitative
Other Sectors

Emissions
(1990-2020)

Urban Emission
Inventories

(1995)

Urban Air Quality
Concentration
Measurements

(1995)

AQ Models

Projected City
Emission Inventories

(2010)

Projected
Urban AQ

concentrations
(2010, 2020)

Projection

Qualitative
Base Case Scenario

(Other Sectors)

Qualitative
Base Case Scenario

(Transport sector)

AOP II
Emissions

Quantitative
Base Case

(1990-2020)

Emission
projection

indices

The second purpose is to provide a benchmark against which the incremental
costs and effects of future policy scenarios can be assessed. Because the
transport part of the base case was used as a reference to assess the
(incremental) costs and emission effects of a wide range of technical and
market-based pollutant abatement options, it contains a large number of
underlying transport sector data and parameters, such as lifetime driving
costs.

The scope and methodology behind the base case is described in detail in
two separate reports (see annex B), but in broad terms the overall base case
consists of a projection over the period 1990 to 2020 of emissions from all
sources at five-year intervals and incorporates the expected effects of the
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“Auto-Oil I” and other adopted or anticipated legislation.  The more detailed
road transport component provides data at yearly intervals.  For 1990-1995
(and in some cases 1996/97) historical data has been used.  Emission indices,
which are the ratios of emissions in any year divided by emissions in 1995,
have been developed to project future year emission inventories from the
1995 emission inventories, as inputs to the air quality modelling for past and
future years.

The base case covers EU15 countries, 3 non-EU countries and the 10 AOPII
cities.  Detailed analysis for nine EU countries for the road transport sector
was carried out, and the results extrapolated to the other 6 EU countries.  The
base case emissions scenario includes Estonia, Poland and Switzerland
because the air quality modelling covers parts of these countries.

7DEOH�����6HOHFWHG�SROOXWDQWV�LQ�WKH�$23,,�EDVH�FDVH

33RROOOOXXWWDDQQWW 77UUDDQQVVSSRRUUWW
%%DDVVHH��&&DDVVHH

22YYHHUUDDOOOO��%%DDVVHH��&&DDVVHH &&LLWW\\
%%DDVVHH��&&DDVVHH

&DUERQ�PRQR[LGH ✓ ✓ ✓

1LWURJHQ�R[LGHV ✓ ✓ ✓

1RQ�PHWKDQH�92& ✓ ✓ ✓

%HQ]HQH ✓ ✓ ✓

)LQH�SDUWLFXODWH�PDWHULDO ✓ ✓ ✓

&DUERQ�GLR[LGH ✓ ✓

6XOSKXU�GLR[LGH ✓ ✓

0HWKDQH ✓

3ULPDU\�30��RWKHU�WKDQ
IURP�GLHVHO�H[KDXVW

✓ ✓

7DEOH�����VXPPDU\�RI�JHRJUDSKLFDO�VFRSH�RI�$23,,�EDVH�FDVH

''RRPPDDLLQQ 22YYHHUUDDOOOO�� EEDDVVHH�� FFDDVVHH�� ±±
DDOOOO�� VVRRXXUUFFHHVV���� ���� \\HHDDUU
LLQQWWHHUUYYDDOOVV

55RRDDGG�� WWUUDDQQVVSSRRUUWW�� EEDDVVHH
FFDDVVHH�� ±±�� GGHHWWDDLLOOHHGG
EEUUHHDDNNGGRRZZQQ�� RRII�� $$2233,,,,
FFLLWW\\���� XXUUEEDDQQ�� DDQQGG�� QQRRQQ��
XXUUEEDDQQ

$$2233,,,,��FFLLWW\\��EEDDVVHH��FFDDVVHH

)LQODQG
)UDQFH
*HUPDQ\

*UHHFH
,UHODQG
,WDO\
1HWKHUODQGV
6SDLQ
8.

✔
✔
✔

✔
✔
✔
✔
✔
✔

✔
✔
✔

✔
✔
✔
✔
✔
✔

Helsinki
Lyon
Berlin
Cologne
Athens
Dublin
Milan
Utrecht
Madrid
London

$XVWULD
%HOJLXP
'HQPDUN
/X[HPERXUJ
3RUWXJDO
6ZHGHQ

✔
✔
✔
✔
✔
✔

(VWRQLD
3RODQG
6ZLW]HUODQG

✔
✔
✔
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The base case is essentially a “business-as-usual” scenario.  This does not
mean that it is a prediction of what will actually happen but rather of what
could happen if no further interventions are made beyond what is now agreed
or firmly in the pipeline.   It does not necessarily follow, however, that the
base case gives a worst case view of trends in emissions, since it is possible
for example that economic activity increases faster or that the
implementation of legislation and other measures is less successful than
originally hoped.

The policy measures for inclusion in the base case were assessed on a case
by case basis but in principle the base case includes policy measures which
are the subject of:

• officially declared current reduction plans, e.g. in response to
UNECE protocols under the Convention on Long-range Transboundary
Air Pollution (this does not include the draft protocol on SO2, NOx,
VOCs and NH3 due to be signed in December 1999);

• adopted national and international legislation for emission
control;

• proposed Directives adopted by the Commission but taking
account of any subsequent modifications agreed in Council or between
Council and Parliament.

As far as road transport is concerned it includes all existing legislation on
emission standards plus:

• Directive 98/69/EC – passenger cars and light commercial vehicles
(EURO III and IV);

• Directive 98/70/EC – quality of petrol and diesel fuels (2000
specifications and 2005 specifications for sulphur and aromatics (in
gasoline));

• Council Common Position 22 April 1999 on the Commission’s proposal
for heavy duty vehicle standards (COM(97)627 Final and COM(1998)
776 Final).

The base case also assumes, through the adoption of compatible fuel
efficiency improvement factors for the future car fleet, the full
implementation of the voluntary agreement with ACEA and anticipated
agreements with JAMA/KAMA to reduce CO2 emissions from passenger
cars.

����� $LU�TXDOLW\�VWXGLHV�DQG�HPLVVLRQ�UHGXFWLRQ�WDUJHWV

The main aims of the air quality studies were:
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• To carry out a “baseline assessment” of future air quality in the
European Union using the AOPII base case and focusing, at least in the
first instance, on 2010.

• To identify the extent and severity of any predicted exceedences
of the environmental objectives.

• To provide functional relationships linking reductions in
emissions to air quality improvement or otherwise propose emission
reduction targets which would result in the achievement of the
objectives.

• To confirm the effectiveness of packages of potential measures
identified during the course of the integrated assessment process.

������� 5HJLRQDO�VFDOH�R]RQH

Combating pollution from tropospheric, or “ground-level”, ozone is and will
continue to be a major challenge for the Community.   At the same time as
they initiated the second Auto-Oil programme, the Commission services also
began to develop an extensive ozone strategy based on a similar aim of
developing objectives, targets and an implementing strategy  to be achieved
by 2010.   This developing strategy was linked to the Commission’s 1997
acidification strategy14 and subsequently led to a combined analysis to
identify a cost-effective strategy to meet both objectives for ozone and
acidification.   The principal instrument for achieving this strategy at the
Community level is the proposal for national emission ceilings.

Considerable air quality and integrated assessment modelling was carried out
during the course of the development of the ozone strategy and combined
analysis, including the estimation of future ozone concentrations on a
“business as usual” scenario.   In view of this, it was not necessary in AOPII
to repeat the regional ozone modelling, though several presentations and
progress reports were given to the working groups.   A short description of
the conclusions from that work, however, is provided in chapter 4 of this
report.  Further information can be obtained from the Consolidated Report
“Tropospheric Ozone in the European Union” (EEA, EC, February 1999),
the IIASA reports (available from DG Environment) and the explanatory
memorandum to the Commission’s proposals for directives on national
emission ceilings and ozone (COM(1999)125 Final).

������� 8UEDQ�LPSDFW�DVVHVVPHQW

The main modelling activity undertaken for AOPII was the urban impact
assessment co-ordinated by the Environment Institute of the Joint Research
Centre.  This work concentrated on the detailed examination of air quality in
ten selected cities and a large surrounding area (figure 3).  The selected
cities were:

$WKHQV���������Berlin         &RORJQH���������Dublin         Helsinki         /RQGRQ
������/\RQ������������0DGULG��������0LODQ  (and Reggio Emilia)       Utrecht

                                                

14  COM(97) 88 Final
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The six cities highlighted in bold were also studied in the first Auto-Oil
Programme.  The seventh “Auto-Oil I” city, The Hague, was replaced by
Utrecht since more of the modelling domain would be on land and therefore
cover a greater population.   The cities of Berlin, Dublin, and Helsinki were
proposed by representatives from the German, Irish and Finnish
Governments respectively.

In order to strengthen the links with the cities and improve the data exchange
and validation processes, a city contact group was established with
representatives from all the AOPII cities.   This helped to ensure that local
knowledge could be drawn on as far as possible.

The urban impact assessment covered three types of modelling:

• Reactive modelling for CO, NO2/NOx, benzene, and (“urban”) ozone;

• PM10 modelling; and

• Street canyon modelling.

The reactive modelling was carried out in all ten AOPII cities (the Milan
domain included a study of the smaller city of  Reggio Emilia in order to see
air quality effects downwind of a major conurbation).  The PM10 modelling
was carried out in all cities except Athens and Dublin (for which insufficient
data was available).   The street canyon modelling was carried out in Berlin
and Milan only.

The outputs from the studies have been presented in a number of forms:

• Graphical presentation of modelling domains;

• Emissions in 1995 and predicted emissions for 2010 using the AOPII
base case (including local modifications); average emissions per grid
cell; break down of emission sources from highest emitting grids;

• Modelled concentrations for 1995 and 2010;

• Modelled change in concentration between 1995 and 2010;

• Source attribution for 40 grid cells with highest concentrations.

The AOPII cities provide a reasonable representation of the larger cities in
the European Union in terms of population, location and air quality.   In
terms of air quality the selection is weighted rather more towards the more
polluted end of the spectrum but this is ultimately the part which requires the
closest study.   Figure 4 plots average NO2 concentrations for the AOPII
cities against a sample of around 120 larger EU cities for the period 1992 –
1996.
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)LJXUH�����6FRSH�RI�DLU�TXDOLW\�PRGHOV�XVHG�LQ�$23,,
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������� *HQHUDOLVHG�HPSLULFDO�DSSURDFK

As a complement to the detailed study of the ten AOPII cities the European
Environment Agency and its topic centres on air quality and emissions
developed the “generalised empirical approach” (GEA).  The aim of the
exercise was to estimate air quality for a larger number of European cities
and hence the size of the urban population living in cities which are in
compliance with air quality objectives in future years.

Using a variety of models the GEA gives results for SO2, NO2, primary
PM10, CO, benzene, lead, B(A)P and ozone.   These results help both with
the generalisation of the urban impact model results and the extrapolation of
conclusions from the integrated assessment.

������� )XQFWLRQDO�UHODWLRQVKLSV�YHUVXV�HPLVVLRQ�UHGXFWLRQ�WDUJHWV

Though superficially attractive, emission reduction targets are not the ideal
output from the air quality studies.   It may be possible to show that a certain
uniform reduction in emissions from all sources would result in compliance
with the air quality standards in a city; but then it could be possible also to
show that a smaller overall reduction focused on certain sectors only would
have equal effect.   The actual impact of emissions on air quality will
depend, for example, on height, distance or timing of release as well as the
prevailing weather conditions.   In the case of reactive pollutants there may
be several combinations of reductions (e.g. of the ozone precursors) which
would result in the same air quality.    In an ideal world, the emission
reduction targets should be an output from rather than an input to the
integrated assessment.

The alternative approach is to develop functional relationships which link
emissions to air quality inside the integrated assessment model.  The
objective given to the model is then to achieve the objective rather than the
emission reduction target.    This was achieved in the ozone strategy as far as
the objectives for “regional” ozone were concerned with one output being
the national emission ceilings (which are in effect an emission reduction
target).    A simple approach was also partially developed in AOPII to
provide functional relationships for NO2 by weighting the costs (or effects)
of measures according to their calculated influence on air quality in the
targeted grid cells.  However, the approach remains highly complex and risks
losing the transparency of a more iterative approach.  Analysis of possible
measures in the event tended to rely more on the development of “source
attribution” tables, alternative emission scenarios and the cost-effectiveness
assessment of emission reductions.

In the event, it was not possible to use either approach for the reasons
described in section 2.2, i.e. the lack of sufficiently detailed and timely
results linking changes in emissions for a specific source/location to changes
in ambient concentrations.

����� ,QWHJUDWHG�DVVHVVPHQW�RI�PHDVXUHV

Whilst the task of the air quality studies was to identify and quantify the
predicted exceedences of the environmental objectives, the aim of the
integrated assessment was to seek cost-effective strategies for meeting those
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objectives.  The focus of the exercise was on measures to reduce emissions
from road transport sources. Although it was also required to take into
account the potential to reduce emissions from all sources, such as energy
production, industry, other mobile and domestic sources, insufficient data
could be generated within the scope of AOP-II to do this in a systematic way.
Nevertheless, as wide a range of types of measure as possible was to be
considered including cleaner gasoline and diesel fuels, promotion of
enhanced environmentally-friendly vehicles (EEVs), alternative fuels, city
fuels, enhanced inspection and maintenance, traffic management, increased
public transport, congestion charging and the application of fiscal
instruments.   Some of the measures would have a Community-wide
application but many could be introduced at a national or urban level.

������� 6FHQDULRV�DQG�GDWD�RQ�FRVWV�DQG�HIIHFWV

A major part of AOPII was devoted to the assembly of a list of scenarios for
reducing emissions from the road transport sector.  In most cases this
included the requirement for input data on costs and effects (e.g. per vehicle
or per kilometre driven).  At the outset of the programme, considerable
discussion was devoted to the need to assemble data on enhanced vehicle
technologies and the link to lower sulphur fuels.   In the event, some of these
issues have largely moved into the base case as agreement was reached on
the “Auto-Oil I” directives to set 2005 standards without further technical
study.     It is already clear that these measures will most probably deliver the
bulk of reductions in conventional emissions required from the transport
sector over the coming decade.  The key remaining options for consideration
are:

• Tighter standards for motorcycles;

• Improved specifications for petrol and diesel (though the specifications
for sulphur and aromatics (in gasoline) are already fixed);

• Enhanced I&M

• Traffic management and other local measures, including promotion of
public transport;

• Use of fiscal instruments.

The methodologies and results from each of the working groups are
described in chapter 5.  The integrated assessment is described in chapter 6.

Data on costs and effects of reducing emissions from other sources was
taken from the database in the RAINS model used for the acidification and
ozone strategies15.    This database includes measures to reduce NOx and
VOC emissions (as well as sulphur dioxide and ammonia) by country.   This
had to be scaled down where necessary in order to have AOPII city
databases.  Types of measure in the database included:

                                                

15 See, for example, Sixth Interim Report to the EC on Cost-effective Control of Acidification and Ground-
level Ozone, IIASA October 1998
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for NOx control:

• Combustion modification of existing boilers;

• Selective catalytic or non-catalytic reduction;

• Low-NOx burners;

• Control of process emissions;

for VOC control:

• Modification of production processes or storage tanks;

• Improvement of management practices (e.g. good house-keeping, leak
monitoring and repair programmes);

• Solvent substitution;

• Add-on technologies such as thermal or catalytic incineration,
adsorption, absorption, condensation/refrigeration and bio-oxidation.

As mentioned above, data on PM control from other sources were
particularly scarce and it was not possible to compile a similar data-base.
This is an area of work which requires considerable development over the
coming years not least in order to support the Commission’s development of
a longer term and more integrated air quality strategy.

������� ,QWHJUDWHG�DVVHVVPHQW�PRGHOOLQJ

The integrated assessment modelling had to perform a number of distinct
roles.   First, it had to process a wide variety of input scenarios and data on
reducing road transport emissions into a consistent set of results with
comparable costs and effects.  Second, it had to carry out a cost-effectiveness
assessment of strategies to meet all outstanding environmental objectives,
including, therefore, both “regional” ozone objectives and “local” air quality
standards.

Two analytical tools were developed for these purposes: a transport
simulation tool “TREMOVE” and an optimisation tool “LEUVEN II”.

The bulk of the analysis is centred on the TREMOVE model which enables
the analysis of technical and market based solutions on an equal footing.  For
each country considered, policy options can be defined at the level of a
sample city, the other urban areas as a whole, the non-urban areas or the
country as a whole.  A European assessment is carried out by considering all
countries (or areas) simultaneously.  The common cost denominator is the
total cost to society (i.e., the transport users, service providers and
government).  The model also accounts for induced emission effects due to
model shifts.  The latter may occur when policy options significantly upset
the price structure of currently used transport modes (including non-
motorised, road, rail and waterway transport for passengers and/or freight).
Part II of the cost-effectiveness study report contains further detail about the
TREMOVE model.

LEUVEN II is an optimisation tool designed to aid the selection of cost-
effective solutions to meet environmental targets (which can differ by
geographical domain e.g. different cities or different countries).  It is thus a
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tool which can help to assess the extent to which Community policies might
be justified or when the application national or sub-national measures may
provide more cost-effective solutions.  LEUVEN II was not in the event used
within AOP-II because of the unavailability of essential input data linking
changes in emissions to changes in air quality, as described in section 2.2.

It should be noted, however, that the tools are developed for a strategic
analysis rather than for studying detailed local solutions.  They provide
benchmarking capacity for either more detailed or more aggregated
exercises.   They do not result in “blueprint” solutions for the AOPII cities;
city-based solutions need to be built bottom-up taking account of the
specificities of the local situation.
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��� 7+(�$872�2,/�,,�%$6(�&$6(

����� 7UDQVSRUW�DFWLYLW\�GDWD

The AOPII base case includes a considerable amount of data on historic and
projected transport demand and activity levels.   This data is required in
order to be able to estimate the effects of potential policy measures on
demand, modal choice etc.

Figure 5 and Table 6 summarise some of the most important assumptions
driving emissions, i.e. transport demand growth forecasts for the nine
countries analysed in detail.  Transport demand data and forecasts were
collected from local, national or international authorities, whenever a source
could be found.  Where no such data were available at the desired level of
detail, assumptions made to prepare forecasts have been clearly disclosed in
the reports.

)LJXUH����8QGHUO\LQJ�$23,,�WUDQVSRUW�EDVH�FDVH�SURMHFWLRQV
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In the past decades transport demand has increased rapidly in Europe.  This
trend is expected to continue albeit at a slower pace due to the gradual
saturation of the infrastructure.  The average growth rate is still expected to
reach about 1.2 percent per year until 2020.  Higher growth rates are
expected in countries with currently lower GDP/capita; lower growth rates
are expected within major cities.



36

7DEOH����7RWDO�WUDQVSRUW�GHPDQG�SHU�FRXQWU\

������� ������� ������� ������� ������� �������
Finland 1.2% 2.8% 1.6% 1.2% 0.9% 0.6%
France 2.5% 2.3% 2.1% 1.8% 1.6% 1.5%
Germany 1.5% 1.7% 1.6% 1.0% 0.5% 0.5%
Greece 3.9% 2.6% 2.6% 2.7% 2.5% 2.6%
Ireland 4.8% 3.5% 2.4% 1.2% 0.9% 0.9%
Italy 3.5% 1.6% 1.6% 1.6% 1.6% 1.6%
Netherlands 2.3% 1.7% 1.3% 1.2% 1.1% 1.0%
Spain 3.3% 3.0% 2.6% 2.3% 1.8% 1.6%
UK 1.0% 1.9% 1.7% 1.6% 1.5% 1.2%

7RWDO�WUDQVSRUW�GHPDQG��LQ�YNP��SHU�FRXQWU\
average annual compound growth rate

Table 7 shows the trends in road transport demand growth per mode. Again,
the growth of private passenger car use shows a gradual slow down. Truck
use is expected closely to follow underlying GDP growth rates. Trends in
non-road transport demand (e.g. rail and inland waterway transport), not
shown here, were also assumed to follow GDP growth.

7DEOH����7RWDO�URDG�WUDQVSRUW�GHPDQG�E\�PRGH

������� ������� ������� ������� ������� �������
Total 2.2% 2.0% 1.8% 1.6% 1.3% 1.2%
Buses & coaches 1.8% 1.1% 1.6% 1.7% 1.4% 1.4%
Cars 2.1% 2.0% 1.8% 1.5% 1.3% 1.2%
Train & metro 4.0% 3.2% 2.0% 1.9% 1.5% 1.7%
Trucks 2.9% 2.2% 1.9% 1.7% 1.6% 1.5%
Motorcycles 1.8% 1.8% 1.8% 1.8% 1.4% 1.4%
Non-motorised 0.4% 1.1% 1.1% 0.9% 0.6% 0.6%

7RWDO�WUDIILF�GHPDQG��LQ�YNP��LQ�(XURSH��
average annual compound growth rate

Table 8 compares national traffic growth rates for passenger transport.  In
most cases this shows a gradual slowing down, the exception being in
Greece where continued growth is based on the assumption that the Greek
economy (and traffic in particular) will move somewhat rapidly towards the
European average.  Table 9, on the other hand, gives the modal share for
passenger transport and confirms the dominance of private road transport
over the other modes (public transport, trains, and buses).  Differences
reflect the specificities of each country.  For example, the relatively lower
modal share of cars in the Netherlands is explained by the use of two-
wheelers (both motorised and non-motorised), while in Greece, it is a greater
importance of motorcycles and buses.
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7DEOH����7RWDO�SDVVHQJHU�WUDIILF�GHPDQG

������� ������� ������� ������� ������� �������
Finland -0.5% 2.4% 1.2% 1.0% 0.7% 0.5%
France 1.9% 2.4% 2.2% 1.9% 1.7% 1.7%
Germany 1.4% 1.6% 1.6% 1.1% 0.5% 0.5%
Greece 3.0% 2.4% 2.4% 2.5% 2.3% 2.5%
Ireland 5.0% 3.8% 2.5% 1.2% 0.9% 0.9%
Italy 3.0% 1.5% 1.5% 1.6% 1.7% 1.7%
Netherlands 2.1% 1.6% 1.1% 1.0% 0.7% 0.7%
Spain 3.3% 2.9% 2.7% 2.4% 1.8% 1.5%
UK 0.3% 1.4% 1.1% 1.1% 1.1% 1.1%

7RWDO�SDVVHQJHU�WUDQVSRUW�GHPDQG��LQ�SNP��SHU�FRXQWU\
average annual compound growth rate

7DEOH����0RGDO�VKDUH�RI�FDUV�LQ�SDVVHQJHU�WUDQVSRUW

���� ���� ���� ���� ���� ���� ����
Finland 78% 79% 80% 80% 80% 80% 80%
France 80% 83% 83% 82% 82% 81% 81%
Germany 83% 83% 83% 83% 83% 83% 83%
Greece 66% 68% 69% 68% 68% 68% 67%
Ireland 77% 78% 79% 79% 79% 79% 79%
Italy 75% 76% 76% 77% 77% 77% 76%
Netherlands 79% 79% 79% 79% 79% 80% 81%
Spain 79% 77% 79% 79% 79% 79% 79%
UK 88% 89% 89% 89% 89% 90% 90%

&DUV���PRGDO�VKDUH�LQ�SDVVHQJHU�WUDQVSRUW

Table 10 shows the total stock of vehicles by main category for the nine
countries reviewed here. Values for 1990 and 1995 are based on historical
data; values from 2000 onwards are forecasts.  Table 11 shows the car
density in each country by way of validation of the vehicle stock
calculations.

7DEOH�����(8��&RPSDULVRQ�RI�YHKLFOH�VWRFNV�E\�FDWHJRU\

���� ���� ���� ���� ���� ���� ����
Buses & coaches 367 398 419 450 487 520 557
Cars, gasoline 107,815 116,063 122,381 129,691 137,906 145,023 151,784
Cars, diesel 16,708 21,145 25,400 28,643 29,997 30,344 30,643
Cars, LPG 1,666 1,564 1,649 1,744 1,804 1,826 1,834
LGV 10,048 11,618 13,191 14,532 15,804 17,282 18,817
HGV 2,726 2,965 3,170 3,409 3,638 3,933 4,246
Motorcycles 16,106 17,835 19,562 20,776 22,121 22,923 23,722

9HKLFOH�VWRFNV�LQ�(XURSH����WKRXVDQGV�
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7DEOH�����(8��&RPSDULVRQ�RI�SDVVHQJHU�FDU�GHQVLWy

���� ���� ���� ���� ���� ���� ����
Finland 370 370 402 407 407 401 394
France 389 433 449 461 471 477 485
Germany 467 495 520 553 581 596 611
Greece 163 199 220 242 270 300 337
Ireland 238 275 319 352 367 379 392
Italy 463 482 496 509 524 541 558
Netherlands 365 367 378 389 400 414 429
Spain 249 276 320 364 407 444 478
UK 378 422 453 484 523 558 589
Average 392 423 447 472 497 516 536

1XPEHU�RI�FDUV�SHU�WKRXVDQG�LQKDELWDQWV

The cost and price data included in the road transport base case are used to
calculate generalised prices for travel by transport mode category.  The use
of generalised prices reflects the total cost of using a transport mode.  It is
calculated as the sum of three elements, i.e. resource costs (including vehicle
purchase, maintenance, insurance and fuel costs, excluding taxes), taxes or
subsidies, and travel time costs (including waiting and walking time for
public transport).  For private transport, the resource costs and
taxes/subsidies are used to compute the lifetime driving cost, i.e., the sum of
all costs incurred annually in the exercise of driving, plus an annuity of the
purchase cost.  The purchase price, including taxes, are converted to
equivalent annuities over the lifetime of the vehicle (e.g., approximately 12
years in 1995 for France).

Table 12 shows an example of the calculated lifetime driving cost for a
medium gasoline car computed for the nine EU countries. On average (and
assuming that there are no further interventions to increase duties or other
costs), future lifetime driving costs are expected to decrease, mainly due to
improved fuel efficiency of the fleet and, consequently, decreasing fuel costs.

7DEOH�����/LIHWLPH�GULYLQJ�FRVWV��DYHUDJH�FRPSRXQG�JURZWK

������� ������� ������� ������� ������� �������
Finland 0.9% 1.6% 0.1% -0.2% -0.9% -0.8%
France 0.6% 0.2% -0.4% -1.2% -1.3% -1.2%
Germany -0.6% -0.2% -0.3% -0.6% -0.4% -0.3%
Greece 1.1% -2.6% -1.2% -0.8% -0.7% -0.4%
Ireland -0.7% -0.8% 0.0% -0.4% -0.5% -0.3%
Italy -2.8% -0.9% -1.0% -1.2% -1.2% -1.2%
Netherlands 0.3% -0.4% 0.0% -0.3% -1.0% 0.1%
Spain -1.5% 0.3% 0.0% -0.2% -0.4% -0.3%
UK 1.2% 1.2% 0.8% -0.3% -0.4% -0.3%

/LIHWLPH�FRVW��PHGLXP�JDVROLQH�FDU
average annual compound growth rate
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����� (PLVVLRQV�IURP�URDG�WUDQVSRUW

In spite of the projected increases in traffic and stocks, the effects of
improved fuels and tighter vehicle standards is to drive down emissions of
all the conventional pollutants to roughly 20% of their 1995 levels (figures 6
and 7).   In effect, it has been possible to de-couple traffic-related pollution
from economic growth and, with further cleaner technologies potentially
available in the future, there is no reason to believe that this de-coupling
could not be maintained.

This position can be contrasted with that of CO2 emissions from road
transport.  Even if an allowance is made for the successful implementation of
the voluntary agreement (which, because of the assumptions made about
improved vehicle efficiency, gives a lower forecast than usually seen),
emissions are expected to be 10-15% higher in 2010 than in 1995.   On the
other hand, stabilisation of emissions around 2005 would still mark a limited
de-coupling from economic growth.

The road transport base case can also show breakdowns of trends in
emissions for each of the nine AOPII countries, including the split between
urban and non-urban traffic and between the various transport modes (e.g.
chart 1).

)LJXUH����&RPSDULVRQ�EHWZHHQ�WUHQGV�LQ�HFRQRPLF�DQG�WUDQVSRUW
JURZWK�DQG�HPLVVLRQV�IURP�URDG�WUDQVSRUW
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)LJXUH����5RDG�WUDQVSRUW�HPLVVLRQV�LQ�(XURSH
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HDV 274,519 260,678 223,485 177,342 120,396 91,759 78,667
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Cars 666,766 526,825 365,082 221,660 125,719 92,706 82,980
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����� (PLVVLRQV�IURP�DOO�VRXUFHV

These detailed road transport emissions forecasts have been integrated into
an overall AOPII base case for all emission sources in the EU.   The base
case has been made as comprehensive as possible and is broadly consistent
with that used in the development of the acidification and ozone strategies
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(the exception being the new transport data).   The summary tables below
provide data on predicted emissions from ten source categories and for six
pollutants: NOx, SO2, NMVOV, PM10, CO and benzene.  There remain
significant uncertainties in the data for the last three pollutants.  Important
uncertainties exist also for the specific categories of gasoline and non-
exhaust emissions from road transport, but it is useful to flag up their
potential contribution to future PM concentrations and the need to include
them in emission inventories.  On the other hand, it was decided that there
was insufficient data on re-suspension of road dust for it yet to be included in
the PM10 projections, though this may be an important source of “emissions”
in some cities.

7DEOH�����(8�1LWURJHQ�2[LGHV�(PLVVLRQV��E\�FRXQWU\�����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW&&RRXXQQWWUU\\

���� ���� ���� ���� ���� ���� ����

$XVWULD 212 187 157 126 98 88 84

%HOJLXP 287 259 223 190 161 154 152

'HQPDUN 268 234 199 164 133 124 121

*HUPDQ\ 2707 2307 1889 1474 1099 990 945

)LQODQG 260 241 211 182 154 144 139

)UDQFH 1920 1706 1406 1120 873 798 772

*UHHFH 334 354 361 364 368 356 354

,UHODQG 106 99 88 75 63 58 57

,WDO\ 1862 1773 1541 1286 1048 978 954

/X[HPERXUJ 19 17 14 12 10 9 9

1HWKHUODQGV 485 436 375 311 260 245 243

3RUWXJDO 208 202 180 154 130 121 117

6SDLQ 1206 1200 1092 960 832 778 757

6ZHGHQ 331 310 271 233 198 184 178

8. 2620 2283 1913 1540 1235 1160 1135

(8�� 12824 11608 9920 8190 6661 6188 6015
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7DEOH�����(8�6RXUFHV�RI�1LWURJHQ�2[LGHV��E\�VHFWRU����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW66HHFFWWRRUU

���� ���� ���� ���� ���� ���� ����

$JULFXOWXUH 341 315 289 263 237 237 237

&RPEXVWLRQ�
HQHUJ\

2757 2396 2035 1673 1312 1312 1312

&RPEXVWLRQ�
LQGXVWU\

811 795 779 764 748 748 748

&RPEXVWLRQ�� QRQ�
LQGXVWU\

571 584 596 608 620 620 620

)XHO�H[WUDFWLRQ 0 0 0 0 0 0 0

2WKHU�PRELOH 1771 1695 1619 1544 1468 1468 1468

3URFHVV 708 692 676 661 645 645 645

5RDG�WUDQVSRUW 5865 5131 3925 2678 1631 1157 985

6ROYHQW 0 0 0 0 0 0 0

:DVWH 0 0 0 0 0 0 0

(8�� 12824 11608 9920 8190 6661 6188 6015

5HGXFWLRQ� IURP
����

-10% 0% 15% 29% 43% 47% 48%

7DEOH�����(8�6XOSKXU�'LR[LGH�(PLVVLRQV��E\�FRXQWU\�����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW&&RRXXQQWWUU\\

���� ���� ���� ���� ���� ���� ����

$XVWULD 89 64 58 58 40 40 40

%HOJLXP 324 290 245 215 192 192 192

'HQPDUN 177 226 132 100 93 93 93

*HUPDQ\ 5239 860 802 745 578 578 578

)LQODQG 224 172 144 151 154 154 154

)UDQFH 1137 748 713 561 446 446 446

*UHHFH 494 1519 1027 862 541 541 541

,UHODQG 175 195 116 96 66 66 66

,WDO\ 1606 931 868 697 564 564 564

/X[HPERXUJ 13 9 9 9 8 8 8

1HWKHUODQGV 190 119 111 94 72 72 72

3RUWXJDO 275 280 139 141 141 141 141

6SDLQ 2156 1691 1204 1217 773 773 773

6ZHGHQ 115 79 79 73 66 66 66

8. 3783 2556 1841 1441 1083 1083 1083

(8�� 15996 9739 7489 6460 4817 4817 4817
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7DEOH�����(8�6RXUFHV�RI�6XOSKXU�'LR[LGH��E\�VHFWRU����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW66HHFFWWRRUU

���� ���� ���� ���� ���� ���� ����

$JULFXOWXUH 96 98 99 100 101 101 101

&RPEXVWLRQ�
HQHUJ\

10110 5992 4391 3504 2134 2134 2134

&RPEXVWLRQ�
LQGXVWU\

2240 1063 834 831 774 774 774

&RPEXVWLRQ�
QRQ�LQGXVWU\

1281 794 632 574 345 345 345

)XHO�H[WUDFWLRQ 671 359 271 281 300 300 300

2WKHU�PRELOH 323 188 176 179 197 197 197

3URFHVV 1148 1102 1001 974 948 948 948

5RDG�WUDQVSRUW 127 143 85 18 18 18 18

6ROYHQW 0 0 0 0 0 0 0

:DVWH 0 0 0 0 0 0 0

(8�� 15996 9739 7489 6460 4817 4817 4817

5HGXFWLRQ� IURP
����

-64% 0% 23% 34% 51% 51% 51%

7DEOH�����(8�&DUERQ�0RQR[LGH�(PLVVLRQV��E\�FRXQWU\�����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW&&RRXXQQWWUU\\

���� ���� ���� ���� ���� ���� ����

$XVWULD 1739 1526 1397 1287 1201 1144 1122

%HOJLXP 921 787 630 465 370 317 303

'HQPDUN 786 654 572 490 440 402 386

*HUPDQ\ 12346 9353 7892 6404 5240 4637 4381

)LQODQG 522 498 360 281 222 167 131

)UDQFH 9522 8156 6748 5498 4749 4355 4249

*UHHFH 1029 1043 854 722 636 578 564

,UHODQG 299 279 260 213 173 151 142

,WDO\ 7674 8396 7435 6540 5898 5544 5441

/X[HPERXUJ 169 159 151 147 143 141 141

1HWKHUODQGV 1272 1240 1062 876 754 659 620

3RUWXJDO 1067 982 875 758 692 651 635

6SDLQ 4772 4227 3752 3246 2937 2760 2681

6ZHGHQ 970 933 719 594 505 419 361

8. 7038 5669 4122 2659 1855 1368 1150

(8�� 50126 43903 36829 30180 25815 23294 22308
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7DEOH�����(8�6RXUFHV�RI�&DUERQ�0RQR[LGH��E\�VHFWRU����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW66HHFFWWRRUU

1990 1995 2000 2005 2010 2015 2020

$JULFXOWXUH 579 573 567 561 555 550 544

&RPEXVWLRQ�
HQHUJ\

651 690 728 787 808 866 923

&RPEXVWLRQ�
LQGXVWU\

3398 3086 3138 3108 3013 2941 2919

&RPEXVWLRQ�
QRQ�LQGXVWU\

6775 5892 5901 5919 5962 5970 5953

)XHO�H[WUDFWLRQ 61 60 59 59 58 58 57

2WKHU�PRELOH 1924 1905 1886 1866 1847 1828 1809

3URFHVV 2622 2596 2569 2543 2517 2491 2465

5RDG�WUDQVSRUW 31362 26372 19280 12662 8407 5973 5048

6ROYHQW 1 1 1 1 1 1 1

:DVWH 2755 2728 2700 2672 2645 2617 2590

(8�� 50126 43903 36829 30180 25815 23294 22308

5HGXFWLRQV� IURP
����

-14% 0% 16% 31% 41% 47% 49%

7DEOH�����(8�30���(PLVVLRQV��E\�FRXQWU\�����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW&&RRXXQQWWUU\\

���� ���� ���� ���� ���� ���� ����

$XVWULD 30 30 29 28 28 28 28

%HOJLXP 59 60 59 59 59 59 59

'HQPDUN 24 24 22 21 20 20 20

*HUPDQ\ 1151 1030 887 756 628 624 623

)LQODQG 37 38 38 40 41 41 40

)UDQFH 320 304 262 224 191 188 190

*UHHFH 39 40 41 42 43 43 43

,UHODQG 27 27 26 25 24 24 24

,WDO\ 216 211 194 183 177 175 176

/X[HPERXUJ 6 5 5 5 4 4 4

1HWKHUODQGV 47 46 41 38 35 35 36

3RUWXJDO 19 20 20 21 22 22 22

6SDLQ 116 120 115 111 108 106 106

6ZHGHQ 34 33 30 30 29 28 28

8. 198 188 168 153 139 137 138

(8�� 2322 2179 1939 1736 1548 1535 1538
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7DEOH�����(8�6RXUFHV�RI�30����E\�VHFWRU����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW66HHFFWWRRUU

���� ���� ���� ���� ���� ���� ����

$JULFXOWXUH 23 23 24 24 25 25 25

&RPEXVWLRQ�
HQHUJ\

461 437 414 390 366 366 366

&RPEXVWLRQ�
LQGXVWU\

414 373 333 293 252 252 252

&RPEXVWLRQ�� QRQ�
LQGXVWU\

481 436 391 346 301 301 301

)XHO�H[WUDFWLRQ 0 0 0 0 0 0 0

2WKHU�PRELOH 25 24 24 23 23 23 23

3URFHVV 467 454 441 428 415 415 415

5RDG� WUDQVSRUW�
'LHVHO�H[KDXVW

229 245 177 115 67 47 43

5RDG� WUDQVSRUW�
*DVROLQH�H[KDXVW

88 68 36 34 35 37 40

5RDG� WUDQVSRUW�
1RQ�H[KDXVW

33 41 47 53 58 63 68

6ROYHQW 0 0 0 0 0 0 0

:DVWH 100 77 53 29 6 6 6

(8�� 2322 2179 1939 1736 1548 1535 1538

&KDQJH�IURP����� -7% 0% 11% 20% 29% 30% 29%

7DEOH�����(8�1RQ�0HWKDQH�9RODWLOH�2UJDQLF�&RPSRXQGV�(PLVVLRQV��E\
FRXQWU\�����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW&&RRXXQQWWUU\\

���� ���� ���� ���� ���� ���� ����

$XVWULD 343 294 254 221 196 192 191

%HOJLXP 321 283 234 194 171 167 167

'HQPDUN 157 129 107 90 81 78 77

*HUPDQ\ 2781 2230 1786 1414 1152 1109 1096

)LQODQG 210 195 161 133 109 104 102

)UDQFH 2298 2016 1636 1328 1157 1130 1130

*UHHFH 308 307 267 231 211 202 204

,UHODQG 88 78 63 49 41 39 39

,WDO\ 1855 1826 1549 1266 1050 1013 1014

/X[HPERXUJ 14 11 9 7 6 6 6

1HWKHUODQGV 444 393 326 260 217 211 211

3RUWXJDO 238 225 196 167 145 140 139

6SDLQ 1006 965 838 716 624 603 599

8. 2723 2426 2061 1756 1597 1564 1555

6ZHGHQ 474 443 381 329 283 276 272

(8�� 13261 11821 9869 8160 7040 6835 6802
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7DEOH�����(8�6RXUFHV�RI�1RQ�0HWKDQH�9RODWLOH�2UJDQLF�&RPSRXQGV��E\
VHFWRU�����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW66HHFFWWRRUU

���� ���� ���� ���� ���� ���� ����

$JULFXOWXUH 101 101 101 101 101 101 101

&RPEXVWLRQ�
HQHUJ\

252 244 236 228 220 220 220

&RPEXVWLRQ�
LQGXVWU\

51 54 57 61 64 64 64

&RPEXVWLRQ�
QRQ�LQGXVWU\

655 654 652 650 649 649 649

)XHO�H[WUDFWLRQ 1018 910 803 695 588 588 588

2WKHU�PRELOH 752 710 668 626 584 584 584

3URFHVV 776 824 872 920 968 968 968

5RDG�WUDQVSRUW 5415 4378 2828 1522 804 600 566

6ROYHQW 4157 3861 3565 3269 2973 2973 2973

:DVWH 84 85 86 87 88 88 88

(8�� 13261 11821 9869 8160 7040 6835 6802

&KDQJH� IURP
����

-12% 0% 17% 31% 40% 42% 42%

7DEOH�����(8�%HQ]HQH�(PLVVLRQV��E\�FRXQWU\�����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW&&RRXXQQWWUU\\

���� ���� ���� ���� ���� ���� ����

$XVWULD 6 5 4 3 3 3 3

%HOJLXP 7 6 4 3 3 3 3

'HQPDUN 4 3 2 2 1 1 1

*HUPDQ\ 54 38 24 17 13 11 11

)LQODQG 5 5 3 3 2 2 2

)UDQFH 56 48 31 24 21 20 20

*UHHFH 7 8 6 5 5 4 4

,UHODQG 2 2 1 1 1 1 1

,WDO\ 38 39 26 20 16 15 15

/X[HPERXUJ 0 0 0 0 0 0 0

1HWKHUODQGV 9 8 5 4 3 3 3

3RUWXJDO 6 5 4 3 3 3 3

6SDLQ 22 21 15 12 10 10 9

6ZHGHQ 12 11 8 7 7 6 6

8. 60 50 32 24 20 19 19

(8�� 288 249 165 127 108 101 100
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7DEOH�����(8�6RXUFHV�RI�%HQ]HQH��E\�VHFWRU����������

((PPLLVVVVLLRRQQVV��LLQQ��NNWW66HHFFWWRRUU

���� ���� ���� ���� ���� ���� ����

$JULFXOWXUH 3 3 3 3 3 3 3

&RPEXVWLRQ��HQHUJ\ 9 9 9 8 8 8 8

&RPEXVWLRQ�
LQGXVWU\

2 2 2 2 2 2 2

&RPEXVWLRQ�� QRQ�
LQGXVWU\

24 24 24 24 24 24 24

)XHO�H[WUDFWLRQ 2 2 2 1 1 1 1

2WKHU�PRELOH 25 24 22 21 19 19 19

3URFHVV 17 18 19 20 21 21 21

5RDG�WUDQVSRUW 200 163 79 42 23 17 16

6ROYHQW 0 0 0 0 0 0 0

:DVWH 5 5 5 5 5 5 5

(8�� 288 249 165 127 108 101 100

5HGXFWLRQV� LQ� WRWDO
RYHU�����

-16% 0% 34% 49% 57% 59% 60%

����� &RPSDULVRQ�ZLWK�WUHQGV�LQ�HPLVVLRQV�RI�FDUERQ�GLR[LGH

The road transport CO2 base case was also supplemented with projections for
the other source sectors using the energy scenarios from the RAINS model
together with the carbon content of each fuel.   The emissions were then
allocated to the AOPII source categories as shown in table 25 below.  It
should be noted that these figures have not been subjected to the same
scrutiny as the estimates for the other pollutants and are included here for
comparison purposes only.   Nonetheless, it can be safely observed that the
overall trends in CO2 emissions compare unfavourably with the progress
expected from conventional emissions across all sources.

7DEOH������(8�FDUERQ�GLR[LGH�HPLVVLRQV��LQ�NW���E\�VHFWRU������������

6HFWRUV ���� ���� ����
$JULFXOWXUH 0 0 0
&RPEXVWLRQ��HQHUJ\ 1054323 1041105 1041276
&RPEXVWLRQ��LQGXVWU\ 116262 90407 231558
&RPEXVWLRQ�� QRQ�
LQGXVWU\

667748 654902 677024

)XHO�H[WUDFWLRQ 206760 146830 188019
2WKHU�PRELOH 206052 195778 217202
3URFHVV 466151 442710 404321
5RDG�WUDQVSRUW 590192 655698 734782
6ROYHQW 0 0 0
:DVWH 0 0 0
(8�� 3307489 3227430 3494181
&KDQJH�IURP����� +2% 0% +8%
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����� 7KH�$23,,�EDVH�FDVH�IRU�WKH�WHQ�FLWLHV

The overall base case and detailed road transport emission projections for
2010 have been used to modify the emissions inventories in the AOPII cities
(and their surrounding domains) in order to be able to model future air
quality.    However, where data or projections specific to the cities have been
available, these have been used instead.  The Commission services were
greatly assisted in this task by the city contact group.

For the road transport data, local forecasts were used in Helsinki, London
and Milan.  Growth rates for cities are generally lower than country averages.
The exception is Helsinki, where traffic is expected to grow faster than the
national average.  One reason for this is the fact that there is almost no
saturation of road infrastructure in Helsinki, even at peak time, whilst more
of the population is migrating from other parts of the country to the capital.
There is thus more room here for a traffic increase than in many other
European cities.  In central Milan, traffic is expected to decline in the next
few years and then to remain stable.

Information, much of it unquantified though, was also received on future
emissions from other than road transport sources.   Local indices were
adopted for Athens, Berlin and Helsinki; the London emission inventory was
adjusted for several specific sources.  The full set of local indices is
presented in the air quality report.

7DEOH�����(8��&RPSDULVRQ�RI�WUHQGV�LQ�WUDIILF�GHPDQG�E\�&LW\��

������� ������� ������� ������� ������� �������
Athens 4.5% 2.0% 1.5% 1.6% 1.4% 1.5%
Berlin -0.3% 1.1% 1.0% 0.5% 0.5% 0.5%
Cologne -0.5% 1.0% 1.0% 0.4% 0.5% 0.5%
Dublin 4.7% 0.8% 1.2% 0.6% 0.4% 0.4%
Helsinki 1.1% 1.7% 1.6% 1.5% 1.4% 1.3%
London 0.8% 1.4% 1.2% 1.1% 1.1% 0.8%
Lyon 2.9% 1.6% 1.5% 1.4% 1.3% 1.3%
Madrid 3.0% 1.8% 1.6% 1.4% 1.1% 0.9%
Milan -3.0% -1.2% -0.2% 0.0% 0.0% 0.0%
Utrecht 2.1% 0.7% 0.6% 0.5% 0.4% 0.4%

7RWDO�WUDQVSRUW�GHPDQG��LQ�YNP��SHU�FLW\
average annual compound growth rate

                                                

16 An updated road transport base case has been submitted by the Italian experts. The update mainly relates
to vehicle kilometres driven by commuters vs. residents and also accounts for the changed tax structure
for diesel vehicles affecting the future diesel share of passenger cars.
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,PSDFW�RI�$2��RQ�$2��EDVHFDVH���&2
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����� 7UHQGV�LQ�URDG�WUDQVSRUW�HPLVVLRQV�ZLWKRXW�WKH�³$XWR�2LO�,´�GLUHFWLYHV

In order to support the assessment of the benefits of the new auto-oil
legislation (chapter 7), the TREMOVE model was also run without making
any allowance for the 2000 and 2005 standards. This shows that, without
Auto-Oil I, emissions from road transport would have been between 50% -
100% higher by 2010 and that the total volume of emissions would have
begun to rise by that point (see Figure 8).

)LJXUH�����&RPSDULVRQ�EHWZHHQ�$23,,�URDG�WUDQVSRUW�EDVH�FDVH�DQG
³QR�$XWR�2LO�,�PHDVXUHV´

����� &RQFOXVLRQV�RQ�WKH�EDVH�FDVH

������� 2YHUDOO�EDVH�FDVH

For all the pollutants there is forecast to be a large reduction in emissions,
typically between approximately 40 and 50 per cent, over the period 1995 to
2020.  Smaller reductions are anticipated for particulate matter (PM10)
(approximately 30%) whilst greater reductions are forecast for benzene
(approximately 60%).

These reductions in emissions predominantly occur in the combustion in
energy and road transport sectors, although the relative importance of these
and other sectors depends on the pollutant.  For example, there have been
very significant reductions in sulphur dioxide emissions from all energy
combustion sectors.
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The major reduction in emissions of nitrogen oxides occurred in the
combustion in energy and road transport sectors. In 2020 emissions are
projected to be 55% and 19% respectively of 1995 levels.

The reductions in sulphur dioxide are largely due to improvements in the
combustion in energy and other industry sectors. In 2020 emissions in the
combustion in energy sector are projected to be 36% of those of 1995, and
21% of those of 1990. The combustion in industry sector is projected to have
emissions in 2020 which are 35% of those of 1990.

The main source of reductions in fine particulate matter emissions is the road
transport sector, where overall emissions are forecast in 2020 to be  43% of
the 1995 level. This masks very significant reductions in emissions from
diesel exhaust.  In 2020 these are forecast to be 18% of their 1995 level. A
smaller reduction in gasoline exhaust is forecast and a large increase is
expected in non exhaust PM10 emissions. These are forecast in 2020 to be
59% and 169% respectively of their 1995 levels.

Improvements in road transport are also predicted to bring about a significant
reductions in emissions of non methane volatile organic compounds. In 2020
emissions from this sector are predicted to be 13% of their 1995 levels.  The
fuel extraction and solvent sectors are also expected to reduce emissions
significantly.  The 2020 emissions are expected to be 77% and 65%
respectively of the 1995 levels.

Finally, benzene emissions are expected to decline largely as a result of the
very large forecast reductions in road transport emissions.  In 2020 these are
predicted to be 10% of the 1995 levels.

������� 5RDG�WUDQVSRUW�EDVH�FDVH

In broad terms emissions from road transport are projected to fall by 70-80%
between 1995 and 2010 and indeed to fall further beyond that as new EURO
IV technologies continue to penetrate the market.   At the national and
European scale, conventional emissions from road transport should,
therefore, take up a diminishing share of the total (table 27).

7DEOH������5HGXFWLRQV�,Q�(X����(PLVVLRQV�%HWZHHQ������$QG�����

33RROOOOXXWWDDQQWW &&KKDDQQJJHH��LLQQ��WWRRWWDDOO��((88
((PPLLVVVVLLRRQQVV��������������������

������������  ����������

55RRDDGG��WWUUDDQQVVSSRRUUWW��DDVV������RRII
WWRRWWDDOO��HHPPLLVVVVLLRRQQVV��LLQQ����������

55RRDDGG��WWUUDDQQVVSSRRUUWW
DDVV������RRII��WWRRWWDDOO
HHPPLLVVVVLLRRQQVV��LLQQ

��������
1LWURJHQ
2[LGHV

57 44% 24%

6XOSKXU
GLR[LGH

49 1,5% <0,5%

&DUERQ
PRQR[LGH

59 60% 33%

3DUWLFXODWH
PDWWHU��30���

71 16% 10%

1RQ�PHWKDQH
92&V

60 37% 11%

%HQ]HQH 43 65% 21%
&DUERQ
GLR[LGH

108 20% 21%
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Another conclusion from the transport base case study is that average travel
speeds in almost all domains are declining in the future as a result from the
growing number of vehicles and the assumed constant infrastructure. This
conclusion will be particularly important to bear in mind when considering
the costs and effects of policy scenarios which impact overall traffic
volumes.

More detailed conclusions as well as recommendations for future updates
can be found in Part III of the AOP II Cost-effectiveness study report.
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��� )8785(�(8523($1�$,5�48$/,7<

����� 5HJLRQDO�VFDOH�R]RQH�PRGHOOLQJ

As mentioned in chapter 2, it was possible largely to rely on the modelling
work done during the formulation of the Commission’s ozone strategy for a
description of regional ozone levels in 2010 under a “business-as-usual”
scenario.   The so-called reference scenario used in the ozone strategy is
consistent with the AOPII base case as far as “other than road transport
sources” are concerned but there are some differences in the road transport
projections (where AOPII has drawn on the more detailed outputs from
TREMOVE).

Figure 9 shows the scale of predicted ozone exceedences (of AOT6017)  in
Europe in 2010.  So whilst the achievement of the reference scenario would
be expected to result in a gap closure of at least 35% between the situation in
1990 and the long-term objective of 120µg/m³ (as an 8hr running mean), this
would still leave many parts of Europe exposed to continued regional-scale
exceedences including Belgium, France, Germany, the Netherlands, Portugal
and the UK.   Achievement of the proposed interim objective of two thirds
gap closure (plus an absolute limit) would require further reductions in
emissions of NOx and VOCs from most countries compared with the base
case (Table 3).

����� 8UEDQ�LPSDFW�DVVHVVPHQW��(XURSHDQ�DLU�TXDOLW\�LQ�����

������� ,QWURGXFWLRQ

This section summarises the air quality modelling results for the ten Auto-
Oil cities which have been studied in depth in this programme.    As with the
emissions base case, the results do not describe what will happen to air
quality in the Auto-Oil cities, but what could happen in a “business-as-usual”
scenario.   As later chapters will show, there are further measures available
to improve air quality which are not included in these “baseline” results.
Furthermore, since policy at all political levels is constantly evolving, it is
possible that some of these measures may already be in the process of being
implemented in certain cities.    The air quality results are, therefore, only
one snap shot taken from a 1999 perspective.

Except for the street canyon modelling, the model results provide average
concentrations within three dimensional “boxes” of approximately 2km x
2km x 20m, depending on the depth of the first layer used in the models.
This means that the model results can predict a “background” concentration
for each such box, including those in the most polluted parts of each city, but
concentrations are likely to be higher in certain hot spots, such as street
canyons.

                                                

17 i.e. the accumulated excess over 60ppb or 120µg/m³
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)LJXUH�����7KH�$27���PRGHOOHG�IRU�WKH�HPLVVLRQV�RI�WKH������,,$6$
5()�FDVH��VHFRQG�KLJKHVW�YDOXH�RI�ILYH�\HDUV�PHWHRURORJLHV��LQ

SSP�KRXUV���
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1.9 1.7 1.9 1.2 0.9 0.5 0.5 0.6 1.3 1.4 1.5

1.0 1.0 1.8 2.5 2.8 3.3 3.0 2.2 1.2 0.7 2.0 2.2 1.3 1.3 1.7 1.9 1.9

0.4 1.2 1.7 2.3 3.1 3.6 2.7 1.9 0.4 0.5 2.1 1.7 0.8 0.9 1.4 2.2

0.5 1.3 2.4 2.4 3.2 4.4 4.2 3.1 0.8 0.5 2.1 0.5

0.5 0.6 1.3 2.3 2.2 3.2 4.0 3.3 3.0 1.6 0.4 0.7 1.0

1.1 2.5 3.7 3.5 2.1 2.3 1.1 0.5 0.9

0.4 0.7 2.2 2.9 2.4 1.7 1.1 1.6 0.4

1.1 1.3 2.1 1.8 1.6

0.7 1.3 0.7 1.3
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In order to estimate either annual average concentrations or concentrations
during pollution episodes, the models were run using the meteorological
conditions from selected periods in 1995.   For the annual average, the JRC
identified a surrogate period of  3 or 4 days  which effectively resulted in the
same average concentration as for the year.   The episodes, on the other hand,
were selected to include the 98th percentile of 1-hour mean concentrations19.
Analysis of the air quality data was undertaken to establish an empirical link
between the 98th percentile, annual mean, and the percentiles used in the air
quality objectives themselves (see Table 2 in chapter 2).    As far as the cost-
effectiveness analysis was concerned the principal focus, however, was on
the achievement of the annual average objectives both because they tend to
be easier to model and are more demanding for policy�

                                                

18 �WK�,QWHULP�5HSRUW�RQ�&RVW�HIIHFWLYH�&RQWURO�RI�$FLGLILFDWLRQ�DQG�*URXQG�OHYHO�2]RQH, 1999, IIASA

19  Results to be presented in the Air Quality Report
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%R[�����8UEDQ�LPSDFW�DVVHVVPHQW�PRGHOOLQJ�LQ�WKH�$XWR�2LO�FLWLHV

Modelling air quality in the manner undertaken for the Auto-Oil Programme is a highly
complex task requiring considerable volumes of data, computing capacity and validation
systems.  In essence the process can be divided into 10 steps:

• Selection of modelling periods to represent annual means and episodes;

• Preparation of input data on land use, topography, meteorology, and emissions in
order to characterise each modelling domain;

• Definition of three dimensional wind patterns using meteorological models;

• Calculation of concentrations of different pollutants using air quality models;

• Validation of the modelling results and selection of best performing model for each city
and pollutant;

• Adjustment of 1995 emission inventories to the situation predicted for 2010 (or other
years);

• Simulation runs for 2010 and comparison with air quality objectives;

• Development of emission reduction targets and simplified emission/air quality
relationships;

• Investigation of alternative emission scenarios;

• Sensitivity tests.

The following meteorological models were used: the Advanced Regional Prediction System
(ARPS), the Systems Application International Mesoscale Model (SAIMM) and the
diagnostic model CALMET.

Three dispersion models were used for the urban air quality modelling of CO, benzene,
NO2 and “urban” ozone.  These were CALGRID, Urban Airshed Model (UAM) version IV
and the European Urban Airshed Model (EUAM).

Two models, EURAD and EPAM, were used for the modelling of particles.
MICROCALGRID and OSPM were used for the street canyon modelling.

In AOPII photo-chemical models were used in preference to the “non-reactive” modelling of
the first Programme.  This enabled the direct estimation of concentrations of a range of
pollutants rather than relying on empirical relationship to convert, for example, NOx
concentrations to NO2.

������� 5HVXOWV�IRU�&2��EHQ]HQH�DQG�12�

These pollutants were tackled using the same set of reactive models and
modelling periods.    They estimate that whilst three of the cities would have
exceeded the CO objective in 1995, none would do so in 2010, at least at the
background scale.

Concerning benzene, six cities would have exceeded the objective in 1995,
but only Athens, Lyon and Milan were predicted slightly to exceed in 2010
and then only over a relatively limited portion of the city area. The highest
predicted concentration in all cities was less than 1µg/m³ above the objective
of 5µg/m³ as an annual average .

Significant improvements were also predicted for NO2, with the number of
cities predicted to exceed the annual objective reducing from six to two
(Athens and Lyon).   However, in the case of Athens the NO2 annual
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objective would still be exceeded over nearly the entire city and by a
considerable margin (well over 60µg/m³, compared with the objective of
40µg/m³).   One reason for this is the specific topographical and
meteorological conditions of the region.   However, it should also be noted
that the predicted rate of emission reductions from road transport is relatively
slow compared with other EU countries and, according to the overall base
case for Greece, increases in NOx emissions from a number of other sectors
are still foreseen.   Based on the statistical relationship between the annual
mean and episodic values, Athens would also exceed the one hour objective
for NO2 though over a much smaller area.  In Lyon, nearly 10% of the urban
area is predicted to exceed the objective, though by a smaller margin.   This
appears to be driven largely by the climatic conditions combined with
relatively high emissions.  Cologne, London and Milan were all “near
misses” with predicted concentrations less than 5µg/m³ under the NO2

annual mean objective.

������� 5HVXOWV�IRU�30��

Modelling of PM10 is still subject to a variety of uncertainties including the
emission inventories, concentration measurements, and modelling of
secondary as well as primary particulate matter.   In the early stages of AOPII
it had appeared that it would only be possible to carry out modelling for the
two cities with adequate inventory and measurement data.   However, during
the course of the Programme sufficient data were acquired to enable the
modelling of eight out of the ten cities. In most cases this was done by
deriving a PM10 inventory from the existing total suspended particulates
(TSP) inventory.

The selection of the modelling periods was, however, limited by availability
of measured data.  In most cities the period analysed was the same as the one
taken for the other pollutants.  However, other periods were used for Lyon
and Berlin.

Furthermore, whilst the setting of the background concentrations took
secondary PM into account, it was only possible to model the atmospheric
dispersion of primary particles in the inner and outer domains.

For the cities of Milan and Madrid the representativeness of the annual mean
is likely to be under-estimated and over-estimated respectively.  This is
because for Milan the passing of a front over the domain significantly
reduces  particulate concentrations whereas for Madrid the meteorology
favours the formation of particles, including from soil erosion.   In both
cities there are uncertainties over the contribution of  particle  emissions
from stationary sources.

Not all inventories for the cities include road transport PM emissions from
gasoline or non-exhaust.  Those inventories developed using the
CORINAIR/COPERT methodology will have only taken into account diesel
exhaust particles.  The emission inventories for Berlin, London and Utrecht
include gasoline exhaust; brake and tyre wear is explicitly included in the
London and Utrecht inventories whilst a simple factor was applied in Berlin.
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The model results on PM are therefore tentative and intended to provide a
broad indication of the European situation rather than highly quantified
conclusions.  Nonetheless, they suggest that around half of the AOPII cities
would exceed the 2010 annual mean objective of 20µg/m³ for PM10 and in
some cases by a considerable margin.

������� 8UEDQ�R]RQH�PRGHOOLQJ

As a complement to the regional ozone modelling described in section 4.1,
urban-scale ozone simulations were carried out for the periods which best
represented the 98th-percentile concentration over the domain.  The aim of
the simulations was to examine the influence of photochemical pollution in
the inner and outer modelling domains and hence to calculate ozone
concentrations both within urban areas and in the plume downwind of the
AOPII cities.  The impact of NOx reductions on ozone levels in the AOPII
base case and other scenarios could be evaluated.

The results of this exercise are presented in the WG1 air quality report.

������� �6XPPDULHV�IRU�$23,,�FLWLHV

All of the above results are presented in detail on the JRC’s Auto-Oil web
site and in WG1’s Air Quality Report – in particular, the JRC’s air quality
maps are useful in indicating where exceedences might be expected to occur
and over how much of the urban area.   The summary tables below describe
for each city how air quality is expected to evolve between 1995 and 2010.���
In view of their uncertainty and in order to give additional explanation, the
PM10 results are presented separately.
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7DEOH������6XPPDU\�RI�DLU�TXDOLW\�PRGHO�UHVXOWV�IRU�$23,,�FLWLHV

$WKHQV��

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ● ● 88 66 39 37 100% 98%

NO2 1hr ● ● 252 205 142 134 33% 2%

CO 8hr ● ❍ 13mg 5mg 15% 0

Benzene

annual

● ● 17 5,2 3 2 62% 2%

Ozone 8hr N/A N/A

�%HUOLQ

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ❍ ❍ 34 27 20 13 0 0

NO2 1hr ❍ ❍ 127 107 86 65 0 0

CO 8hr ❍ ❍ 5mg 2mg 0 0

Benzene

annual

● ❍ 10 2 3 <1 52% 0

Ozone 8hr N/A N/A

�&RORJQH

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ● ❍ 46 36 16 10 90% 0

NO2 1hr ❍ ❍ 158 132 75 53 0 0

CO 8hr ❍ ❍ 4mg 2mg 0 0

Benzene

annual

❍ ❍ 2 1 <1 <1 0 0

Ozone 8hr N/A N/A

                                                

20 ● signifies exceedance of objective; ❍ signifies compliance
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'XEOLQ��

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ❍ ❍ 39 26 16 9 0 0

NO2 1hr ❍ ❍ 139 104 74 51 0 0

CO 8hr ❍ ❍ 3mg 2mg 0 0

Benzene

annual

❍ ❍ 4 2 <1 <1 0 0

Ozone 8hr N/A N/A

+HOVLQNL

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ❍ ❍ 31 27 23 19 0 0

NO2 1hr ❍ ❍ 119 108 95 85 0 0

CO 8hr ❍ ❍ 3mg 2mg 0 0

Benzene

annual

❍ ❍ 2 1 <1 <1 0 0

Ozone 8hr N/A N/A

/RQGRQ

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ● ❍ 60 39 31 19 40% 0

NO2 1hr ❍ ❍ 192 141 119 84 0 0

CO 8hr ❍ ❍ 6mg 2mg 0 0

Benzene

annual

● ❍ 6 2 2 <1 7% 0

Ozone 8hr N/A N/A

/\RQ

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ● ● 93 46 20 11 54% 9%

NO2 1hr ● ❍ 262 158 86 57 20% 0

CO 8hr ● ❍ 23mg 7,8mg 24% 0

Benzene

annual

● ● 22 5,4 2 <1 50% 2%

Ozone 8hr N/A N/A

                                                

21 Results up-dated to reflect inventory received from Dublin
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0DGULG

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ● ❍ 45 30 12 8 3% 0

NO2 1hr ❍ ❍ 155 116 61 45 0 0

CO 8hr ❍ ❍ 6mg 3mg 0 0

Benzene

annual

● ❍ 6 2 1 <1 4% 0

Ozone 8hr N/A N/A

0LODQ

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ● ❍ 67 38 26 16 16% 0

NO2 1hr ● ❍ 208 137 106 73 1% 0

CO 8hr ● ❍ 17mg 7,8mg 6% 0

Benzene

annual

● ● 19 5,3 3 1 43% 1%

Ozone 8hr N/A N/A

8WUHFKW

Exceedence Highest

concentration

µg/m³

Average city

concentration

µg/m³

% of city with

exceedence

1995 2010 1995 2010 1995 2010 1995 2010

NO2 annual ● ● 78 47 28 20 0 0

NO2 1hr ● ❍ 232 160 111 88 0 0

CO 8hr ❍ ❍ 7mg 4mg 0 0

Benzene

annual

● ❍ 11 3 2 <1 0 0

Ozone 8hr N/A N/A
[1RWH��H[FHHGDQFHV�DUH�LQ�$PVWHUGDP��QRW�8WUHFKW]
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7DEOH������30���PRGHO�UHVXOWV

+LJKHVW
FRQFHQWUDWLRQ

�J�Pñ

$YHUDJH�FLW\
FRQFHQWUDWLRQ

�J�Pñ

��RI�FLW\�ZLWK
H[FHHGHQFH

&LW\

���� ���� ���� ���� ���� ����

1RWHV

%HUOLQ �� �� �� �� ���� ��� Based on TSP Emission and
PM10 concentrations from
Campaigns

&RORJQH �� �� � � ���� � Based on TSP Emission and
PM10 concentrations from
Campaigns

+HOVLQNL �� �� � � � � Based on PM10 Emissions
and hourly PM10
concentrations

/RQGRQ �� �� �� � ��� �� Based on PM10 Emissions
and hourly PM10
concentrations

/\RQ �� �� � � ��� ��� Based on TSP Emissions
and hourly PM10
concentrations for 1998

0DGULG��� ��� �� �� � ��� ��� Based on TSP Emissions
and PM10 concentrations
from campaigns

0LODQ��� �� �� � � �� � Based on TSP Emissions
and PM10 concentrations
from campaigns and 1998

8WUHFKW�� �� �� �� � ��� � Based on PM10 Emissions
and hourly PM10
concentrations

*Modelling periods unlikely to represent the annual mean concentration
**  Exceedences predicted in domain in 2010; highest concentration of 48µg/m³ in Amsterdam

������� 5HVXOWV�IURP�WKH�VWUHHW�FDQ\RQ�PRGHOOLQJ

Street canyon modelling was undertaken for two streets:

-Viale Murillo, Milan. This street is a broad four lane road with buildings on
either side and taking approximately 50,000 vehicle movements per day

-   Schildhornstrasse, Berlin. Also a four lane road but narrower than Viale
Murillo with about 45,000�vehicle movements per day.

The streets were selected as typically busy streets rather than as the busiest
streets in either city, though in either case it would be possible to adjust the
traffic flow to represent higher or lower intensities.   Using background
concentrations provided by the JRC and emission adjustments factors from
the AOPII road transport base case, the modellers estimated current and
future air quality for selected four and five day periods22.

Tables 30  and 31 summarise the results from the two street canyons.  Table
32 compares the expected reductions in traffic emissions to improvements in
background and street canyon air quality.

                                                

22 Milan:  Friday 14.11.97 to Monday 17.11.97  local NO2 urban background 27µg/m³ representing 40-45
per centile of 1995 data;  Berlin:  Tuesday 21.02.95 to Saturday 25.02.95 local NO2 urban background
25µg/m³ representing 65-73 per centile of 1995 data
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7DEOH������&KDQJHV�LQ�DLU�TXDOLW\�UHGXFWLRQ�IURP������WR������IRU�WKH
HSLVRGH�PHDQ�������1RY�������0LODQ��9LDOH�0XULOOR

&21&(175$7,21�5('8&7,216�$7�5(&(3725�$�DQG�'

(SLVRGH�0HDQ
1RY�����������
µJ�P���&2�PJ�P��

&$/&����� &$/&����� �����DV���RI�����

CO  Receptor A 7.8 1.9 24.4%

CO Receptor D 6.5 1.6 24.6%

NO Receptor A 378 95 25.1%

NO Receptor D 291 67 23.0%

NO2 Receptor A 96.1 67.4 70.1%

NO2 Receptor D 86.8 63.2 72.8%

TSP Receptor A 67.7 22.2 32.8%

TSP Receptor D 58.3 21.1 36.2%

Benzene Receptor A 37.3 5.8 15.5%

Benzene Receptor D 28.0 5.0 17.9%

7DEOH�����&KDQJHV�LQ�DLU�TXDOLW\�IURP������WR������IRU�WKH�HSLVRGH
PHDQ�������)HE�������%HUOLQ�6FKLOGKRUQVWUDVVH

&21&(175$7,21�5('8&7,216�$7�67$7,216�����$1'����

(SLVRGH�0HDQ� )HE� ���
��
µJ�P����&2�PJ�P��

&$/&����� &$/&����� �����DV���RI�����

CO 117 2.3 0.7 33.7%

CO 088 1.2 0.5 41.8%

NO 117 144.5 47.1 32.6%

NO 088 57.8 19.3 33.5%

NO2 117 48.1 29.7 61.7%

NO2 088 38.6 25.6 66.6%

TSP 117 42.6 17.2 40.4%

TSP 088 32.5 15.8 48.6%

SO2 117 31.1 14.8 47.6%

SO2 088 24.9 15.5 62.2%

Benzene 117 16.2 2.8 17.3%

Benzene 088 8.3 1.6 19.3%
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7DEOH������&RPSDULVRQ�6FHQDULR������%HUOLQ�6FKLOGKRUQVWUDVVH
9HUVXV��0LODQ�9LDOH�0XULOOR

��RI������RU�����
ILJXUHV

7UDIILF
(PLVVLRQV

%DFNJURXQG�DLU
4XDOLW\

6WUHHW�FDQ\RQ
DLU�TXDOLW\

&2�����
%HUOLQ�6FKLOGKRUQVWUDVVH

0LODQ�9LDOH�0XULOOR

���

���

�����

�����

�����

�����
12������
%HUOLQ�6FKLOGKRUQVWUDVVH

0LODQ�9LDOH�0XULOOR

�����12;�

����12;�

�����

�����

�����

�����
%HQ]HQH�����
%HUOLQ�6FKLOGKRUQVWUDVVH

0LODQ�9LDOH�0XULOOR

���

��

�����

�����

�����

�����
763�����
%HUOLQ�6FKLOGKRUQVWUDVVH

0LODQ�9LDOH�0XULOOR

���

���

�����

�����

�����

�����

1�%��6WUHHW�FDQ\RQ�DLU�TXDOLW\�FDOFXODWHG�DV�UHFHSWRU�DYHUDJH

It is difficult to generalise from a limited study of just two street canyons in
Europe.  However, the results would suggest that whilst concentrations of
most pollutants will continue to be higher in street canyons than at
background, the degree of improvement in air quality between 1995/7 and
2010 is relatively greater than that achieved at background.  This is
essentially because the emission reductions expected from transport are
larger than those anticipated from other sources.  However, the difference is
less pronounced for reactive pollutants such as NO2.

������� &RQWULEXWLRQV�IURP�GLIIHUHQW�HPLVVLRQ�VRXUFHV�WR�DLU�TXDOLW\�SUREOHPV

As well as estimating the concentrations of different pollutants, the air
quality models can be used to make a rough estimation of the potential of
different emission sources to reduce pollution.   This is done by running the
models in turn with only three out of the four source groups.   The resulting
concentration reduction in any box or grid square can be attributed
approximately to the missing source group.    However, in most cases, the
sum of the concentrations which can be attributed in this way does not
equate to the concentration predicted by the full model.  The residual
component, described in WG1 as the “Non-Attributable Secondary
Concentration” (NASC), broadly  represents three possible elements: the
complex chemistry of the troposphere (which can result in non-linear
relationships between emissions and ambient concentrations, particularly for
chemically reactive species), the natural background and, for certain cells,
the boundary conditions used in the model.   The role of these three elements
will differ between pollutants and locations.   The higher the non-attributable
secondary concentration, the more difficult it will be to achieve reductions in
air quality concentrations.

This is illustrated in the tables below.   Table 33 shows the allocation of
source categories used by the JRC and the source groups (categories 20-23)
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used in the “attribution” tables.    Figure 10 takes the example of NO2 in
Athens and Lyon.    Each bar represents the estimated concentration for the
40 grid squares with the highest predicted NO2 levels, with the upper portion
representing the “non-linear” component.

7DEOH������(PLVVLRQ�VRXUFH�FDWHJRULHV

$23,,
$4�,';

&25,1$,5
61$3�FRGH

(PLVVLRQ
+HLJKW��P�

'HVFULSWLRQ�RI�VRXUFH

1 7 0-20 Passenger cars, gasoline and LPG,
including evaporative emissions

2 7 0-20 Passenger cars , diesel

3 7 0-20 Light duty commercial vehicles

4 7 0-20 Heavy duty commercial vehicles

5 7 0-20 Buses

6 7 0-20 Two wheeled vehicles

7 2 20-50 Non-industrial combustion plants

8 3 20-50 Combustion in manufacturing industry

9 6 20-50 Solvent and other product use

10 5 20-50 Extraction and distribution of fossil & other
fuels

11 1 20-50 Combustion in energy & transformation
industries  <50MW, gas turbines, stationary
engines

12 1 100-150 Combustion in energy & transformation
industries 50-300MW

13 1 Exact or 225 Combustion in energy & transformation
industries  >300MW

14 4 100-150 Production process industries

15 9 100-150 Waste treatment & disposal

16 8 0-20 Other mobile sources and machinery

17 10 0-20 Agriculture

18 11 0-20 Natural emissions

19 All sources 0-225 Total Sources

20 1+2+3+4+5+6 0-20 Total traffic sources

21 7+8+9+10+11 20-50 Total medium area sources

22 12+13+14+15 100-225 Total large area sources

23 16+17+18 0-20 Total small area sources

Figure 10 highlights the relative difficulty in reducing NO2 concentrations in
Athens due to the strength of the “non-linear” component.   It also highlights
the continued high contribution of road transport to urban air quality
problems where exceedences are identified.   This is partly because of the
spatial distribution of emissions but also due to their release height.
Emissions from road transport, other mobile sources, agriculture and natural
sources are assumed to take place at ground level; emissions from other
(stationary) sources are assumed to be released at between 20 and 250
metres.   In each case, emissions are assumed to be released evenly across
the relevant height band, except for some large point sources where the exact
release height can be used.

Broadly speaking, on a tonne for tonne basis (and disregarding other
considerations such as cost), reducing road transport emissions in the Auto-
Oil cities is likely to deliver the greatest benefit to air quality, where
problems remain (Table 34).  On the other hand, in some specific cases other
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sources may predominate such as in Berlin where large point sources appear
to dominate PM10 air quality exceedences outside of the city centre.

)LJXUH�����12��LQ�/\RQV�DQG�$WKHQV�LQ������EDVH�FDVH��VRXUFH
DWWULEXWLRQ�IRU�WKH����JULGV�ZLWK�KLJKHVW�FRQFHQWUDWLRQV

7DEOH�����DLU�TXDOLW\�HIIHFW�RI�UHPRYLQJ�HPLVVLRQV�IURP�URDG�WUDQVSRUW
DQG�RWKHU�VRXUFHV�LQ��������J�Pñ

$YHUDJH� FRQFHQWUDWLRQ� DIWHU
HOLPLQDWLQJ�HPLVVLRQV�IURP�

&LW\ $YHUDJH� 12�

FRQFHQWUDWLRQ
RYHU� FHQWUDO
WHQ�FHOOV

1RQ�
DWWULEXWDEOH
VHFRQGDU\
FRQFHQWUDWLRQ

Road
transport

Area
sources

Large
area
sources

Other
area

Athens 62 25 38 62 61 49

Berlin 20 6 15 19 19 12

Cologne 9 2 6 9 8 8

Dublin 22 4 7 21 19 20

Helsinki 25 6 9 25 25 23

London 39 16 27 32 39 36

Lyon 44 5 8 44 43 43

Madrid 28 2 3 28 28 28

Milan 36 12 17 34. 35 33

Utrecht 26 8 14 24 25 22

����� $OWHUQDWLYH�(PLVVLRQ�6FHQDULRV

Two types of alternative emission scenarios were explored beyond the 2010
baseline work.

�

��

��

��

��

��

��

��

��

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�

121B$775�

$5($���P�

/$5*(�32,17
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- 6HQVLWLYLW\� WHVWV� These were designed to test the robustness of the model
results to certain assumptions, largely focusing on the emission inventories
and their future projections; this work is described in more detail in the Air
Quality Report.

- (PLVVLRQ�DLU� TXDOLW\� VFHQDULRV� These “dummy scenarios” aimed at
providing preliminary guidance for developing effective scenarios consider
the broad effects of changes in emissions compared with the 2010 baseline
scenario, either from all sources or certain targeted sources and with the
focus being on the emission/air quality change rather than the cost-
effectiveness of specific measures.The main scenarios and their findings are
summarised in Table 35.

7DEOH������(PLVVLRQ�DLU�TXDOLW\�VFHQDULRV�LQ�$XWR�2LO�,,

$UHD 6RXUFH
FDWHJRU\�LHV
�

6FHQDULR
�FRPSDUHG� ZLWK
�����EDVHOLQH�

5HVXOW

Athens –
whole
domain (300
x 300 km
approx)

Other
sources than
road
transport

Implementation of
NOx/VOC
national emission
ceilings

Highest NO2 concentration
reduced to 56µg/m³; benzene
objective met

Athens –
inner domain
(100 x 100
km approx)

All sources Emissions
reduced by 50%

Highest NO2 concentration
reduced to 47 µg/m³; 9% of
city still in exceedence

Athens –
inner domain

All sources Emissions
reduced by 70%

NO2 objective met

Lyon – whole
domain

Other
sources than
road
transport

Implementation of
NOx/VOC
national emission
ceilings

Highest NO2 concentration
reduced to 45µg/m³; benzene
objective met

Lyon – whole
domain

All sources Application of
base case for
2015

NO2 objective; NO2

concentration reduced to 40
µg/m³ in 1% of city cells;
highest benzene
concentration reduced to
5.4µg/m³ in 1% of city cells

Lyon – city
centre

Road
transport

NOx reduced by
20%

Highest NO2 concentration
reduced to 46 µg/m³; 9% of
city still in exceedence

Lyon – city
area

Road
transport

NOx reduced by
20%

Highest NO2 concentration
reduced to 45 µg/m³; 7% of
city still in exceedence

Lyon – inner
domain

All sources NOx reduced by
20%

NO2 objective met

Lyon – city
centre

Road
transport

NOx reduced by
90%

NO2 objective met
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����� 5REXVWQHVV�RI�UHVXOWV�IURP�XUEDQ�LPSDFW�DVVHVVPHQW

Modelling work such as this is always subject to uncertainties both in terms
of the input data and the accuracy of the models themselves.   In general
terms, the robustness of these results can be described in the following
descending order of confidence, with PM10 episodes being the least
confident:

- CO, NO2 annual mean;

- benzene annual mean;

- NO2 and ozone episodes, PM10 annual mean;

- PM10 episode.
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����� *HQHUDOLVHG�(PSLULFDO�$SSURDFK

������� $QDO\WLFDO�DSSURDFK

The results from the urban impact assessment are largely supported by the
generalised empirical approach (GEA), which was devised by the European
Environment Agency and its topic centres on emissions and air quality23.

The goal of the GEA is to estimate the size of the urban population living in
European cities which are not in compliance with air quality objectives in
future years and to estimate additional emission reductions needed to achieve
compliance.  Relatively simple methods and tools are used to calculate, in a
consistent way, emissions and urban background air quality for up to 200
cities (including all cities over 250k inhabitants) and a population of over
110 million people, thus enabling a generalisation of the results across the
European Union.   The results provide estimates of the frequency and extent
of exceedences of the air quality objectives and the fraction of the urban
population that is potentially exposed.

The 1995 and 2010 urban emissions were calculated using a top-down
approach based mainly on the emissions data-base CORINAIR-90 and the
AOPII base case (specific urban projections – eg lower traffic growth rates -
were not used).  Measurement data were collected from as many of the
selected cities as possible for SO2, NO2, PM10 and Pb, covering the years
1992-1996.  Measurement sites classified as directly influenced by traffic
(kerb site, road site) were excluded, but since information on station
classification is not always either available or reliable there may still be   bias
in the data.

Three air pollution models were used for the estimation of air quality:

• The cQ model for “inert” species for cities with sufficient monitoring data
(SO2, NOx/NO2 and PM10); this empirical model relates urban emissions
to observed concentrations; NO2 concentrations were derived from the
NOx concentration using an empirical relation;

• The UAQAM model, also for “inert” species; this simple dispersion
model calculates (annual) average city background concentrations and
exceedences of air quality thresholds on an hourly or daily basis from
actual meteorology and urban emissions);

• The OFIS model used to estimate ozone concentrations in and around
urban areas; this photochemical dispersion model was used for a smaller
sample of around 60 cities.

                                                

23 $LU�4XDOLW\�LQ�ODUJHU�FRQXUEDWLRQV�LQ�WKH�(XURSHDQ�8QLRQ, European Environment Agency, [1999]
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������� 5HVXOWV

The AOPII base case for 2010 resulted in a large improvement of urban air
quality (Table 36).  However, exceedences of the various environmental
objectives were still to be expected.  Results for B(a)P are not included in the
table; these results were highly uncertain and no firm conclusion can be
made.  The objectives for PM10, both short-term and long-term, as well as
the NO2 long-term objectives were projected to be most frequently exceeded
in 2010.

7DEOH������)UDFWLRQ��LQ����RI�WRWDO�XUEDQ�SRSXODWLRQ�OLYLQJ�LQ�QRQ�
DWWDLQPHQW�FLWLHV

3ROOXWDQW $YHUDJLQJ
SHULRG

������D� �����E�

SO2 1 hour ��� 2%; ����
SO2 24 hours ��� 7%; �����
NO2 1 hour �� 5%; ��
NO2 Calendar year ��� 5%; ���
PM10 24 hours ��� 62%; ���
PM10 Calendar year ��� 62%; ���
CO 8 hours ��� ��������
O3 Daily 8-h max 48% 6%
Benzene Calendar year ��� ���
Pb Calendar year ��� ��
�D�� IUDFWLRQ� HVWLPDWHG� IURP� 8$4$0� DQG� 2),6� PRGHO� FDOFXODWLRQV
�E��IUDFWLRQ�HVWLPDWHG�IURP�F4��8$4$0�DQG�2),6�PRGHO�FDOFXODWRUV��UHVXOWV�REWDLQHG�E\�8$4$0�DUH

JLYHQ�LQ�LWDOLFV�

&KDUW�����3RSXODWLRQ�VLPXOWDQHRXVO\�H[SRVHG�WR�FRQFHQWUDWLRQV�RI�WKH
SROOXWDQWV�&2��12���62����30����EHQ]HQH�RU�3E�LQ�H[FHVV�RI�WKH�DLU

TXDOLW\�REMHFWLYHV.
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Chart 2 shows how the population is exposed to different pollutants
simultaneously.   For instance, in 1995 about 25 million inhabitants lived in
cities where the objectives for 4 pollutants are exceeded, and more than 40
million for 4 or more.  In 2010 this number is reduced to less than 4.5
million according to the AOPII projections.
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Urban air quality not only improves in terms of population but also in terms
of severity of the exposure. Using the 3RSXODWLRQ� ([SRVXUH� DERYH� D
7KUHVKROG (PET) as defined in the main report (ETC-AQ,1999), the changes
in population exposure are presented in Chart 3.   The figure shows that the
PET-values are reduced by at least a factor 2. Table 36 indicates that for
PM10 there is a limited reduction in the total population living in non-
attainment areas.  For the population at risk there is, however, a strong
reduction in exposure.

&KDUW�����&KDQJHV�LQ�3RSXODWLRQ�([SRVXUH�DERYH�7KUHVKROG��3(7�
EHWZHHQ������DQG�������ZLWK�DQG�ZLWKRXW�$23,�PHDVXUHV�DQG�XQGHU

³QR�WUDIILF´�VFHQDULR

������VLWXDWLRQ�LV�VHW�WR���

0

0.25
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0.75
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SO2 1h SO2 24h NO2 1h NO2 yr PM10 24h PM10 yr CO benzene

1995 1995 no traffic 2010 2010 No AOP1 2010 no traffic

Chart 3 also shows the results for a 2010 scenario assuming that the emission
reduction measures as defined in the Auto-Oil I Directives had not been
implemented (“ No AOP1” ).  Comparison of this scenario with the base
case situation for 2010 illustrates the benefits of the Auto-Oil I Directives.
Large effects are seen for NO2, CO and benzene; for SO2 and PM10 the
impact of the AOPI directives is much smaller since for these pollutants
other source categories and/or long-range contributions are more important.
This is further illustrated in a sensitivity calculation in which all emissions
for road transport have been set to zero (“ No traffic” ).   Even in this
hypothetical no-traffic situation there would still be exceedences of the air
quality objectives.  Reaching all objectives would only be possible by
assuming further abatement measures for the other source categories.

������� &RQFOXVLRQV�IURP�WKH�*($�H[HUFLVH

In the current (1995) situation a large fraction of the urban population is
exposed to concentrations of one or more pollutants which are in excess of
the air quality objectives set for the year 2010.  The situation is expected to
be much improved in 2010 under the AOPII base case, but full compliance
with the objectives is not possible.  This would require reductions from other
source categories than just road transport.  Especially for NO2, CO, and
benzene, there are clear benefits from the Auto-Oil I Directives�

This top-down approach for estimating urban emissions from national totals
may not accurately reflect actual emissions, but comparison with emission
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data looks promising.  Further work on estimation of urban emissions is
needed.

����� &RPSDULVRQ� EHWZHHQ� WKH� UHVXOWV� RI� WKH� XUEDQ� LPSDFW� DVVHVVPHQW� DQG
JHQHUDOLVHG�HPSLULFDO�DSSURDFK

A straightforward comparison between the results of the urban impact
assessment (UIA) and generalised empirical approach (GEA) is difficult,
since the methods and therefore the results have a different but
complementary character.  The UIA results have a high spatial resolution but
the (surrogate) annual mean is based on calculations for a limited number of
hours.  The GEA annual mean is based on all hours of the year but produces
a city-averaged concentration only.   Furthermore, the representativeness of
the observational data is not always clear.  Results of the two approaches
have nonetheless been compared on a pollutant-by-pollutant basis and  with
observations,  the aim being to see whether the two methods broadly
corroborate the conclusions on urban exceedences in the EU in 1995 and
2010.

Table 37 attempts to compare, as far as possible, the results of the two
approaches in relation to the NO2 annual mean.  It is important to note that
whereas the UIA scoring indicates the spatial extent of any exceedences, the
scoring for the GEA and observational data indicates the extent of
exceedence of the single concentration figure.   The comparison is mainly
useful in showing whether the two methods produce similar conclusions on
future air quality rather than demonstrating whether the one is more
“accurate” than the other.

Striking differences between the two approaches are found for Madrid,
Cologne and Helsinki.  For these cities GEA predictions of NO2 are
substantially higher than the  UIA results.  The observations in Madrid and
Helsinki suggest that UIA calculations may underestimate the annual mean
in these cities.  The GEA, on the other hand, most likely overestimates the
concentrations in Cologne.  Both approaches indicate that in 2010 about one-
sixth of the urban population could experience concentrations in excess of
the annual objective.  Neither approach identifies any exceedences of the
NO2 short-term objective.

As far as the 2010 position for other pollutants is concerned, neither
approach identifies any exceedences in 2010 of the CO objective; the GEA
approach predicts more widespread exceedences of the benzene objective
(though this is somewhat driven by a predicted exceedence in Paris, which
may well be an over-estimate); and both approaches predict that around a
half of cities could still have exceedences of the annual PM10 objective in
2010.   It has not been possible so far to make a similar comparison on
ozone.
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7DEOH����&RPSDULVRQ�EHWZHHQ�PRGHOOHG�DQQXDO�PHDQ�12�

FRQFHQWUDWLRQV�

 NO2 annual
mean

JRC GEA Obs

1995 2010 1995 2010 1992-1996

Athens ●●●● ●●●● ●●● ●●● ●●●●

Berlin ❍ ❍ ❍ ❍ ❍

Cologne ●●●● ❍ ●● ❍ ❍

Dublin ❍ ❍ ❍ ❍ ❍

Helsinki ❍ ❍ ● ❍ ●

London ●● ❍ ●● ❍ ●●

Lyon ●●● ● ●● ❍ ●●●

Madrid ● ❍ ●●●● ●● ●●●

Milan ● ❍ ● ❍ ●●●●

Utrecht ❍ ❍ ●● ❍ ●●

/HJHQG�WR�WKH�7DEOH��LQ�-5&�FDOFXODWLRQ�WKH�JHRJUDSKLFDO�H[WHQG�RI�DQ�H[FHHGDQFH�LV
LQGLFDWHG�

❍���QR�H[FHHGDQFH�LQ�WKH�FLW\
●���H[FHHGDQFH�LQ�������RI�WKH�FLW\�DUHD
●●���H[FHHGDQFH�LQ��������RI�WKH�FLW\�DUHD
●●●���H[FHHGDQFH�LQ��������RI�WKH�FLW\�DUHD
●●●●���H[FHHGDQFH�LQ���������RI�WKH�FLW\�DUHD

LQ�*($�FDOFXODWLRQ�DQG�REVHUYDWLRQV�WKH�FRQFHQWUDWLRQ�LV�LQGLFDWHG�
❍���QR�H[FHHGDQFH�LQ�WKH�FLW\��FRQFHQWUDWLRQ�EHORZ�WKUHVKROG�
●���FRQFHQWUDWLRQ��������DERYH�WKUHVKROG
●●���FRQFHQWUDWLRQ��������DERYH�WKUHVKROG
●●●���FRQFHQWUDWLRQ���������DERYH�WKUHVKROG
●●●●���FRQFHQWUDWLRQ��RYHU�����DERYH�WKUHVKROG

����� &RQFOXVLRQV�IURP�DLU�TXDOLW\�VWXGLHV

A number of general conclusions can be drawn from the air quality analysis.

• Due to the expected decline in emissions of all the pollutants addressed in
the Auto-Oil II Programme, significant improvements in regional and
urban air quality can be expected across Europe. Nevertheless, a number
of air quality objectives will still not be met unless further action is taken,
particularly in the case of particulate matter. The relatively optimistic
picture on air quality also contrasts markedly with the limited progress on
climate change gases expected under a “business-as-usual” scenario.

• A comparison between the two modelling approaches used in AOPII
suggests that whilst there are some differences in the results for individual
cities, the broad conclusions on the evolution in future air quality and the
priorities for policy action are consistent.
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• In the context of the AOPII objectives, the remaining air quality
challenges would appear to concern ozone, particulate matter and limited
NO2 exceedances.

• In terms of urban pollution problems, continued widespread exceedences
of the PM10 objective would suggest the need for action at the European
as well as national/local scales in order to bring down concentrations; in
contrast, it would seem likely that city-based or even more targeted
measures to tackle remaining NO2 problems could be sufficient.
Exceedences of the benzene objective at background levels would appear
to be very slight and may be eliminated as a side-effect of measures to
meet other problems.

• Decreases in urban NO2 levels can be associated with increased urban
ozone levels as a result of the complex photochemical interactions
involved. Nevertheless, except in some Mediterranean cities this effect is
not generally expected to result in exceedences of the target value within
the urban area itself; the EEA’s ozone study indicates that the population
living in ozone non-attainment cities would drop from 48% to 6%
between 1995 and 2010.

• Though not modelled in AOPII (due to insufficient data), PM2.5 is also a
significant regional-scale pollutant and will need to be properly addressed
in a future air quality strategy going beyond AOPII. Such a strategy would
need to make better links between primary and secondary PM and
improve the inventory, measurement, projection and control option
databases.

• Concentrations of air pollutants in street canyons will fall further than at
background, though in most cases absolute levels will nonetheless remain
higher in the street canyons;   this will mean that some exceedences of the
air quality objectives will still occur in cities which comply at the
background level.

• Where exceedences occur, road transport will generally continue to be the
major contributor; however, the balance is shifting and further emphasises
the need to have emission inventories that are equally robust across all the
emission sources.

• It should be stressed that AOPII has addressed only a limited number of
targets in the context of existing air quality objectives. In the future it will
be important to watch out for current or emerging problems associated
with non-regulated pollutants such as PAH, and to monitor emission
trends to ensure that the positive outlook in relation to CO, benzene and
NO2 is realised.
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����� 9HKLFOH�WHFKQRORJLHV

������� 2EMHFWLYHV�DQG�VFRSH

The main activities originally defined for Working Group 2 “Vehicle
Technology” (WG2) were:

³DQ� HYDOXDWLRQ� RI� WKH� FRVWV� DQG� HIIHFWV� RI� PRWRU� YHKLFOH� HPLVVLRQ
FRQWURO�WHFKQRORJLHV�IRU�WKH�FRPSOHWH�UDQJH�RI�PRWRU�YHKLFOHV�LQ�XVH
LQ�WKH�(XURSHDQ�8QLRQ�WKDW�ZLOO�EH�DSSOLFDEOH�DQG�DYDLODEOH�WR�PHHW
WKH�HPLVVLRQ�OLPLWV�SURSRVHG�IRU�DSSOLFDWLRQ�LQ�WKH�\HDU������� �7KH
HIIHFW�RI�HPLVVLRQ�FRQWURO�WHFKQRORJLHV�RQ�&2��HPLVVLRQV�VKRXOG�DOVR
EH�DVVHVVHG�

DQ�HYDOXDWLRQ�RI�SRVVLEOH�LPSURYHPHQWV�WR�WKH�W\SH�DSSURYDO�WHVWLQJ
SURFHGXUHV�� VXFK� DV� LQFUHDVHG� GXUDELOLW\� WHVWLQJ��2%'� WHFKQRORJ\�
FROG�VWDUW�WHVWLQJ�DQG�HQKDQFHG�HYDSRUDWLYH�HPLVVLRQ�FRQWUROV���)RU
KHDY\� GXW\� YHKLFOHV� WKLV� VKRXOG� LQFOXGH� D� UHYLHZ� RI� WKH� VLWXDWLRQ
UHJDUGLQJ�WKH�ZRUOG�ZLGH�WHVW�F\FOH�DQG�SRVVLEOH�LPSOHPHQWDWLRQ�DW
WKH�(XUR�,9�VWDJH��WDNLQJ�LQWR�DFFRXQW�WKH�GHYHORSPHQW�RI�HPLVVLRQ
FRQWURO� WHFKQRORJ\�� �:*��ZLOO� DOVR� FRQVLGHU� WKH� GHILQLWLRQ� RI� W\SH
DSSURYDO� UHIHUHQFH� YDOXHV� IRU� XVH� LQ� URDGZRUWKLQHVV� WHVWLQJ
SURJUDPPHV�´

In addition, WG2 was to look at longer term issues in relation to the future
potential costs and benefits of alternative clean propulsion technologies
(such as electric vehicles, hybrids, bio-fuels, fuel cells etc).

It was recognised, however, from the outset of AOPII that many of WG2’s
(and, for that matter WG3’s) activities could be affected by the outcome of
the Auto-Oil I Directives and that the scope of the work would need to be
modified in the light of an eventual agreement.

������� ,QGXVWU\�TXHVWLRQQDLUH

It was agreed in WG2 that an extensive questionnaire should be drawn up to
gather data on the costs and effects of the various technologies that had the
potential to reduce emissions from motor vehicles.   The Institute for
Advanced Materials of the Joint Research Centre was appointed to undertake
this study with support from a sub-group consisting of the Commission
services and members of WG2 representing various governmental agencies,
industry groups and other organisations.

The purpose of the questionnaire was to identify appropriate, available and
promising technologies which would result in a lowering of future pollutant
emissions from vehicles.  The collected data would be used by WG2 to
develop a number of potential vehicle emission reduction scenarios as inputs
to the cost-effectiveness assessment.
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The questionnaire was designed to cover the following:

• Vehicle types: passenger cars, (gasoline, diesel, alternative fuels), light
commercial vehicles (gasoline, diesel, alternative fuels), heavy duty
engines and vehicles (diesel, alternative fuels), buses and coaches, (diesel,
alternative fuels), motorcycles, mopeds and three or four wheelers;

• Emission performance on basis of standard European emission test
procedures and compared with baseline assumptions for limit values and
fuel quality;

• Targeted pollutants: principally those addressed in the Auto-Oil I
programme, i.e. carbon monoxide (CO), hydrocarbons (HC), oxides of
nitrogen (NOx), benzene and particulate matter (PM); however, for the
purposes of the study, additional pollutants were to be considered for
indicative information only (recognising that there may be no universally
recognised measuring techniques):  polycyclic-aromatic hydrocarbons
(PAH), nitrogen dioxide (NO2), Nitrous oxide (N2O), 3 –
nitrobenzanthrone, other information on particulate matter (e.g. size
distribution, number count, composition) and volatile organic compounds
(VOCs) such as ethane, ethylene, methane, propane, 1,3-butadiene,
formaldehyde, acetaldehyde and  toluene; data was also to be collected to
assess how various vehicle emission control technology packages affected
emissions of CO2;

• Performance of specific technologies and technology packages: the
questionnaire included a list of current or near-current vehicle
technologies, though additional technologies could be included if
relevant; for each vehicle emission control technology/package
information was to be collected on emission reduction potential, costs,
adverse side-effects of technologies and requirements for enabling fuels.
Information was also to be collected on the influence on emissions of
alternative fuels such as alcohols (ethanol/methanol), petrol/methanol
mixtures, petrol/ethanol mixtures, bio-methane gas, DME, RME,
diesel/RME mixtures and diesel/ethanol mixtures.

• Associated requirements for ‘enabling fuels’,  i.e. fuels which could be
necessary and sufficient for a technology or package of technologies to
work (including durability requirements).

The questionnaire was finalised and agreed in May 199824.   However, by
this point Council and Parliament were entering the final stages of their
negotiations on the Auto-Oil I vehicles and fuels directives.   The
Commission services decided, therefore, to postpone the distribution of the
questionnaire to industry until the outcome was clear.

In July 1998, the Council and the European Parliament agreed on the
introduction of mandatory limit values applicable from 2005/2006 to
passenger cars and light commercial vehicles, which have subsequently been
implemented through Directive 98/69/EC. More recently, the Council and
the European Parliament have agreed mandatory standards for heavy duty

                                                

24 Ref to IAM final report
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vehicles applicable from 2005 and 2008 that should require the use of
exhaust-treatment technology for the control of both particulates (from 2005)
and NOx (from 2008).

In view of these substantial developments the questionnaire was not in the
event distributed.  However, it was agreed that sections of the questionnaire
could still be used to collect information on behalf of WG3 on alternative
fuels.

������� 2XWVWDQGLQJ�WHFKQLFDO�LVVXHV���WKH�0RWRU�9HKLFOH�(PLVVLRQ�*URXS

Although the emission limits for application in 2005 were agreed by the
Council and the European Parliament, there are a number of technical issues
that still need to be addressed through reference to Article 3 of Directive
98/69/EC and Articles 4, 5, 6 and 7 of the Council’s common position on
emissions from heavy duty vehicles.  In this regard, the Commission’s Motor
Vehicle Emission Group (MVEG) has been, and will continue to be, the
forum that the Commission uses to discuss and prepare detailed proposals
for vehicle technical standards covering the field of emissions.

MVEG has considered cold start limit values for light commercial vehicle
(category N1) of  weight classes II and III, appropriate OBD thresholds for
application from 2005/6 for passenger cars and light commercial vehicles
and the applicability of the durability (Type V) test for passenger cars and
light commercial vehicles.  The group will continue to consider OBD,
durability and in-use conformity testing for heavy duty vehicles.

������� (QKDQFHG� HQYLURQPHQWDOO\�IULHQGO\� YHKLFOHV� �((9V�� ±� SDVVHQJHU
FDUV��OLJKW�FRPPHUFLDO�YHKLFOHV��KHDY\�GXW\�YHKLFOHV�DQG�EXVHV

Through the recently adopted directive on emissions from heavy duty
vehicles (Directive 1999/96/EC), manufacturers of new heavy duty vehicles
now face the prospect of fitting such vehicles with particulate traps from
2005 and NOx control technology from 2008.  In addition, the same
directive provides for a vehicle classification known as ‘Enhanced
Environmentally Friendly Vehicles (EEV), that requires the achievement of
more stringent emission standards than those mandated in the directive.
EEV is a permissive concept that is both technology and fuel neutral; it
would allow a Member State to promote the introduction of EEV’s in certain
areas, where there might be an air quality need, through tax incentives.

The next stage of emission limits for passenger cars and light commercial
vehicles will apply from 2005 but the EEV concept is not addressed for these
vehicles; however, the Commission has discussed such a concept in an EEV
working group.  Now, a number of manufacturers are starting to introduce
technology concepts on certain new vehicles that address the control of
particulates and NOx from vehicles with diesel engines.  Therefore, the
Commission has included in the optimisation process a number of potential
EEV scenarios that could apply to passenger cars and light commercial
vehicles and also heavy duty vehicles and buses, based on assumptions of
numbers of new vehicles equipped with catalysts, particulate traps and
deNOx technology.  The scenarios assume that these vehicles would be able
to make use of a fuel with an appropriate sulphur content .e.g. in order to
ensure adequate durability.
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The data presented in the following sections have been gathered by the
Commission services but have not been through the same stakeholder
process as other scenarios and are not a product of Working Group 2.

5.1.4.1. EEV scenarios for passenger cars and light commercial vehicles

For passenger cars and light commercial vehicles, the scenarios are described
in the table below, with scenario costs expressed as an increase on catalyst
cost and the potential emission reduction of the scenario expressed as a
percentage on top of the improvement expected through the application of
the mandatory emission standards for 2005:

�D�� $SSOLFDEOH� WR� DOO� QHZ� GLHVHO� SDVVHQJHU� FDUV� DQG� OLJKW� FRPPHUFLDO
YHKLFOHV�

��UHGXFWLRQ�LQ�HPLVVLRQV�RQ
WRS�RI�VWDQGDUGV�IRU�����

9HKLFOH�W\SHV

�
QXPEH
U�RI
QHZ

YHKLFOH
V�VR

HTXLSS
HG

�
LQFUHDVH
LQ�FRVW��DQ
LQFUHDVH

RQ
FDWDO\VW
FRVW�

&2 +& 12[ 30

All fitted with
catalysts

100 0-30 20-50 20-50 0-50 0-50

All fitted with
particulate traps

60-100 25-100 25 25 20-50
80-95

(1)

All fitted with
deNOx
catalysts,
deNOx traps or
selective
catalytic
reduction (SCR)

80-100

¼����6&5

20-100 for
deNOx

catalysts
or traps

0-50 0-50 20-80 5-50

All fitted with
more than one
or all above
devices

40-100 35-200 10-50 10-50 50-80 80-95

(1) All reduction in particulates are in mass.  For particulate trap systems incorporating
catalysts the highest reductions assume the use of < 10 ppm sulphur fuel since on 50 ppm
fuel the sulphate part of the total particulate mass would be equivalent to the 2005 limit
values. A review concerning appropriate sulphur levels in petrol and diesel is currently being
undertaken by the Commission services.
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�E�� $SSOLFDEOH� WR� DOO� QHZ� GLUHFW� LQMHFWLRQ� JDVROLQH� SDVVHQJHU� FDUV� DQG
OLJKW�FRPPHUFLDO�YHKLFOHV�

��UHGXFWLRQ�LQ�HPLVVLRQV
RQ�WRS�RI�VWDQGDUGV�IRU

����
9HKLFOH�W\SHV

�
QXPEHU
RI�QHZ
YHKLFOHV

VR
HTXLSSHG

�
LQFUHDVH
LQ�FRVW��DQ
LQFUHDVH

RQ
FDWDO\VW
FRVW�

&2 +& 12[ 30

All fitted with
deNOx catalysts,
deNOx traps or
selective catalytic
reduction (SCR)

100 50-100 0-50 10-50 30-80 0

�F��((9�FRQFHSW�IRU�SDVVHQJHU�FDUV���THC = 0.04 g/km, NOx = 0.04 g/km,
particulates = 0.01 g/km (NMHC = 0.015 g/km, CH4 = 0.3 g/km for NG
vehicles):

��UHGXFWLRQ�LQ�HPLVVLRQV�RQ
WRS�RI�VWDQGDUGV�IRU�����9HKLFOH

W\SHV

��QXPEHU
RI�QHZ

YHKLFOHV�VR
HTXLSSHG

��LQFUHDVH�LQ
FRVW��DQ

LQFUHDVH�RQ
FDWDO\VW�FRVW� &2 +& 12[ 30

20%
market
share

50 0 60-75 50-90 60-83

�G��)XHO�FHOO�YHKLFOHV�

��UHGXFWLRQ�LQ�HPLVVLRQV�RQ
WRS�RI�VWDQGDUGV�IRU�����

9HKLFOH
W\SHV

�
QXPEHU
RI�QHZ
YHKLFOHV

VR
HTXLSSHG

��LQFUHDVH�LQ
FRVW��DQ

LQFUHDVH�RQ
FDWDO\VW�FRVW� &2 +& 12[ 30

5-20%
market
share

90-95
(1)

90-95
(1) 99 (1) 99 (1)

(1)  Percentages shown are for methanol (MeOH) reformer or direct MeOH vehicles.
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5.1.4.2. EEV scenarios for heavy duty vehicles and buses

For heavy duty vehicles and buses, the scenarios are described in the table
below, with scenario costs expressed as an increase on catalyst cost and the
potential emission reduction of the scenario expressed as a percentage on top
of the improvement expected through the application of the mandatory
emission standards for 2005 (a further mandatory stage for the NOx limit
will apply from 2008):

�D��$SSOLFDEOH�WR�DOO�QHZ�KHDY\�GXW\�YHKLFOHV�DQG�EXVHV�

��UHGXFWLRQ�LQ�HPLVVLRQV�RQ
WRS�RI�VWDQGDUGV�IRU������DQG

LQ�DGYDQFH�RI�����9HKLFOH
W\SHV

�
QXPEHU
RI�QHZ
YHKLFOHV

VR
HTXLSSHG

��LQFUHDVH
LQ�FRVW��DQ
LQFUHDVH�RQ
FDWDO\VW
FRVW� &2 +& 12[ 30

All fitted
with catalysts

100 0-10 60-95 60-95 0 20-25

All fitted
with
particulate
traps

85-100 200 - - -
50-80

(1)

All fitted
with deNOx
catalysts,
deNOx traps
or selective
catalytic
reduction
(SCR)

90-100

¼�����6&5

15-300 over
oxidation

catalysts for
deNOx

catalysts or
traps

0-60 0-60
50-
70

0-50

All fitted
with more
than one or
all above
devices

95-100 20-400 50-95 50-95
50-
70

50-80

(1) All reduction in particulates are in mass.  For particulate trap systems incorporating
catalysts the highest reductions assume the use of < 10 ppm sulphur fuel since on 50 ppm
fuel the sulphate part of the total particulate mass would be equivalent to the 2005 limit
values. A review concerning appropriate sulphur levels in petrol and diesel is currently being
undertaken by the Commission services.
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�E��((9�FRQFHSW� IRU�KHDY\�GXW\�YHKLFOHV�±�&2� �����J�N:K��10+&� 
����J�N:K��&+�� ������J�N:K��12[� �����J�N:K��SDUWLFXODWHV� �����
J�N:K��DV�PHDVXUHG�RQ�(7&�WHVW�F\FOH��

��UHGXFWLRQ�LQ�HPLVVLRQV�RQ
WRS�RI�VWDQGDUGV�IRU������DQG

LQ�DGYDQFH�RI�����
9HKLFOH
W\SHV

��QXPEHU
RI�QHZ

YHKLFOHV�VR
HTXLSSHG

��LQFUHDVH
LQ�FRVW��DQ
LQFUHDVH�RQ
FDWDO\VW�FRVW� &2 +& 12[ 30

10-50%
market
share

50-60 50-60 65-70 50-80

�F��)XHO�FHOO�YHKLFOHV�

��UHGXFWLRQ�LQ�HPLVVLRQV
RQ�WRS�RI�VWDQGDUGV�IRU
�����DQG�LQ�DGYDQFH�RI

����
9HKLFOH
W\SHV

��QXPEHU
RI�QHZ

YHKLFOHV�VR
HTXLSSHG

��LQFUHDVH�LQ
FRVW��DQ

LQFUHDVH�RQ
FDWDO\VW�FRVW�

&2 +& 12[ 30

<15% market
share

95 (1) 95 (1) 99 (1) 99 (1)

(1)  Percentages shown are for methanol (MeOH) reformer or direct MeOH vehicles.

������� 0RWRUF\FOHV

One vehicle sector not addressed by the Auto-Oil I proposals was
motorcycles and mopeds.  A selection of technology scenarios applicable to
motorcycles therefore needed to be developed to enable a cost-effectiveness
assessment to be made regarding the impact of future measures applied to
motorcycles.

The current emission limits for motorcycles and mopeds are defined in the
so-called multi-directive (97/24/EC).  The emission limits (expressed in
g/km), the applicable test cycle and application dates are shown in the table
below.  These measures are accounted for in the AOPII base case.
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7DEOH������$JUHHG�(PLVVLRQ�OLPLWV�IRU�PRWRUF\FOHV

&2 +& 12[ +&�12[ &\FOH $SSOLFDWLRQ
GDWH

0RSHGV

6WDJH�� 6 - - 3

17/6/99 (new
types)
17/6/03 (all
types)

6WDJH�� 1 - - 1.2

UN-ECE
47

17/6/02 (new
types)

&2 +& 12[ +&�12[ &\FOH $SSOLFDWLRQ
GDWH

0RWRUF\FOHV

��VWURNH 8 4 0.1 -

��VWURNH 13 3 0.3 -

UN-ECE
40
(UDC-
warm)

17/6/99 (new
types)
17/6/03 (all
types)

Since a stage 2 for mopeds is already provided for in the multi-directive,
only further reductions of the emission limits for motorcycles are foreseen
through Article 5 of that directive.

Although a direct comparison is not possible due to the different test cycles,
it is clear from the limits shown above that they are relatively high with
respect to the current emission limits for passenger cars; they could be
regarded as comparable with the pre-catalyst emission limits for passenger
cars (circa 1991).

Table 39 gives an overview of the emission inventory results for motorcycles
(EU-9), in particular with respect to total transport emissions, for the 3
regulated pollutants, i.e. carbon monoxide (CO), hydrocarbons (HC) and
oxides of nitrogen (NOx). It covers the nine EU countries for which the
AOPII has developed a detailed transport sector analysis.

Although a decrease in absolute motorcycle emissions of HC and CO are
forecasted through the implementation of the emission limits of Directive
97/24/EC, the relative share of motorcycles within total transport emissions is
increasing rapidly, up to 13.7% in 2010 and 20% in 2020 for HC, although
motorcycles would only constitute 2 to 3% of the total traffic. This can be
explained by the more drastic decline of emissions from other vehicle
categories, resulting from the implementation of EURO I through EURO IV
limits and the gradual phasing out of the stock of older and more polluting
vehicles. A similar trend is envisaged for emissions of NOx from
motorcycles, although their share in total transport emissions is much less
pronounced than for HC.
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7DEOH������2YHUYLHZ�RI�HYROXWLRQ�LQ�HPLVVLRQV�IURP�PRWRUF\FOHV������
����

&DWHJRU\ <HDU &2 +& 12[

(PLVVLRQV
(8��

�WRQQHV�

0RGDO
VKDUH
���

(PLVVLRQV
(8��

�WRQQHV�

0RGDO
VKDUH
���

(PLVVLRQV
(8��

�WRQQHV�

0RGDO
VKDUH
���

7RWDO
WUDQVSRUW

1995 23.608.238 4.088.480 4.591.323

2005 11.314.923 1.450.568 2.398.967
2010 7.505.210 787.517 1.463.540
2020 4.563.579 578.491 889.371

0RWRUF\FOHV 1995 1.495.384 ��� 169.285 ��� 11.387 ����
2005 858.621 ��� 112.330 ��� 15.917 ����
2010 769.623 ���� 107.673 ���� 17.886 ���
2020 767.041 ���� 115.797 ���� 20.196 ���

������� $VVHVVPHQW�RI�SRWHQWLDO�PRWRUF\FOH�VFHQDULRV

Several scenarios were defined for the investigation of the effects and costs
of future emission limits for motorcycles.  These were derived from a project
undertaken by TNO25 on behalf of the Commission to review and
complement an earlier study conducted by the European Motorcycle Industry
Association (ACEM)26.  Descriptions of the nine motorcycle scenarios are
shown in table 40.

In the TNO study different technologies were identified as technically
effective and feasible to be applied as emission abatement technology on
motorcycles. Moreover, the applicable technologies and their emission
reduction potential are dependent on the type of engine and its cylinder
capacity.  In order to establish a limited but consistent set of scenarios, three
different levels of technology performance were selected, corresponding to a
low, medium or high emission reduction potential with respect to the
present-day average emission of motorcycles.  As shown in column three of
Table 40, a certain level of technology performance groups a number of
different technologies with a more or less equivalent emission reduction
potential.   The emission reduction potential for each technology was derived
from dedicated measurement data on today’s motorcycle test-cycle on a
number of selected motorcycles, as described in the ACEM report.  These
emission reductions were used as an input to the cost-effectiveness
assessment.  As it is expected that new legislation will be applicable from
approximately 2005 onwards, this date was chosen as the introduction date
of new technology.

                                                

25 7KH�0RWRUF\FOH�(PLVVLRQ�6LWXDWLRQ, TNO Road Vehicles Institute, 1999

26 0RWRUF\FOH�([KDXVW�(PLVVLRQ�6WXG\, ACEM 1998
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7DEOH������PRWRUF\FOH�LQSXW�VFHQDULRV

6FHQDULR /HYHO�RI
WHFKQRORJ\ $SSOLFDEOH�WHFKQRORJ\ (VWLPDWHG�FRVW

Ma1 Low Average
Ma2 Low Minimum

Ma3 Low

2S >50cc : engine modifications
4S >50cc : secondary air injection (SAI)
4S 150-400cc : SAI
4S > 400cc : SAI Maximum

Mb1 Medium Average
Mb2 Medium Minimum

Mb3 Medium

2S >50cc : oxidation catalyst
4S >50cc : oxidation catalyst
4S 150-400cc : oxidation catalyst
4S > 400cc : SAI/ oxidation catalyst Maximum

Mc1 High Average

Mc2 High Minimum

Mc3 High

2S >50cc : direct injection
4S >50cc : oxidation catalyst
4S 150-400cc : three way catalyst
4S > 400cc : three way catalyst Maximum

Md1 Average

Md2 Minimum

Md3

2S >50cc : direct injection
4S >50cc : oxidation catalyst
4S 150-400cc : oxidation catalyst
4S > 400cc : SAI/ oxidation catalyst

Maximum

1%� �6� ���VWURNH�HQJLQH���6� ���VWURNH�HQJLQH�

It should be noted that the present-day test-cycle cannot be regarded as fully
representative of motorcycle driving patterns. The envisaged emission
reduction for the different technologies used in the model may differ
significantly from real world motorcycle emission behaviour.

Furthermore, cost estimates for the different technologies were derived from
estimates of the increase in industrial cost (per vehicle) as given in the
ACEM report, with some modifications (particularly for 2-stroke direct
injection engines). The ACEM data are based on responses to a
questionnaire from different manufacturers.  The ratio of industrial cost to
retail price was rated at 2.5.  Instead of giving just one figure as a cost
estimate for the application of a certain technology, three levels were
selected, i.e. a minimum, average and maximum cost estimate, reflecting the
quite substantial variability and uncertainty of these figures.  Maximum cost
estimates are approximately a factor of 2.5 for Ma1, Ma2 and Ma3 , five for
Mb4, Mb5 and Mb6, and two for Mb7, Mb8 and Mb9, higher than the
minimum values, with the average cost estimate somewhat in the middle.

The variability of cost estimates is mainly due to the fact that cost increases
are a result of the development and implementation cost of a particular
technology, and therefore, by nature, significantly higher, on a per vehicle
basis, for manufacturers who only produce a limited number of vehicles. Of
course, the different state of the art between the different motorcycle
manufacturers can explain differences in cost.

The spread in cost estimates not only reflects variability but also uncertainty.
A lack of experience and knowledge of the different cost factors for a
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particular technology leads to less accurate estimates, in particular for the
more advanced and less known technologies.

These three levels of cost estimates were combined with the three levels of
technological performance, resulting in a total of nine different scenarios, as
shown in the table (Ma1-3, Mb1-3, Mc1-3).

Additionally, a fourth set of scenarios (Md1-3) was selected, corresponding
to the high level of technological performance (Mb) for the two-strokes and
a medium level of technological performance for the four-strokes (Mc). This
scenario was added in order to evaluate the cost-effectiveness of this
combination, which both from the perspective of technological feasibility
and emission reduction potential appears to be particularly interesting.

����� &RQYHQWLRQDO�)XHOV

������� 2EMHFWLYHV�DQG�VFRSH

The principal objective of Working Group 3 “Fuels Technology” (WG3) was
to identify feasible enhanced fuel qualities (conventional and alternative
fuels) for road transport vehicles (including agricultural and off-road
machinery) which may be introduced within prescribed time horizons.

More specifically, the Fuels directive 98/70/EC review article requires that:

³7KH� SURSRVDO� >WR� UHYLVH� WKH� GLUHFWLYH@� VKDOO� FRQWDLQ
HQYLURQPHQWDO� VSHFLILFDWLRQV� FRPSOHPHQWLQJ� WKH� PDQGDWRU\
VSHFLILFDWLRQV�VWLSXODWHG�LQ�$QQH[�,,,�IRU�SHWURO�DQG�$QQH[�,9�IRU
GLHVHO� IXHOV� RQ� WKH� EDVLV�� LQWHU� DOLD�� RI� DFFXPXODWHG� NQRZOHGJH
FRQFHUQLQJ� UHTXLUHPHQWV� RQ� HPLVVLRQ� UHGXFWLRQV� UHODWHG� WR� DLU
TXDOLW\�� WKH� HIIHFWLYH� IXQFWLRQLQJ� RI� QHZ� SROOXWLRQ� DEDWHPHQW
WHFKQRORJLHV� DQG� GHYHORSPHQWV� DIIHFWLQJ� LQWHUQDWLRQDO� IXHO
PDUNHWV´�

The fuel parameters in the above-mentioned annexes are:

*DVROLQH 'LHVHO

Sulphur* Sulphur*

Aromatics* Polyaromatics

Olefins Cetane number

RVP/Distillation Density

Oxygenates T95/Distillation

� �PDQGDWRU\�VSHFLILFDWLRQV�IRU�����

As with the work on vehicles technologies, the final adoption of the fuels
directive had a significant impact on the work of WG3 removing several
parameters (sulphur in gasoline and diesel and aromatics in gasoline) from
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the analysis and effectively putting a stop to the discussions on enabling
fuels and fuel/vehicle trade-offs for 2005 within the AOPII process.

������� 5HILQLQJ�TXHVWLRQQDLUH

A WG2/3 sub-group assisted by the JRC’s Institute for Advanced Materials
developed a refinery questionnaire in order to carry out a European-wide
survey on the availability, cost and potential of new refinery technologies to
produce future reformulated automotive fuels.  The oil industry, equipment
suppliers and respected institutes were contacted. Whilst the response
provided a basis for further follow up work by the consultants, the data were,
however, insufficient in themselves to provide an adequate input for the cost-
effectiveness analysis.

������� (IIHFW�RI��IXHO�FKDQJHV�RQ�YHKLFOH�HPLVVLRQV

The key element in assessing benefits from fuel quality changes is the
equation relating fuel parameters to emissions in various vehicles.  The work
done in Auto-Oil I to define these equations, the EPEFE programme27,
provided the basis for all evaluations in AOPII.  However,  several concerns
were raised about the validity of these equations especially regarding the
relevance of the equations to new (post-1996) vehicle technologies.

The Commission services commissioned TÜV Rheinland to assess the
validity of the EPEFE equations and to give recommendations as to how they
should be used28.  The work concentrated on the NOx/aromatics relation in
gasoline engines and the NOx/total aromatics relation in diesel engines. The
assessment highlighted the lack of knowledge regarding the validity of these
equations especially as to future engine technologies. Whilst as far as 2005 is
concerned the aromatics in gasoline specification is fixed and there is an
inadequate basis to propose a specification for total aromatics in diesel, there
is a strong argument for up-dating some of the EPEFE equations in order to
take account of any changes in the fuel/vehicle interaction and to make them
more relevant to current (EURO III/IV) and future technologies.

In addition, until now reference fuels used to type-approve vehicles did not
necessarily correspond to market fuels. In the future reference fuels are likely
to be bound by the vehicle directives to reflect more accurately the true state
of market fuels. As a result, the environmental benefits of introducing
cleaner fuels will be mostly absorbed by the performance of the newly
registered vehicle (since cleaner fuels lead to less effort at the vehicle level
to meet the limit values). Hence, in the future, the biggest emissions impact
of cleaner fuels will be coming from the existing fleet rather than from future
fleets.

                                                

27 (XURSHDQ�3URJUDPPH�RQ�(PLVVLRQV��)XHOV�DQG�(QJLQH�7HFKQRORJLHV, ACEA/EUROPIA 1996

28 ,QGHSHQGHQW�5HDVVHVVPHQW�RI�(3()(�(TXDWLRQV� LQ�5HVSHFW�RI�12[�HPLVVLRQV, Draft Final Report, D.
Hassel, F.-J. Weber 1999
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������� $VVHVVPHQW�RI�SRWHQWLDO�IXHO�VFHQDULRV

The consultants Bechtel Ltd were appointed to assist WG3 in the evaluation
of potential fuel packages for inclusion in the cost-effectiveness assessment.
The consultants were given the following technical objectives:

³� 7R� DVVHVV� WKH� LPSDFW� WKDW� FKDQJLQJ� DXWRPRWLYH� IXHO� TXDOLW\
VSHFLILFDWLRQV�ZLOO�KDYH�RQ�UHILQHU\�VHFWRU�FRPSOLDQFH�FRVWV��FDSLWDO�
RSHUDWLQJ��GLVWULEXWLRQ�HWF���ERWK�IURP�D�WRWDO�(XURSHDQ�DQG�UHJLRQDO
�H�J�� QRUWK�� FHQWUDO�� VRXWK� (XURSH�� SHUVSHFWLYH�� 7KH� YDULRXV� EURDG
UHILQLQJ� FDWHJRULHV�ZLOO� EH� DVVHVVHG� LQ� WKLV� H[HUFLVH� LQFOXGLQJ� QHZ
UHILQHU\�WHFKQRORJLHV´�

³(YDOXDWH�WKH�LPSDFW�WKDW�WKH�DXWRPRWLYH�IXHO�SDFNDJHV�«ZLOO�KDYH
RQ� (XURSH� DQG� UHJLRQDO� UHILQHU\� HQHUJ\� FRQVXPSWLRQ�� UHJLRQDO
FUXGH� VXSSOLHV�� UHILQHU\�&2�� HPLVVLRQV� DQG� WUDQVSRUW� IXHO� SURGXFW
EDODQFHV�� � $OVR� DVVHVV� WKH� LPSDFW� RQ� WKH� FRVWV� DQG� DYDLODELOLW\� RI
RWKHU�UHOHYDQW� IXHOV� �L�H��DYLDWLRQ��KHDWLQJ��HWF��SURGXFWV��� LQFOXGLQJ
DQ\�LQYHVWPHQW�V\QHUJLHV�´

The choice of fuel packages for costing by the consultant presented some
methodological difficulties.  As most parameter changes in fuels will result
in changes in all emission components, an ideal set of parameters could only
be chosen after an iterative calculation.  To be able to start the iterative
process, possible fuel packages for cost calculations were identified by the
Commission services and presented to the members of WG3 taking account
of the contribution to achieving the air quality objectives and trade-offs
between parameters.

The following principles were applied in defining the packages and in
calculating the costs:

• emission benefits: these were calculated using the EPEFE equations.
Gasoline packages were formulated targeting reductions in VOC
emissions and diesel packages targeting reductions in PM.

• market average baseline:  a year 2005 estimated market average provided
the baseline for all cost calculations. This assumes that the specifications
are not changed from the year 2000 level, except for the 2005 mandated
specifications. The Consultant analysed and suggested modifications to
the difference between the specification and the market average based on
the LP model runs and their expertise.

• mandated 2005 fuel specifications:  the specifications for sulphur in
gasoline and diesel and aromatics in gasoline were kept constant.

• Identification of fuel packages: parameters were changed sequentially to
observe the effect of one parameter at the time. Two cases had changes in
both gasoline and diesel specifications to see the interference between
gasoline and diesel specifications.  Since the number of model runs was
limited, it was not, however, possible to investigate all permutations.

Tables 41 and 42 summarise the main features of the assumed market
average baselines and potential fuel packages for gasoline and diesel.  These
packages are expressed as alternative market averages rather than as the
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change in the legal specification (which would then drive the market
average).

7DEOH�����JDVROLQH�DVVXPHG�PDUNHW�DYHUDJH�DQG�SRWHQWLDO�SDFNDJHV��

3DUDPHWHU 6SHFLILFDWLRQ %DVH
PDUNHW
DYHUDJH

04� 04� 04� 04�

Distillation,
evaporated at
150°C % v/v

75 min* 86 88 90 88 90

Aromatics % v/v 35 max** 33 33 33 33 33

Sulphur ppm 50 max** 40 40 40 40 40

Oxygen % m/m 2.7 max* 0.6 0.6 0.6 1.1 0.6

Olefins % v/v 18 max* 11.5 11.5 11.5 11.5 10

Benzene % v/v 1max* 0.8 0.8 0.8 0.8 0.8

* 2000 specification; ** 2005 specification

The corresponding specification needed to change the market average was
estimated to be: MQ1 and MQ3: E150 = 77 min, MQ2 and MQ4: E150 = 79
min, MQ4: Olefins = 14%max.

7DEOH�����GLHVHO�DVVXPHG�PDUNHW�DYHUDJH�DQG�SRWHQWLDO�SDFNDJHV��

3DUDPHWHU 6SHFLILF
DWLRQ

%DVH
PDUNHW
DYH

'4� '4� '4� '4� '4�

Density kg/m³ 845 max* 835 830 830 825 830 830

Polyaromatics % m/m 11 max* 5.7 5.7 3 3 3 3

Cetane No. 51 min* 53 53 53 53 55 53

Distillation 95% point
°C

360 max* 355 355 355 355 355 335

Sulphur ppm 50 max** 40 40 40 40 40 40

The corresponding specification needed to change the market average was
estimated to be: DQ1, DQ2, DQ4 and DQ5: Density = 840 max, DQ2, DQ3,
DQ4 and DQ5: Polyaromatics = 6 max, DQ3: Density= 830 max, DQ4:
Cetane = 53 min, DQ5: T95 = 340 max.

Table 43 illustrates the emission reduction from diesel vehicles for the five
diesel packages compared to the estimated market average diesel of 2005 if
no changes for 2000 parameters were made except the 50ppm sulphur (base
market average in Table 43).

                                                

29 Taken from “A Technical Study on Fuels Technology related to the Auto-Oil II Programme”, Bechtel
2000

30 Taken from “A Technical Study on Fuels Technology related to the Auto-Oil II Programme”, Bechtel
2000
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7DEOH�����30�(PLVVLRQ�UHGXFWLRQ�IRU�GLHVHO�YHKLFOHV��(3()(�

Diesel
package

Pm emission reduction for
diesel passenger cars and
for light duty vehicles
(EPEFE)

Pm emission reduction for
heavy duty vehicles
(EPEFE)

DQ1 -4,3% -0,2%
DQ2 -6,5% -1,7%
DQ3 -10,7% -1,9%
DQ4 -5,0% -1,7%
DQ5 -9,4% -1,7%

Calculation of emission reduction is based on market average values in table
42.

������� 5HVXOWV�IURP�/3�PRGHOOLQJ�E\�&RQVXOWDQW

The linear programming model had representation to reflect EU in terms of
two regions, North and South, with inter-actions allowed between each.  The
model was set up so as to meet the product quantities and qualities required
at minimum cost.

The investigation centred on the year 2010.  This is a representative year
from the point of view of oil product demand as viewed by oil refiners when
making their investment decisions in relation to the new 2005 specifications.
These investment decisions would normally be taken assuming a life of ca.
10 years for the plant, so 2010 would represent a mid-period average
position.

An investigation as to the most appropriate process technologies to represent
in the model then followed, with a survey of the most up-to-date technical
literature as well as contacts with process licensors and the industry.   Those
reflecting best current practice were adopted.  No allowance was made in
respect of any untried technological developments.

A base case reflecting 2010 demand at Auto-Oil I specification levels,
including the 2005 mandated specifications in respect of sulphur in gasoline
and diesel and aromatics in gasoline was developed and run, followed by
running the input scenarios.   For each input scenario a comparison was
made relative to the base case of changes in plant built, products purchased
and sold, and utilities purchased.  The aggregate of the costs associated with
the changes was calculated for each of the input scenarios.

There are in essence three generic sets of input scenarios:
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• four scenarios, labelled MQ1/4, where selected gasoline specification
parameters were varied while all others were held at the base case level;

• a series of five scenarios, labelled DQ1/5, where selected diesel
specification parameters were varied while all others were held at the base
case level; and

• two scenarios, labelled MQ1/DQ2 And MQ4/DQ3, where the
corresponding sets of gasoline and diesel specification parameters were
varied simultaneously while all others were held at the base case level.

For each scenario the consultants calculated the following costs:

• the capital cost of investing in new plant;

• the capital cost of carrying out modifications to existing plant in order to
enable them to handle the more demanding operating conditions required;

• the changes to operating costs arising from changes to purchases in
respect of products and utilities and from changes to freight requirements;
and

• the changes to maintenance, insurance and other overhead costs.

The total costs are summarised in Table 44.

In the case of the new plant capacity, this is what is calculated as being
necessary to construct purely to meet the tighter quality requirements.  This
is over and above the plant required simply to meet 2010 demand at Auto-
Oil I specifications, including mandated sulphur and aromatics
specifications, which was established in the base case.

As regards refinery processing technology considerations, the base case
product quantity and quality requirements are largely met by the building of
major yieldshift plant, such as fluid catalytic cracking and hydrocracking,
plus gas oil desulphurisation and dearomatisation.  The cracking processes
effect a conversion of relatively low-value fuel oil into middle and light
distillates, as well as bring about some quality improvement.

In the scenarios, where the drivers are essentially quality improvements,
there is primarily a need for additional non-yieldshifting quality-improving
plant, such as dearomatisation, isomerisation and alkylation, as well as some
additional hydrocracking.

Finally, it should be noted that the accuracy of results obtained from an
exercise of this nature is intrinsically subject to a number of uncertainties.
Among the more important are those in respect of:

- Oil products: demand, import/export opportunities, prices;

- Natural gas: availability, prices;

- Crude oil: availabilities, prices;

- Transport: shipping and inland freight rates;
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- Refinery plant: capacities, availabilities, performance, investment
and operating costs.

7DEOH�������,QSXW�6FHQDULRV�DQG�,QFUHPHQWDO�&DSLWDO�DQG�2SHUDWLQJ�&RVWV
��������86�PLOOLRQ���

6&(1$5,2
12�

� � � � � � � � � � �� ��

*$62/,1(
48$/,7<

%$6( 04� 04� 04� 04� %$6( %$6( %$6( %$6( 04� 04� %$6(

',(6(/
48$/,7<

%$6( %$6( %$6( %$6( %$6( '4� '4� '4� '4� '4� '4� '4�

Capital cost –
New facilities

$1,038 $2,802 $12 $3,813 $1,868 $4,195 $6,095 $4,169 $4,948 $8,227 $5,119

Capital cost –
Modifications

$950 $915 $765 $905 $370 $280 $610 $345 $845 $1,025 $460

Storage for
South EU
surpluses

$2 $10 -$27 -$40 -$1 $7 -$11 -$7 $11 -$28 $12

Working
Capital for
surpluses

$2 $10 -$30 -$44 -$1 $7 -$12 -$8 $12 -$31 $13

7RWDO� &DSLWDO
&RVW

������ ������ ���� ������ ������ ������ ������ ������ ������ ������ ������

Decrease in
Operating
Margin (Arab
Lt @ $20/bbl)

$115 $263 $377 $346 $149 $144 $296 $114 $271 $659 $427

Maintenance
and overheads

$48 $89 $19 $113 $54 $107 $161 $108 $139 $222 $134

$QQXDO
2SHUDWLQJ
&RVW

$163 $352 $396 $459 $203 $251 $457 $222 $410 $881 $561

139

������EDVLV�

������ ������ ������ ������ ������ ������ ������ ������ ������ ������� ������

 

������� &LW\�)XHOV

The air quality modelling suggests that, for urban areas, meeting the PM
objective poses the greatest challenge over the next ten years. As an
alternative or supplement to improving conventional fuels, one option would
be to reduce diesel particulate emissions using a specially designed city fuel.
This idea is already applied in various configurations in some European
cities.

The EPEFE equations show that whilst emissions from heavy duty diesel
engines are rather insensitive to changes in diesel quality, EURO II
passenger car and light duty diesel engines are rather more sensitive to

                                                

31 Taken from “A Technical Study on Fuels Technology related to the Auto-Oil II Programme”, Bechtel
2000
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changes especially in density, polyaromatics and distillation end point area
(T95).  Lowering these parameters will reduce particle emissions.32

With further changes in density, polyaromatics and T95, going beyond the
DQ1 – DQ5 packages, fuel formulations giving a reduction up to 20% can be
made (Table 45).  These correspond to some light density fuels which exist
in European markets. The following table illustrates possibilities to vary the
parameters which affect the most the PM emissions. The costs of the
potential diesel formulations were not calculated in the LP model. If the fuel
is used as a city-fuel, the cost is dependent on the quantities of the fuel
produced and on the refinery. The other important cost element is the
logistics costs of an additional fuel quality on the market. These costs are not
addressed here either. They are assumed to be very much case dependent.

7DEOH�����(PLVVLRQ�UHGXFWLRQ�IRU�GLHVHO�IRUPXODWLRQV�SRWHQWLDO�IRU�&LW\�
IXHO�XVH

Diesel fuel formulation Density*

kg/m3

PAH*

% v/v

T95*

Cº

Emission
reduction
(EPEFE

light duty)

Emission
reduction
(EPEFE

heavy duty

Base (estimated 2005
market average)

835 5,7 355 0% 0%

DQ1 830 5,7 355 -4,3% -0,2%

DQ2 830 3 355 -6,5% -1,7%

DQ3 825 3 355 -10,7% -1,9%

DQ5 830 3 335 -9,4% -1,7%

Potential diesel package 1 823 5,7 355 -10% -0,6%

Potential diesel package 2 827 5,7 335 -10% -0,4%

Potential diesel package 3 832 1 335 -10% -2,6%

Potential diesel package 4 833 1 333 -10% -2,6%

Potential diesel package 5 833 3 317 -10% -1,5%

Potential diesel package 6 835 1 317 -10% -2,5%

Potential diesel package 7 826 1 330 -15% -2,9%

Potential diesel package 8 823 1 320 -20% -3,1%

* Fuel parameter values in the table represent market averages

                                                

32 It should be noted, however, that in view of the “reference fuel effect” described at the end of section
5.2.3, clean city fuels only work in function of their difference from the market average.
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It is important to understand the basic phenomena leading to reductions in
particles.

1) Volumetric effect

Until now, the operation of diesel injection systems have been based on
volumetric injection.  A lower density diesel gives a lower power
output.  According to some studies half of the reduction of particles is
due to this lower output and the other half to the changed chemical
properties of the diesel.  New engines and fuel injection equipment
could be much less sensitive to these changes.

2) Inter-linkage between density, polyaromatics and end point

As it is difficult to vary density, polyaromatics and end point in diesel
oil independently, the EPEFE results have given rise to several
arguments on their applicability. Polyaromatics contain molecules with
di-, tri- and more aromatic rings possibly having different  effects on
particle formation.

3) Effect of after-treatment

Sophisticated after-treatment systems in future vehicles will have a
different sensitivity to fuel changes than the EURO II level. This is the
key issue regarding long-term fuel requirements, but is out of the scope
of the AOPII.

It is also important to notice that lowering density and end point affects the
yield of middle distillates. In the LP modelling by the consultant it was seen
that the refinery model had difficulties in meeting the demand with packages
DQ4 and DQ5.

����� $OWHUQDWLYH�IXHOV

������� 2EMHFWLYHV�DQG�VFRSH

The mandate for the alternative fuels, in addition to the more general overall
mandate of AOPII, is given by the Fuels directive 98/70/EC review article:

³«�WKH�&RPPLVVLRQ�PD\�LQWHU�DOLD�EULQJ�IRUZDUG

±� � SURSRVDOV� WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� SDUWLFXODU� VLWXDWLRQ� RI
FDSWLYH� IOHHWV�DQG� WKH�QHHG� WR�SURSRVH� OHYHOV� RI� VSHFLILFDWLRQV� IRU
WKH�VSHFLDO�IXHOV�WKH\�XVH�

±� � SURSRVDOV� VHWWLQJ� OHYHOV� RI� VSHFLILFDWLRQV� DSSOLFDEOH� WR� OLTXLG
SHWUROHXP�JDV��QDWXUDO�JDV�DQG�ELRIXHOV´�

Work on alternative fuels has been concentrated on assessing the potential of
these fuels to improve air quality in Europe.  This assessment formed part of
the consultant study and was carried out by Prof. C Arcoumanis and
colleagues from Imperial College, London.
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������� 3RWHQWLDO�RI�DOWHUQDWLYH�IXHOV�WR�UHGXFH�HPLVVLRQV

The consultant study assessed and compared the potential of a wide variety
of alternative fuels to reduce emissions of the regulated pollutants for a range
of vehicle types.  The methodology is described in detail in the consultants’
report.

Use of alternative fuels can be justified according to four criteria:

- Emission benefits for air pollutants

- Greenhouse gas emission benefits

- Security of supply benefits (less dependent on crude oil)

- Social benefits (employment etc.)

The alternative fuels analysed in the study can be classified in three groups:

1) Gaseous fuels: compressed natural gas (CNG), liquid petroleum gas
(LPG) and dimethyl ether (DME)

These provide mainly emission benefits for air pollutants and a
diversification from crude oil supply. Methane, which is the main component
of CNG, can also be produced from renewable sources, and is often called
biogas.  This alternative was not treated in the study.  LPG is produced both
in gas production fields and in refineries. DME is currently produced from
natural gas.  DME can also be produced using partly renewable sources;
these technologies are still under development.

2) Biofuels: biodiesel (Fatty Acid Methyl Ester, FAME) and bioethanol

Biofuels produce less greenhouse gases, they provide independence from
fossil energy sources and they provide a new economic opportunity for the
agricultural sector.  For conventional emissions they normally imply certain
environmental trade-offs, providing benefits for some emissions but
increasing others.  Biodiesel is used either neat or more often as a mixture of
5-30% in diesel oil.  Bioethanol is used as an oxygenate blending component
in standard gasoline as such or as raw material together with a crude oil
based isobutanol to produce ethyl butyl tertiary ether (ETBE), another
gasoline blending component which has properties close to methyl butyl
tertiary ether (MTBE).  Ethanol is also used in 85% blend in gasoline
(E85G) and 15% blend in diesel, which of the many alternatives are the ones
treated here.

3)  Fuels with additives: water-diesel emulsions

Fuel additives are used to improve fuel properties for handling and use,
including emission performance. Normally additives are used in very small
proportions in standard gasoline and diesel but they can have a considerable
effect on emissions.  In AOPII water-diesel emulsions were studied.  They
are regarded as an alternative fuel since with a 10-15% water content they do
no fall inside the standard diesel specification
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Due to the large variety of alternative fuels treated in AOPII and for that
matter the wide variation in potential benefits, any comparative assessment
has to be undertaken with extreme care.  With the focus of AOPII on air
quality, the best positioned fuels would appear to be those with benefits for
conventional emissions.  CO2 benefits are also reported, but are not a driving
objective; and no credit is given in the modelling to  security of supply issues
or some of the potential social benefits.  Thus it is important to recognise
that this study can only give partial answers to more general questions on the
optimal  fuel mix for Europe.

Table 46 for passenger cars and light duty vehicles and Table 47 for heavy
duty vehicles and buses provide a summary evaluation of the potential of
alternative fuels to reduce conventional emissions as well as their potential
to reduce CO2 emissions. The tables give the relative margin of a vehicle
fuelled with an alternative fuel in satisfying the corresponding legislative
limit.  The relative emission factor is given for three stages: Euro II, III and
IV.  As an example an emission factor of 0.5 means that the alternative fuel
vehicle is emitting half of the amount of the pollutant compared to a vehicle
fuelled with gasoline in case of spark ignition engines or diesel in case of
compression ignition engines.

7DEOH������(PLVVLRQ�DQG�FRVW�IDFWRUV�RI�$OWHUQDWLYH�)XHOV�DQG�9HKLFOHV�
SDVVHQJHU�FDUV�DQG�OLJKW�GXW\�YHKLFOHV��FRPSDUHG�WR�JDVROLQH�FDUV�

H[FHSW�IRU�)$0(�DQG�'0(�ZKLFK�DUH�FRPSDUHG�WR�GLHVHO���

Fuel Year CO THC Nox PM CO2
veh

CO2
LCA

Fuel
cost

Ener.
cons

Veh
icle
cost

Main
t.cost

Infra
str.c

CNG <2000 0,4 1,7 0,5 0,6 0,8 0,7 0,9 0,9 1,12 1,1

2000 0,4 2,04 0,7 0,54 0,8 0,7 0,9 0,9 1,12 1

2005 0,58 2,47 0,66 0,43 0,72 0,6 0,9 0,9 1,05 1

LPG <2000 0,6 0,7 0,8 0,8 0,9 0,9 1,2 0,9 1,1 1

2000 0,6 0,63 0,8 0,65 0,81 0,9 1,2 0,9 1,1 1

2005 0,6 0,7 0,88 0,58 0,81 0,8 1,1 0,8 1 1

DME <2000 0,4 0,4 0,2 0,3 1,0 1,2 1,5 1,1 1,1

2000 0,49 0,49 0,24 0,36 0,97 1,1 1,5 1,1 1,1

2005 0,4 0,4 0,2 0,3 0,99 1,0 1,2 1,0 1,0

FAME30D <2000 0,5 0,4 1 0,8 1 0,8 1,2

2000 0,55 0,44 1,2 0,8 1 0,8 1,15

2005 0,5 0,4 1,1 0,72 1 0,7 1,1

E85G <2000 1,1 1,1 0,8 0,5 1,0 0,3 2,5 1,1

2000 1,33 1,33 0,88 0,45 1,0 0,25 2,5 1,1

2005 1,21 1,21 0,88 0,45 0,9 0,2 1,2 1

ETBE15G <2000 0,9 0,9 1 1 0,9 1

2000 0,9 0,9 1 1 0,85 1

2005 0,9 0,9 1 1 0,8 1

                                                

33 Taken from “A Technical Study on Fuels Technology related to the Auto-Oil II Programme, Alternative
fuels for Transportation”, Prof. C.Arcoumanis 2000.
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������� &RVWV�RI�DOWHUQDWLYH�IXHOV

The Arcoumanis report contains an evaluation of approximate present and
future costs of alternative fuels and alternatively fuelled vehicles as well as
the cost of their use and fuelling infrastructure.  The cost is given using the
same approach as for emission performance, i.e.  relative to the cost of
conventional fuelled vehicles.   These cost factors are presented together
with the emission factors in the Table 46 for passenger cars and light duty
vehicles and Table 47 for heavy duty vehicles and buses.   As an example, a
cost factor of 1.1 means that the alternatively fuelled vehicle is 10% more
expensive than a conventional vehicle.   Actual costs are of course difficult
to estimate and would vary considerably according to local circumstances.

7DEOH������(PLVVLRQ�DQG�FRVW�IDFWRUV�RI�$OWHUQDWLYH�)XHOV�DQG�9HKLFOHV�
KHDY\�GXW\�YHKLFOHV�DQG�EXVHV��FRPSDUHG�WR�GLHVHO�YHKLFOHV���

Fuel CO TH
C

Nox PM CO2
veh

CO2
LCA

Fuel
cost

Ener
cons

Vehicl
e cost

Mai
nt.c
ost

Infra
str.c

CNG <2000 0,3 0,9 0,2 0,1 1 0,9 0,5 1,24 1,21 1,12 18,3

2000 0,3 0,87 0,22 0,1 1 0,9 0,47 1,16 1,05 1,05 18,3

2005 0,36 1,09 0,22 0,08 0,99 0,8 0,45 1,11 1,02 1,03 18,3

LPG <2000 0,4 0,5 0,3 0,3 1,1 1,2 1,13 1,25 1,13 1,12 2,6

2000 0,4 0,55 0,27 0,3 0,99 1,2 1,03 1,16 1,04 1,05 2,6

2005 0,4 0,45 0,33 0,24 1,1 1,1 0,98 1,09 1,01 1,03 2

DME <2000 0,3 0,4 0,4 0,4 1 1,2 1,5 1,1 1,1

2000 0,36 0,49 0,49 0,49 0,97 1,1 1,5 1,1 1,1

2005 0,33 0,44 0,44 0,44 0,99 1,0 1,2 1 1

FAME30D <2000 0,8 0,7 1 1 1 0,8 1,2 1,01 1

2000 0,88 0,77 1,2 1 1 0,8 1,15 1,0 1

2005 0,8 0,7 1 0,9 0,9 0,7 1,1 1,0 1

E15D <2000 1,1 1,1 0,8 0,6 1 0,9 2,6 1,05 1

2000 1,1 1,1 0,8 0,6 1 0,9 2,6 1,05 1

2005 1,1 1,1 0,8 0,6 1 0,9 1,6 1 1

W10D <2000 1 1 0,9 0,7 1 1,01 1,1 1 1

2000 1 1 0,78 0,7 1 1,01 1,1 1 1

2005 1 1 0,81 0,63 0,9 1,0 1,1 1 1

                                                

34 Taken from “A Technical Study on Fuels Technology related to the Auto-Oil II Programme, Alternative
fuels for Transportation”, Prof. C.Arcoumanis 2000.



95

����� ,QVSHFWLRQ�DQG�PDLQWHQDQFH���,	0�

������� 2EMHFWLYHV�DQG�VFRSH

The aim of Working Group 4 (a role adopted by the existing “Technical
Adaptation Committee on Roadworthiness Testing”) was to examine the
potential of periodic I&M programmes to reduce pollutant emissions in a
cost-effective manner.  The principal input to WG4’s work came from a four
year study jointly funded by the Commission services35 to investigate and
develop a series of alternative technically advanced and cost-effective
solutions for the periodic inspection of passenger cars in order to achieve
low real-world emissions.

������� 7KH�FXUUHQW�VWDWH�RI�SOD\

The aim of the roadworthiness test for vehicle emissions36  is to identify
motor vehicles that are gross polluters, i.e. pollute at levels significantly in
excess of prescribed limits.  The current regulated roadworthiness test
comprises a test for the carbon monoxide content of the exhaust gases from
petrol driven vehicles and smoke opacity measurement for diesels.

Whilst the test procedures are far simpler than those used for type approval
testing, the aim of I&M is nonetheless that vehicles identified as gross
polluters should not be able subsequently to pass a type approval test (i.e. the
in-service test should minimise the risk of errors of commission).  Also,
vehicles that pass the test should be at least close to passing any subsequent
type approval tests (i.e. minimising the in-errors of omission).  Errors of
commission and omission are present with current in-service inspection
methods.

������� -RLQW�&RPPLVVLRQ�VHUYLFHV�VWXG\

The principal focus of the joint study was on the testing of catalyst equipped
cars built to the Euro 1 standard (i.e. in conformity with Directive
91/441/EEC).  Whilst conventional spark-ignition and diesel cars were also
covered by the study, work on other motor vehicles, in particular heavy
commercial vehicles, was conducted in parallel and has already led to
legislative action.

The joint study reviewed all short tests, including from outside Europe, that
have been used for in-use passenger car testing.  The performance of these

                                                

35 7KH� ,QVSHFWLRQ� RI� ,Q�8VH� &DUV� LQ� 2UGHU� WR� $WWDLQ� 0LQLPXP� (PLVVLRQV� RI� 3ROOXWDQWV� DQG� 2SWLPXP
(QHUJ\�(IILFLHQF\��  University of Thessaloniki (GR), INRETS (F), TNO (NL), TUV Rheinland (D),
TRL (GB), MTC (S), IVL (S) and Graz University of Technology (A) 1998.

36 Directive 91/338/EEC first introduced the requirement to test passenger cars for their ‘roadworthiness’.
Before then compulsory roadworthiness testing at the level of the Community had only concerned
commercial vehicles (and ambulances). Light goods vehicles were included within the scope of the
Directive by Directive 88/449/EEC.  The minimum roadworthiness inspection frequency for light goods
vehicles and passenger cars is every two years once the vehicle is four years old but most Member States
test more frequently. Heavy commercial vehicles are tested annually. Directive 92/55/EEC introduced
emission testing, applicable to pre-TWC petrol vehicles from 1996, TWC vehicles from 1997 and diesels
from 1998. Directive 96/96/EC consolidates all regulated roadworthiness testing Directives. This has
subsequently been adapted by Directive 99/52/EC.
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short tests was evaluated in terms of their ability to identify high emitting
cars (i.e. vehicles emitting more than 50% above the emission standards) and
the results compared with emission levels measured according to both
European legislated and real-world driving cycles.

The study examined whether emission measurements under load were better
at identifying high emitting cars than measurements at idle speed for petrol
engined cars, especially those with a three way catalyst (TWC), or via the
free acceleration test (FAS) for diesels.  For each particular solution, its cost
(covering installation and operation) and effectiveness in reducing actual and
future emissions of the fleet were quantified.

In addition, the possibility of using remote sensing techniques to identify
high emitters was also investigated as a potential supplement to the existing
I&M regime.
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 %R[��: &RQFOXVLRQV�IURP�WKH�MRLQW�VWXG\�RQ�,	0

7KUHH�ZD\�&DWDO\VW��7:&��HTXLSSHG�YHKLFOHV

The currently regulated short test was found to identify only 15% of high polluters and to
result in a reduction of just 5% in polluting emissions compared with no I&M.  Of all the
short tests used, the transient short cycles were found to have the greatest potential to
identify gross polluters. A properly operating I&M programme for TWC cars using transient
short test cycles could have the potential to reduce emissions in the order of 35% for CO,
25% for HC and 5% for NOx.

1RQ�FDWDO\VW�DQG�R[LGDWLRQ�FDWDO\VW�HTXLSSHG�YHKLFOHV

For these cars the test requirements of the current Directive were found to be very effective
with, for example, the potential to achieve a 15% reduction in CO emissions. However,
reducing the CO cut-point from the currently legislated 3.5% to 1.5% (or alternatively testing
against manufacturers’ reference values) should bring further gains.

'LHVHO�YHKLFOHV

The present regulated FAS test and the dynamic tests had approximately the same
environmental effectiveness, i.e. emission reduction potential of about 25% in PM for all
short tests (the study team subsequently considered this figure to be an overestimation
because of the sample’s bias towards higher emitting cars; AOPII assumes a 10%
reduction).

However, due to a high number of errors of commission (vehicles wrongly identified as
faulty) the additional cost of unnecessary repair made the FAS test method much more
costly and therefore less cost-effective.  Furthermore, assuming that attention increasingly
focuses on ultra-fine particles and that the introduction of after-treatment devices eliminate
visible smoke, opacity measurement may become obsolete.  Work being done by the
International Motor Vehicle Inspection Committee (CITA), on behalf of DG Transport will
establish testing techniques and measurement methods for low emission diesel engines,
i.e. in order to measure PM.

5HPRWH�6HQVLQJ

Remote sensing has a number of advantages over conventional test methods: it can
measure the emissions from a very large number of vehicles, measurements can be made
without any inconvenience to the vehicle driver, and a fully automated system would allow
measurements to be performed with little man-power effort.

Based on fleet data from the UK and Greece, the use of remote sensing with a CO cut-point
of 5%  could achieve emission reductions of roughly between 5% and 25% of passing
vehicles.

������� �$VVHVVPHQW�RI�SRWHQWLDO�,	0�VFHQDULRV

The JCS study demonstrated the shortcomings of the present, legislative
system of “I&M” inspection within the EU. Clearly, dynamic/loaded testing
for both petrol and diesel light vehicles produced more realistic results.  For
petrol engined vehicles (TWC) dynamic testing offered far greater
environmental accuracy.  For diesels, dynamic testing produced less ‘errors
of commission’ and therefore could be more efficient.  However, the number
of TWC vehicles identified as very excessive polluters by way of remote
sensing showed that the regulated biannual (annual in some Member states)
was not sufficient to ensure that vehicle would not significantly deteriorate
between tests.  Consequently, supplementing the regulated test by screening
the fleet through remote sensing offers a way of reducing to a minimum the
effect of poor maintenance and/or vehicle deterioration on air quality.
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7DEOH������LQVSHFWLRQ�DQG�PDLQWHQDQFH�LQSXW�VFHQDULRV

6FHQDULR 0HDVXUH

I&M – 1 Dynamometer testing for motor vehicles equipped
with TWC (post Euro1)

������� /RQJHU�WHUP�LVVXHV����LPSURYLQJ�WHVWLQJ�HIIHFWLYHQHVV�DQG�H[SDQGLQJ
WKH�URDGZRUWKLQHVV�VFKHPH�

The potential impact of roadworthiness testing on ambient pollution
reduction is set to decline rapidly as newer vehicles produce lower levels of
pollutants and are likely to have a more stable emissions performance.  This
will need to be taken into account in the devising of new forms of emission
testing for the evolving fleet.  One option for the immediate future would be
to make use of on-board diagnostic (OBD) systems as and when they are
adopted. For diesels, as with petrol vehicles, OBD will offer considerable
advantages for in-use inspection and control.  Dynamic testing is probably
not feasible for heavy commercial vehicles within an I&M programme.
Consequently, the major advance in I&M testing for these vehicles will
probably come about through the introduction of the OBD.

Further work by the Technical Adaptation Committee is expected to address
issues such as the 'added value' of testing against manufacturers’ emission
reference values (both gaseous and diesel particulates); developing
measuring equipment and test procedures that can test to ultra-low emission
levels; including OBD monitoring within I&M testing requirements and
establishing what level of additional testing is necessary; understanding the
added benefit of increasing minimum test frequency; testing motor cycle
emissions; gaining experience with remote sensing and promoting its
application; evaluating the extension of roadside testing to light vehicles.

����� 1RQ�WHFKQLFDO�PHDVXUHV�LQ�WKH�WUDQVSRUW�VHFWRU

������� 2EMHFWLYHV�DQG�VFRSH

Working Group 5 “Non-technical measures” (WG5) considered a wide range
of transport policy and demand management measures in the areas of

• traffic management (including telematics and improved infrastructure),

• public transport, cycling and walking, as well as intermodality;

• efficient freight transport;

• pricing measures, including road pricing;

• turnover and modernisation of the vehicle park;

• mobility and driver behaviour, and

• land use policies.
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The distinguishing feature of non-technical measures is that they are geared
towards changing the behaviour of transport users, i.e. the choice to travel,
modal choice, choice of time of travel, driving behaviour, but also the type
of vehicle owned etc. The reaction of transport users cannot be foreseen
exactly, depends usually on local circumstances and may vary over time.

Non-technical transport policy measures are in the competence of different
authorities. Policy conclusions with regard to the implementation of
measures will have to respect the principle of subsidiarity. Especially for
measures with a potential to improve urban air quality, competencies are
concentrated on the local and regional level. However, as a consequence of
the air quality framework directive, Member States and their local authorities
will have to ensure that, in areas of poor air quality, action plans are prepared
to achieve the Community’s air quality standards. A coherent policy
framework at European level can facilitate the implementation of certain
measures in those areas.  In addition, transport policy measures at national
and Community level provide an additional potential to reduce emissions.

The aims of WG5 were therefore:

• WR�GHPRQVWUDWH�WKDW�D�ZLGH�UDQJH�RI�QRQ�WHFKQLFDO�PHDVXUHV�LV�DYDLODEOH�

• WR�SURPRWH�JRRG�SUDFWLFHV�IRU�WKH�LPSOHPHQWDWLRQ�RI�WKHVH�PHDVXUHV�

• WR� VKRZ� WKH� SRWHQWLDO� RI� QRQ�WHFKQLFDO� PHDVXUHV� WR� LQIOXHQFH� ORFDO� DLU
TXDOLW\�

• WR� SURYLGH� TXDQWLILHG� LQIRUPDWLRQ� RQ� WKH� LPSDFWV� DQG� FRVWV� RI� VHOHFWHG
QRQ�WHFKQLFDO�PHDVXUHV��DOORZLQJ�FRVW�HIILFLHQF\�HVWLPDWHV��DQG

• WR�SURYLGH�WKHUHE\�D�EDVLV�IRU�SROLF\�UHFRPPHQGDWLRQV�

������� 'DWD�FROOHFWLRQ�DQG�YDOLGDWLRQ

WG5 adopted a matrix structure for the variety of measures and their
impacts.  Four possible dimensions were agreed to classify the type of
impact of the measures.  They reflect determinants for the use of motorised
vehicles and therefore emissions and air quality: transport demand (transport
volume), modal choice, vehicle ownership and the composition of the fleet,
and driving behaviour.

A systematic collection of information on promising non-technical measures
on local, national and European level showed that a number of indications on
the impact of certain measures on transport are available, mainly based on
models.  References to costs of measures are relatively rare.

WG5 developed a questionnaire aiming at additional information on
practices at urban level and data needed for the cost-effectiveness analysis.
More than 40 replies to the questionnaire were received, mainly from city
authorities, research organisations, consultants, pressure groups, and public
transport operators.  The replies to the questionnaire indicate that at present
the implementation and the discussion of non-technical transport policy
measures are concentrated on traffic management, public transport, and road
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pricing. In addition, examples for fleet management, land use planning, and
measures to influence mobility behaviour were provided.

The quantity and quality of the information provided varied considerably.  In
general there was plenty of information on the type of measures which have
been implemented together with supporting background information
(expectations, bundling of measures, rejected measures, and main obstacles
for implementation).  On the other hand, there was little information on
quantitative impacts of measures and on investment and operating costs.

Data validation included a comparative assessment of the figures provided in
literature and research projects, together with the case studies resulting from
the survey. Criteria are methodological transparency and mutual
confirmation between different sources. The validation process also had to
address local conditions and circumstances, though owing to limited
information and resources it was impossible to take full account of these
important factors. Therefore the findings of WG5 might serve as a general
guidance, but they can not provide a blueprint for local policies.

������� 3URPRWLQJ�JRRG�SUDFWLFH

A wide range of general information and good practice for the
implementation of non-technical measures was collected directly from WG5
members, from studies and reports, and from replies to the questionnaire.
The main findings and examples on the impacts of different types of non-
technical measures are presented in the WG5 report.

Specific information on research findings and descriptions of good practices
for the implementation of non-technical measures with the goal to reduce
emissions and improve air quality are going to be collected in CANTIQUE, a
concerted action within the Transport programme in the 4th RTD Framework
Program.  CANTIQUE will make use of the work in WG5 and provide its
results on the Internet, too.

������� .H\�FRQVLGHUDWLRQV�LQ�WKH�DVVHVVPHQW�RI�QRQ�WHFKQLFDO�PHDVXUHV

Emission and pollution levels can be interpreted as a quality indicator for
transport systems, besides others like regional accessibility, management of
traffic flows, safety, quality of public transport, opportunities for non-
motorised transport, and stimulation of the regional economy.  Local
strategies have to deal with synergies and trade-offs between these
objectives, taking into account the availability of appropriate policy options,
the relation between cities and their environs, and the question of public
acceptability.

Single (“stand-alone”) measures addressing only one aspect of the transport
system tend to be less effective with regard to the above mentioned
objectives, than policy packages. Optimal packages of measures in this
respect are likely to include physical, pricing and organisational measures
which combine a “push & pull“ approach towards motorised road transport
and its alternatives.

Possible adverse effects may call for mitigating measures. For example,
measures to reduce congestion and increase average speeds encourage
additional traffic.  Measures reducing the use of available cars make them
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available to other family members.  Traffic restrictions to central areas may
induce development of activities in suburban belts, generating additional
traffic flows that are much more difficult to bundle.

Limits to the modelling of non-technical measures and their impact on
emissions are related to the importance of driving cycles and the behaviour
in congestion, compared to the use of  average speed as an indicator.
Furthermore, many non-technical measures are “continuous measures”
(pricing, speed limits, capacity increase etc.) that may be set at an infinity of
different levels with probably different cost-effectiveness results.  However,
only a very limited number of measures can be included in the AOPII cost-
effectiveness assessment.

In addition to the cost-effectiveness ratio as required for the assessment
model, the policy dimension of non-technical measures has to be addressed.
This includes especially the public acceptance of measures. Co-ordinated
information policy and awareness campaigns can increase sensitivity towards
a topic and the acceptance of measures.

������� $VVHVVPHQW�RI�SRWHQWLDO�QRQ�WHFKQLFDO�VFHQDULRV

Drawing on the  comprehensive inventory of measures assembled by WG5, a
more limited set of measures had to be selected for testing in  TREMOVE,
the AOPII transport and emission model.  Selection criteria were the
expectations in WG5 with regard to their relevance and cost-effectiveness, as
well as data availability and model feasibility.   The selection of the AOPII
cities was based on the air quality modelling results for NO2.

For the assessment of non-technical measures with TREMOVE, the changes
to the attributes of transport supply, mainly the generalised price reflecting
the total cost of using a transport mode, have to be defined. Measures can
change market prices or travel time (speed) directly, or they might have an
impact on capacities, average load factors and frequencies of service.

It has to be stressed that the modelling results should be regarded as a
strategic guidance, which will have to be verified by competent local
authorities based on specific local information and more detailed (network)
models.

7DEOH�����LQSXW�VFHQDULRV�IRU�QRQ�WHFKQLFDO�PHDVXUHV�LQ�WKH�WUDQVSRUW
VHFWRU

6FHQDULR 7\SH�RI�0HDVXUH

NT – L1 Lyon, parking charge + 3 EC

NT – L2 Lyon, time-differentiated road pricing

NT – A1 City parking charges + 3 ECU

NT – A2 Time-differentiated road pricing Peak 0.3 ECU/km

NT – A3 Reduce public transport fare fare –30%

NT – A4 Increase city infrastructure capacity Capacity +5%

NT – A5 Public transport priority Bus speed +15%

NT – A6 Improved city logistics Load factor +10%

NT7 National scrappage schemes 1000 ECU/car
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����� )LVFDO�LQVWUXPHQWV

������� 2EMHFWLYHV�DQG�VFRSH

The objectives of Working Group 6 on "Fiscal Instruments" (WG6) were:

• WR�LGHQWLI\�HFRQRPLF�PHDVXUHV�ZKLFK�FRXOG�PDNH�D�FRQWULEXWLRQ
WR�UHGXFLQJ�SROOXWDQW�HPLVVLRQ�OHYHOV�IURP�PRWRU�YHKLFOHV�

• WR�DVVHVV�WKHLU�IHDVLELOLW\�RI�LPSOHPHQWDWLRQ�DQG�OLNHO\�LPSDFW��

• WR� VHOHFW� WKH� PRVW� SURPLVLQJ� RSWLRQV� DQG� GHVFULEH� WKHP� LQ� D
PDQQHU� ZKLFK� ZLOO� IDFLOLWDWH� WKHLU� LQFOXVLRQ� LQ� WKH� $23,,� FRVW�HIIHFWLYH
DQDO\VLV��DQG

• ZKHUH� DSSURSULDWH�� WR� FRQVLGHU� WKH� H[WHQW� WR� ZKLFK� LGHQWLILHG
LQVWUXPHQWV�FRXOG�EH�HTXDOO\�DSSOLHG�WR�VWDWLRQDU\�VRXUFHV�

The intention of the group was not to invent new instruments but to
investigate to what extent existing instruments could be used to stimulate
further reductions in polluting emissions from road transport.

The group’s work was split into three main activities:

• WR�UHYLHZ�&RPPXQLW\�DQG�QDWLRQDO�OHJLVODWLRQ�LQ�RUGHU�WR�LGHQWLI\
SDVW�RU�SUHVHQW�ILVFDO�PHDVXUHV�ZKLFK�KHOS�WR�UHGXFH�HPLVVLRQV�DQG�ZKLFK
FRXOG�EH�PRUH�H[WHQVLYHO\�GHSOR\HG�

• WR� LQYHVWLJDWH� WKH� FRQWULEXWLRQ� WKDW� VHOHFWLYH� DQG� GLIIHUHQWLDWHG
ILVFDO� PHDVXUHV� FRXOG� PDNH� LQ� UHGXFLQJ� YHKLFOH� HPLVVLRQV� ZKLOVW� QRW
QHJDWLYHO\�LPSDFWLQJ�RQ�WKH�IXQFWLRQLQJ�RI�WKH�LQWHUQDO�PDUNHW�RU�FDXVLQJ
UHYHQXH�ORVVHV�WR�QHLJKERXULQJ�FRXQWULHV��DQG

• WR�HVWDEOLVK� WKH�SRWHQWLDO� LPSDFW�RI� WKH�$XWR�2LO� ,�'LUHFWLYHV�� LQ
SDUWLFXODU� WKRVH� SURYLVLRQV� UHODWLQJ� WR� WKH� XVH� RI� ILVFDO� LQFHQWLYHV�� RQ
YHKLFOH�WD[DWLRQ�DQG�WKH�SURPRWLRQ�RI�ORZHU�HPLVVLRQ�YHKLFOHV�

The background paper ³9HKLFOH� 7D[DWLRQ� LQ� WKH�(XURSHDQ�8QLRQ� ����” 37,
which analysed the various instruments available in the area of vehicle
taxation within the Member States, provided the principal input to the
group’s work.

It is difficult, if not impossible, to examine the operation and effect of one
tax in isolation.  Member State decisions regarding, for example, registration
taxes are likely to be linked to the treatment of circulation taxes, fuel taxes,
road tolls, etc.   This complexity had to be recognised both in the definition
of scenarios and interpretation of model outputs from TREMOVE.  Given
the time available, WG6 decided to limit its work to fuel taxes, registration
taxes, annual circulation taxes and scrappage schemes.

                                                

37 This document is available under the following web site address:
http://europa.eu.int/en/comm/dg21/publicat/workingpapers/ index.htm#306-98
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Potential fiscal instruments were divided into two groups:

(1) so-called VWDQG� DORQH measures, which are not linked to specific
technical standards; and

(2) fiscal instruments designed to help promote specific vehicle
technology standards or fuel qualities, for example differentiated fuel
taxes to promote cleaner fuels.

Potential fiscal measures were also examined in terms of their expected
impact on parameters such as the structure of the vehicle fleet, the
composition and/or the level of overall fuel consumption.

������� .H\�FRQVLGHUDWLRQV�LQ�WKH�DVVHVVPHQW�RI�ILVFDO�LQVWUXPHQWV

The main purpose of fiscal instruments has traditionally been to raise the
money needed to finance government expenditures. However, fiscal
instruments have increasingly been recognised by Member States as a useful
support to other policy objectives such as those relating to transport, energy
and environmental policy.

It is important to bear in mind, however, that there is a potential conflict
between the revenue objective and other policy objectives.  From a strict
revenue point of view it is preferable to levy taxes in a way that has as little
impact on consumer behaviour as possible, thus leaving the tax base
unaffected and distorting the economy as little as possible.  For other
purposes it is normally the other way round, for example environmental and
transport objectives are based on the idea that the tax will indeed have an
impact on consumers.  The more effective the tax is in fulfilling the objective
the lower the revenue derived from the tax will be.

The evaluation of potential scenarios must also include an assessment of
public acceptability of the measures and their implications for national
budgets.   Co-ordinated awareness-raising campaigns can help to improve
acceptability at both the political and public scale; preserving at least budget
neutrality should help increase the attractiveness of such targeted instruments
to fiscal administrations.

Another important issue is the extent to which fiscal instruments should be
considered as applying uniformly throughout the Community (for example
via minimum duty rates) or should be allowed to vary at regional or Member
State levels, for example to take account of local environmental factors.
Whilst the modelling approach would enable either concept to be applied,
the consideration of the appropriate dividing line between harmonisation and
differentiation is outside of the scope of the Programme.

������� $VVHVVPHQW�RI�SRWHQWLDO�ILVFDO�VFHQDULRV

Three input scenarios were prepared on the effects of increases in the
minimum levels of taxation for mineral oils used as motor fuels.  The first
was designed to analyse the effects of complying with the Commission’s
current proposal for restructuring the Community framework for the taxation
of energy products which would enter into force in 2002 (the model assumes
implementation in 2005 to enable comparability with other measures).  The
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second and third scenarios explored the effects of 20% and 50% increases
respectively in the 2002 minima.

Two further scenarios focused on the replacement of registration and
circulation taxes respectively by a parallel increase in fuel duties. Given that
registration taxes are important revenue raisers in most Member States, the
corresponding scenario was designed to be budget neutral.

Scenarios were also identified concerning (a) a narrowing of the difference
between petrol and diesel taxes, and (b) fiscal incentives for clean fuels and
clean vehicles. These scenarios were not input into TREMOVE but section
6.7 nevertheless contains a discussion on the likely effectiveness of such
scenarios.

Table 50 summarises the fiscal input scenarios.

7DEOH������ILVFDO�LQVWUXPHQW�LQSXW�VFHQDULRV

6FHQDULR )LVFDO�PHDVXUH

Tax - T0 Increased minimum fuel duty – proposed 2002
levels by 2005

Tax - T1 Increased minimum fuel duty – proposed 2002
levels by 2005 +20%

Tax - T2 Increased minimum fuel duty – proposed 2002
levels by 2005 +50%

Tax – Ta Replacing registration taxes with increased fuel
duties

Tax – Tb Replacing circulation taxes with fuel duties

����� 2WKHU�HPLVVLRQ�VRXUFHV

Given the reductions in emissions of the conventional pollutants which are
expected to be delivered by the road transport sector, it is increasingly
important to consider the potential of other emission sources.   This issue
was recognised from the inception of the auto-oil programme and was
included in the terms of reference of working group 1.

The main data needs in AOPII related to emission control options for PM,
NOx and VOCs since it was clear from a relatively early stage that other
pollutants such as carbon monoxide and benzene were unlikely to be the
main policy drivers.

As far as PM was concerned, however, there was very little information
available on the costs and effects of abatement techniques for the “other than
road transport” sector.  Since in some urban areas industrial processes are the
single most important source of PM10 emissions, this is a significant lacuna
and will need to be addressed in any future strategy on PM.   For the
purposes of AOPII, it had to be assumed that the same potential to reduce
emissions existed in the other sources sector as for road transport.

As far as NOx and VOC emission control is concerned, it was possible to
make use of the RAINS databases established by IIASA for use in the
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Commission Services’ acidification and ozone strategies and the negotiations
for a multi-pollutant protocol under the UN/ECE Convention on Long-
Range Transboundary Air Pollution.

The RAINS model identifies for each of its application areas (i.e. emission
source categories considered in the model) a limited list of characteristic
emission control options.  In each case, RAINS estimates the specific cost of
reductions, taking into account investment-related and operating costs.
Investments are annualised over the technical lifetime of the pollution
control equipment, using a discount factor of four per cent.  The technical
performance as well as investments, maintenance and material consumption
are considered to be technology-specific and thereby, for a given technology,
equal for all European countries.  Fuel characteristics, boiler sizes, capacity
utilisation, labour and material costs, on the other hand, are important
country-specific factors influencing the actual costs of emission reduction
under given conditions.   Non-technical options are not included in the data-
base since they would be better addressed in energy-environment and/or
economic models.

The NOx and VOC databases were extensively scrutinised and reviewed by
national and other experts during the course of the Commission’s and
UN/ECE’s work.   They therefore represented the most robust data set on
other sources available for use in AOPII.

������� $VVHVVPHQW� RI� PHDVXUHV� WR� PHHW� WKH� QDWLRQDO� HPLVVLRQ� FHLOLQJV� IRU
12[�DQG�92&V

The driving objective for tackling regional ozone in AOPII was the proposed
national emission ceilings for NOx and VOCs (Table 3).   These would
require most countries further to reduce their emissions beyond the base case
by 2010.   In the analysis supporting the Commission’s national emission
ceilings proposal, the only additional measures which could be considered
were those from the “other than road transport sources” since all the road
transport options had been picked up in the “auto-oil I” directives.

In AOPII IIASA were commissioned to expand the data-base of other
sources measures by incorporating “new” road transport measures identified
during the course of AOPII.   The objective of the exercise was to see which
potential measures, if any, from TREMOVE might form part of a cost-
effective strategy to meet the national emission ceilings and what effect this
might have on the overall cost of meeting those objectives.

On the other hand, IIASA data will be used to assess the potential cost-
effectiveness of scenarios in other sectors compared to those in the transport
sector.38

������� 2WKHU�VRXUFHV�SDFNDJHV�IRU�$WKHQV�DQG�/\RQ

It was possible also to use the IIASA data-bases for Greece and France to
generate packages of other sources measures for Athens and Lyon
respectively.   In both cases, the air quality modelling had predicted some

                                                

38 Use of cost-effectiveness data for other sectors is still subject to validation in WG7.
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continued exceedences of the NO2 annual mean objective and hence the
need to identify potential measures to reduce NOx emissions in or around
those cities.

These “local packages” were produced by scaling down the IIASA national
cost curves from the RAINS model (version 7) and converting them into a
city cost curve giving the ranked costs in ECU per µg/m3 reduced.  This was
achieved through a three step process:

• The national emission abatement cost curve was converted into a city39

cost curve in ECU/tonnes.  This was done using the proportion of the city
to the national emissions for each of the four JRC aggregated source
categories;

• The emission abatement costs were then multiplied by the
emissions/concentration ratio to give the cost per µg/m3 reduced.

• The measures were ranked based on the concentration reduction to
produce a cost curve for the city (figures 11 and 12).

It must be emphasised that although this use of the RAINS cost curves may
give a picture of abatement costs that is broadly representative of the control
in urban areas for that country (and therefore is adequate for the “strategic”
purpose of AOPII) it does not accurately reflect conditions in a particular
AOPII city.  The patterns of emissions for different sectors, the prior
application of abatement controls and the abatement potential and costs of
those controls will vary widely from city to city40.

It should be noted that these calculations are based on the premise that the
first emission reductions would come from other sources.  This premise is a
significant one since where there are high concentrations of NO2, reductions
in NOx emissions have only limited effect on air quality.  As NO2

concentrations come down, NOx reductions become more significant in their
effect.   Therefore, the cost-effectiveness of any individual measure depends
in part on the point at which it is introduced.

                                                

39 In this context city = 100km x 100km modelling domain

40 See Final report from SENCO “Contract to Provide Technical Liaison on air quality and related
modelling for the Auto-Oil II Programme, September 1999
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����� ,QWURGXFWLRQ

This chapter describes the integrated cost-effectiveness assessment of AOP-
II policy measures carried-out by Working Group 7.  This assessment is the
result of several analytical steps carried-out throughout AOP-II by all
working groups and its conclusions heavily depend on the input received
from these working groups.

As mentioned in section 2.6, the road transport scenarios described in the
previous chapter were evaluated using the TREMOVE model to ensure the
overall consistency of the results and conclusions. A brief description of the
TREMOVE model is presented in section 6.2. The following sections
present an overview of the expected cost-effectiveness of the different
scenarios studied on the basis of the TREMOVE results. The scenario runs
have generally been considered plausible; except where stated otherwise,
those reported here have been verified by experts with the results being
corrected or qualified where appropriate.

It should be acknowledged that it was not possible to implement fully all the
links originally envisaged as part of the integrated assessment. For example,
pending the availability of a full set of source attribution functions (linking
emission effects to air quality effects), the effects of policy measures are still
related to emissions rather than ambient concentrations, making a precise
matching against air quality targets impossible. Also, although a significant
effort was undertaken to include all sectors into the analysis, data availability
did not allow a  benchmarking of transport policies against the potential in
other sectors, especially in relation to PM.

These facts are not, however, expected to significantly influence the overall
conclusions from the Programme. In general terms, AOP-II has moved a
long way in terms of relating policy impacts to air quality improvements by
simultaneously considering detailed socio-economic and technology
scenarios for establishing emission inventories and changes in air quality
concentrations. It has also effectively introduced multi-criteria analysis and
the assessment of direct and indirect emission effects with the result that
many new insights have been gained.

����� 7KH�75(029(�PRGHO

TREMOVE is an innovative integrated simulation model developed for the
strategic analysis of costs and effects of a wide range of policy instruments
applicable to local, regional and European transport markets.  The model has
been developed to support the policy assessment process within the
framework of AOPII.  To date, it has been used to produce the AOPII
transport base case, finalised in June 1999 and presented in Part III of the
AOPII Cost-Effectiveness Study report, and to analyse the policy measures
presented in this report.

TREMOVE incorporates components of various models previously
developed and used at European scale. It includes parts of the TRENEN
model, EUCARS and FOREMOVE. It also incorporates the COPERT-II
methodology (developed by the EEA and its experts).  All components were
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modified to take account of the recent regulatory and market developments
and/or to account for newly available research information (e.g. from the
MEET program – a further development of the COPERT methodology.
TREMOVE incorporates the EPEFE equations to account for changes in the
average fuel quality over time.  The purpose behind developing TREMOVE
was not, therefore, to develop a new emission calculation methodology but
rather to implement existing well known methodologies in a strategic policy
simulation tool.

TREMOVE is used to compute the effects of various types of policy
measures – taken in isolation or as packages – on the key drivers of transport
emissions. These key drivers include, amongst others, the size and
composition of the vehicle stock and vehicle usage.  The model is used to
simulate consumer behaviour with regard to the choice of transport modes
and vehicle types (i.e. size and technologies), to assess how these choices are
affected by the introduction of policy measures, and to estimate what effect
these policy measures will have on emissions.  The model takes into account
a large number of transport modes, and determines the demand for each
mode and emissions from road transport by taking into account the many
interactions between the various transport modes.  TREMOVE also allows
for the analysis of local, regional and European policies.

At the same time TREMOVE is used to compute the difference in costs
between alternative transport scenarios, and can decompose these costs by
category.  The cost components modelled in TREMOVE are the cost to
transport users (both passengers and freight), and the cost to governments.

An overview of the TREMOVE model and the policy parameters is provided
in figure 13.

The output of TREMOVE includes, inter alia, annual forecasts of transport
flows, vehicle stock size and composition, costs to society from
transportation, and emissions from transport both in the base case and any
variant of it.

TREMOVE can be used to analyse scenarios with or without the use of a
cost optimisation tool.41 Where cost optimisation is required, TREMOVE
can be used in combination with the LEUVEN II model. As explained in
section 6.1 this was not possible within AOPII because of missing data.

                                                

41 The TREMOVE model is still subject to modifications in the context of the AOPII cost-effectiveness
study and improvements will be made in parallel with the finalisation of the scenario runs. A number of
directions for current use and for future work are summarised in Annex C of Part II of the Cost-
effectiveness study report.
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)LJXUH�����RYHUYLHZ�RI�VWUXFWXUH�RI�75(029(
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����� 6XPPDU\�RI�VFHQDULRV�VWXGLHG

Chapter 5 describes the potential additional measures that were studied
within AOPII. Essentially the measures studied fall into five categories:
vehicle technology, fuel quality, inspection and maintenance, non-technical
measures, fiscal measures.

Altogether, 35 policy scenarios were input in TREMOVE, as follows.

• The twelve vehicle technology scenarios studied all concerned technical
measures to reduce motorcycle emissions, corresponding to four types of
technologies and technology mixes. They are described in section 5.1.6,
and listed in Table 40.

• Four gasoline and five diesel fuel scenarios were studied; these were
designed in the context of the AOPII mandate to support complementary
specifications for 2005, and are described in section 5.2.4 and listed in
Tables 41 and 42.

• Only one scenario concerning inspection and maintenance was studied:
this is the dynamometer testing for motor vehicles equipped with three-
way catalysts, described in section 5.4.4 and listed in Table 48.

• The non-technical measures studied were all local measures targetted in
individual Auto-Oil cities, namely Athens (six scenarios��and Lyon (two
scenarios). One additional scenario was run for Greece related to a
scrappage scheme. These are described in section 5.5.5 and listed in Table
49.
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• Five fiscal scenarios were studied, concerning generalised increases in
fuel duties and the replacement of circulation and registration taxes with
fuel duties. These are described in section 5.6.3 and listed in Table 50.

• Finally, towards the end of the programme, a number of technical
scenarios, i.e. local fuel and retrofit scenarios, were simulated to assess
their  potential to solve local air quality problems. Whereas these
scenarios showed promissing results, they should be treated with due care
since a number of uncertainties had to be accepted and insuffient means
for validation were available.

For each of these scenarios except the non-technical ones, TREMOVE
computed the expected effect of the scenario, compared with the AOPII base
case projections, for each of the nine EU countries and each of the ten cities
included in the analysis. The output data included:

• total (societal) additional cost of the measure (calculated over the period
2005-2020 and expressed as net present value);

• budget impact in 2010 and 2020;

• impact on total passenger demand in 2010 and 2020;

• impact on total freight demand in 2010 and 2020;

• impact on emissions of NOx, PM, VOC, NMVOC and CO2 in 2010 and
2020.

For the non-technical scenarios, the same data has been computed but only
for the cities concerned (Athens and Lyon). Finally, for most of the local
technology and alternative fuel scenarios studied towards the end of the
Programme, only emission impacts were calculated since cost data received
by WG7 were considered insufficient.

����� 6FHQDULRV�VWXGLHG�DW�(8��OHYHO

Table 51 shows the 2010 results for the scenarios other than non-technical,
aggregated over the nine countries. The total additional cost and budget
impact are given in absolute terms, while the impacts on demand and
emissions are given as percentages of the total road transport base case
projections. For reasons of comparability, all scenarios have been defined as
being applied from 2005; the effectiveness of some measures may be higher
if introduced earlier.
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7DEOH������75(029(�UHVXOWV�IRU�������DJJUHJDWHG�RYHU�(8�

Cost and impact on transport Impact on emissions

Total
additional

cost

(million ¼�
NPV 2005-

20)

Budget
impact in

2010

(million ¼�

Total
passenger
demand

Total
freight

demand

NOx PM VOC NMV
OC

CO2

Fuel - MQ1 1.532 -27 0,0% 0,0% 1,1% 0,1% -1,1% -1,1% 0,0%

Fuel - MQ2 3.517 -59 0,0% 0,0% 2,2% 0,1% -3,2% -3,1% 0,0%

Fuel - MQ3 2.367 -40 0,0% 0,0% 1,4% 0,1% -2,1% -2,0% 0,0%

Fuel - MQ4 3.833 -66 0,0% 0,0% 1,7% 0,1% -2,7% -2,6% 0,0%

Fuel - DQ1 2.025 -13 0,0% 0,0% -0,2% -1,8% -0,9% -0,8% 0,0%

Fuel - DQ2 3.660 -22 0,0% 0,0% -0,6% -3,1% -1,1% -0,9% 0,0%

Fuel - DQ3 5.610 -33 0,0% -0,1% -1,0% -6,3% -0,8% -0,8% 0,0%

Fuel - DQ4 3.684 -22 0,0% 0,0% -0,6% -2,7% -1,5% -1,3% 0,0%

Fuel - DQ5 5.634 -33 0,0% -0,1% -1,0% -7,6% 0,0% -0,2% 0,0%

Tax - T0 -6.455 8.224 0,1% -0,6% -0,3% -0,3% -0,2% -0,2% -0,2%

Tax - T1 -22.641 25.564 0,1% -1,2% -0,8% -0,6% -0,5% -0,4% -0,7%

Tax - T2 -51.302 56.578 0,1% -2,1% -1,5% -0,8% -1,0% -1,0% -1,6%

Tax - TA -33.313 -2.027 0,2% -0,2% 0,0% 0,1% 0,2% 0,2% 0,2%

Tax - TB -11.985 20.520 0,4% -1,6% -1,1% -1,5% -0,3% -0,2% -0,4%

Moto - A1 701 5 0,0% 0,0% 0,1% 0,0% -0,9% -0,7% 0,0%

Moto - A2 490 5 0,0% 0,0% 0,1% 0,0% -0,9% -0,7% 0,0%

Moto - A3 975 4 0,0% 0,0% 0,1% 0,0% -0,9% -0,7% 0,0%

Moto - B1 1.689 3 0,0% 0,0% -0,1% 0,0% -2,3% -1,9% 0,0%

Moto - B2 647 5 0,0% 0,0% -0,1% 0,0% -2,3% -1,9% 0,0%

Moto - B3 2.998 -1 0,0% 0,0% -0,1% 0,0% -2,3% -1,9% 0,0%

Moto - C1 2.451 -4 0,0% 0,0% -0,2% 0,0% -2,8% -2,4% 0,0%

Moto - C2 1.640 -4 0,0% 0,0% -0,2% 0,0% -2,8% -2,4% 0,0%

Moto - C3 3.341 -7 0,0% 0,0% -0,2% 0,0% -2,8% -2,4% 0,0%

Moto - D1 1.669 -4 0,0% 0,0% -0,1% 0,0% -2,6% -2,2% 0,0%

Moto - D2 641 -1 0,0% 0,0% -0,1% 0,0% -2,6% -2,2% 0,0%

Moto - D3 2.948 -7 0,0% 0,0% -0,1% 0,0% -2,6% -2,2% 0,0%

I&M - 1 3.970 -50 0,0% 0,0% -0,3% -0,5% 0,0% -0,1% 0,0%

Most of the scenarios studied give total additional costs to society in the
range 1500-6000 million ¼� IRU� WKH� (8�� FRXQWULHV� VWXGLHG�42 The major
exceptions are the fiscal scenarios, which all give net benefits to society
ranging up to 51.000.These scenarios are also associated with substantial
positive budget impacts. The projected benefits  are largely based on the
assumption that this increased revenue will be used to lower more distorting
taxes.  They also result from travel-time savings caused by decreased traffic
demand, and are therefore dependent on assumptions made regarding the

                                                

42 In rough terms, costs for the EU9 countries can be extrapolated to EU15 using a factor of 1.12.
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value of time. In addition, some of the motorcycle scenarios give costs lower
than 1500.

With the exception of the fiscal scenarios, the measures studied are not
expected to have any significant impact on transport demand. The fiscal
scenarios are expected to have a modest depressive effect on demand. This
reduction occurs entirely in the freight sector, which grows by 1.5% per year
in the base case and by only 1.3% per year in the toughest tax scenario, while
passenger demand actually increases slightly (a growth rate of 1.33% per
year in the base case against 1.36% in the strongest scenario) as a result of
reduced congestion.

The impact of all scenarios on total emissions is also modest. The most
impressive results are the reductions in PM emissions from the diesel fuel
scenarios, ranging from 5-7%.43 These scenarios are also associated with
more modest reductions for NOx and VOCs (including or excluding
methane). VOC reductions in the range of 1-3% are achieved by the petrol
fuel scenarios, but these also have the effect of increasing NOx emissions by
a similar percentage. The costs associated with the fuel scenarios are mainly
attributable to increased investment costs. Their impact on demand, and
consequently on CO2 emissions from transport, is expected to be neglible;
CO2 emissions from refinery sector may go up by around 5%.

Similar VOC reductions are obtained by the motorcycle scenarios, without
the adverse effect on NOx emissions. Although not shown in Table 14 these
scenarios also have the result of reducing CO emissions by a similar amount.
Changes in relative driving costs are small, and only minor modal shifting
(switching to other forms of transport) takes place; the emission reduction
potential is therefore mainly attributable to the direct effect of the
technology.

The inspection and maintenance scenario appears to give very small
emission reductions at relatively high cost. It should be noted, however, that
the cost-effectiveness of this type of measures is likely to improve if the
measure is introduced earlier. Also, the AOPII method and data do not fully
capture the benefits of identifying gross polluters, parallel studies support the
introduction of alternative testing systems such as transient short test cycles
and remote sensing.

The emission reductions given by the fiscal scenarios are even more modest
(no more than 1.5% for any pollutant); they result from a modal shift from
cars to public transport. The large negative costs associated with them imply
that there are potential win-win scenarios, and the main obstacle associated
with their implementation would appear to be political/public acceptance. It
should also be noted that, as with many of the scenarios, fiscal measures are
of a continuous nature: more ambitious scenarios could be constructed and
would presumably deliver greater emission reductions. The magnitude of the
benefits, on the other hand, is relatively sensitive to the assumptions taken in
the model.

                                                

43 These reduction estimates are slightly lower than the TREMOVE forecast which were adjusted to
account for the “reference fuel effect” described at the end of section 5.2.3.
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The corresponding results for the year 2020 give a similar picture, the most
noticeable difference being that the motorcycle scenarios give considerably
greater VOC reductions, ranging from 2.7 to 8.1%. The PM reductions from
the diesel scenarios are slightly increased, and range from 2.4 to 9.6%. By
contrast, both the decrease in VOC emissions and the increase in NOx
emissions associated with the petrol scenarios are slightly reduced. Again,
emission benefits in 2020 related to fuels may currently be overstated due to
the "reference fuel effect".

It should be noted that these general results aggregated over nine EU
countries are not always valid for individual Member States. Unsurprisingly,
VOC reductions associated with the motorcycle scenarios are particularly
high in countries such as Spain and Greece: in 2020, reductions up to 17% of
total road transport emissions are expected in Spain.

National variations are also significant for the two fiscal scenarios relating to
the replacement of registration and circulation taxes with fuel taxes. This is
due to the different existing fiscal structures in Member States. For example,
the societal benefit of replacing registration taxes with fuel taxes is much
greater in Finland than in France because registration taxes in the latter are
extremely low.44

Differences also occur between urban and rural areas. For example,
percentage VOC reductions from the motorcycle scenarios are typically
higher in urban areas.

����� 1RQ�WHFKQLFDO�VFHQDULRV

As mentioned above, the non-technical scenarios studied were local
measures in Athens and Lyon.45 While the focus was on local application,
some may be applicable at national or EU level. TREMOVE provided a
useful benchmarking tool for comparing technical and non-technical
measures, although some non-technical measures such as land-use planning
were not found not to be amenable to analysis using TREMOVE. The results
are summarised in Table 52; this also includes calculated effect of
introducing a national scrappage scheme in Greece. (For this scenario the
costs and budget impact refer to the whole of Greece, while the emission
impact data refer to Athens only.)

                                                

44 It may be noticed that for this scenarios emissions actually go up slightly. This can be explained because
the actual scenario studied is not budget-neutral: as shown by its negative budget impact, this scenario
is associated with decreased revenues since the increased fuel taxes are insufficient to compensate for
the abolition of registration tax. This reduction in total tax stimulates extra passenger demand. This
example illustrates the considerable analytical work required to design completely budget-neutral fiscal
scenarios.

45 It is important to note that the scenarios studied are intended to serve as a benchmark to assess the
potential of local measures in general. They should not be seen as detailed local studies to guide the
application of such measures in the cities concerned.
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7DEOH������75(029(�UHVXOWV�IRU�QRQ�WHFKQLFDO�PHDVXUHV

Societal costs
(NPV in mio. ECU)

Emission impact
(2010)

Measure Domain

NPV1 NPV2

Government
budget (2010)

NOx PM

AOPII
WG7
Codes

Road capacity +5% Athens -1720 -1682 -11 0.0 % -0.8 % NT_4

Bus prioritisation Athens 718 664 -26 -0.6 % -0.4 % NT_5

Public transport fare -30% Athens -1049 -1143 -292 +0.4 % +1.6 % NT_3

  without fixed load factor -0.6 % +0.3 % --  

City logistics (load +10%) Athens -8931 -9320 -87 -2.8 % -5.7 % NT_6

Parking charge (3 ECU) Athens -868 -1818 +1489 -5.7 % +1.4 % NT_1

Parking charge (3 ECU) Lyon -1245 -1488 +491 -2.1 % -8.7 % NT_1

Time-diff. road pricing Athens -649 -1168 +1630 -5.5 % -3.8 % NT_2

Time-diff. road pricing Lyon -1252 -1399 +491 -2.9 % -6.2 % NT_2

Scrappage scheme Greece 533 571 -295 +0.1 % 0.0 % NT_7

The difference between the two columns presenting societal costs is that the
first (NPV1) excludes costs associated with accidents and noise, where as the
second (NPV2) includes such costs.46 The scenario relating to a reduced
public transport fare distinguishes between a fixed load factor (no increase in
bus frequency) and an assumed increase in bus frequency during peak hours.
Emission impacts are presented as percentages of total road transport
emissions for the city concerned.

The most noticeable result is that, as with the fiscal scenarios studied at EU
level, most of the non-technical measures have negative societal costs, and
many have a positive budget impact. In the case of measures affecting
relative driving costs and thus causing modal shifts from private to public
passenger transport, these net benefits are largely the result of travel-time
savings associated with the reduced road transport demand. On the other
hand, their impact on emissions is rather small: reductions of about 2-6 %
for the road pricing measures and for city logistics, and less than 1 % (or
even an increase) for the other measures tested.  These relatively modest
results can partly be explained because of the relative size of the city
modelling domain (usually the greater urban area rather than the city centre)
compared with the area over which the measures would have an effect. The
importance of these measures on a more local level (city centres, street
canyons, specific bottlenecks) can be much higher, and the bundling of
appropriate non-technical (and technical) measures in well-designed policy
packages will increase their impact on emissions. It should also be noted that

                                                

46 Both cost estimates are also available for other scenarios, but, as seen in this case, only add a small
contribution to total costs.
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some scenarios causing a shift to public transport (i.e. buses) increased
emissions, in particular PM. This suggests that the promotion of public
transport should go hand in hand with upgrading the public fleet so as to
avoid negative environmental effets.

Clearly, these modelling results provide only general strategic guidance
showing the potential of non-technical measures: the predicted modal shifts
and the distribution analysis of net benefits would need to be confirmed by
more detailed analysis of the local network to assess feasibility and
acceptability. They do, however, suggest a number of tentative conclusions
that can be compared with the findings of other projects described in chapter
5.5 and in the WG5  report.

• Road capacity changes have only limited impacts on emissions since
opposite effects (less congestion, but higher mileage) outweigh each
other.

• The emission impact of measures improving the attractiveness of bus
transport depends crucially on load factors and emission rates; such
measures should be considered in combination with measures to enhance
bus fleet by either replacing or retrofitting older vehicles.

• The impacts of bus prioritisation depend strongly on the impact
on road capacity for other users.

• Time-differentiated local pricing measures have a strong
potential to achieve emission reductions (2-9%) as well as public cost
savings. Parking charges also appear to be potentially very effective. For
both measures the difference in results between Athens and Lyon
emphasises the importance of taking local conditions into account.

����� 2WKHU�ORFDO�PHDVXUHV

On the vehicle technology side, fitting deNOx and PM traps potentially
present highly effective (though costly) measures. These are among the EEV
scenarios described in section 5.1.4.1. While the vehicle emission standards
applicable from 2005 and 2008 are likely to necessitate the eventual fitting
of deNOx and/or PM traps for a wide range of vehicles, local authorities may
wish to consider the introduction of retrofit or scrappage schemes, especially
for captive fleets with a high average vehicle age. Several retrofit
programmes in Member States have been developed recently, and an
information exchange on costs, fuel requirements and durability is
recommended.

On the fuels side, the fact that fuel impacts can differ between urban and
non-urban areas as well from country to country and from city to city
provides an additional opportunity to look for cost-effective solutions by
allowing some margin to be determined by local authorities. In this context,
the fuel formulations described in section 5.2.6 involving further changes in
density, polyaromatics and T95 are relevant in view of their potential for
reducing PM emissions. Similarly, the introduction of alternative fuels could
potentially provide effective solutions to improve air quality. The data
presented in section 5.3 suggests that the promotion of alternative fuels in
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certain polluted areas could potentially provide a cost-effective solution for
achieving air quality standards in the remaining problem areas.

����� 0HDVXUHV�QRW�VWXGLHG�XVLQJ�75(029(

Although the scenarios studied using TREMOVE cover a wide range of
measures, both technical and non-technical, by no means do they cover all
possible measures. The purpose of this section is to describe certain
measures that were not included in the TREMOVE runs but which
nevertheless merit attention by policy makers and future studies.

While only one inspection and maintenance (I&M) scenario was studied
using TREMOVE, resulting in very modest emission reductions, the
conclusions from the joint study presented in section 5.4.3 (box 2) clearly
demonstrate the potential of improved I&M régimes in further reducing
emissions, although these will decline over time as older, more polluting
vehicles are replaced by newer vehicles with a better and more stable
emissions performance. As suggested in section 5.4.5, on-board diagnostic
(OBD) systems can be expected to provide a promising avenue for future
roadworthiness testing schemes.

In addition to the fiscal scenarios studied using TREMOVE, scenarios were
also identified concerning (a) a narrowing of the difference between petrol
and diesel taxes, and (b) fiscal incentives for clean fuels and clean vehicles.
Fiscal incentives could not be analysed within TREMOVE due to the
assumption in the base case that prices for future vehicles will not differ
significantly from current vehicles, the limited input data on the costs
associated with advanced vehicle technologies, and the relatively small
differences between emission limits of future (conventional) vehicles and
those of advanced technologies. Well-targeted differentiated taxes are
nevertheless generally accepted as being an effective tool to influence
consumers behaviour, and can therefore confidently be expected to provide
an effective means of accelerating improved environmental performance in
the transport sector, with a very low or negative societal cost.

����� 5HODWLRQVKLS�ZLWK�DLU�TXDOLW\�WDUJHWV

As mentioned above, a precise matching between the scenario results and the
achievement of air quality targets was not possible since they are expressed
in terms of emission reductions rather than ambient concentrations. Some
general comments can nevertheless be made.

• The air quality results described in chapter 4 suggest that further emission
reductions for CO and benzene are not generally required; measures such
as the motorcycle and fuel scenarios designed to deal with other pollutants
are likely to address the minor remaining exceedances. Local action is
would appear most appropriate for dealing with any remaining problems.

• NO2 standards are expected to be achieved in most European areas, with
exceedances limited to urban hotspots. Solutions for these cases would
include combined transport policy packages, and promotion of fleet
turnover (especially in Athens).
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• Despite the uncertainties associated emission and air quality data, wider
exceedances of PM standards are expected. More work in this area is
certainly needed, since there are gaps in our understanding of PM
formation and in the available information on costs and effects of non-
transport abatement options. Enhanced EU diesel specifications could,
however, contribute to PM reductions. The use of PM traps from 2005for
large diesel cars and lorries is already assumed as part of the base case,
but targeted retrofit programmes particularly for heavy-duty vehicles and
buses can produce siginificant local reductions.

• Regional ozone is also expected to remain a problem beyond 2010. VOC
reductions from motorcycles are among the solutions proposed; non-
technical measures, alternative fuels and advanced technologies could
also contribute to further NOx and VOC reductions. By contrast, the case
for changing the (non-sulphur) petrol specifications appears weak in view
of potential NOx trade-offs.

• The impact of the transport measures studied within AOPII on CO2
emissions is generally neglible, although the production of advanced fuels
may lead to increased emissions at the refinery level.
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����� ,QWURGXFWLRQ

The revised terms of reference for AOPII extended the scope of the
programme to include the comparison of predicted air quality with and
without the agreed Auto-Oil I and other measures and the estimation, where
possible, of the costs and benefits of Auto-Oil I.   There are three ways in
which these scenarios can be compared: changes in emissions, changes in air
quality and changes in benefits. Chapter [3.6] describes the results of an
analysis of the trends in road transport emissions without the Auto-Oil I
directives and shows how emissions would have been between 50% and
100% higher by 2010 in the absence of this legislation.   This chapter focuses
on the air quality and health benefits.

The consultants to WG1 were commissioned to carry out the quantification
of benefits of Auto-Oil I and as a further step the additional local air quality
benefits of implementing the national emission ceilings47.   In doing so they
were able to draw on several recent studies48 on the economic evaluation of
air quality targets under the air quality framework directive.   These studies
included the evaluation of some (though not all – they do not, for example,
include impacts on crops or ecosystems) of the benefits of meeting potential
air quality targets for a range of pollutants.   With some limited adaptation
and extrapolation to update for the objectives used in AOPII, the dose-
response functions and economic valuations of health endpoints from these
studies were incorporated into the AOPII analysis.

It should be noted that whilst the proposed approach was discussed in WG1,
it was not possible in the time available to review the results in any detail.
They should therefore be treated with caution.

����� %HQHILWV�RI�$XWR�2LO�,�'LUHFWLYHV

In the main assessment two “scenarios” have been assessed and compared
against the achievement of the AOPII air quality targets for 192 EU cities.
These are:

• AOPII base case;

• AOPII Base case without the Auto-Oil I Directives.

                                                

47 &RQWUDFW� WR� SURYLGH� WHFKQLFDO� OLDLVRQ� RQ� DLU� TXDOLW\� DQG� UHODWHG� PRGHOOLQJ� IRU� WKH� $XWR�2LO� ,,
3URJUDPPH, final report, 1999, SENCO

48 (FRQRPLF� HYDOXDWLRQ� RI� DLU� TXDOLW\� WDUJHWV� IRU� VXOSKXU� GLR[LGH�� QLWURJHQ� GLR[LGH�� ILQH� DQG� VXVSHQGHG
SDUWLFXODWH� PDWWHU� DQG� OHDG, final report, 1997, the Institute for Environmental Studies (IVM), Vrije
Universiteit; Amsterdam; Norwegian Institute for Air Research (NILU), Kjeller; and International Institute
for Applied Systems Analysis (IIASA), Laxenburg.

(FRQRPLF� (YDOXDWLRQ� RI� $LU� 4XDOLW\� 7DUJHWV� IRU� &2� DQG� %HQ]HQH, final report, September 1998, AEA
Technology, Harwell; IER, University of Stuttgart; Institute of Occupational Medicine, Edinburgh;
Metroeconomica, London and the National Technical University of Athens.
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The assessment was carried out by the EEA’s Topic Centre on Air Quality
using the Urban Air Quality Assessment Model (UAQAM) developed for
the Generalised Empirical Approach (cross-ref).   The results are
summarised in tables 53 and 54 below.  The impact of the Auto-Oil I
Directives can be estimated by subtracting the cost of not meeting the AOPII
air quality targets in the EDVH�FDVH�HPLVVLRQV�VFHQDULR from that in the AOPII
EDVH�FDVH�ZLWKRXW�WKH�$XWR�2LO�,�'LUHFWLYH�HPLVVLRQV�VFHQDULR�

7DEOH�����0RQHWDU\�9DOXDWLRQ�RI�,PSDFW�RI�WKH�1RQ�$WWDLQPHQW�RI�$23,,
7DUJHWV���$23,,�%DVH�&DVH�DQG�WKH�$23,,�%DVH�&DVH�ZLWKRXW�WKH�$XWR�

2LO�,�'LUHFWLYHV�6FHQDULRV

6FHQDULR 3ROOXWDQW 1XPEHU�RI
FLWLHV
([FHHGLQJ
WDUJHW

1XPEHU�RI
SHRSOH
OLYLQJ�LQ
QRQ
DWWDLQPHQW
FLWLHV
�PLOOLRQV�

% of
Population

0RQHWDU\�YDOXH
RI�H[FHHGLQJ
WDUJHW
�0(&8�
\HDU�

NO2 30 21.1 18.8 28-220
CO 6 1.7 1.5 2

Benzene 3 3.6 3.2 0.01-1.2
PM10 50 43.4 38.6 18,000-92,000

Base
Case

7RWDO�FRVW 18,000- 92,000
NO2 42 29.4 26.1 90-360
CO 8 4.4 6.2 18

Benzene 9 23 20.2 0.03-6
PM10 55 44.2 40.1 21,000-107,000

Base
case
without
AOPI
directives 7RWDO�FRVW 21,000-108,000

7DEOH�����0RQHWDU\�9DOXH�RI�%HQHILWV�RI�WKH�$XWR�2LO�,�'LUHFWLYHV

3ROOXWDQW (VWLPDWH�RI�0RQHWDU\�9DOXH�RI�%HQHILW
0(&8�\HDU

NO2 62-140

CO 16

Benzene 0.02-4.8

PM10 3,000-15,000

7RWDO 3,078-15,161

This analysis would suggest that the benefits of the Auto-Oil I Directives are
in the range 3-16 billion ECU/year (1995 ECU).  In terms of the degree of
change, significant improvements are evident for benzene in particular. The
population exposed to levels above the proposed limit value is predicted to
drop from 20 per cent of the population studied to 3 percent.   There is also
predicted to be a significant reduction in the number of people living in non-
attainment cities for CO and NO2.  A smaller reduction is predicted for
PM10, which is not surprising as a greater range of sources contribute to this
pollutant and the Auto-Oil I Directives address road transport measures only.

The estimated cost of not meeting the PM10 target in the EU could be as high
as 100 billion ECU per year.  However, this value is, to a large degree, due to
the relatively high mortality predicted to result from the estimated year 2010
concentrations and the approach used for estimating the cost of  mortality.



121

If, as the debate progresses, consensus on a new approach develops, this
value might change significantly.

����� /RFDO�DLU�TXDOLW\�EHQHILWV�RI�LPSOHPHQWLQJ�WKH�QDWLRQDO�HPLVVLRQ�FHLOLQJV

Of the ten AOPII cities both Athens and Lyon were predicted to exceed the
objectives for NO2 and benzene using the AOPII base case.   This base case
does not assume the implementation of the national emission ceilings
(NECs).  However, an estimation can be made of the local benefits that
would accrue from compliance with the NECs, assuming that the necessary
reductions in emissions are uniformly applied across the relevant country.
This estimation was made by further modifying the city inventories in line
with the NECs for Greece and Lyon respectively and running the scenarios in
the urban impact assessment air quality models.

Tables 55 and 56 summarise the results both in terms of air quality and
monetary valuation of benefits (for NO2 and benzene).  They show that
under the NEC scenario, it could be possible to comply with the benzene
objective and make substantial progress towards the achievement of the NO2

annual mean objective.  Some further local measures, however, would still
be required.   It is estimated that the economic benefits of the NEC for urban
air quality in Athens are in the range 85-336 MECU/year and in Lyons in the
range 16-64 MECU/year (1995 ECU).
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7DEOH� ���� WKH� ,PSDFW� RI� WKH� 1(&� (PLVVLRQ� 6FHQDULR� LQ� $WKHQV� DQG
/\RQV

+LJKHVW�$QQXDO�DYHUDJH�FRQFHQWUDWLRQ�LQ�����
��J�P��

&LW\ 3ROOXWDQW

%DVH�FDVH 1(&

NO2 68 56Athens

Benzene 5.4 4.3

NO2 48 42Lyons

Benzene 5.9 4.5

7DEOH� ����0RQHWDU\�9DOXDWLRQ�RI� WKH�%HQHILWV� RI� WKH�1(&� LQ� 7HUPV�RI
0HHWLQJ�WKH�$23,,�$LU�4XDOLW\�WDUJHWV

(VWLPDWH�RI�0RQHWDU\�9DOXH�RI�%HQHILW
0(&8�\HDU

&LW\ 3ROOXWDQW

/RZ KLJK

NO2 85 336

Benzene 0.001 0.13

Athens

7RWDO 85 336

NO2 16 64

Benzene 0.004 0.45

Lyons

7RWDO 16 64

����� 8QFHUWDLQWLHV�LQ�WKH�YDOXDWLRQ�RI�EHQHILWV

There are a large number of uncertainties associated with these estimates, not
only because there are already uncertainties relating to the estimation of
future emissions and concentrations, but also due to the difficulties in
relating concentration data to population exposure and placing a value on
any possible health impacts.

It has been assumed that all inhabitants of polluted cities are exposed to the
same level. This will obviously not be the case in reality, with some people
being exposed to higher levels, for example close to major roads and in the
city centres, and others exposed to lower levels, for example those that live
in the outskirts of the cities, or who work in a less polluted area.  No account
has been made of future changes in population.

In addition, there remain considerable uncertainties in the quantification of
the health impacts of different pollutants.  Epidemiological studies are
generally undertaken to investigate whether an effect exists or not, and often
the data collected in these studies is not ideal for deriving dose-response
relationships. There may be a threshold below which effects are not
observed, but it may not be possible to identify it from the available data.

Finally, there are large uncertainties associated with the economic valuation
of the health endpoints.  As mortality dominates the economic evaluation,
the analysis is particularly sensitive to the approach used for this health
endpoint.
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��� &21&/86,216

The conclusions in this report are drawn from the contents of the previous chapters
and the comments and inputs from the auto-oil stakeholders following the contact
group meeting of 26 November 1999 where a preliminary set of conclusions was
first presented. Conclusions arising from the integrated assessment were also
discussed at the last Working Group 7 meeting in May 2000. This chapter aims
therefore to reflect the general consensus as far as possible though it is inevitable
that, for some issues, there are clear differences of opinion.

����� 7KH�$23,,�PHWKRGRORJ\

• The key principles of cost-effectiveness, sound science and transparency are well
supported by all stakeholders.   The challenge is to reconcile these principles with
the demands of the timetable and complexities of the methodology.

• The terms of reference of November 1998 have focused efforts on:

• describing the impact of the “auto-oil I” legislation on the emissions base
case and air quality base line (principally for 2010);

• establishing a consistent framework for assessing remaining potential
measures, including from other sources than road transport; and

• providing a foundation for the Commission’s longer-term work on air
quality.

• There is general consensus that “urban” air quality objectives should be based on
standards agreed in or proposed for daughter directives; the objective for
“regional-scale” ozone is based on the Commission’s interim objective and hence
the proposed national emission ceilings for NOx and VOCs; some stakeholders
have questioned the use of the national emission ceilings for NOx and VOC as an
objective for ozone since they felt that the programme should be focused on
urban air quality only; however, the combating of transboundary air pollution
may be the justification for some Europe-wide measures.

• CO2 was not treated as a policy driver within AOPII since the programme had
been designed to focus on air quality rather than climate change. It was
nevertheless recognised that trends in greenhouse gas emissions need to be borne
in mind when assessing both technical and non-technical measures, in order to
avoid counterproductive side-effects. It is for this reason that an indication of
future trends in CO2 emissions was included along with an assessment of the
impact of air quality measures on CO2. Some stakeholders still felt that all
environmental impacts of transport should be assessed together – though this
might alternatively be seen as a sectoral complement to an over-arching air
quality strategy.

• The current process is highly labour intensive and hard to co-ordinate –
organisational issues should be addressed in the feasibility study on future
management of air quality policy, whilst not compromising on key principles;
some stakeholders regretted the limited time available for validation of model
results.
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����� 7UHQGV�LQ�HPLVVLRQV�±�WKH�$23,,�EDVH�FDVH

• Transport demand is projected to continue to grow albeit at a slower rate; less
growth is expected in most AOPII cities compared to the average urban and non-
urban areas whilst  speeds are expected to fall throughout the urban and non-
urban areas due to increasing congestion.

• In spite of the growth in traffic, conventional emissions from road transport are
expected to fall by roughly 80% between 1995 and 2010 implying a significant
de-coupling of conventional emissions from traffic/economic growth.

• The improvement in conventional emissions contrasts sharply with the position
on CO2 where a further increase is predicted with a stabilisation from 2005
(assuming the voluntary agreements are honoured) rather than an overall
reduction; some stakeholders have questioned this picture as being still too
optimistic;

• The “auto-oil I” directives deliver significant benefits over the period; without
new vehicles and fuels standards, emissions would have been 50-100% higher by
2010 (compared with AOPII base case) and absolute levels would have begun to
rise again around 2010.

• Due in large part to the expected reductions in road transport emissions, overall
conventional AOPII emissions (for all sources) are projected to decline, typically
by 40-50% over the period 1995-2020; the reduction is less, however, for primary
PM, at around 30%, and more for benzene, around 60%; it should be noted that
projections for CO, benzene, and especially PM remain highly uncertain.

• Some improvements are expected from non-road-transport sectors,  including
large combustion plants. Road transport is nevertheless expected to take up a
diminishing share of total emissions of conventional pollutants, e.g. falling from
about half to quarter of NOx emissions; by contrast, on current trends the share of
CO2 emissions is expected to remain largely unchanged.

����� $LU�TXDOLW\

• Significant improvements in regional and urban air quality are expected across
Europe though there are increasingly important differences between countries and
cities, depending on their emission projections and local conditions.

• Given the AOPII objectives, the remaining air quality challenges would appear to
be:

• Meeting the PM10 objectives for 2010 in around half of the AOPII cities;

• Tackling remaining but rather limited exceedences of the NO2 objectives;

• Closing the gap between the AOPII base case emissions projections and
the proposed national emission ceilings for ozone precursor emissions of
NOx and VOCs;
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• In terms of urban pollution problems, continued widespread exceedences of the
PM10 objective would suggest need for action at European as well as
national/local scales in order to bring down concentrations despite the large
uncertainties in the results; in contrast, it would seem likely that city-based or
even more targeted measures to tackle remaining NO2 problems could be
sufficient; exceedences of the benzene objective at background levels appear to
be very slight and may be eliminated as side-effect of measures to meet other
problems.

• Though not consistently modelled in AOPII (due to insufficient measurement and
emission data), secondary PM is also a significant regional-scale pollutant and
will need to be properly addressed in a future air quality strategy going beyond
AOPII; such a strategy would need to make better links between primary and
secondary PM and improve the inventory, measurement, projection and control
option databases.

• Concentrations of air pollutants in street canyons will fall further than at
background, though in most cases absolute levels will nonetheless remain higher
in the street canyons;   this will mean that some exceedences of the air quality
objectives will still occur in cities which comply at the background level;  some
stakeholders felt that the modelling should have focused on busier streets than
those selected and that the modelling period (designed to simulate an annual
average) should have included weekdays only;

• Where exceedences occur, road transport will generally continue to be the major
contributor; however, the balance is shifting and further emphasises the need to
have emission inventories that are equally robust across all the emission sources;

• As a result of the decrease in NOx emissions, urban ozone levels may rise;
however, the limited ozone modelling carried out within AOPII suggested, except
in some Mediterranean cities, these increases would not generally be responsible
for exceedences of the target value within the urban area itself;

• Some stakeholders felt that the air quality modelling still did not provide
sufficiently firm conclusions on which to base policy, especially in relation to
particulates where uncertainties continue to be large and ozone where
insuffucient time was available to validate the results.

����� ,QWHJUDWHG�DVVHVVPHQW�RI�0HDVXUHV

• The methodology used enables a plausible comparison between technical and
non-technical measures as well as between EU and local measures in the
transport sector.

• Potential measures have been assessed for motorcycles, conventional and
alternative fuels, inspection and maintenance, non-technical and fiscal measures
and, to a limited extent, advanced vehicle technologies; the potential of other
sources has been taken into account in the cost-effectiveness assessment, where
possible; the activities of some working groups also included other issues than
just the development of input scenarios for TREMOVE, such as the
dissemination of best practice; conclusions arising from these activities have been
considered when analysing the TREMOVE output.
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• Motorcycle emissions have historically received relatively less attention than
emissions from many other vehicles; without additional measures motorcycles
would not contribute significantly to the general decrease of transport emissions;
potential measures focused primarily on reduction of hydrocarbons;
implementation of different emission control technologies is technically feasible
and could achieve significant reductions, particularly of CO and HC. The
potential for reducing emissions from mopeds should also be studied.

• Complementing 2005 gasoline and diesel specifications have been studied by
assessing  the effects of incremental changes, based on EPEFE equations, and
estimating their costs using a European linear programming model on oil
refining;  gasoline parameter changes show trade-offs between pollutants;
changing diesel specification could provide reductions in particle emissions,
especially in passenger cars and light duty vehicles; the real world impact of fuel
changes would depend also on the consequential impact on reference fuels used
for type approving EURO vehicles;  some stakeholders regretted that the fuel
packages did not include low sulphur options in spite of the fact that the sulphur
specifications for 2005 had already been fixed. This issue is now being addressed
through an open consultation launched by the Commission in May 2000.

• The introduction of alternative fuels and/or advanced after-treatment systems
could potentially provide effective solutions to improve air quality, particularly at
the local level. City fuel scenarios are also relevant in view of their potential for
reducing PM emissions.

• A properly operating inspection and maintenance programme is of crucial
importance in order to ensure that expected emission reductions are realised in
practice, and could have the potential to bring about some additional  reductions
in emissions at the time of introduction; emission reductions (compared to the
base case) will decrease over time as newer vehicles replace older ones. The
development of on-board diagnostic (OBD) systems is seen as a promising
avenue for future roadworthiness-testing schemes.

• Potential non-technical measures assessed are parking charges, road pricing,
telematics/infrastructure improvement, public transport priority, reduced public
transport fares, improved city logistics, and vehicle scrappage schemes; non-
technical measures are geared towards changing the behaviour of transport users,
to make better use of existing infrastructure, to achieve a shift to less
environmentally damaging modes of transport, and to reduce the need for travel.

• Non-technical measures affect not only emissions of air pollutants; they may also
affect other objectives relating to safety, noise, emission of greenhouse gases,
regional accessibility, and the regional economy; policy strategies have to deal
with synergies and trade-offs between these objectives.

• Non-technical and local measures can result in net benefits to society where they
decrease overall travel times;more generally, well-designed local measures may
help significantly in reducing remaining air quality problems.

• The potential of measures designed to influence behaviour, however, tends to be
limited by the inelastic characteristics of transport demand. This applies
particularly to general undifferentiated increases in travel costs; more targeted
pricing measuresare more likely to be effective in achieving emission reductions.
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• Carefully designed policy packages combining a “push and pull” approach
towards motorised transport tend to be more effective in reducing emissions than
“stand-alone” measures addressing only one aspect of the transport system.
Individual non-technical measures can even have negative side-effects which
need to be corrected or compensated for, in particular where shifts to less
environmentally friendly modes are expected.

• Fiscal instruments can influence the structure of the vehicle fleet and the type and
quantity of fuel consumed; scenarios explored include increases in fuel taxation,
alignment of diesel and gasoline taxation and replacement of registration and/or
circulation taxes with increased fuel duties. Fiscal measures can help to reduce
emissions and are assumed to bring substantial societal benefits where the
increased revenue is used to replace more distorting taxes. They should, however,
be applied in a way that avoids disruption to the internal market.

• The effectiveness of measures varies significantly according to distribution of
traffic, especially between non-urban and urban areas.

����� 5HFRPPHQGDWLRQV�IRU�IXUWKHU�ZRUN

• The auto-oil data and models provide a good foundation for longer term work on
air quality but further improvement is required. The Commission services have
embarked on a feasibility study on the future organisation of air quality policy,
which will need to consider lessons from AOPII and how best to exploit data and
modelling tools. It will be particularly important to rationalise and enhance the
managerial efficiency of processes whilst maintaining the key principles of sound
science, cost-effectiveness and transparency.

• Specific areas for improvement or further work could include:

• Creating a mechanism for reviewing and up-dating the base case,
including socio-economic trends and emission factors;  promoting greater
consistency with other related strategic exercises, e.g. on climate change;
and extending the time horizons;

• Creating mechanisms for reviewing and improving existing AOPII
models, in particularly TREMOVE, LEUVENII, and air quality
modelling, for example by establishing regular peer review;  improvement
of air quality modelling should focus in particular on the consistency of
emission and air quality data; extending the emission source-attribution
technique developed for the photochemical pollution scheme with further
sub-division of the non-linear terms; examining the importance of having
air-quality modelling in higher horizontal spatial resolution and/or
extending analysis to take account of actual personal exposure;

• In co-operation with other institutes and international processes,
developing comprehensive particles strategy, including treatment of
secondary PM;

• Specific activities to fill data gaps, for example, PM inventories and air
quality data, and data on abatement measures;

• Monitoring real world effects compared with the predictions;
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• Generally enhancing approach on other sources than road transport;
possibly developing parallel simulation models which would address
demand-side questions;

• In relation to road transport, ensuring the updating of equations linking
changes in fuels to emerging vehicle technologies; reviewing potential
post-2005 technologies; reviewing enabling fuel requirements, if any, of
future technologies; evaluating potential of biofuels to reduce CO2

emissions; securing data on costs and effects of “non-technical” measures
(for example, through the Commission’s CANTIQUE programme);
enhancing links to other effects, such as congestion and noise.
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Annex A

7HUPV�2I�5HIHUHQFH�RI�7KH�$XWR�2LO�,,
3URJUDPPH��

$����������3XUSRVH

The overall purpose of the programme shall be:

(1)  To complete the work which is being done under Auto-Oil II to assess future air
quality and establish a consistent framework within which different policy options to
reduce emissions can be assessed using the principles of cost effectiveness, sound science
and transparency; and

(2)  To provide a foundation (in terms of data and modelling tools) for the transition
towards longer term air quality studies covering all emission sources.

The programme shall be completed and report by July 1999 and in time for the relevant
legislative proposals to be submitted by the end of 1999.  Some issues will need to be
carried beyond these deadlines by the appropriate air quality and vehicles and fuels
experts groups.

%����������6FRSH

The scope of the programme shall be as follows (steps 1 to 6 are all an integral part of the
whole process):

1)         Evaluation of impact of Auto Oil Directives

• A base case shall be completed projecting emissions from all sources of CO, benzene,
NOx, VOCs, PM10 and CO2 to the year 2020; the base case shall reflect the changes
in vehicle limit values and fuel quality agreed in the Auto-Oil I Directives;

• Air quality shall be predicted for the year 2010 (and other years if required) at
regional and urban scale (including street level concentrations); comparison shall be
made of predicted air quality with and without agreed Auto-Oil 1 and other measures;
detailed air quality modelling shall be carried out for the ten cities targeted in Auto-
Oil II plus an empirical analysis of a larger sample of European cities; results for
regional ozone shall be taken from the Commission’s ozone strategy;

                                                

49 As modified on 18.11.98
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• Costs and benefits of agreed Auto-Oil measures shall be estimated where possible.

 

 2)         Assessment process

• An  assessment process shall cost, test and compare the potential of additional
measures to reduce emissions which will be proposed by all working groups (i.e.
including advanced refining and vehicle technologies, vehicle scrappage schemes,
inspection and maintenance, traffic management etc); account shall be taken of
impacts on other objectives;

• The process shall make use of the air quality, transport and other decision support
models developed for Auto Oil II;

• Potential measures shall be assessed through a combination of scenario building and
environmental and economic assessment, including an evaluation of environmental
effects, benefits and cost optimisation;

• Subject to the availability of information, the assessment process shall consider
potential of measures from all sources and potential of  fiscal and local measures such
as tax differentials, transport policy instruments and demand management.  Where
data is insufficient, proposals will be formulated for further action..

 

 3)         Demonstration of scope to close air quality gaps

• Using the information from the impact evaluation and assessment process, an
estimation shall be made of the scope for different combinations of measures,
including those which would remain the responsibility of national and local
authorities, to complement the “technical” auto-oil measures and to close the gap
between forecast air quality and the proposed new European air quality objectives;

• This exercise will help to support the implementation by Member States of the new
air quality daughter directives and the development of local action plans.

 

 4)         Support the development of  remaining proposals on vehicles,  fuels and
inspection and maintenance to take effect from 2005, as required by the directives

 Where appropriate, the following potential measures shall be evaluated within the overall
assessment framework50:

                                                

• 50 The development of other more technical issues shall be carried out in parallel to the Programme  and by the relevant
technical groups

- cat N1, classes II and III limit values for cold start in low temperature ambient air (-7o);

- the threshold limit values for OBD for 2005/6 for M1 and N1 vehicles;

- examination of Type V testing, including the possibility of abolishing it.
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- Community provisions for improved roadworthiness testing;

- environmental specifications for heavy duty vehicles;

- environmental specifications for two and three wheeled vehicles;

- environmental specifications for petrol and diesel fuels complementing the mandatory
specifications for sulphur and aromatics in petrol;

- specifications for fuels used by captive fleets;

- environmental specifications for liquid petroleum gas, natural gas and biofuels.

5)         Forum for initiating and reviewing evidence on emissions implications of fuels
and vehicles technologies

• The Auto-Oil 1 / EPEFE NOx equations, used to predict the influence of fuel quality
changes on vehicle emissions, shall be reviewed in line with new technical
information to support the base case and assessment framework;

• Preparations shall be made for the development of new predictive equations which
would be applicable to EURO III and IV technologies, including revisions of the
estimation of particulate emissions.

 

 6)         Development of information base and analytical capability for longer term air
quality programmes

• Subject to confidentiality constraints, models and databases shall be made available
for the development of a longer term air quality programme which would be designed
to carry out more strategically based integrated assessments of the significant
pollutants and all emission sources;

• Further work shall be done to develop functional relationships for incorporation into
decision support tools and city weighting factors which would assist the comparison
of  local, national and European measures;

• Guidance shall be provided to support such a development, including
recommendations for future research, analysis and use.

 

 &���3ULQFLSDO�RXWSXWV

• Programme Report – summarising overall approach and results;

• Air quality report on predicted air quality, in particular at urban and micro-scale;
estimation of trends in unregulated pollutants such as smaller particles, 1,3 butadiene
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and PAHs; comparison of costs and (air quality) benefits of agreed Auto-Oil
measures;

• Integrated assessment report on methodology, models, scenarios and results,
including conclusions on the potential of additional measures to improve air quality;

• Reports from other working groups as appropriate;

• Conclusions will be drawn and recommendations reached on links to other longer
term initiatives.

'����������2UJDQLVDWLRQ

It is proposed that the basic arrangement of a Contact Group, a Commission management
group and seven working groups should remain in place, since any significant
reallocation of responsibilities would itself be a major exercise.  However, whilst the
scope of the programme remains relatively wide, there are nonetheless fewer issues
which need to be tackled within the 1999 time-scale. Fewer meetings overall will need to
be held and some working groups may be  merged with each other (or with expert groups
outside Auto-Oil) where there is a clear efficiency gain.  The Commission will consult
the members on any proposed changes.

(����������7LPHWDEOH

The Programme  will be carried out in three phases:

Phase 1: Impact evaluation – agreed measures from all working groups  [delivery:  Jan
99]

Phase 2: Integrated Assessment  – potential additional measures  [delivery: May 99]

Phase 3:  Consolidated Reporting [delivery July 99]
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Annex B

/LVW�RI�RWKHU�$XWR�2LO�,,�UHSRUWV

:RUNLQJ�*URXS����(QYLURQPHQWDO�2EMHFWLYHV

$XWR�2LO� ,,� 3URJUDPPH�� $LU� 4XDOLW\� 5HSRUW� Directorate-General for
Environment, Environment Institute of the Joint Research Centre and
European Topic Centre on Air Quality for the European Environment
Agency, 2000

$XWR�2LO� ,,� 3URJUDPPH� (PLVVLRQV� %DVH� &DVH� Final Report to Directorate
General for the Environment, Sustainable Environment Consultants Ltd
(SENCO), 1999

$LU� 4XDOLW\� LQ� ODUJHU� FRQXUEDWLRQV� LQ� WKH� (XURSHDQ� 8QLRQ� European
Environment Agency, 1999

:RUNLQJ�*URXS����)XHOV

$� 7HFKQLFDO� 6WXG\� RQ� )XHOV� 7HFKQRORJ\� UHODWHG� WR� WKH� $XWR�2LO� ,,
3URJUDPPH� Bechtel Limited 2000

,QGHSHQGHQW� 5HDVVHVVPHQW� RI� (3()(� (TXDWLRQV� LQ� 5HVSHFW� RI� 12[
(PLVVLRQV��D Hassel, F-J Weber 1999

:RUNLQJ�*URXS�����,QVSHFWLRQ�DQG�0DLQWHQDQFH

:RUNLQJ� *URXS� ��� ³,QVSHFWLRQ� DQG� 0DLQWHQDQFH� �,	0�´�� Directorate
General for Transport and Energy, February 2000

:RUNLQJ�*URXS�����1RQ�WHFKQLFDO�PHDVXUHV

$XWR�2LO� ,,� 3URJUDPPH��)LQDO�5HSRUW� RI�:RUNLQJ�*URXS� ��� 1RQ�WHFKQLFDO
0HDVXUHV��Directorate General for Transport, November 1999
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:RUNLQJ�*URXS����&RVW�HIIHFWLYHQHVV

$XWR�2LO� ,,� &RVW�HIIHFWLYHQHVV� 6WXG\�� 3DUW� ,� ,QWURGXFWLRQ� DQG� 2YHUYLHZ�
European Commission Directorate General for Environment, Standard and
Poor’s DRI and KUL, August 1999;

$XWR�2LO� ,,� &RVW�HIIHFWLYHQHVV� 6WXG\�� 3DUW� ,,� 7KH� 75(029(� PRGHO� ���,
European Commission Directorate General for Environment, Standard and
Poor’s DRI and KUL, August 1999;

$XWR�2LO� ,,� &RVW�HIIHFWLYHQHVV� 6WXG\�� 3DUW� ,,,� 7KH� 7UDQVSRUW� %DVH� &DVH�
European Commission Directorate General for Environment, Standard and
Poor’s DRI and KUL, August 1999;

$XWR�2LO�,,�&RVW�HIIHFWLYHQHVV�6WXG\��3DUW�,9�6LPXODWLRQ�RI�3ROLF\�0HDVXUHV,
Standard and Poor’s DRI and KUL, August 2000;

:HE�VLWHV

European Commission:

http://europa.eu.int/comm/environment/autooil/index.htm

Joint Research Centre:   http://autooil.jrc.cec.eu.int


