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For the use of the following material: 
The aim of PORTAL is to accelerate the take up of EU research results in the field of local and 
regional transport through the development of new education and training courses and teaching 
materials. The beneficiaries of the project are higher educational institutions.  
Due to the size and (in some cases) the number of individual projects, it is not possible to 
explain each single result in detail and include it into these written materials.  
The following set of material should rather act as a PORTAL and facilitate the access of single 
projects and detailed results by the lecturers. 
Therefore the material in hand doesn't lay claim to completeness. 
Since the expectations of the lecturers regarding these materials are quite diverse - the 
expectations run the gamut from 'providing a survey of the result of the EU-research to a 
specific topic' to 'providing special results of a single research-project in detail' -, the attempt 
has been made to make a compromise and (more or less) come up to the expectations of all user 
groups. 
The following compendium contains results of EU research-projects and complementary results 
of national research-projects. PORTAL thanks the partners and collaborators of the following 
projects. A complete list of the projects, consortia, and cited literature is given at the end of the 
material.  
This material of project results for the topic “Environment, Energy and Transport” was 
compiled by Sergio Mitrovich (ENEA – Ente per le Nuove tecnologie, l’Energia e l’Ambiente) 
in 2001 and adapted after a workshop with lecturers in 2002. 
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1. Introduction 

1.1 Definition of KT 
The key-topic “Environment, Energy and Transport” is about the relationship between the 
local and regional urban transport, the energy consumption and the related environmental 
impacts. Road transport is the transport mode mainly concerned.  
According to this definition, the key-topic should cover the following main; subjects: 

• Methodologies for estimating pollutant emissions and energy consumption from road 
transport 

• Main parameters influencing pollutant emissions and energy consumption; 

• Emission models and related software packages; 

• Inventorying methods and life cycle emissions; 

• Measures for reducing emissions and energy consumption; 

• Environmental  impact assessment and future transport scenarios. 

 
However the key topic, as defined above, is too wide for treating all the subjects and, at the 
same time, going in sufficient depth. Taking into account that, according to the result of WP1 
and to the specifications and information we received, university students are the main end-
users and also that a number of training modules, giving general information about the above 
mentioned subjects, are already available, it was decided to select the most interesting subjects 
and than to go in detail into the selected ones, instead of giving general information only about 
all the above mentioned KT subjects. Among the above mentioned subjects the first four of 
them have been selected as the most useful ones.  
Therefore the present written material is focused on the methodologies for estimating pollutant 
emissions and energy consumption from road transport and is based mainly on the deliverables 
of the MEET/Cost Action 349 and COMMUTE projects. 
As far as the last two subjects (measures for reducing emissions and assessment methodology) 
are concerned, they are not treated within the following point 2. (Contents), but some general 
information and references about the most interesting results of the relevant EU projects (e.i. 
Cantique, Fantasie, Jupiter, etc) are given. 
 
The key-topic is also linked with the following others key-topics: 

• “Mobility management”, “Urban freight transport” and “Economics and pricing” as far as 
the traffic demand and the traffic characteristics are concerned; 

• “Modelling and data analysis” as far as the mobility, emission, energy consumption and air 
pollutant dispertion models are concerned; 

• the downstream key-topic in the impact chain, covering the air pollutant effects on the 
human health and on the environment. 
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1.2 Objectives and skills 
The objectives of the training module indicated below are in agreement with the choice about 
subjects mentioned in the previous point 1.1. At the right beginning of the training module on 
KT “Environment, Energy and Transport” the students ought to be informed about the 
seriousness of the environmental problems emerging from the urban transport, especially in big 
towns or in thickly inhabited areas; therefore it will be necessary to spend some time to 
illustrate the huge damages caused by transport, mainly by the private road transport, to the 
human health and to regional and global environment. 
 
Than the students should gain knowledge about: 

• the scientific state-of-the-art in the field of estimating pollutant emissions and energy 
consumption from urban and local transport; 

• a set of methodologies, accepted by most of the experts, all over Europe and possibly more 
widely, for evaluating emissions and energy consumption levels; 

• the main emission inventory tools, the existing data bases and the software packages, which 
can be used for that purpose; 

• the new technologies (alternative fuels and future vehicles) for reducing pollutant emissions 
and energy consumption from road transport  in urban areas, as well as their trends for the 
future. 

 
The students should also gain practical skills in order to be able to apply their new knowledge to 
give advise or direct consulting to city administrations for the above mentioned matters. 
In particular, at the end of the training module, they should be able to carry out a practical 
applications of the MEET methodology for estimating the pollutant emissions and the energy 
consumption from road transport.  

1.3 Challenges 
The challenge of the EU in this area is to reduce the emissions and the energy consumption due 
to transport activities, in order to avoid or to reduce the related environmental impacts (mainly 
the air pollution in urban areas, with the consequent effects on human health and on local and 
regional environment, and the production of greenhouse gases), without affecting the economic 
growth. 
 
In other terms the challenge is a sustainable growth of transport. To reach this general aim a few 
specific objectives have been pointed out for the next five years: 

• More restrictive air quality standards; 

• Introduction in the market of new improved fuels, giving rise to lower emissions, according 
to new environmental specifications; 

• Introduction in the market of low emissions vehicles, according to more restrictive emission 
standard; 
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• Standardization and harmonisation of traffic data collection and traffic statistics in all the 
EU member states; 

• Further research activities to improve the database on of the emission factors and activities 
relevant to specific groups of vehicles (e.g. HDV, Mopeds), as well as a number of 
pollutants (e.g. particulate matter, aromatic produced by transport, for which there are only 
very few data up to now. 

• Further research activities concerning the models based on instantaneous vehicle emissions 
and capable of using the data on acceleration profiles, emission maps and driving patterns.     
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2. Contents 
As already mentioned in the introduction, the following contents are focused on the 
methodologies for estimating energy consumption and pollutant emissions and from urban road 
transport. 
The most recent finalized Europe-wide research activities concerning energy consumption and 
pollutant emissions from transport were COST 319 and MEET. 
COST 319 dealt with “Estimation of Pollutant Emissions from Transport”, while MEET was a 
4th Framework RTD Transport Programme project dealing with “Methodologies for Estimation 
of Emissions from Transport”. Therefore, among the great number of available methodologies, 
the MEET method was adopted for going in depth and giving a more detailed description of the 
topic, as needed by students to be able to carry out a practical application. 
Consequently most of the following contents, as well as all the tables and graphs (with a few 
exception) are pulled out from the Final Report (Deliverable 22) for the MEET Project, carried 
out in conjunction with the COST Action 319, “Methodology for calculating emissions and 
energy consumption” prepared for the European Commission DGVII by Transport Research 
Laboratory (Copyright TRL 1999). 
The authors of this report are: J.Hickman, D. Hassel, R.Joumard, Z.Samaras, S.Sorenson. 
Some points of the draft have been integrated with material coming from the Final Report of the 
Action 319 “Estimation of Pollutant Emissions from Transport”(2) and complements could 
come from the COST 346 and from the project ARTEMIS, which is now undergoing and which 
could provide a best knowledge about some specific matters (e.i.2-wheel vehicle emissions, new 
techniques for emission measurements). 
All the reference literature is listed in the following chapter 7. 
Since for a number of reasons, as already mentioned in the introduction, the measures for 
reducing emissions and of the methodologies for the energetic/environmental assessment of the 
new transport technologies are not treated into the following points, as far as these subjects are 
concerned, we suggest to go straight to the following source, that can be find on the internet: 
 
CANTIQUE – Concerted Action on Non Technical measures and their Impact on air Quality 
and Emissions: Deliverable 6 (final report); 
1. Jupiter 2 : Deliverables 6 (vehicles and fuels); 
2. Fantasie – Assessment of new technologies and environmental issues: final report; 
3. Utopia – Urban Transport Options for Propulsion systems and Instruments for Analysis: 

final report. 
 
The mentioned deliverable of the project CANTIQUE can provide general information about a 
very large number of non-technical measures for reducing emissions from urban transport, as 
well as an extensive analysis on their effectiveness, depending also on the characteristics of 
different cities. 
It also provide an interesting methodology for their classification and their cost-effectiveness 
and cost-benefit assessment.  
The mentioned deliverable 6 of the Jupiter 2 project can provide an useful methodology for the 
practical assessment the new vehicles and fuels, as well as of their environmental and energetic 
impacts.  
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The final reports of the projects UTOPIA and FANTASIE can provide very interesting 
methodologies for the assessment of new technologies and of their environmental impact, as 
well as forecasting on the future transport systems and scenarios.   

2.1 The environmental impacts of transport 
In the European Union, almost one third of all energy is used for transport (285 Mtoe from a  
total of 992 Mtoe in 1995)(1). Moreover, the use of energy for transport is increasing while  
other uses are relatively stable; between 1980 and 1995, transport energy usage increased by  
about 45%, while that used for industry and other purposes declined very slightly (about  0.5%). 
The demand for transport is closely linked with economic development. Transport is a very 
valuable and necessary part of modern society but, increasingly, its widespread and escalating 
existence is recognized as a major contributor to an extensive range  of undesirable side-effects. 
Traffic congestion makes cities less pleasant and reduces the  efficiency of the transport system 
by increasing journey time, fuel consumption and driver  stress.  
One important detrimental environmental effect of transport is its contribution to atmospheric  
pollution. Each litre of fuel that is burnt produces, in very approximate terms, 100 grams of  
carbon monoxide, 20 grams of volatile organic compounds, 30 grams of oxides of nitrogen,  2.5 
kilograms of carbon dioxide and a variety of other emissions including lead compounds,  
sulphur compounds and fine particles. All of these compounds are associated to some degree  
with air pollution problems ranging from local direct health effects to global concerns such as  
the greenhouse effect. 

Trends in transport activity and emissions 
As stated above, transport movements have increased continuously for many years. However,  
the growth has not been uniform across different transport modes and sectors, and has varied  
from country to country. A number of trends are presented below (1,6,7). Figure 1 
demonstrates changes in some forms of passenger transport within the EU. In each  case, an 
average for the Union is shown as a bold line, which is bounded by lighter lines  illustrating the 
variation between different Member States (the highest and lowest growth  trends). 
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Figure 1: Trends in passenger transport in the EU 

All forms of passenger transport have seen an increase during the period from 1965, but travel  
by private car has grown most. On average, car travel in 1994 was more than 4 times that in 
1965; bus and train travel show smaller increases and travel on motorcycles remained more or  
less constant. The dominance of cars as a means of passenger transport is also shown in  Figure 
2, which shows that travel by road provides more than 90% of passenger transport  (excluding 
air travel), and that more than 80% of road transport is by car. During the 30 year  period 
shown, the proportion of travel by bus has declined, on average, from 23% to 13% of  road 
passenger transport, and rail travel reduced from 13% to 6% of the total. 
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Figure 2: Trends in groundborne passenger transport in the EU 

Similar statistics for goods transport by road and rail are shown in Figure 3. In 1970,  
approximately 30% of freight transport was by railway, and this proportion reduced by about  
half in the period to 1994. The total amount of goods transport by road vehicles (expressed in 
tonne.kilometres) increased by a factor of around 2.5, while rail goods transport remained  
almost the same (a 3% reduction on average). 
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Naturally, the general increase in transport activity has been accompanied by an increase in the  
amount of energy used to provide transport services. Figure 4 shows how transport's share of  
energy consumption has evolved between 1980 and 1995, increasing from a little less than  21% 
to almost 28%. The largest transport use is for travel by road (goods and passengers),  whose 
proportion has increased by a third since 1980. Since the total energy usage has also  risen, this 
represents an increase of almost a half in absolute terms. 
 

Figure 3: Trends in goods transport in the EU 

Intuitively, it might be assumed that the trends in transport activity and energy consumption  
would be paralleled by similar increases in pollutant emissions, but that is not the case. Very  
significant improvements have been made to the emission characteristics of vehicles, especially  
in the road transport sector since the early 1970s when the EU first introduced emission limits  
for light duty vehicles. The regulations have peen periodically amended to make them more  
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stringent and to extend their application to other vehicle types. The progress to less polluting  
vehicles has also been assisted by improved fuel standards restricting, for example, the lead 
content of petrol and the sulphur content of diesel. Thus, Figures 5 and 6, which show trends in 
emissions of carbon monoxide and oxides of nitrogen for a selection of EU Member States  
between 1980 and 1995, do not reflect the strong growth trends in transport, but in many cases  
show an overall decline. 
 

 

Figure 4: Changes in the use of energy for transport in the EU, 1980 to 1995  

Concerning carbon monoxide, there is a close correspondence between the trends shown and  
the composition of the passenger car fleets in the different countries. Uncontrolled petrol  
vehicles produce considerably more carbon monoxide than diesels or petrol vehicles with  
catalysts. Thus, there is a clear difference in the proportion of carbon monoxide from transport 
between, for example, the United Kingdom and Austria. Local regulations ensured the  
introduction of catalyst controlled vehicles in Austria well before they were introduced in the  
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UK, and the proportion of diesels in Austria is higher, so that in 1990, the Austrian fleet  
contained around 30% of 'low-emission' cars (diesel and catalyst combined). In the UK in  
1990, there were virtually no catalyst equipped cars and only about 3% of diesels.  
Consequently, the relatively high emissions from UK cars caused the transport contribution to  
be greater than in Austria.  The same feature is apparent in the lower graph in Figure 5, that 
shows changes in carbon  monoxide emissions from transport since 1980. In Austria, the 
Netherlands and Germany,  low-emission cars were encouraged or required before the EU 
Directive made it obligatory,  and therefore those countries show a strong downward trend over 
the whole time period. In  Italy and the UK, there was no significant uptake of improved 
technology vehicles until 1992/3, so in those countries there was a tendency for emissions to 
increase (because of  increased traffic) until that time. France shows a somewhat intermediate 
pattern, with an  overall downward trend that is less marked than in Austria, the Netherlands 
and Germany.  This is because of the increasing popularity of diesel cars in France, and their 
gradual  introduction into the fleet in larger numbers. 
 

 

Figure 5: Trends in carbon monoxide emissions for selected EU Member States 
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The proportions of oxides of nitrogen emitted by transport sources also depend, of course, on  
the composition of the vehicle fleets, but are strongly influenced by the principal methods of  
power generation in the different countries. Power generation by combustion processes 
produces significant quantities of oxides of nitrogen, whereas nuclear generation and the use of  
renewable sources (solar, hydro, etc.) does not. In France, approximately 40% of electricity is 
produced by nuclear power stations, and in Sweden, a combination of nuclear and renewable 
energy makes up almost 50% of their total production. Not surprisingly, therefore, transport  
emissions of oxides of nitrogen are a higher proportion of the total than in the other countries 
shown. Conversely, in Denmark there is almost no non-combustion production of energy, and  
that country shows the lowest proportion of transport related oxides of nitrogen. Changes in the 
amount of oxides of nitrogen emissions from transport do not show reductions as large as for 
carbon monoxide because the effects of early introduction of catalyst cars and growth in  the 
diesel share would be less effective in reducing oxides of nitrogen. Many of the early  catalyst 
vehicles were of the open-loop type, and therefore less efficient in oxides of nitrogen  control 
than the modern closed-loop systems and, while diesels produce less oxides of nitrogen  than 
uncontrolled petrol cars, it is only by a factor of two to three (for carbon monoxide, the  
difference is a factor of ten or more). Even so, there is some evidence that the countries in  
which these vehicles were introduced earliest have seen greater reductions than elsewhere. Over 
the time period considered, emissions in Austria and Germany fell by around 20%, while those 
in Denmark and the UK show an overall increase (although they are now declining). 
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Figure 6: Trends in oxides of nitrogen emissions for selected EU Member States 

The objective behind the strenuous efforts that have been (and are continuing to be) made to  
control pollutant emissions from transport is to achieve improvements in air quality on a local 
scale, as well as on a regional (e.g.: acid rain) and global scale (e.g. greenhouse gases), and their  
success might best be evaluated in terms of effects on air pollution concentrations. This link is  
briefly examined by reference to pollution measurements made in a number of major European  
cities. 
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Figure 7: Annual average nitrogen dioxide concentrations measured in European cities 

Firstly, Figure 7 shows recorded levels of nitrogen dioxide from 1980 to 1995.  In the upper 
graph, annual average concentrations are plotted for each year when data are available. 
However, concentrations fluctuate markedly from year to year, mainly because of  variations in 
the weather conditions, and it is difficult to discern any trends that might be attributable to 
changes in emissions over the period. Therefore, the lower graph has been produced showing 
trends produced by linear fits to the data. Once again, however, no clear  pattern emerges: 
downward trends are seen for three cities, upward trends for two and little change for the 
remaining two. Nor do these general trends appear to be related to emission changes in 
individual countries as the two cities showing the steepest increase in concentrations are in 
Germany and the Netherlands where, as discussed above, low emission cars were introduced 
earlier than in most of Europe. It should be stated, though, that the correspondence between 
nitrogen dioxide concentrations and oxides of nitrogen emissions  would not be expected to be 
simple. A large majority of the emissions is in the form of nitric oxide, which is oxidised to 
nitrogen dioxide in the atmosphere. Thus, the nitrogen dioxide concentration depends not only 
on the quantity of oxides of nitrogen emitted, but also on the quantities of oxidising agents 
(mainly ozone) present in the air. Near to a significant source of  emissions, it is often the ozone 
concentration that is the limiting factor on nitrogen dioxide  formation, and in those 
circumstances the impact of reduced emissions may be negligible. 

N
itr

og
en

 d
io

xi
de

 c
on

ce
nt

ra
tio

n(
pp

b)
 



Environment, Energy and Transport 17 

PORTAL Written Material www.eu-portal.net 

A second example, shown in Figure 8, presents measurements of airborne particles from another 
group of European cities. The particulate matter (PM) is emitted from transport activities, as 
mentioned in the following point, and also from many industrial activities, as well as from the 
household heating systems. Since the particulate matter has different effects depending on the 
size of the particles, it is also of interest to measure his size distribution (PM10 indicates the 
fraction of particles with a diameter smaller than 10 micron). Because these data were measured 
using a range of  techniques, and because the method of measurement influences its result, 
concentrations are  not given in absolute units, but as a percentage of the level in 1985. Unlike 
nitrogen dioxide concentrations, those of particles show a consistent downward trend in all the 
cities examined, with levels in 1995 about two thirds of those in 1980. However, the extent to 
which reduced emissions from transport has contributed to these improvements is probably 
insignificant. Diesel engined vehicles emit significantly higher levels of particles than other fuel 
types, and, during the period considered, diesel fuel sales increased significantly. 
 

 

Figure 8: Annual average concentrations of airborne particles measured in European cities 
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As a total over all the countries whose cities are shown, diesel sales almost doubled, while sales 
of petrol increased  by about 15%. This increased the average diesel share of road transport fuel 
from about 30%  in 1980 to 45% in 1995. During the same period, as noted earlier, vehicle 
technologies were  improving to give lower rates of emission per vehicle.kilometre. The 
combination of these two  effects was that road transport emissions of particles showed little 
overall change. An example  is shown in Figure 9 of estimated trends in emissions in the UK(8). 
 

 

Figure 9: Emissions of particles (PM10) in the UK, 1980 to 1995 
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The emissions from road transport are seen to rise because of increases in traffic activity and in 
the use of diesel, until 1990 and to fall thereafter. The net effect is that emissions in 1995 were 
slightly higher (about 2%) than in 1980. On the other hand, the lower graph in Figure 9, 
showing  the evolution of emissions from all sources, indicates a significant fall in non-transport 
emissions, and that non-transport sources make a large contribution to the total production of 
particles. This observation is consistent with the air pollution measurements recorded in    
Figure 8. 
It is not known to what extent the UK situation represents those of the other countries of  
Europe, but the general correspondence of the trends measured in the different cities suggests 
that it is not untypical. As regards the influence of diesel vehicles, it is of interest to compare the 
data from Helsinki with those from Brussels or Paris. In Finland there was virtually no change 
in the proportional sales of petrol and diesel between 1980 and 1995, while in France  and 
Belgium, diesel sales more than doubled and petrol sales fell by a few percent. Consequently, it 
would be expected that road transport emissions of particles in Finland would show a smaller 
increase (or a larger reduction, depending on the balance between traffic growth and 
improvements in emission control) than in France or Belgium. Conversely, though, the rate of 
decrease in atmospheric concentrations in Helsinki was lower than Paris or Brussels. This again 
strongly suggests that other factors were important in achieving the improvements in air quality. 

It is important to remember that there is not a direct link between the changes in 
transport emissions and the changes in air pollution concentrations. 
The examples discussed, concerning nitrogen dioxide and airborne particles were selected with 
that  in mind. Not only are they perhaps the pollutants currently of most concern (in relation to 
human health impacts), but they also demonstrate the non-linearity between emission changes 
and pollution levels. In each case there is an important influence from atmospheric chemistry, 
and each is also produced in significant quantities by non-transport sources. Atmospheric 
conditions, pollution control in other sectors and contributions from the natural environment  
can be equally, or more important than changes in transport emissions. 

Pollutants covered 
A large number of different species produced by transport activities are generally considered as  
pollutants. The production rates (i.e. the emission factors) for some of them have been  
investigated in detail, and are therefore well known, while for others only limited data exist,  
which are frequently insufficient to be representative of the relevant activities. Consequently, it  
is possible currently to find soundly based emission factors for some of the pollutants and  some 
of the vehicle categories; for others it is possible to provide only order of magnitude  estimates 
of the emission factors, while for the rest the available information is very little.   
 
The general list of pollutants includes: 
1. carbon dioxide - CO2 (not defined as a pollutant yet by the legislation, considered here  

because of its contribution to the greenhouse effect); 
2. carbon monoxide – CO; 
3. volatile organic compounds (also referred to as hydrocarbons) - VOC (HC); 
4. oxides of nitrogen – NOX; 
5. particulate matter – PM; 
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6. sulphur dioxide - SO2; 
7. lead compounds – Pb; 
8. nitrogen dioxide - NO2; 
9. ammonia - NH3; 
10. nitrous oxide - N2O; 
11. other heavy metals - HM (cadmium - Cd, zinc - Zn, copper - Cu, chromium - Cr, nickel -  

Ni, selenium - Se); 
12. hydrogen sulphide - H2S. 
 
The VOCs include a large number of different organic compounds, with varying impacts on the  
environment and on human health, therefore it is of interest to further subdivide this pollutant  
into two categories: 
1. methane - CH4 

2. non-methane hydrocarbons (NMVOC). 
 
Some of the non-methane hydrocarbons are well known mutagenic compounds. A known sub-
category of VOC in this context is polycyclic aromatic hydrocarbons (PAH), and the individual  
compounds benzene (C6H6) and 1,3-butadiene (C4H6). The particulate matter also has different 
effects depending on the size of the particles. It is therefore of interest to know the size 
distribution of PM.  In addition, energy consumption is also considered; either by calculation 
from carbon containing pollutants in the case of road transport, or for non-road modes, as the 
primary parameter from which other emissions are estimated. 
 
Considering the above sub-categories to be different pollutants, Table 1. presents them using a 
three level classification. The pollutants have been classified in three levels, according to the 
reliability of the available data on emission factors: 

• Level 1: includes the pollutants for which the existing data allow for the definition of 
representative emission factors with a high degree of certainty; 

• Level 2: this level includes the pollutants for which the existing emission factors cannot be 
considered representative: emission factors given for level 2 pollutants are to be considered 
only as an indication of the order of magnitude; 

• Level 3: includes the pollutants for which there are only very few data, and no emission 
factors are available. 
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Pollutant Level 1 Level 2 Level 3 

Energy consumption    

CO2    

CO    

VOC    

NOX    

PM    

SO2    

Pb    

N2O    

CH4    

NMVOC    

VOC speciation (PAH, benzene etc.)    

PM size distribution    

NH3    

H2S    

NO2    

HM    

Table 1: Pollutant categories according to the present knowledge of emission factors 
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Table 2. (Pollutants for which EU air quality standards are proposed) lists the compounds for 
which the EU has proposed or intends to propose air quality standards, and it is noteworthy that 
many of them  fall into levels 2 and 3. 
 

Pollutant Limit value Target 
date 

Benzene Annual average 0.5 µg/m3 2010 

Carbon monoxide 8-hour rolling mean 10 mg/m3 2010 

Lead Annual average 0.5 µg/m3 2005 

Nitrogen dioxide 1-hour average 200 µg/m3 not exceeded more than 18 times a year 

Annual average 40 µg/m3 

2010 

PM10 24-hour average 50 µg/m3 not exceeded more than 35 times a year 

Annual average 40 µg/m3 

2005 

Sulphur dioxide 1-hour average 350 µg/m3 not exceeded more than 24 times a year 

Daily average 125 µg/m3 not exceeded more than 3 times a year 

2005 

PAH No proposal yet  

Cadmium No proposal yet  

Arsenic No proposal yet  

Nickel No proposal yet  

Mercury No proposal yet  

Table 2: Pollutants for which EU air quality standards are proposed    

Spatial and temporal resolution 
The effects of air pollution cover the whole range of spatial sizes, from local to global. On a 
local scale (single streets, urban areas, railway stations etc.) pollution affects public health and 
the quality of life. Regionally, pollution affects plants and the built environment, through the 
dispersion, deposition and chemical transformation of the pollutants (photochemical reactions,  
acid rain), and continues to impact on human health as many products of photochemical 
reactions (secondary sulphate and nitrate particles, ozone etc.) cause adverse health effects and 
may be transported over long distances. Globally, pollution is related to climate changes and the 
depletion of the stratospheric ozone layer. Figure 10 schematically presents the extent of  these 
various pollutant effects (9). It is clear that there is no general optimum spatial resolution for the 
calculation of emissions, this optimum depending each time on the specific application. The 
same is also true for temporal resolution, as some effects depend on the incidence of short term 
peak concentrations while others act over periods of many years. 
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Figure 10: Effects of transport related pollutants [from (9)] 

At least in theory, every combination of spatial and temporal resolution is possible. 
 

Temporal Spatial 

Hour Local (urban street, highway, etc.) 

Day City 

Week Region of country 

Month Country 

Season Region of continent 

Year Global 

 
Table 3: Possibilities for temporal and spatial resolution for emission calculation 

Naturally, the finer the resolution, the greater  becomes the amount of detail of the data required 
for the calculation, with increasing accuracy  requirements as well. Therefore the selection has 
to take into account the purpose of the  calculation, keeping in mind the extent of the effects, as 
shown in Figure 10, in order to keep  the data collection effort to a reasonable level. It is, for 
example, necessary to know the CO,  NMVOC and NOX emissions on an hourly basis and for 
major emission sources within a study area, in order to have sufficient input data for pollutant 
dispersion modelling, to allow the  estimation of ambient pollutant concentrations or in order to 
develop anti-pollution strategies  for the area. On the other hand the calculation of N2O 
emissions hourly from each source is not needed, since it is known that this pollutant has a 
cumulative, long-term effect, related to  climate change. Therefore, in this case, the average 
emission over the year for the whole area  is sufficient. 
Table 4. lists typical combinations of spatial and time scales used in practice. These cover most 
known applications, but there may be some unusual circumstances requiring other 
combinations, and in some cases it may be necessary to take a finer resolution into account in 
order to produce an aggregated estimate. For example, Table 4 suggests that global estimates are  
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not usually required with a greater time resolution than an annual average, and that is indeed so. 
However, many emissions depend strongly on ambient conditions, and they may  vary widely 
during the year, so the annual mean may have to be derived from the aggregation  of monthly or 
seasonal estimates. 
 
 Hour Day Week Month Season Year 

Local       
City       
Region of country       
Country       
Region of continent       
Global       

Table 4: Typical combinations of spatial and temporal resolution 

  primary estimation of maximum resolution 
  secondary estimation (aggregation) 

 
The following conclusions are based on Table 4.: 

• the simulation of air pollution over an urban area requires the knowledge of emissions at a 
rather fine grid (of the order of 500 x 500 m), on an hourly basis. Such an approach allows 
for the development of different emission profiles for the time periods with known different 
behaviour (e.g. day and night, working days and weekends, summer and winter, etc.); 

• the knowledge of the seasonal variation of emissions over a country is usually sufficient, 
even though it is possible to increase the temporal resolution using adequate disaggregation  
profiles, if such resolution is needed. The production and storage of information required for 
very high temporal resolutions is not recommended in this case, because of the amount of 
data required and the nature of pollution effects on such a scale. 

Calculation methods for energy consumption and emissions 
A variety of methods are used to calculate energy consumption and emissions, as detailed in  the 
following parts of the report. They depend on the pollutant, the transport mode and the vehicle 
type, and are inevitable because of the varying amounts and quality of data in each case. The 
methods may be grouped into four classes: 

• calculation based on transport activity - this is the basic method for the more common 
emissions from road vehicles and for the energy consumption for non-road modes; the 
emissions calculated in this way may include hot emissions, trip start emissions when the 
engine is not fully warmed up, and evaporative emissions (see the following point 2.2). 
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• calculation based on energy consumption - this is the standard method for emissions from 
non-road modes, and also for SO2 and Pb emissions from road vehicles; the types of 
emission included (hot, start, evaporative: see the following point 2.2) depend on those 
included in the energy consumption estimate. 

• carbon balance calculations - calculations of fuel consumption or carbon dioxide 
emissions may be based on the equation representing the mass balance of carbon in the fuel 
and its combustion products; for road vehicles (with combustion engines), the method is 
applied to calculate fuel consumption, while for other modes it is used to calculate CO2; it 
may take into account hot, start and evaporative emissions (see the following point 2.2); 
alternatively this method could be applied to calculate carbon dioxide emissions from fuel 
consumption data for road transport too. 

• pollutant specific calculations - some pollutants are sub-categories of others (e.g. VOC 
species are part of total VOC, particle size fractions are part of total PM); estimates may be  
made from the main pollutant and details on speciation and size distribution; hot, start and 
evaporative emissions may be included. 
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The following table gives a more detailed indication of the methods appropriate in different 
cases. 

  Combustion engines Electric motors 

  Road Rail Water Air (road, rail) 

Energy consumption 1 2 2 2 2 

CO2 2,3 5 5 5  

CO 2, 3 4 4 4  

VOC 2, 9 4 4 4  

NOX 2, 3 4 4 4  

PM 2, 3     

SO2 4     

Pb 4     

N2O 2, 3     

CH4 2, 6     

NMVOC 2, 6     

VOC spec. 7     

Exhaust and 
evaporative emissions 

PM size 8     

NH3 2     

H2S 2     

NO2 2     

 

HM 2     

CO2 4 4 4 4 4 

CO 4 4 4 4 4 

VOC 4 4 4 4 4 

NOX 4 4 4 4 4 

PM 4 4 4 4 4 

SO2 4 4 4 4 4 

CH4 4 4 4 4 4 

Energy production 
emissions 

NMVOC 4 4 4 4 4 

Table 5:  Methods of calculating different pollutant emissions according to the transport mode and 
engine type 

Key:  1 Fuel consumption = f(CO, CO2, VOC, PM) [carbon balance] 
  2 Calculation according to the activity 
  3 Emission = hot emission + start emission 
  4 Emission = f(energy consumption) [energy specific emission factors] 
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  5 Emission = f(fuel consumption, CO, VOC, PM) [carbon balance] 
  6 NMVOC + CH4 = VOC 
  7 VOC species = f(VOCexhaust, VOCevaporative, VOCcomposition) 
  8 PM size = f(PM, PMsize distribution) 
  9 Emission = hot emission + start emission + evaporative emission 

 

International activities on reporting of national air emission inventories 
The European Environment Agency (EEA) was established in 1995 in Copenhagen (Denmark)  
and has been fully operational since 1996. To assist the EEA, European Topic Centres have 
been established for a number of topics. In 1995 the European Topic Centre on Air Emissions 
(ETC/AE) started its activities. 
The main  objective of ETC/AE is to provide EEA and its clients with all necessary information 
on air  emissions in order to support the main tasks of the EEA. The main clients of EEA and  
ETC/AE are the European Commission and the national governments of the EU Member States. 
An important product of the EEA is its regular State of the Environment report. 
The main aim of the work programme of ETC/AE is to set up an annual European air emission 
inventory from the year 1990 onwards (CORINAIR : CORe INventory of AIR emissions), 
based on official national inventories, including total emissions and emissions by source sector. 
ETC/AE also assists participating countries to report their national emission inventories 
according to the various international obligations in a consistent, transparent, complete and 
timely way. 
 
The main relevant reporting obligations are: 

• UNECE Convention on Long Range Transboundary Air Pollution (CLRTAP); 

• UN Framework Convention on Climate Change (UNFCCC); 

• EC Monitoring Mechanism of Community CO2 and other Greenhouse Gas Emissions 
(93/389/EEC). 

 
ETC/AE makes available to participating countries a software package (CollectER, Collect 
Emission Register, June 1998) to enable the countries to report according to all these 
international obligations. In addition a software package (with a report and manual) to estimate 
national emissions from road transport was made available (COPERT2, Computer Programme 
for estimating Emissions from Road Transport) to participating countries at the end of 1997. 
EEA proposes that participating countries use COPERT2 for the compilation of internationally 
required emission inventories.  
The COPERT2 methodology can be applied for the calculation of traffic emission estimates at a 
relatively high aggregation level, both temporally and spatially, for example national totals on  a 
yearly basis. COPERT2, as well as the last revised version COPERT3, are available through the 
internet: http://vergina.eng.auth.gr/mech/lat/copert/copert.htm. 
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Parties to CLRTAP (almost all European countries) are requested to report annual emissions of 
the following pollutants: SO2, NOX, CO2, CH4, NMVOC, CO, NH3, various heavy metals 
(HMs) and persistent organic pollutants (POPs), as national totals and at least in the 11 source 
sectors as identified in SNAP (Selected Nomenclature for Sources of Air Pollution)(3). For 
transport this means a distinction between road transport (SNAP 07) and other mobile sources 
(SNAP 08). However parties are encouraged to report more detailed data, on SNAP level 2 or 
more detailed. 
 
SNAP level 2 means for transport a source sector split as follows: 

• road transport: 

1. passenger cars 
2. light duty vehicles (< 3.5 t) 
3. heavy duty vehicles (> 3.5 t) 
4. mopeds and motorcycles (< 50 cm3) 
5. mopeds and motorcycles (> 50 cm3) 
6. gasoline evaporation from vehicles 
7. automobile tyre and brake wear 

• other mobile sources and machinery 

 
Methodologies for estimating emissions are described by SNAP source sector in the joint 
EMEP/CORINAIR Atmospheric Emission Inventory Guidebook (3), prepared by emission 
inventory experts working within the expert panels of the EMEP (European Modelling and 
Evaluation Program) Task Force on Emission  Inventories. The first version of the Guidebook 
(1996) was published by EEA on paper and CD-ROM and is also  available on the EEA internet 
site: (http://www.eea.eu.int). The revised draft Guidebook was available in 1998 (4): 
(http://www.aeat.co.uk/netcen/airqual/TFEI/unece.htm)  
Parties to UNFCCC are requested to report annual emissions of the following pollutants: CO2,  
CH4, N2O, NOX, NMVOC, CO, HFCs, PFCs and SF6. Parties are encouraged to use the Revised 
IPCC Guidelines for National Greenhouse Gas Inventories (5) for estimating and reporting 
national inventories. IPCC Guidelines are available at http:/www.oecd.org/env/cc/tocinv.htm.  
EU Member States are required to report to the Commission under the EC Monitoring 
Mechanism the official national emission estimates of the same pollutants. 

Inventorying tools for road trasport 
The first real European initiative for developing emission inventory methods, beyond local 
initiatives taken by a number of laboratories or at the request of national authorities, was the 
CORINAIR working group on emission factors for calculating emissions from road traffic. 
The working group, comprising five experts on car emissions, began in 1987 with the aim of 
developing a methodology, including appropriate emission factors, for the estimation of vehicle 
emissions in the reference year 1985 [Eggleston et al., 1989]. The methodology was 
transformed into a computer program (COPERT) which was used by many European Union 
(EU) countries. 
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In 1991 the same group of experts proposed a revised set of emission factors to be used for the 
1990 inventory, including a partial revision of the underlying methodology [Eggleston et al., 
1993]. As for the 1985 methodology, the results of this work were translated into a computer 
program - COPERT 90 [Andrias et al., 1993]. 
New versions of the model were developed in 1997 (COPERT 2) and in 2000 (COPERT 3). 
COPERT is now being used not only by EU Member States but also by most countries of 
Central and Eastern Europe. Moreover, COPERT is providing emission estimates for other 
international activities such as the Intergovernmental Panel on Climate Change (IPCC) and the 
European Modelling and Evaluation Program (EMEP) of the United Nations Economic 
Commission for Europe (UNECE). 
During a similar period, a consortium of three European laboratories developed a modal model 
for estimating emissions from passenger cars called MODEM. This model was based on new 
measurements performed using various specially developed driving cycles [Joumard et al. , 
1995a]. In 1989 Germany, joined later by Switzerland and Austria, initiated a project to provide 
a new and comprehensive data base of emission factors [Infras, 1995]. For passenger cars, this 
was an attempt to combine the COPERT method based on average speed with a method based 
on instantaneous emissions [Hassel et al., 1994]. For heavy vehicles, the model is based on the 
results of a vehicle-related model combined with engine emission maps [Hassel et al., 1995].  
The small number of researchers who took part in the CORINAIR, MODEM, and other national 
or multilateral projects, initiated a wider network of co-operation aimed at reviewing the 
available knowledge of traffic emissions in Europe. This co-operation is included in the wider 
framework of the COST program (Action 319 and Action 346 which is now undergoing). 

 
To fulfil these objectives, the COST 319 action "estimation of pollutant emissions from 
transport" was launched in May 1993 for a period of 4 years, later extended 5.5 years (i.e. until 
October 1998). 
The main subjects covered by the action, were : 

• Road transport emission factors and functions: quantification of emission rates per unit  of 
activity and studies of the factors that influence them (engine maps, instantaneous  vehicle 
emissions, hot and cold average vehicle emissions, evaporative emissions,  alternative fuels, 
new vehicle technologies, life cycle emissions); 

• Road traffic characteristics: the operation of the road transport sector and how it is  
affected by technical, social, policy and economic factors (traffic management, driving  
behaviour, traffic composition, factor analysis and models of mobility); 

The COST initiatives
The COST program ("European Co-operation in the Field of Scientific Research") is a
Europe-wide program for the co-ordination of national research, and is managed by 25
signatory countries and the European Commission. The program addresses areas of
research where concerted action can bring benefit to the participating countries. With its
emphasis on open participation, COST actively promotes the concept of "bottom-up
working", with the research areas being defined by the participants themselves. COST 's
open and adaptable approach brings many advantages. It enables avoiding duplication
of effort, sharing of results by all participating countries, building of a scientific
consensus, and efficient coverage of the complex field of European research, whilst still
allowing the individual countries to focus on problems of particular interest.
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• Road inventory tools: study and evaluation of procedures to assess road transport's  
environmental impacts (bottom-up and top-down approaches); 

• Non-road transport: emission factors, traffic characteristics and inventorying tools  specific 
to non-road transport (rail, air, and water-borne transport). The results obtained were used to 
develop a set of methodologies for the calculation of  emission which have been accepted 
by most of the European experts.  

 
The use of common methods to evaluate emissions and energy consumption levels all over 
Europe and possibly more widely will make the different studies and assessments comparable. 
Simultaneously the actions undertaken allowed the participating laboratories to compare and co-
ordinate their research methods, and the European countries to co-ordinate their research 
programs in order to fill in the knowledge gaps. For the COST 319 action, and the MEET 
project, which is a part, of it, a large number of  reports were written. These reports are listed in 
the “literature list” at the end of this document. They are also readable on the web at: 
http://www.inrets.fr/infos/cost319/index.html.  
The final inventory methodologies with all the necessary data concerning the emission factors 
and the traffic characteristics are presented in the final MEET report. It allows any  user to carry 
out an inventory.  
The present material is a short synthesis of this method and it is pulled out from the final MEET 
report and from the final report of the Action, indicating the relevant assumptions, as well as the 
available data and their accuracy. It should be considered especially useful for the students and 
trainees interested in the methods of estimation of pollutant emissions from urban transport. 

2.2 The estimation of pollutant emissions from road transport  

Basic principles 
In general terms, the estimation of transport-related emissions can be based on the equation 
 

      E = e × a 
 
where E is the amount of emission, e is the emission rate per unit of activity, and a is the 
amount of transport activity. 
This equation applies at every level, from a single engine to a  whole fleet, and from a single 
road to the whole of Europe. 
In order to obtain an estimation with acceptable accuracy, the collaboration of a number of 
experts is required: experts on traffic engineering are required to provide data on transport 
activity and on the nature and pattern of this activity, while experts on engine and vehicle 
emissions are required to provide emission rates which suit the transport patterns. The 
estimations of emissions are used to assess various policy options by developing different 
complex scenarios.  
Road vehicle emissions have justifiably received the greatest attention of all transport modes  
because of their dominance as a means of transporting both passengers and goods. Not only  
does road transport have the biggest share of transport activity, but its decentralised and  
groundborne nature bring it into close proximity with more people than the other modes. 
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The main sources of emission from road vehicles are the exhaust gases and hydrocarbons 
produced by evaporation of the fuel. When an engine is started below its normal operating 
temperature, it uses fuel inefficiently, and the amount of pollution produced is higher than when 
it is hot. These observations lead to the first basic relationship used in the calculation  method: 
 

      E = Ehot + Estart + Eevaporative        
 
where: 
E  is the total emission; 
Ehot   is the emission produced when the engine is hot; 
Estart   is the emission when the engine is cold; 
Eevaporative  is the emission by evaporation (only for VOC). 
Each of these contributions to the total emission depends on an emission factor and one or more 
parameters relating to the operation of the vehicle, so that in general: 
 

       Ex = ex × a 
 
where: 
Ex is one of the contributions to total emissions; 
ex  is an activity related emission factor; 
a is the amount of traffic activity relevant to this type of emission. 
The parameters ex and a are themselves functions of other variables. 
For hot emissions, the activity related emission factor, ehot, is expressed primarily as a function  
of the average speed of the vehicle. Modification factors (which may themselves be functions  
of other variables) allow corrections to be made for features such as the road gradient or the 
load carried by a vehicle. The activity, a, is then the amount of operation (vehicle.kilometres) 
carried at a particular average speed, on roads with a certain gradient, for vehicles with a certain 
load. 
Start emissions, because they only occur during the early part of a journey, are expressed as an 
amount produced per trip, and not over the total distance travelled. The emission factor, estart, is 
calculated as a function of the average vehicle speed, the engine temperature, the length of  the 
trip and the length of the cold part of the trip. The activity, a, is the number of trips. This 
procedure is used only for light duty vehicles. Because data for other types is very limited, such 
detail cannot be used, and cold start emissions are estimated simply as constants (excess 
emissions per cold start). 
Evaporative emissions occur in a number of different ways. Fuel vapour is expelled from the 
tank each time it is refilled, the daily increase in temperature (compared with overnight 
temperatures) causes fuel vapour to expand and be released from the fuel tank, and vapour is 
created wherever fuel may be released to the air, especially when the vehicle is hot during or 
after use. There are therefore a number of different emission factors, eevaporative, depending on 
the type of evaporative emission. Generally, these factors are a function of the ambient 
temperature and the fuel volatility. Similarly, a number of activity data are also needed, 
including total distance travelled and numbers of trips according to the temperature of the 
engine at the end of the trip. 
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These principles apply, with some exceptions, to all pollutants and vehicle types, but different 
classes of vehicle behave differently and relationships between emissions and operating 
characteristics vary for each pollutant. For that reason, an estimate of emissions from mixed 
traffic must be made as a summation of emissions from each homogeneous vehicle class in the 
traffic, and where the area studied contains roads with different traffic behaviour, this must also 
be taken into account. And, of course, this must be done separately for each pollutant. 

Fuel consumption, carbon dioxide, lead and sulphur dioxide emissions 
The combustion of a hydrocarbon fuel (such as petrol, diesel, CNG) in air, in ideal conditions 
follows a simple chemical reaction: 
 

     CxHy + (x + y/4)O2 = xCO2 + y/2 H 2O 
 
where: 
CxHy  is the fuel (a compound of carbon and hydrogen); 
O2  is oxygen from the air; 
CO2  is carbon dioxide; 
H2O is water. 
Because the masses of reactants and products are related in accordance with their molecular 
weights, it is possible to determine the amount of CO2 and water that would be produced from a 
certain weight of fuel or vice versa. For example, the mass of carbon in the fuel is given by: 
 

      [C] = [CxHy] × 12/(12x + 1y)  
 
where: 
[C]  is the mass of carbon, 
[CxHy]  is the mass of fuel, 
12 and 1 are the approximate atomic weights of carbon and hydrogen respectively, 
this amount of carbon would combine with oxygen as follows: 
 

     [C] + ([C] × 32/12 )O2  =  [CO2]    

 
where: 
[CO2]  is the mass of carbon dioxide produced, 
32  is the approximate molecular weight of oxygen. 
In practice, the fuel combustion does not proceed according to the ideal equation; some of the 
carbon is incompletely oxidised and is emitted as CO or carbon particles (PM), some fuel 
escapes combustion and is emitted as VOC, and NOX are produced because of the oxidation of 
nitrogen in the air and traces in the fuel itself. Nevertheless the same principle may be used to 
calculate the amount of fuel that would produce a certain combination of CO2, CO, VOC and  
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PM since there must be a balance between the total carbon in the fuel and the total carbon in all 
of the combustion products. Alternatively, the mass of any one of the carbon containing 
pollutants may be calculated from the mass of fuel and the amounts of the others. However, this 
would be imprecise except for CO2 because the other compounds are produced in relatively 
small amounts. 
Emission tests usually include the measurement of CO2 as well as the other pollutants, and it is 
less frequent that fuel consumption is measured directly. For that reason, road transport 
emission factors are presented for the exhaust components, including CO2, and fuel 
consumption may be derived using the 'carbon balance' method outlined above, using the 
following equation: 
 

  [FUEL] = (12+ r1) × {[CO2]/44 + [CO]/28 + [HC]/(12+r2) + a[PM]/12}  
 
where: 
[FUEL] is the mass of fuel, 
[CO2], [CO], [HC] and [PM] are the masses of exhaust pollutants, 
r1 and r2 are the hydrogen to carbon ratios of the fuel and HC emissions respectively, 
a is the proportion of carbon in the PM emission. 
 
It may be assumed that r1 and r2 are equal, and typical values are 1.8 for petrol and 2.0 for 
diesel. Where this is not known, a value of 1 may be used for a. While it is not in fact the case 
that all of the PM is emitted as carbon, the assumption will make little difference to the 
calculated fuel consumption as the mass of PM is very small compared with those of the other 
emissions. 
In some cases this method could be alternatively applied to calculate carbon dioxide emissions 
from fuel consumption data for road transport too 
It is also uncommon to find directly measured data on the emissions of lead and sulphur 
dioxide, but this is unimportant as they may be estimated with reasonable accuracy from the 
fuel consumption and the amounts of lead and sulphur in the fuel. 
Some lead compounds are  retained in the exhaust system, the engine and the lubricating oil, 
and it is customary to assume that 75% of the lead in the fuel is released to the atmosphere. All 
of the sulphur in the fuel is  assumed to be emitted, and the amount may be expressed directly as 
sulphur, or as sulphur  dioxide by simply doubling the amount of sulphur (because the 
molecular weight of SO2 is  twice the atomic weight of sulphur). 
As known, in Europe the emissions of lead are no longer a problem and the emissions of 
sulphur dioxide are strongly decreased over the last ten years. 

Other non-standard emissions 
It was noted earlier that the amounts of information available for some pollutants were 
insufficient to allow detailed emission factors to be specified, and Table 1. gave a classification 
of pollutants according to the certainty or uncertainty of the emissions data. For some of these 
compounds it is possible to make order of magnitude estimates using the limited data or by 
inference using data for other pollutants. Table 6. below lists the pollutants again, with the 
confidence level that was assigned, and gives an indication of the method recommended for 
their calculation. 
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Pollutant Level Calculation method Contributions

CO2 1 Standard methods hot, cold 

CO 1 Standard methods hot, cold 

VOC 1 Standard methods hot, cold, evap 

NOX 1 Standard methods hot, cold 

PM 1 Standard methods hot, cold 

Fuel consumption 1 From CO2, CO, VOC, PM hot, cold,(evap) 

SO2 1 From fuel consumption and sulphur content hot, cold,(evap) 

Pb 1 From fuel consumption and lead content hot, cold,(evap) 

N2O 2 Standard methods hot, cold 

CH4 2 From the relationship VOC = NMVOC + CH4, if hot, cold 

NMVOC 2 Either NMVOC or CH4 is known hot, cold, evap 

VOC species 2 From VOC emissions and fuel composition hot, cold, evap 

PM by size 3 From PM emissions and size distributions hot, cold 

NH3 3 Standard methods hot, cold 

H2S 3 Standard methods hot, cold 

NO2 3 Standard methods hot, cold 

HM 3 Standard methods hot, cold 

Table 6: Pollutants, confidence classes and calculation methods 

Road transport emission models 
Estimates of road transport emissions on a national basis, and more locally as part of pollution 
impact studies, have been made in some European countries since the 1970s. The methods used 
have been improved and developed since then, mainly depending on the amount, type and 
quality of data available. Currently, there are three principal methods in use, which vary mainly 
in the way that they treat the interaction between vehicle operation and the corresponding 
emissions. 
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The longest established of these methods exploits the fact that average emissions over a 
trip  vary according to the average speed of the trip. The characteristic shapes of the speed-
emission curves are well known (see, for example, Figure 11), and though they vary somewhat  
depending on the type of vehicle and the pollutant, they generally show high emissions at slow 
average speeds when the vehicle operation is inefficient because of stops, starts and delays, a 
tendency to high emissions at high speeds because of the high power demand on the engine, and 
minimum emissions in the middle speed range. 
The measurements from which speed-emission curves are derived are nearly always performed 
on a chassis dynamometer, where the test vehicle is operated over a certain drive cycle while its 
emissions are collected and analyzed. The relationship with average speed is determined by 
combining results from tests using cycles with different average speeds. The accuracy of the 
relationships can depend strongly on the extent to which both the vehicle sample tested and the 
driving cycles are representative of the in-use fleet and its operation. 
The driving cycles are often very stylized, and bear little relationship to real driving patterns on 
the road. Figure 12 gives an example of a typical urban driving cycle together with the urban 
part of the EU type approval cycle for cars (28). Clearly, the amount and frequency of transient 
operation is far greater in the realistic example. 
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Figure 11: Carbon monoxide emissions from passenger cars as a function of average speed 

It is clear, though, that a certain average speed may be achieved in a number of different ways:  
a ten minute trip at an average of 40 km/h could be driven constantly at 40 km/h, for 5 minutes 
at 80 km/h with a 5 minute delay or any way between these extremes. Because of the possible 
differences in operation at the same average speed, other methods have attempted to classify the 
vehicle operation to take this into account. Trips are specified by the vehicle speed, but also by 
another variable that defines the amount of speed variation. 
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In the Swiss/German 'Handbuch der Emissionsfaktoren des Strassenverkehrs', the second 
variable is a parameter describing the type of traffic situation for which an emission factor is 
applicable. For each traffic situation, pollutant and vehicle type (a classification similar to that 
shown in Table 8 is used), a unique emission factor is given. Because each traffic situation is 
associated with a certain average speed, it is possible to show the Handbuch data in terms of the 
average speed for comparison with the more conventional speed-emission curves (Figure 13). 
The emission factors from the Handbuch show a similar general pattern to those produced from 
the speed-emission curve, but do not conform to such a regular function. This is because each 
individual factor represents a defined type of vehicle operation rather than the average operation 
at a certain average speed. Thus, for example, in the speed range from 60 to 80 km/h the speed-
emission curve generates emission rates in a relatively narrow range (about 0.95 to 1.1 g/km) 
while those from the Handbuch vary from 0.9 to 2 g/km because of the greater variation of 
operating conditions they cover. 
The third type of present generation emission model uses a second numerical variable, with the 
vehicle speed, in order to describe the vehicle's operation in more detail. The second variable is  

 

Figure 12: Examples of driving cycles for passenger car emission tests 
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usually the acceleration rate, or the product of the speed and acceleration (that gives a better 
indication of the power demand on the engine than acceleration alone). This type of model no 
longer attempts to calculate average emissions for a trip, but assigns an emission rate to each 
instantaneous combination of the two chosen variables (the timescale is usually every second). 
Data for these instantaneous models are derived from continuous measurements of speed (from 
which the second operational variable can be calculated) and emissions. Emission rates 
corresponding with operating conditions in certain bands are combined to provide a two-
dimensional matrix of emission factors, classified by the two operational variables. 
The following Table 7. shows one example of an emission matrix, specified in terms of speed 
and speed times acceleration (10). 
Application of this type of model requires the specification of the speed profile of a journey, and 
the integration of the emission factors corresponding with each of the second by second pairs of 
speed and speed times acceleration. More generalized results can be obtained using a 
distribution of speed and acceleration pairs based on a wider selection of operation than a single 
journey. 
 

 

Figure 13: Comparison between emission rates from the Swiss/German Handbuch and a  speed-emission 
curve - CO emissions, medium sized EURO I petrol cars 

 
 

Em
is

si
on

 ra
te

 (g
/k

m
) 



Environment, Energy and Transport 38 

PORTAL Written Material www.eu-portal.net 

 

Speed x 
acceleration 

Speed (km/h) 

(m2/s3) 0 5 15 25 35 45 55 65 75 85 

-15 - - 66 56 63 69 59 76 92 115 

-10 - - 57 61 63 84 94 141 129 134 

-5 - 53 53 73 85 102 130 204 194 325 

0 33 59 74 116 123 131 196 193 274 152 

5 - 142 163 192 192 207 275 263 350 211 

10 - - 274 301 295 357 330 454 403 275 

15 - - - 469 568 603 779 706 1041 308 

Table 7: Instantaneous emission matrix - CO emissions (g/h), medium sized EURO I petrol cars 

One of the first instantaneous models to be developed was the Graz model (DGV) (12). This 
model is a method to estimate road traffic emissions in direct combination with recordings of 
driving patterns, and has been used to evaluate traffic calming measures (13). A similar 
approach was based on measurements using the United States FTP 75 and Highway driving 
cycles (14). Another model was created within the Drive/Modem project (15). In that work, 14 
urban driving cycles were developed from driving patterns recorded in several European cities. 
These cycles were then used as the basis for chassis dynamometer tests performed on 150 
vehicles. The emission data were recorded continuously, and emission matrices with the para-
meters speed and speed times acceleration were derived. A joint emission factor programme 
conducted in Germany (16) and Switzerland (17) used instantaneous emission data to create 
emission factors for passenger cars. The basis for the emission matrices were chassis dynamo-
meter tests on around 300 vehicles using the FTP 75, NEDC, US-Highway and German 
Autobahn cycles as driving patterns. 
In recent years, it is this third type of emission model that has probably received most attention 
by the research community, and it could be regarded as the state-of-the-art methodology (11). 
A number of research were carried out in Switzerland (18) (19), to define the application range 
of the methodology and the requirements for emission matrices, as well as from the Technical 
University of Graz, from INRETS (20), from TRL, that investigated the use of these models to 
assess traffic calming and other traffic management schemes, and in Sweden, from the 
University of Lund, on the urban driving patterns (70). 
The aims of current research are to reach a better definition of the application range of available 
instantaneous emission data, as well as to improve the models themselves. 
However, for a number of reasons, the more established method based on average speed-related 
emission functions are still the recommended one for application on a strategic scale. 
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In fact, the European research projects carried out during the last years in this area reached the 
following main conclusions: 

• the quality of the emission matrix used (i.e. which driving patterns are used to generate the 
emission data) plays an important role; 

• the use of instantaneous emission approaches is recommended where driving behaviour and 
dynamics is of major interest (average speed models are not appropriate for such tasks);  

 
The most appropriate calculation methodology depends on the application. For most 
applications (e.g. for application on a strategic scale) emission factors based on average speed 
and on a set of typical traffic situations will allow emission estimates to be made with sufficient 
accuracy. But there are certain areas were emission changes due to changes in driving dynamics 
have to be estimated (e.g. traffic calming): in such cases the use of instantaneous emission 
models is needed in order to obtain more reliable results. 

Vehicle classification 
The emissions performances of different types of vehicle vary considerably, so it is necessary to 
establish a classification in which the vehicles in each class display sufficient homogeneity to be 
treated as a single group. Emission factors must be combined with traffic activity data to 
provide emission estimates, and so the emission classification must be compatible with those 
used in traffic statistics. The main criteria involved in the classification are: 

• the vehicle type (PC, LDV, HDV, 2-W), 

• the vehicle size (engine capacity or gross weight), 

• the level of emission control (according to stages of EU emission control legislation), 

• the fuel (petrol, diesel, LPG or, for the future, alternatives such as CNG and electricity), 

• the engine (for PC and 2-W, 4-stroke or 2-stroke), 

• the operational purpose (for HDVs, whether goods vehicle, urban bus or coach). 

 
Table 8. (Vehicle categories) lists the categories finally defined in this way. In order to identify 
the level of emission control, the years of introduction of the various amendments to EU 
legislation may be linked with the model years of vehicles within the fleet. Table 8a. therefore 
also indicates the model years appropriate for each vehicle category. This association should be 
regarded only as indicative as there have been some slight differences in procedures in different 
Member States. 
Some of the classes refer to future vehicle types: either standard vehicles that will be introduced 
after future proposed changes in emission control legislation or vehicles using new fuels and 
engine technologies. These future types are indicated by italics. 
One of the most important of the criteria used to define the vehicle categories in Table 8a. is the 
‘control level’. This is defined as the emission control standard to which the vehicle was type 
approved. But another way of classifying vehicles would be according to the technology of their 
engines and emission control systems. For petrol engined passenger cars, for example, such a 
classification might be ‘uncontrolled’, ‘open loop catalyst’, and ‘closed loop catalyst’. 



Environment, Energy and Transport 40 

PORTAL Written Material www.eu-portal.net 

There is, though, a reasonably close correspondence between the two alternative classification 
systems: the limit values set by legislation (see Tables 9, 10, 11, 12, 13, 14, 15) usually dictate 
the types of technologies needed to meet them, even though the technologies themselves are not 
legally specified. 
 
Note that the first 5 stages of EU legislation were adopted from ECE Regulations, and for that 
reason, vehicles are frequently referred to in those terms rather than by the equivalent EC 
Directives. Equivalences are as follows: 

1. Directive 70/220/EEC: ECE Regulation 15.00 
2. Directive 74/290/EEC: ECE Regulation 15.01 
3. Directive 77/102/EEC: ECE Regulation 15.02 
4. Directive 78/665/EEC: ECE Regulation 15.03 
5. Directive 83/351/EEC: ECE Regulation 15.04  

 
 

Year CO HC NOX HC+NOX PM 

 petrol diesel petrol diesel petrol diesel petrol diesel petrol diesel

2000 2.3 0.64 0.20 - 0.15 0.50 - 0.56 - 0.05 

2005 1.0 0.50 0.10 - 0.08 0.25 - 0.30 - 0.025 

Table 8: Emission limits (g/km) for cars in 2000 and 2005 (Directive 98/69/EC) 

 

Year Reference CO HC NOX HC+NOX PM 

 mass (kg) petrol diesel petrol diesel petrol diesel petrol diesel petrol diesel

2000 < 1305 2.30 0.64 0.20 - 0.15 0.50 - 0.56 - 0.05 

2001 1305 - 1760 4.17 0.80 0.25 - 0.18 0.65 - 0.72 - 0.07 

2001 > 1760 5.22 0.95 0.29 - 0.21 0.78 - 0.86 - 0.10 

2005 < 1305 1.00 0.50 0.10 - 0.08 0.25 - 0.30 - 0.02
5 

2006 1305 - 1760 1.81 0.63 0.13 - 0.10 0.33 - 0.39 - 0.04 

2006 > 1760 2.27 0.74 0.16 - 0.11 0.39 - 0.46 - 0.06 

Table 9: Emission limits (g/km) for LCVs in 2000 and 2005 (Directive 98/69/EC) 

Year Petrol Diesel 

2000 150 ppm 350 ppm 

2005 50 ppm 50 ppm 

 
Table 10: Maximum sulphur content of fuels in 2000 and 2005 (Directive 98/70/EC) 
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Directive CO (g/kW.h) HC (g/kW.h) NOX (g/kW.h) PM (g/kW.h) 

88/77/EEC 11.2 2.45 14.4 - 

91/542/EEC stage I 

91/542/EEC stage II 

4.5 

4.0 

1.10 

1.10 

8.0 

7.0 

0.36 

0.15 

96/1/EC (for engines under 85 kW, until 1997/98) 0.25 

Table 11: Emission standards for diesel engines used in heavy duty vehicles 

 

Implementation date CO 

(g/kW.h) 

HC 

(g/kW.h) 

NOX 

(g/kW.h) 

PM 

(g/kW.h) 

Smoke 

(m-1) 

2000 2.1 0.66 5.0 0.10 0.8 

2005 1.5 0.46 3.5 0.02 0.5 

2008 1.5 0.46 2.0 0.02 0.5 

EEV (1999) 1.5 0.25 2.0 0.02 0.15 

Table 12: Limit values for heavy duty diesel engines - ESC and ELR test cycles 

 

Implementation date CO 

(g/kW.h) 

NMHC 

(g/kW.h) 

Methane* 

(g/kW.h) 

NOX 

(g/kW.h) 

PM 

(g/kW.h) 

2000 5.45 0.78 1.6 5.0 0.16** 

2005 4.0 0.55 1.1 3.5 0.03** 

2008 4.0 0.55 1.1 2.0 0.03 

EEV (1999) 3.0 0.4 0.65 2.0 0.02 

Table 13: Limit values for heavy duty diesel and gas engines - ETC test cycle 

* Not applicable to diesel engines 
** Not applicable to gas engines 
 

Implementation date CO (g/km) HC+NOX (g/km) 

June 1999 6.0 3.0 

June 2000 1.0 1.2 

Table 14: Emission limits for motorcycles 
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Category Engine/fuel  Size Model year Control level 

until 1971 Pre-regulation 

1972 - 1977 70/220 & 74/290/EEC 

1978 - 1980 77/102/EEC 

1981 - 1984 78/665/EEC 

1985 - 1992 83/351/EEC 

1986 - 1991 Improved Conventional 

1986 - 1991 Open loop catalyst 

1991 - 1996 91/441/EEC (EURO I) 

1996 - today 94/12/EEC (EURO II) 

2001-2005 EURO III 

<1.4 l 

2005 - EURO IV 

until 1971 Pre-regulation 

1972 - 1977 70/220 & 74/290/EEC 

1978 - 1980 77/102/EEC 

1981 - 1984 78/665/EEC 

1985 - 1992 83/351/EEC 

1986 - 1991 Improved Conventional 

1986 - 1991 Open loop catalyst 

1991 - 1996 91/441/EEC (EURO I) 

1996 - today 94/12/EEC (EURO II) 

2001-2005 EURO III 

1.4-2.0 l 

2005 - EURO IV 

until 1971 Pre-regulation 

1972 - 1977 70/220 & 74/290/EEC 

1978 - 1980 77/102/EEC 

1981 - 1984 78/665/EEC 

1985 - 1992 83/351/EEC 

1986 - 1991 Improved Conventional 

1986 - 1991 Open loop catalyst 

1991 - 1996 91/441/EEC (EURO I) 

1996 - today 94/12/EEC (EURO II) 

2001-2005 EURO III 

Passenger car Petrol 

>2.0 

2005 - EURO IV 
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until 1986 Uncontrolled 

1986 - 1996 88/436 & 91/441/EEC (EURO I) 

1996 - today 94/12/EEC (EURO II) 

2001-2005 EURO III 

< 2.0 l 

2005 - EURO IV 

until 1986 Uncontrolled 

1986 - 1996 88/436 & 91/441/EEC (EURO I) 

1996 - today 94/12/EEC (EURO II) 

2001-2005 EURO III 

Diesel 

> 2.0 l 

2005 - EURO IV 

until 1986 Conventional 

1986 - 1996 88/436 & 91/441/EEC (EURO I) 

1996 - today 94/12/EEC (EURO II) 

2001-2005 EURO III 

LPG All 

2005 - EURO IV 

CNG All   

Alcohols  All   

Bio diesel All   

Electric All   

Hybrid All   

 

2 stroke All  Uncontrolled 
Future categories 

Table 15: Vehicle categories 
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Category Engine/fuel  Size Model year Control level 

until 1995 Uncontrolled 

1995 - 1998 93/59/EEC (EURO I) 

1998 -  96/69/EEC (EURO II) 

 EURO III 

Petrol 

 EURO IV 

until 1995 Uncontrolled 

1995 - 1998 93/59/EEC (EURO I) 

1998 -  96/69/EEC (EURO II) 

 EURO III 

Diesel 

 EURO IV 

LPG   

CNG   

Alcohols   

Bio diesel   

Electric   

Light duty 
vehicles 

Hybrid 

<3.5 t 
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until 1993 ECE R49 & 88/77/EEC 

1993 - 1997 91/542/EEC stage I (EURO I) 

1997 - today 91/542/EEC stage II (EURO II) 

 EURO III 

HGV 
3.5 - 7.5 t 

 EURO IV 

until 1993 ECE R49 & 88/77/EEC 

1993 - 1997 91/542/EEC stage I 

1997 - today 91/542/EEC stage II 

 EURO III 

HGV 
7.5 - 16 t 

 EURO IV 

until 1993 ECE R49 & 88/77/EEC 

1993 - 1997 91/542/EEC stage I 

1997 - today 91/542/EEC stage II 

 EURO III 

HGV 
16 - 32 t 

 EURO IV 

until 1993 ECE R49 & 88/77/EEC 

1993 - 1997 91/542/EEC stage I 

1997 - today 91/542/EEC stage II 

 EURO III 

Heavy duty 
vehicles 

Diesel 

HGV 
32 - 40 t 

 EURO IV 
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until 1993 ECE R49 & 88/77/EEC 

1993 - 1997 91/542/EEC stage I 

1997 - today 91/542/EEC stage II 

 EURO III 

HGV 
> 40 t 

 EURO IV 

until 1993 ECE R49 & 88/77/EEC 

1993 - 1997 91/542/EEC stage I 

1997 - today 91/542/EEC stage II 

 EURO III 

Urban 
buses 

 EURO IV 

until 1993 ECE R49 & 88/77/EEC 

1993 - 1997 91/542/EEC stage I (EURO I) 

1997 - today 91/542/EEC stage II (EURO II) 

 EURO III 

 

Coaches 

 EURO IV 

LPG All   

CNG All   

Bio diesel All   

Electric All   

 

Hybrid All   

Table 16: Vehicle categories (continuation) 

 



Environment, Energy and Transport 47 

PORTAL Written Material www.eu-portal.net 

until 1996 ECE R 47 

1997-1998 COM(93)449 Stage 1 

< 50 cm3 

after 1999 COM(93)449 Stage 2 

> 50 cm3 until 1996 ECE R 40.01 

4 stroke after 1997 COM(93)449 

> 50 cm3 until 1996 ECE R 40.01 

2-wheeled 

Vehicles 

Petrol 

2 stroke after 1997 COM(93)449 

Table 17: Vehicle categories (continuation) 

Road Traffic Composition 
 
Traffic composition in terms of emission related categories 
In the MEET project an evaluation was made of the types of traffic statistics needed to estimate 
pollutant emissions from road transport (46), whether the data were available, and compatible 
with the objectives. Three broad types of data were identified: 

• localised data: specifying traffic activity by its geographical location 

• quantified data: specifying the amount of traffic activity 

• driving patterns: specifying the nature of the traffic activity. 

 
Most often, it was not possible to obtain consistent data in all three areas. International sources, 
such as the ECMT's “Statistical trends in transport” (6) and EUROSTAT's “Transport annual 
statistics” (50), provide harmonised data, easy to obtain and manage, but on a large scale. 
National surveys and specific studies are very heterogeneous in their methods and results, and 
access to them may be difficult. It was concluded that: 

• significant discrepancies exist between data from different international organisations, 
between institutions in the same country and between different methods of investigation 

• there can be great uncertainty even for data that would often be regarded as normal and 
basic (e.g. network length, traffic volume by different transport modes) 

• it is even more difficult to satisfy the needs of a detailed classification, according to many 
categories of vehicle, different road types, gradients, etc. 

 
In earlier section a comprehensive classification system was given for road vehicles, based on 
properties such as size, fuel and age, that are likely to influence exhaust emissions (Table 8a.). 
Data on the numbers of vehicles in each of the emission-related categories, data on their average 
annual mileage and representative speeds are needed to estimate pollutant emissions from road 
transport. Together, the first two factors - the numbers of vehicles and their annual mileages - 
may be used to specify the average composition of traffic on a national basis. 
In the MEET project a standard format has been adopted in the presentation of the data. Firstly, 
for each Member State and for the EU as a whole, mileage and speed information is given for  
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the base year of 1995. Secondly, the evolution of the vehicle fleet for each country and the EU 
is given (as the number of vehicles in each class) in 5 year intervals over the period from 1990 
to 2020. The compilation of these data is described in more detail in MEET Deliverable 16 (51), 
including the sources of historical data and the procedure used to make the forecasts. 
Furthermore, a number of comparisons are made between present conditions and trends in the 
different Member States. 
There will, of course, be many significant deviations from these data, particularly on a more 
local scale, where any of the vehicle characteristics used in the classification may differ greatly 
from the national average. If more detailed, accurate or locally more specific data are available, 
they should be used in preference to the values given in the MEET project. 

Vehicle stock 
Figure 14. illustrates the 1995 passenger car fleet broken down by fuel type and engine capacity, 
for each EU 15 Member State. It is clear that the great majority of cars have gasoline engines 
smaller than 2.0 l. Diesel cars were around 15% on average in 1995, while LPG vehicles have a 
significant presence only in Italy and the Netherlands. 

 

Figure 14: Passenger car fleet distribution (1995 data) for EU 15 

Passenger cars are by far the most abundant vehicle type, representing 80% of all vehicles in the 
EU. Light goods vehicles make up another 6.5%, of which some two thirds have diesel engines 
and the remainder petrol, heavy duty vehicles (effectively all diesel) comprise 3% of the fleet as 
HGVs and 0.25% as buses and coaches. Mopeds and motorcycles make up the remaining 10%.  
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Within these average figures, there is significant variability between EU Member States. For 
example, the proportion of passenger cars varies between 55% (in Portugal) and 90% (in 
Sweden), while the proportion of two-wheelers varies from 1% (in Ireland) to 35% (in 
Portugal). 
The distribution of the vehicles within the various emission categories is closely related to their 
age (since the various emission standards were introduced on a fixed time scale in most Member 
States). The average age of passenger cars is between 7 and 8 years, but there are again 
variations from country to country: the oldest cars are in Finland where the average age is about 
11 years, while the youngest fleet is in Luxembourg, with an average age of about 4years. 

Vehicle mileage 
Many of the vehicle attributes discussed briefly above (size, age, fuel etc.) are related to the way 
they are used, and this is reflected in their typical annual mileage. For passenger cars, there is a 
general tendency for newer cars, cars with larger engines and diesel cars to be driven greater 
annual distances. Figure 15. shows the relationship with engine size and fuel for the EU15. 
 

 

Figure 15: Relation between engine type/size and the annual mileage of passenger cars in EU 15  
(1995 data) 

Vehicles used for commercial purposes (light goods vehicles, heavy goods vehicles, buses and 
coaches) tend to be used much more than passenger cars. Compared with an overall annual 
mileage of about 12,000 km for cars, light goods vehicles cover approximately 20,000, heavy 
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goods vehicles 50,000 and buses and coaches 45,000 km/year. Conversely, two-wheel vehicles 
cover considerably smaller annual mileages. Those less than 50 cc engine capacity, which are 
used mainly in urban areas for relatively short journeys, average 3,000 km/year while larger 
motorcycles have an average annual mileage of about 5,500 km/year. 

Traffic composition 
The average composition of road traffic results from both the number of vehicles of each type 
and its annual mileage. Vehicle types that are most abundant, and those that cover high annual 
distances are more likely to be present in the traffic at any given time than less common or less 
frequently used vehicle types. Thus, by combining the statistics outlined above, it is possible to 
derive an average (and necessarily approximate) composition of traffic in the EU according to 
the emission-related classification. As an example, the average traffic composition for theEU15 
has been calculated for 1995, and the result is shown graphically in Figure 17. The data are 
presented in units of billion vehicle.kilometres by each emission-related category of vehicles 
that made up the 1995 fleet (i.e. EURO 2 and subsequent emission standards are not included as 
they did not apply until 1996). As always, this average does not show the sometimes significant 
differences from country to country. For example, the category 'two-stroke passenger cars' 
represents only one in 100,000 vehicle.kilometres overall, but in Finland, while still quite low, 
the figure rises to one in 1500 vehicle.kilometres. Similarly, over theEU15, small, pre ECE, 
gasoline cars are responsible for approximately one vehicle kilometre in4000, while in Greece 
they are driven one in each 130 vehicle kilometres. 
Because country-specific data are given, they may be used in applications in which national 
differences are important. If variations within a country are important, external supplementary 
data will be required. The availability and comprehensiveness of such data differ widely in the 
EU Member States. 
Another feature of the aggregation of the data in this way is that it gives no indication of the 
operation of the vehicles and, as has been seen, rates of emission vary significantly depending 
on a vehicle's operating condition. This factor has, however, been taken into account in the 
compilation of vehicle and traffic statistics by including data on the distribution of traffic in 
each Member State between 'urban' roads, 'rural' roads and 'highways'. Although it was not done 
in the example given, it is possible to subdivide the EU totals according to these road types 
making use of the data provided. Furthermore, representative average speeds are given for each 
road and vehicle type so that the data may be used with the average speed related emission 
functions presented in the following sections. 

Data tables of the MEET project 
As mentioned above, the final report of the MEET contains the road traffic statistics discussed 
above. For each Member State, and for the EU15 combined, the data are given in two parts (a 
and b). The 'a' tables give the numbers of vehicles in each emission related category for the 
years 1990to 2020, in five yearly intervals. The 'b' tables include the total annual mileage for 
each vehicle category, its split between urban roads, rural roads and highways, and 
representative speeds for the three road types, based on data for 1995. 
To give a general background to these data tables, the two tables relevant to the fleet 
composition of the EU15 are reproduced here below (Tables 18 and 19). 
 



Environment, Energy and Transport 51 

PORTAL Written Material www.eu-portal.net 

 

Figure 16: Average road traffic composition, EU15, 1995 
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Vehicle 
class 

Fuel Size Emission 
class 

1990 1995 2000 2005 2010 2015 2020 

Pre ECE 1021070 86255 17607 1286 0 0 0 

ECE 15-00/01 6475731 2512760 643928 142382 0 0 0 

ECE 15-02 8223269 3408434 1213514 243321 43135 0 0 

ECE 15-03 16358551 10786820 4315452 1327218 289594 33918 0 

ECE 15-04 28129882 25727216 18008216 9087375 3026898 590933 66752 

Improved 
Conventional 

2622375 2775255 1445294 78331 392 0 0 

Open loop 1163049 1283641 741714 54718 10126 7546 3144 

EURO 1 2046401 29757551 27797214 18670060 7945842 2591545 580217 

EURO 2 0 0 30129786 28534721 20022398 8364965 2682841 

EURO 3 0 0 0 26547831 24903256 16910963 6860060 

<1.4 l 

EURO 4 0 0 0 6843364 41505927 74614254 96699551 

Pre ECE 299931 23281 3997 185 0 0 0 

ECE 15-00/01 2505609 803620 201438 38319 0 0 0 

ECE 15-02 5085304 1321898 396362 83725 11049 0 0 

ECE 15-03 11108954 6488579 1481161 439587 94230 4886 0 

ECE 15-04 16671074 14900369 8504923 3137095 1014124 199003 15216 

Improved 
conventional 

881557 975838 515072 15741 64 0 0 

Open loop 1105784 1176860 572818 37405 1791 1086 452 

EURO 1 4632960 24711765 21663290 11389737 2777916 757541 152320 

EURO 2 0 0 21824563 20404085 12466365 2985261 799616 

EURO 3 0 0 0 19017002 17548321 9823400 2261164 

1.4 - 2.0 l 

EURO 4 0 0 0 4850665 29097586 52224126 65251799 

Pre ECE 38541 3083 619 33 0 0 0 

ECE 15-00/01 336379 104849 29232 5703 0 0 0 

ECE 15-02 869685 179605 54579 12400 1658 0 0 

ECE 15-03 1984944 1122457 196033 63742 13936 873 0 

ECE 15-04 2524515 2235188 1130907 395188 143548 28795 2173 

EURO 1 1686907 5513757 4520158 2026585 366907 101126 23086 

EURO 2 0 0 4084022 3799462 2198947 394415 105330 

EURO 3 0 0 0 3565536 3270165 1705738 289058 

Passenger 

cars 

Gasoline 

>2.0 l 

EURO 4 0 0 0 908011 5418393 9710936 11967161 
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Uncontrolled 7246304 4504625 1463252 354876 50317 5092 58 

EURO 1 4356769 10400150 9749753 5511770 1826876 418300 49547 

EURO 2 0 0 5063975 4811714 3311837 1054474 270578 

EURO 3 0 0 0 5425605 5005611 3023927 900494 

<2.0 l 

EURO 4 0 0 0 1389559 8323444 14830483 18592978

Uncontrolled 4536862 2813680 937427 235964 33546 3396 0 

EURO 1 2732163 6456915 6060376 3452626 1175107 278194 33031 

EURO 2 0 0 3145670 2989941 2061771 676292 180190 

EURO 3 0 0 0 3374939 3115316 1888370 585842 

Diesel 

>2.0 l 

EURO 4 0 0 0 86493 5185689 9244458 11696308

Uncontrolled 1053661 681970 343189 99895 9086 274 16 

EURO 1 537735 1112665 1118167 822338 413449 111011 9709 

EURO 2 0 0 523962 508012 421499 247703 78764 

EURO 3 0 0 0 580073 553674 437546 238603 

LPG All 

EURO 4 0 0 0 150596 915251 1638171 2201336

 

2-stroke All Uncontrolled 5300 6218 7088 7908 8665 9349 9960 

Table 18: Fleet composition of the EU15 
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Vehicle 
class 

Fuel Size Emission 
class 

1990 1995 2000 2005 2010 2015 2020 

Uncontrolled 4077930 4063283 2638109 1158171 393129 115885 39644 

EURO 1 0 326663 1032523 845100 264177 93043 32226 

EURO 2 0 0 1179702 1551436 1032140 318872 105240 

EURO 3 0 0 0 1721132 3970941 5465773 6103164 

Gasoline All 

EURO 4 0 0 0 0 0 0 0 

Uncontrolled 7169195 8040542 5280885 2302473 653112 134382 36981 

EURO 1 0 641685 2805462 2456435 1039219 335596 71271 

EURO 2 0 0 1587957 2380591 1827959 657402 170988 

EURO 3 0 0 0 3461806 7918581 11025296 12473901 

Light goods 

vehicles 

Diesel All 

EURO 4 0 0 0 0 0 0 0 

Conventional 1758369 1618271 964125 384469 91537 11583 1745 

EURO 1 0 453450 606963 404570 149140 42366 5935 

EURO 2 0 0 741029 703197 402008 156678 33607 

3.5 - 7.5 t 

EURO 3 0 0 0 1049289 2107881 2720843 3044463 

EURO 4 0 0 0 0 0 0 0 

Conventional 1218917 1106017 621710 245755 71924 14978 3529 

EURO 1 0 330694 437994 258258 84012 28143 7071 

EURO 2 0 0 538299 500650 242414 88694 23764 

EURO 3 0 0 0 748572 1497973 1890528 2098328 

7.5 - 16 t 

EURO 4 0 0 0 0 0 0 0 

Conventional 1704852 1535592 798910 293990 85922 20264 5348 

EURO 1 0 487228 640553 340364 95628 29904 9329 

EURO 2 0 0 807883 735179 310167 99941 25377 

EURO 3 0 0 0 1091982 2166609 2682465 2946809 

16 - 32 t 

EURO 4 0 0 0 0 0 0 0 

Conventional 125365 99969 45802 13170 4100 1280 361 

EURO 1 0 35167 45952 22379 4709 1521 601 

EURO 2 0 0 58158 52169 19053 4674 1325 

EURO 3 0 0 0 76567 149056 180936 196348 

>32 t 

EURO 4 0 0 0 0 0 0 0 

Conventional 339492 298422 186095 80698 21557 2574 57 

EURO 1 0 70355 92250 74707 37885 10770 1300 

EURO 2 0 0 100479 98933 79415 42313 11485 

EURO 3 0 0 0 131662 250891 335610 378405 

Heavy duty 

vehicles 

Diesel 

Buses 

EURO 4 0 0 0 0 0 0 0 
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Conventional 112805 98526 62426 30218 8884 1254 54 

EURO 1 0 22163 29416 24943 14699 4742 793 

EURO 2 0 0 31607 31217 26206 15596 4481 

EURO 3 0 0 0 38893 76274 104399 120265 

  Coaches 

EURO 4 0 0 0 0 0 0 0 

Uncontrolled 13596599 13404995 8382156 3512641 1136618 N/A N/A 

Stage I 0 0 2338569 1674954 733764 N/A N/A 

<50 cc 

Stage II 0 0 2384154 7012036 9779182 N/A N/A 

>50 cc  Uncontrolled 1322416 1365113 969989 524257 227215 N/A N/A 

2-s Controlled 0 0 431446 900864 1219893 N/A N/A 

>50 cc  Uncontrolled 6911355 7560547 4989826 2255237 806471 N/A N/A 

Motorcycles Gasoline 

4-s Controlled 0 0 3020614 6017200 7635947 N/A N/A 

Table 19: Fleet composition of the EU15 (continuation) 
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Vehicle class Fuel Size Emission 
class 

Total annual 
mileage per 

vehicle 

Mileage distribution 
(%) 

Representative vehicle 
speed for road class

(km/h) 

    (km) Urban Rural Highway Urban Rural Highway 

Pre ECE 7495 44 42 14 21 59 91 

ECE 15-00/01 6977 43 42 15 22 59 94 

ECE 15-02 7060 42 43 15 24 65 98 

ECE 15-03 8501 41 43 16 26 71 103 

ECE 15-04 9543 38 46 16 25 70 103 

Improved 
conventional 

8709 36 38 26 34 71 105 

Open loop 9011 37 39 24 36 74 105 

EURO 1 11810 37 44 19 28 71 103 

EURO 2 11810 37 44 19 28 71 103 

EURO 3 11810 37 44 19 28 71 103 

<1.4 l 

EURO 4 11810 37 44 19 28 71 103 

Pre ECE 7005 36 47 17 22 61 95 

ECE 15-00/01 9328 31 48 21 24 60 99 

ECE 15-02 10058 31 47 22 26 65 105 

ECE 15-03 10030 35 44 21 29 70 112 

ECE 15-04 11747 37 45 18 27 70 109 

Improved 
conventional 

10848 37 38 25 36 74 123 

Open loop 10787 36 39 25 35 72 120 

EURO 1 13934 37 42 21 31 72 115 

EURO 2 13934 37 42 21 31 72 115 

EURO 3 13934 37 42 21 31 72 115 

Passenger cars Gasoline 

1.4 - 2.0 l 

EURO 4 13934 37 42 21 31 72 115 
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Pre ECE 8319 34 47 19 23 61 97 

ECE 15-00/01 12550 29 49 22 25 57 104 

ECE 15-02 12473 31 48 21 27 63 109 

ECE 15-03 12366 36 43 21 31 70 117 

ECE 15-04 13727 36 44 20 28 68 113 

EURO 1 17401 37 40 23 33 73 120 

EURO 2 17401 37 40 23 33 73 120 

EURO 3 17401 37 40 23 33 73 120 

 >2.0 l 

EURO 4 17401 37 40 23 33 73 120 

Uncontrolled 14214 38 44 18 27 69 109 

EURO 1 17619 39 43 18 29 69 112 

EURO 2 17619 39 43 18 29 69 112 

EURO 3 17619 39 43 18 29 69 112 

<2.0 l 

EURO 4 17619 39 43 18 29 69 112 

Uncontrolled 14873 36 43 21 27 70 112 

EURO 1 18259 38 42 20 28 69 113 

EURO 2 18259 38 42 20 28 69 113 

EURO 3 18259 38 42 20 28 69 113 

Diesel 

>2.0 l 

EURO 4 18259 38 42 20 28 69 113 

Uncontrolled 20046 44 37 19 21 64 104 

EURO 1 20696 41 38 21 22 63 104 

EURO 2 20696 41 38 21 22 63 104 

EURO 3 20696 41 38 21 22 63 104 

LPG All 

EURO 4 20696 41 38 21 22 63 104 

 

2-stroke All Uncontrolled 5150 30 60 10 30 80 100 

Table 20:  Annual mileage, mileage distribution and representative speeds for the EU15   
(Reference year 1995) 
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Vehicle 
class 

Fuel Size Emission 
class 

Total annual 
mileage per 

vehicle 

Mileage 
distribution 

(%) 

Representative 
vehicle speed for 
road class (km/h) 

    (km) Urban Rural Highway Urban Rural Highway 

Uncontrolled 17947 41 40 19 23 64 97 

EURO 1 17974 41 40 19 23 66 99 

EURO 2 17974 41 40 19 23 66 99 

EURO 3 17974 41 40 19 23 66 99 

Gasoline All 

EURO 4 17974 41 40 19 23 66 99 

Uncontrolled 22713 48 35 17 22 63 92 

EURO 1 22940 47 37 16 23 64 94 

EURO 2 22940 47 37 16 23 64 94 

EURO 3 22940 47 37 16 23 64 94 

Light goods 
vehicles 

Diesel All 

EURO 4 22940 47 37 16 23 64 94 

Conventional 46849 35 43 22 20 60 90 

EURO 1 49647 36 43 21 20 60 90 

EURO 2 49647 36 43 21 20 60 90 

EURO 3 49647 36 43 21 20 60 90 

3.5 - 7.5 t 

EURO 4 49647 36 43 21 20 60 90 

Conventional 45546 34 42 24 20 60 90 

EURO 1 46888 34 43 23 20 60 90 

EURO 2 46888 34 43 23 20 60 90 

EURO 3 46888 34 43 23 20 60 90 

7.5 - 16 t 

EURO 4 46888 34 43 23 20 60 90 

Conventional 55295 19 38 43 20 60 90 

EURO 1 55214 19 40 41 20 60 90 

EURO 2 55214 19 40 41 20 60 90 

EURO 3 55214 19 40 41 20 60 90 

16 - 32 t 

EURO 4 55214 19 40 41 20 60 90 

Conventional 54876 19 40 41 20 60 90 

EURO 1 55182 19 41 40 20 60 90 

EURO 2 55182 19 41 40 20 60 90 

EURO 3 55182 19 41 40 20 60 90 

Heavy duty 
vehicles 

Diesel 

>32 t 

EURO 4 55182 19 41 40 20 60 90 
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Conventional 43999 100 0 0 20 - - 

EURO 1 47669 100 0 0 20 - - 

EURO 2 47669 100 0 0 20 - - 

EURO 3 47669 100 0 0 20 - - 

Buses 

EURO 4 47669 100 0 0 20 - - 

Conventional 40328 0 50 50 - 60 90 

EURO 1 43243 0 50 50 - 60 90 

EURO 2 43243 0 50 50 - 60 90 

EURO 3 43243 0 50 50 - 60 90 

  

Coaches 

EURO 4 43243 0 50 50 - 60 90 

Uncontrolled 2981 69 31 0 N/A N/A - 

Stage I 2981 69 31 0 N/A N/A - 

<50 cc 

Stage II 2981 69 31 0 N/A N/A - 

>50 cc  Uncontrolled 3406 63 22 15 N/A N/A N/A 

2-s Controlled 3406 63 22 15 N/A N/A N/A 

>50 cc  Uncontrolled 5593 45 40 15 N/A N/A N/A 

Motorcycles Gasoline 

4-s Controlled 5593 45 40 15 N/A N/A N/A 

Table 21: Annual mileage, mileage distribution and representative speeds for the EU15    
(Reference year 1995) (continuation) 

2.3 Hot emissions  

Basic equations according to the MEET methodology 
Hot emissions are the emissions produced when the engine and the pollution control systems of 
the vehicle (e.g. catalyst) have reached their normal operating temperature. They can be 
calculated if the emission per unit of activity and the total activity over the time scale of the 
calculation are known, using the formula: 
 

Ehot = e × m 
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where: 
Ehot  is the emission, in units of mass per unit of time (usually in t/a), 
e  is the hot emission factor in g/km, 
m  is the activity, in distance travelled per time unit (usually in km/a) 
The activity m required for the emission calculation according to the above equation is defined 
as: 
 

m = n × l 
 
where: 
n  is the number of vehicles in each of the categories defined in Table 8. 
l  is the average distance travelled by the vehicles of the category over the time unit, in 
km/a 
It’s obvious that the above equation has to be applied for each vehicle category, since the 
emission factors and the activity are different. 
It is also stressed that the vehicle average annual distance is different from one country to 
another, and in any case, this distance is distributed over different types of roads. A part of the 
distance is travelled in urban areas, a part in rural areas and the rest on highways, each type of 
road having a different average speed and affecting the emission factors. 
 
Therefore, in order to apply the above equation, the data needed are: 

• the number of vehicles in each vehicle category 

• the total annual distance travelled by each vehicle category 

• the percentage of this distance driven on urban and rural roads and on highways 

• the average speed on each type of road 

• the emission factor - average speed correlation 

 
Combining the two above equations, and taking into account the different vehicle categories, the 
final equation for hot emission estimation can be derived: 
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where: 
k  identifies the pollutant 
i  is the vehicle category 
j  is the type of road 
ni  is the number of vehicles in category i 
li  is the average annual distance travelled by the vehicles of category i 
pi,j  is the percentage of the annual distance travelled on road type j by vehicle type i 
ei,j,k  is the emission factor of pollutant k corresponding to the average speed on road type j, 
for vehicle category i 
 
The following Table 22. presents the form of the needed data: for the calculation of hot 
emissions from road transport a similar table, with a line for each vehicle category, as listed in 
Table 8., is required for each geographical area (usually a country) and reference year. 
 

Code Fleet Miles 
(km) 

Urban 
Miles 
(%) 

Urban 
Speed 
(km/h) 

Rural Miles 
(%) 

Rural 
Speed 
(km/h) 

Highway 
Miles   (%) 

Highway 
Speed (km/h)

CO2 

(g/km) 

NOX 

(g/km) 

PM 

(g/km) 

••• 

(g/km) 

FC 

(g/km) 

1              

1.1              

1.1.1 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ••• (12) 

1.1.2 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ••• (12) 

••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• 

1.1.9              

1.1.9.1 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ••• (12) 

1.1.9.2 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ••• (12) 

••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• 

3.8.1 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ••• (12) 

3.8.2 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ••• (12) 

••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• 

4.3.2 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ••• (12) 

Table 22: Form of the data required for the calculation of the hot emissions from road transport 
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Key to Table 10. 

− Number of vehicles in the specific category. 
− Annual distance driven by the average vehicle of the category, in km. 
− Percentage of the annual distance, driven in urban areas, in %. 
− Average speed of urban areas, in km/h. 
− Percentage of the annual distance, driven in rural areas, in %. 
− Average speed of rural areas, in km/h. 
− Percentage of the annual distance, driven on highways, in %. 
− Average speed of highways, in km/h. 
− Formulae to calculate emission factors of the relevant pollutant as a function of the 

average 
− speed, in g/km.  One such column is needed for each pollutant. 
− Formula to calculate fuel consumption from the carbon containing pollutant emissions, 

in g/km. 

Hot emission factors for passenger cars and light duty trucks 
In COST Action 319 a great number of measured data on in-use cars have been made available 
from many countries and laboratories. These data were analysed and a consistent set of emission 
factors and functions was produced for all the important technological classes of PCs and 
LDVs, by adopting the average speed dependency approach (28). Some emission functions 
developed earlier for COPERT I (29) have been adopted in order to have a full coverage of all 
the possible combinations of technologies and fuels. On the basis of the data made available by 
all partners, the following categories were treated: 

• Gasoline cars complying with EURO I (91/441/EEC) emission standards 

• Diesel cars complying with EURO I (91/441/EEC, 88/436/EEC and US83) emission 
standards 

• Conventional Gasoline LDVs 

• Conventional Diesel LDVs 

• Gasoline LDVs complying with EURO I (93/59/EEC) emission standards 

• Diesel LDVs complying with EURO I (93/59/EEC) emission standards 

 
All other older technology categories have been covered by the equations of 
CORINAIR/COPERT approach. Therefore a full set of emission equations for all vehicle 
categories and the main pollutants produced is now available in literature and presented in 
suitable tables. In these tables the equations are given as functions of the average speed of the 
vehicle; the correlation coefficients (R2) of the best fit curves are also reported. 
A number of the MEET data tables are reported here below (Tables 11 to 20). 
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Vehicle class Cylinder capacity Speed 
range 

CO emission factor (g/km) R2 

All categories 10-100 281V-0.630 0.924 PRE ECE 

All categories 100-130 0.112V + 4.32 - 

All categories 10-50 313V-0.760 0.898 ECE 15-00/01 

All categories 50-130 27.22 - 0.406V + 0.0032V2 0.158 

All categories 10-60 300V-0.797 0.747 ECE 15-02 

All categories 60-130 26.260 - 0.440V + 0.0026V2 0.102 

All categories 10-20 161.36 - 45.62 ln(V) 0.790 ECE 15-03 

All categories 20-130 37.92 - 0.680V + 0.00377V2 0.247 

All categories  10-60 260.788V-0.910 0.825 ECE 15-04 

All categories 60-130 14.653 - 0.220V + 0.001163V2 0.613 

Improved CC < 1.4 l 10-130 14.577 - 0.294V + 0.002478V2 0.781 

conventional 1.4 l < CC < 2.0 l 10-130 8.273 - 0.151V + 0.000957V2 0.767 

CC < 1.4 l 10-130 17.882 - 0.377V + 0.002825V2 0.656 Open loop 

1.4 l < CC < 2.0 l 10-130 9.446 - 0.230V + 0.002029V2 0.719 

CC < 1.4 l 10-130 9.846 - 0.2867V + 0.0022V2  0.133 

1.4 l < CC < 2.0 l 10-130 9.617 - 0.245V + 0.001729V2 0.145 

EURO I 

 CC > 2.0 l 10-130 12.826 - 0.2955V + 0.00177V2 0.109 

Table 23: Speed dependency of CO emission factors for gasoline passenger cars 

 
 



Environment, Energy and Transport 64 

PORTAL Written Material www.eu-portal.net 

 

Vehicle class Cylinder capacity Speed 
range 

VOC emission factor (g/km) R2 

All categories 10-100 30.34V-0.693 0.980 PRE ECE 

All categories 100-130 1.247 - 

All categories 10-50 24.99V-0.704 0.901 ECE 15-00/01 

All categories 50-130 4.85V-0.318 0.095 

All categories 10-60 25.75V-0.714 0.895 ECE 15-02/03 

All categories 60-130 1.95 - 0.019V + 0.00009V2 0.198 

All categories 10-60 19.079V-0.693 0.838 ECE 15-04 

All categories 60-130 2.608 - 0.037V + 0.000179V2 0.341 

Improved CC < 1.4 l 10-130 2.189 - 0.034V + 0.000201V2 0.766 

conventional 1.4 l < CC < 2.0 l 10-130 1.999 - 0.034V + 0.000214V2 0.447 

CC < 1.4 l 10-130 2.185 - 0.0423V + 0.000256V2 0.636 Open Loop 

1.4 l < CC < 2.0 l 10-130 0.808 - 0.016V + 0.000099V2 0.49 

CC < 1.4 l 10-130 0.628 - 0.01377V +  8.52E-05V2 0.207 

1.4 l < CC < 2.0 l 10-130 0.4494 - 0.00888V + 5.21E-05V2 0.197 

EURO I 

 CC > 2.0 l 10-130 0.5086 - 0.00723V + 3.3E-05V2 0.043 

Table 24: Speed dependency of VOC emission factors for gasoline passenger cars 
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Vehicle class Cylinder capacity Speed 
range 

NOX emission factor (g/km) R2 

PRE ECE CC < 1.4 l 10-130 1.173 + 0.0225V - 0.00014V2 0.916 

1.4 l < CC < 2.0 l 10-130 1.360 + 0.0217V - 0.00004V2 0.960 ECE 15-00/01 

CC > 2.0 l 10-130 1.5 + 0.03V + 0.0001V2 0.972 

CC < 1.4 l 10-130 1.479 - 0.0037V + 0.00018V2 0.711 

1.4 l < CC < 2.0 l 10-130 1.663 - 0.0038V + 0.00020V2 0.839 

ECE 15-02 

CC > 2.0 l 10-130 1.87 - 0.0039V + 0.00022V2 - 

CC < 1.4 l 10-130 1.616 - 0.0084V + 0.00025V2 0.844 

1.4 l < CC < 2.0 l 10-130 1.29 e 0.0099V 0.798 

ECE 15-03 

CC > 2.0 l 10-130 2.784 - 0.0112V + 0.000294V2 0.577 

CC < 1.4 l 10-130 1.432 + 0.003V + 0.000097V2 0.669 

1.4 l < CC < 2.0 l 10-130 1.484 + 0.013V + 0.000074V2 0.722 

ECE 15-04 

CC > 2.0 l 10-130 2.427 - 0.014V + 0.000266V2 0.803 

Improved CC < 1.4 l 10-130 -0.926 + 0.719 ln(V) 0.883 

conventional 1.4 l < CC < 2.0 l 10-130 1.387 + 0.0014V + 0.000247V2 0.876 

CC < 1.4 l 10-130 -0.921 + 0.616 ln(V) 0.791 Open Loop 

1.4 l < CC < 2.0 l 10-130 -0.761 + 0.515 ln(V) 0.495 

CC < 1.4 l 10-130 0.5595 - 0.01047V + 1.08E-04V2 0.122 

1.4 l < CC < 2.0 l 10-130 0.526 - 0.0085V + 8.54E-05V2 0.077 

EURO I 

 CC > 2.0 l 10-130 0.666 - 0.009V + 7.55E-05V2 0.014 

Table 25: Speed dependency of NOX emission factors for gasoline passenger cars 
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Vehicle class Cylinder capacity Speed 
range 

CO2 emission factor  (g/km) R2 

CC < 1.4 l 10-130 768 + 3.13V - 199ln(V) - 

1.4 l < CC < 2.0 l 10-130 1005 + 4.15V - 263ln(V) - 

PRE ECE 

CC > 2.0 l 10-130 1498 + 8.21V - 0.0133V2 - 421ln(V) - 

CC < 1.4 l 10-130 173 - 2.52V + 0.0182V2 + 1930/V - 

1.4 l < CC < 2.0 l 10-130 1065 + 4.00V - 284 ln(V) - 

ECE 15-00/01 

CC > 2.0 l 10-130 835 + 3.71V + 2297/V - 229ln(V) - 

CC < 1.4 l 10-130 345 + 0.0106V2 + 1275/V - 68.6ln(V) - 

1.4 l < CC < 2.0 l 10-130 835 + 3.93V + 986/V - 231ln(V) - 

ECE 15-02 

CC > 2.0 l 10-130 879 + 4.32V + 2298/V - 244ln(V) - 

CC < 1.4 l 10-130 664 + 2.09V + 0.00449V2 - 167ln(V) - 

1.4 l < CC < 2.0 l 10-130 1074 + 5.49V - 0.00461V2 - 305ln(V) - 

ECE 15-03 

CC > 2.0 l 10-130 957 + 4.51V + 1832/V - 264ln(V) - 

CC < 1.4 l 10-130 614 + 2.56V - 157ln(V) - 

1.4 l < CC < 2.0 l 10-130 264 + 0.0103V2 + 2049/V - 49.8ln(V) - 

ECE 15-04 

CC > 2.0 l 10-130 1173 + 4.83V - 315ln(V) - 

Improved CC < 1.4 l 10-130 226 - 3.91V + 0.0368V2 - 

conventional 1.4 l < CC < 2.0 l 10-130 333 - 6.11V + 0.0518V2 - 

CC < 1.4 l 10-130 238 - 3.67V + 0.0319V2 - Open Loop 

1.4 l < CC < 2.0 l 10-130 331 - 5.88V + 0.0499V2 - 

CC < 1.4 l 5-130 157 - 2.07V + 0.0172V2 + 1835/V - 

1.4 l < CC < 2.0 l 5-130 231 - 3.62V + 0.0263V2 + 2526/V - 

EURO I 

CC > 2.0 l 5-130 294 - 5.50V + 0.0393V2 + 3513/V - 

Table 26: Speed dependency of carbon dioxide emission factors for gasoline passenger cars 
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Pollutant Cylinder 
capacity 

Speed 
range 

Emission factor (g/km) R2 

CO All categories 10-130 5.413V-0.574 0.745 

CC < 2.0l  10-130 0.918 - 0.014V + 0.000101V2 0.949 NOX 

CC > 2.0l 10-130 1.331 - 0.018V + 0.000133V2 0.927 

VOC All categories 10-130 4.61V-0.937 0.794 

PM All categories 10-130 0.45 - 0.0086V + 0.000058V2 0.439 

CO2 All categories 10-130 374 - 6.58V + 0.0442V2 - 30.3/V - 

Table 27: Speed dependency of factors for uncontrolled diesel vehicles <2.5 t 

Directive 
 

Pollutant Cylinder 
capacity 

Speed 
range 

Emission factor (g/km) R2 

CO All categories 10-120 1.4497 - 0.03385V + 2.1E-04V2 0.550 

NOX All categories 10-120 1.4335 - 0.026V + 1.785E-04V2 0.262 

VOC All categories 10-130 0.1978 - 0.003925V + 2.24E-05V2 0.342 

PM All categories 10-130 0.1804 - 0.004415V + 3.33E-05V2 0.294 

CO2 All categories 10-130 286 - 4.07V + 0.0271V2 - 

Table 28: Speed dependency of emission factors for diesel vehicles <2.5 t, complying with the EURO I 
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Pollutant Cylinder 
capacity 

Speed 
range 

Emission factor (g/km) R2 

CO All categories 10-130 12.523 - 0.418V + 0.0039V2 0.893 

NOX All categories 10-130 0.77V0.285 0.598 

VOC All categories 10-130 26.3V-0.865 0.967 

CO2 All categories 10-130 283 - 4.15V + 0.0291V2 - 

Table 29: Speed dependency of emission factors for conventional LPG vehicles <2.5 t 

 

Pollutant Cylinder 
capacity 

Speed 
range 

Emission factor (g/km) R2 

CO  All categories 10-130 0.00110V2 - 0.1165V + 4.2098 n/a 

NOX All categories 10-130 0.00004V2 - 0.0063V + 0.5278 n/a 

VOC All categories 10-130 0.00010V2 - 0.0166V + 0.7431 n/a 

CO2 All categories 10-130 0.0208V2 - 2.70V + 228 n/a 

Table 30: Speed dependency of emission factors for LPG vehicles <2.5 t, complying with EURO I 
Directive 

Pollutant Vehicle class Speed 
range 

Emission factor (g/km) R2 

Uncontrolled 5-110 0.01104V2 - 1.5132V + 57.789 0.732 CO 

EURO I 5-120 0.0037V2 - 0.5215V + 19.127 0.394 

Uncontrolled 5-110 0.0179V + 1.9547 0.159 NOX 

EURO I 5-120 7.55E-05V2 - 0.009V + 0.666 0.014 

VOC Uncontrolled 5-110 0.000677V2 - 0.1170V + 5.4734 0.771 

 EURO I 5-120 5.77E-05V2 - 0.01047V + 0.5462 0.358 

Uncontrolled 5-110 0.0541V2 - 8.4326V + 514.5 0.787 CO2 

EURO I 5-120 0.0621V2 - 9.8381V + 601.2 0.723 

Table 31: Speed dependency of emission factors for gasoline light duty vehicles <3.5 t 
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Pollutant Vehicle class Speed 
range 

Emission factor (g/km) R2 

Uncontrolled 10-110 0.00020V2 - 0.0256V + 1.8281 0.136 CO 

EURO I 10-110 0.000223V2 - 0.026V + 1.076 0.301 

Uncontrolled 10-110 0.000816V2 - 0.1189V + 5.1234 0.402 NOX 

EURO I 10-110 0.000241V2 - 0.03181V + 2.0247 0.072 

Uncontrolled 10-110 0.000066V2 - 0.0113V + 0.6024 0.141 VOC 

EURO I 10-110 0.0000175V2 - 0.00284V + 0.2162 0.037 

Uncontrolled 10-110 0.0000125V2 - 0.000577V + 0.2880 0.023 PM 

EURO I 10-110 0.000045V2 - 0.004885V + 0.1932 0.224 

Uncontrolled 10-110 0.066V2 - 8.2756V + 464.4 0.486 CO2 

EURO I 10-110 0.0617V2 - 7.8227V + 429.51 0.422 

Table 32: Speed dependency of emission factors for diesel light duty vehicles <3.5 t 

Hot emission factors for heavy duty vehicles (HDV) 
An useful compilation of emission factors for heavy duty vehicles is presented in the Workbook 
on Emission Factors for Road Transport (30), that provides emission factors for all types of 
vehicle, including heavy lorries and buses, for a variety of driving patterns. 
The additional considered parameters are the road gradient and the load state of the vehicle for 
heavy goods vehicles; both heavy goods vehicles and buses are further subdivided into a 
number of classes according to their weight. The Workbook provides discreet emission factors 
for each of a set of pre-defined driving patterns. Within MEET, from statistical curve fitting to 
the data of the Workbook were derived continuous functions of emission rates depending on the 
average speed of the vehicle. The functions have the following form: 
 

32

32

ννν
νννε fedcbaK ++++++=  

 
where: 

ε  is the rate of emission in g/km for an unloaded goods vehicle, or for a bus or coach 
carrying a mean load, on a road with no gradient (0%) 

    K  is a constant 
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  a - f  are coefficients 

    ν  is the mean velocity of the vehicle in km/h 
 
The concerned pollutants are carbon monoxide, carbon dioxide, hydrocarbons, oxides of 
nitrogen and particulates. Coefficients for these equations are available for four classes of heavy 
goods vehicle (3.5 to 7.5 tonnes, 7.5 to 16 tonnes, 16 to 32 tonnes and 32 to 40 tonnes), as well 
as for buses and coaches, and are presented in suitable tables. A number of these tables are 
reported here below (Tables 33 to 34). 
The following graph (Figure 17.) shows the above mentioned continuous emission functions for 
coaches for each of the concerned pollutants. 
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Figure 17: Pollutant emissions from coaches as a function of average speed 

to 7.5 tonnes 
 

 K a b c d e f 

CO 1.50 -0.0595 0.00119 -6.16E-6 58.8 0 0 

CO2 110 0 0 0.000375 8702 0 0 

VOC 0.186 0 0 -2.97E-7 61.5 0 0 

NOX 0.508 0 0 3.87E-6 92.5 -77.3 0 

PM 0.0506 0 0 1.22E-7 12.5 0 -21.1 

Table 33: Coefficients of emission functions for heavy goods vehicles with gross vehicle weights from 3.5 
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to 16 tonnes 
 

 K a b c d e f 

CO 3.08 -0.0135 0 0 -37.7 1560 -5736 

CO2 871 -16.0 0.143 0 0 32031 0 

VOC 1.37 0 -8.10E-5 0 0 870 -3282 

NOX 2.59 0 -0.000665 8.56E-6 140 0 0 

PM 0.0541 0.00151 0 0 17.1 0 0 

Table 34: Coefficients of emission functions for heavy goods vehicles with gross vehicle weights from 7.5 

 

 K a b c d e f 

CO 1.53 0 0 0 60.6 117 0 

CO2 765 -7.04 0 0.000632 8334 0 0 

VOC 0.207 0 0 0 58.3 0 0 

NOX 9.45 -0.107 0 7.55E-6 132 0 0 

PM 0.184 0 0 1.72E-7 15.2 0 0 

Table 35: Coefficients of emission functions for heavy goods vehicles with gross vehicle weights from 16 
to 32 tonnes 

 

 K a b c d e f 

CO 0.349 0.0101 0 0 79.6 0 0 

CO2 1576 -17.6 0 0.00117 0 36067 0 

VOC 0.254 0 0 0 53.9 0 0 

NOX 5.27 0 0 0 343 -552 0 

PM 0.246 0 0 0 18.2 0 0 

Table 36: Coefficients of emission functions for heavy goods vehicles with gross vehicle weights from 32 
to 40 tonnes 
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 K a b c d e f 

CO 1.64 0 0 0 132 0 0 

CO2 679 0 0 -0.00268 9635 0 0 

VOC 0.0778 0 0 0 41.2 0 184 

NOX 16.3 -0.173 0 0 111 0 0 

PM 0.0694 0 0.000366 -8.71E-6 13.9 0 0 

Table 37: Coefficients of emission functions for urban buses 

 K a b c d e f 

CO 0.930 0 -4.00E-5 0 99.2 0 0 

CO2 523 0 -0.0487 0.000527 12501 0 0 

VOC 0.632 -0.00402 0 0 59.3 0 254 

NOX 6.12 0 -0.000651 7.23E-6 181 0 0 

PM 0.193 0 0 0 15.6 0 29.6 

Table 38: Coefficients of emission functions for coaches 

 

Weight class Weight correction factor (applicable to functions for HGVs 32 - 40 t) 

 NOX PM CO2 

40 - 50 t 1.18 1.12 1.17 

50 - 60 t 1.41 1.24 1.35 

Table 39: Weight correction factors for goods vehicles over 40 tonnes gross weight 

Mopeds and motorcycles 
Emissions from two-wheelers have had little attention in the past, certainly less than emissions 
from passenger cars and trucks. Yet it was demonstrated as early as the 1970s that in countries 
with a large two-wheeler population their contribution can be significant. This is all the more 
true since emissions from cars and trucks have been, or will be, severely restricted. Two-stroke 
engines in particular can emit significant quantities of hydrocarbons, but what measurements 
there are also show that four-stroke engines are not up to the standards of those in passenger 
cars. In some national emission inventories two-wheelers may contribute a significant part. 
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For a good estimate of the general emission behaviour of two-wheelers the problem is that 
measured data are scarce and usually based on very few vehicles. On the other hand the 
variation in vehicles is much larger than in passenger cars, in mass and engine power, in engine 
types and in vehicle types. The shortage of data makes this variation difficult to represent. 
 
The vehicle types considered are: 

• Mopeds. Small vehicles, usually restricted in their performance. Much variation exists 
between countries in, for example, top speed (from 25 km/h to 50 km/h) and other 
properties (such as with or without gears). 

• Motor cycles. Larger vehicles varying from less than 125 to more than 1200 cc, from 60 to 
350 kg, and from 3.5 to 100 kW or more. There are road, off-road and hybrid machines. 

 
The engine types considered are 2-stroke and 4-stroke. Wankel engines have seen a short 
appearance but are completely off the market now. As far as emissions are concerned there are 
different legislation steps the vehicles have to comply with. This legislation often has different 
requirements for 2- and 4-stroke engines, and certainly for different vehicle types. 
In total, emissions from 24 motorcycles were measured over the European UDC, the European 
EUDC, the American US-FTP, the American Highway Cycle and the German Motorway Cycle. 
This allowed a speed dependency to be established within the MEET project (35). The proposed 
emission factors were presented in three specific tables of the mentioned MEET final 
deliverable; two of these tables are reported here below (Tables 40 and 41). 
 

Mopeds CO 
(g/km) 

NOX 
(g/km) 

VOC 
(g/km) 

CO2 
(g/km) 

Uncontrolled 15.0 0.03 9.00 27.3 

Controlled Stage 1 9 0.03 5 49.4 

Controlled Stage 2 5 0.01 2 65.2 

Table 40: Emission factors for mopeds 
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Pollutant Vehicle 

class 
Speed range Emission factor 

(g/km) 

10 - 60 -0.00100V2 + 0.1720V + 18.10 Uncontrolled 

60 - 110 0.00010V2 + 0.0500V + 21.50 

10 - 60 -0.00630V2 + 0.7150V - 6.900  

                           
CO 

Controlled 

60 - 110 -0.00070V2 + 0.1570V + 6.000 

10 - 60  0.00003V2 - 0.0020V + 0.064 Uncontrolled 

60 - 110 -0.00002V2 + 0.0049V - 0.157 

10 - 60  0.00002V2 - 0.0010V + 0.032 

NOX 

Controlled 

60 - 110 0.00002V2 + 0.0041V - 0.152 

10 - 60 0.00350V2 - 0.4090V + 20.10  Uncontrolled 

60 - 110 0.00030V2 - 0.0524V + 10.60 

10 - 60 -0.00100V2 + 0.0970V + 3.900 

VOC 

Controlled 

60 - 110 -0.00030V2 + 0.0325V + 5.200 

Uncontrolled 10 - 110  88.2 + 0.616V - 22.3ln(V) CO2 

Controlled 10 - 110 33.3 + 0.00164V2 + 155/V 

Table 41: Speed dependency of emission  actors for 2 stroke motorcycles of engine capacity over 

Other parameters affecting hot emissions 
Apart from vehicle technology and average speed, other parameters affect emissions either 
directly (e.g. vehicle mileage, engine temperature, altitude) or by altering the mode of operation 
of the engine (e.g. road gradient, vehicle load). 
The emission factors and functions available in literature refer to standard testing conditions 
(e.i. zero altitude, zero road gradient, empty vehicle, etc.). 
Hot emission factors are calculated firstly as a function of the average vehicle speed. Depending 
on the vehicle type, a number of corrections may be made to allow for the effects of road 
gradient, vehicle load, vehicle mileage and ambient temperature. Thus, for one vehicle type and 
pollutant: 
 

( ) TCMCLCGCfehot ****ν=  

 
where: 
     ehot   is the corrected hot emission factor 

     f(ν)  is the average speed dependent emission rate for standard conditions   
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GC, LC, MC & TC are correction factors or functions for gradient, load, mileage and 
temperature respectively 
A number of these correction factors and functions can be found in literature, usually presented 
in suitable tables (34)(36)(37)(38)(39). 
The corrected hot emission factor must then be combined with appropriate activity data, (as 
mentioned above), and a summation performed over the vehicle categories to give total fleet 
emissions. 
Because of limitations in the available data, it is not possible to find in literature a complete set 
of functions for all vehicle types. 
The average speed is taken into account in all cases, but the other dependencies are applicable 
only for those vehicle classes for which the necessary information is available, and for which 
the data demonstrate a significant effect. 
The following Table 54. provides a summary of the parameters included in the calculation of 
hot emissions according to the MEET methodology; although additional parameters are known 
to influence emissions and the principle of their effect is known, till now there are no enough 
data to provide reliable quantitative estimates. 
 

Vehicle type Average speed Gradient Load Mileage Temperature 

Car - conventional      
 - catalyst      
 - diesel      
LDV - conventional      
 - catalyst    ( ) ( ) 
 - diesel      
HGV      
Bus and coach      
Motorcycle      

Table 42: Parameters included in the calculation of hot emissions, according to the MEET methodology 

2.4 Start-related extra emissions 
The method proposed by MEET for estimating start-related emissions was developed 
empirically, using data assembled from many European test programmes. 
Within the project, were collected and analyzed the data relevant to emission measurements 
with a cold engine and with a hot engine for the same vehicle and at the same testing conditions: 
the difference between the two measurements was considered as representative of the excess 
emissions resulting from the cold operation. 
The passenger car was the only type of vehicle for which sufficient data were available. Within 
that category, distinction was made between diesel and petrol vehicles with and without 
catalysts, but there were too few data from catalyst equipped diesels to allow a detailed analysis 
in that case (40). 
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According to the MEET methodology, for each pollutant and vehicle type a reference value is 
defined for the excess emission as the value corresponding to a start temperature of 20°C and 
for an average trip speed of 20 km/h. The reference value is corrected for the actual start 
temperature and average speed and also for the distance travelled (some trips are shorter than 
the distance needed fully to warm up the engine, and on those trips, the total excess emission is 
not produced) by means of the functions derived within the project from the mentioned data 
analysis . 

General formula of start-related excess emissions of a trip 
The formula giving the excess emissions in function of the mean speed, the ambient temperature 
and the travelled distance has the following form : 
 

excess emission = ω × [f(V) + g(T) - 1] × h(d) 
 
where: 
excess emission  for a trip is expressed in g 

V   is the mean speed in km/h during the cold period 
T  is the temperature in °C (ambient temperature for cold start, engine start temperature for 
starts at an intermediate temperature) 
d  is the distance travelled 

ω  is the reference excess emission (at 20°C and 20 km/h) 

Reference excess emission 
The reference value for the excess emission is defined as the amount produced at an average 
speed of 20 km/h with a start temperature of 20°C, and over a trip long enough for the engine to 
reach its fully warmed-up condition. 

The ω values given by MEET, for each vehicle type and pollutant, are shown in the following 
table. 
 
 

Technology Pollutant 

 CO2 CO HC NOX FC 

Gasoline cars without catalyst 144.16 63.51 8.23 -0.30 83.71 

Diesel cars without catalyst 182.57 2.18 0.82 0.06 62.95 

Gasoline cars with catalyst 132.46 28.71 4.62 1.77 59.79 

Diesel cars with catalyst 153.36 0.74 0.65 0.03 55.4 

Table 43: Reference excess cold-start emission at 20 °C and 20 km/h (ω) 

Effect of average speed 
The functions presented in the following Table 44. are used in MEET to take into account the 
effect of average speed on the excess emissions f(V) and to correct the reference excess 
emissions in the above general formula; they are normalised in order to give a value of one at 20 
km/h. 
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Technology Pollutant Correction coefficient f(V) Boundary speed 

CO2 0.0034V + 0.9321 - 

CO -0.0013V + 1.0261 - 

HC -0.0053V + 1.1060 - 

NOX 0.0636V - 0.2712 V>5 km/h 

Gasoline 
cars with 
catalyst 

FC (calculated) 0.0015V + 0.9707 - 

CO2 1 - 

CO -0.0185V + 1.3704 V<74 km/h 

HC -0.0163V + 1.3252 V<81 km/h 

NOX -0.0227V + 1.4545 V<64 km/h 

Diesel 
cars without 
catalyst 

FC (calculated) 1 - 

CO2 -0.0101V + 1.2024 V<119 km/h 

CO 0.0288V + 0.4245 - 

HC 0.0142V + 0.7154 - 

NOX 0.1136V - 1.2727 V>11 km/h 

Gasoline 
cars without 
catalyst 

FC (calculated) 0.0064V + 0.8716 - 

Table 44: Speed correction coefficients f(V) and boundaries 
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Effect of ambient temperature 
In general the excess emissions tend to increase as the start temperature is reduced. The 
functions, expressing the excess emission in terms of the start temperature, were determined 
using a linear model and were normalised to give a value of 1 for a start temperature of 20°C. 
The MEET results are given in the following table. The available experimental data cover the 
start temperature range from -10 to +26 °C.  
 
 

Technology Pollutant Correction coefficient g(T) Boundary T 

CO2 1 - 

CO -0.2591T + 6.1829 T<23 °C 

HC -0.1317T + 3.6331 T<27 °C 

NOX 1 - 

Gasoline cars 
with catalyst 

FC -0.0555T + 2.1092 T<38 °C 

CO2 -0.0458T + 1.9163 T<41 °C 

CO -0.0602T + 2.2048 T<36 °C 

HC -0.0976T + 2.9512 T<30 °C 

NOX -0.0893T + 2.7857 T<31 °C 

Diesel cars 
without catalyst 

FC -0.0439T + 1.8787 T<42 °C 

CO2 1 - 

CO -0.0918T + 2.8360 T<30 °C 

HC -0.1344T + 3.6888 T<27 °C 

NOX 1 - 

Gasoline cars 
without catalyst 

FC -0.0431T + 1.8618 T<43 °C 

Table 45: Temperature correction coefficients and boundaries 
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Effect of distance travelled 
The emissions from a vehicle stabilize only when it has fully warmed up and it is necessary to 
travel a certain distance (the 'cold distance') before that condition is reached. This distance 
varies according to the vehicle type, the way the car is driven (according to MEET 
methodology, this is represented by the average speed), the ambient temperature and the 
concerned pollutant. 
The MEET functions to estimate the cold distance are given in the following Table 46. Data 
were not available to quantify the effect of the ambient temperature, so it had been neglected. 
Excess emissions are produced during the whole of the cold distance and shorter trips do not 
produce the total amount of excess emission, that would be produced by a longer trip under the 
same conditions. Figure 18. shows this principle schematically: trips equal to or longer than the 
cold distance produce the total excess emission. 
Corrections to excess emissions (h(d) in the general formula) for trips shorter than the cold 
distance are expressed as a function of the ratio of the trip length to the cold distance, thus: 
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where: 

 δ  is the ratio of the trip distance to the cold distance 
 a  is a constant. 
 

 

Figure 18: Schematic representation of the effect of trip length on the excess emission 
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When the trip distance is equal to the cold distance, the function is equal to one. This 
exponential function adopted by MEET gave a good fit to most of the test data showing the 
evolution of the excess emission with distance travelled Figure 19 shows the example of 
catalyst equipped petrol cars, including both the basic data and estimates by this procedure. 
The coefficients a used in this equation are listed in the following Table 46. for the different 
pollutants and vehicle types. 
 

Technology Pollutant Cold distance dc Boundary distance 

CO2 dc = 0.29V -0.05 dc   0 

CO dc = 0.24V - 0.14 dc   0 

HC dc = 0.06V + 2.19 - 

NOX dc = 0.19V + 3.4 - 

Gasoline cars 
with catalyst 

FC dc = 0.24V + 0.54 - 

CO2 dc = 0.24V + 0.09 - 

CO dc = 0.08V + 4.83 - 

HC dc = 0.08V + 4.83 - 

NOX dc = -0.07V + 7.50 dc   0 

Diesel cars 
without catalyst 

FC dc = 0.13V + 3.42 - 

CO2 dc = 0.15V + 2.68 - 

CO dc = 0.04V + 5.42 - 

HC dc = 0.09V + 1.94 - 

NOX dc = 0.02V + 2.83 - 

Gasoline cars 
without catalyst 

FC dc = 0.28V + 0.47 - 

Table 46: Cold distance dc(Km) as a function of the average speed V (km/h) 
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Technology Pollutant Coefficient a 

CO2 3.01 

CO 10.11 

HC 7.02 

NOX 2.30 

Gasoline cars 

with catalyst 

FC 7.55 

CO2 3.95 

CO 3.43 

HC 2.48 

NOX 0.89 

Diesel cars 

without catalyst 

FC 11.46 

CO2 2.85 

CO 6.70 

HC 10.96 

NOX 2.54 

Gasoline cars 

without catalyst 

FC 7.97 

Table 47: Coefficients a used to calculate the distance correction factor h(d) 



Environment, Energy and Transport 82 

PORTAL Written Material www.eu-portal.net 

 

Figure 19: Evolution of excess emissions with distance travelled 

Other vehicle types 
 
Diesel passenger cars with catalysts 
The few results available from tests on diesel cars with catalysts were used by MEET to indicate 
the reference excess emission (ω) for this type of vehicle, and values are included in Table 31. 
In default of additional data, functions f(V), g(T) and h(d) have been assumed to be the same as 
those used for non-catalyst diesels. 
 
Light goods vehicles 
Because no specific data were available for light goods vehicles, according to MEET their 
excess emissions are calculated in the same way as those of passenger cars with the same types 
of engine and emission control system. 
 
Heavy goods vehicles 
There were again very few relevant data for this type of vehicle (41); nevertheless, it was 
possible to give a rough estimate of their excess emissions (only for CO2 and NOX there was a 
systematic relationship between engine or vehicle size and the excess emission). 
The data available from MEET are given in the following Table 48., which lists excess 
emissions in grams per cold start for the main regulated pollutants and the four classes of HGV 
used in the MEET classification system. Note that NOX emissions from cold start tests were 
lower than corresponding hot start emissions and the excess emission is therefore negative. 
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Since operational data for HGVs giving the number of cold starts per day (or other time period) 
are not known, the MEET method assumes that each vehicle makes one cold start per day. 
This assumption is made on the basis that the commercial use of HGVs is likely to mean that 
they are started from cold at the beginning of each working day, and then used throughout the 
day without being stopped for long enough to cool significantly. Some vehicles will make more 
than one cold start per day, but during weekends and holidays, some vehicles will not be used at 
all. 
 
Buses and coaches 
Since buses and coaches are powered normally by diesel engines of the type discussed above, 
according to MEET, the cold excess emissions are assumed to be the same as for HGVs of the 
same weight class. While there are significant variation in the weights of buses and coaches, 
depending on their size and seating capacity, the most common weight class is probably 16 to 
32 tonnes. 
In the absence of precise information, it can again be assumed that each vehicle makes one cold 
start per day. 
 

Cold excess emission (g/cold start) Gross weight class 

(tonnes) CO CO2 HC NOX PM 

3.5 - 7.5 6 200 2 -1 0.6 

7.5 – 16 6 300 2 -2 0.6 

16 – 32 6 500 2 -5 0.6 

32 – 40 6 750 2 -7 0.6 

Table 48: Cold excess emissions from HGVs 

Inventory of cold start related excess emissions 
The above mentioned general formula and functions allow us to calculate start-related excess 
emissions for a single trip. But it is more often required to estimate excess emissions for the 
whole traffic characterised by a number of general parameters such as vehicle flow, average 
speed and environmental conditions (time of day, week, year, temperature). 
Therefore the formula and functions applied to a single trip must be extended to the whole 
traffic using available statistical data relating to characteristic traffic parameters; for estimating 
traffic emissions, the input data generally available are: 

• traffic flow and composition, 

• traffic average speed, 

• ambient temperature, 

• period (or season), 
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while the input data for the MEET passenger car sub model of cold start related excess 
emissions are: 

• average speed under cold engine conditions, 

• ambient temperature, 

• engine temperature at start up, 

• distance travelled. 

 
It is therefore necessary to express the required input parameters as functions of the more 
generally available data. It is also desirable to differentiate the seasons when estimating start 
emissions. 
A number of data were available from experimental surveys conducted on passenger cars (the 
Modem and Hyzem projects)(42)(43)(44) and light duty commercial vehicles (45). 
Starting from the statistic data on the start related activity, suitable tables have been compiled 
within MEET (46) and are now available (annexed to the mentioned MEET deliverables), in 
order to allow the estimation of start related emissions and fuel consumption according to the 
following calculation formula: 
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where: 
Ec   is the traffic start-related excess emissions over 1 km for a given pollutant (in g), 
tfi, vi, i and s are external data: 
 tfi  is the traffic flow for the studied vehicle type i (in.veh.km), 
 vi  is the traffic overall average speed for the studied vehicle type i (km/h), 
 i  is the vehicle type, 
 s  is the season (winter, summer, intermediate). 
 
The other parameters correspond to internal model data: 

ωi   is the reference excess emission for vehicle type i (see the above section), 
 j   is the speed class for the cold part of the trip, 
 k  is the class of engine start temperature, 
 m  is the trip length class, 
f, g, h and dc are functions defined in the above section and given in Tables 32, 33, 35 and 34 
respectively, 
cm(s, vi) is the percentage of mileage recorded under cold start or intermediate temperature 
conditions for season s and overall speed vi for vehicle type i, 
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pj  is the percentage of trips travelled at speed j with a cold engine, for the overall average 
speed considered, 

pk is the percentage of the trips travelled with a start-up engine temperature Tk, 
pm  is the percentage of trips started with a cold engine according to the trip length and the 

average speed of the cold part of the trip, 
dm  is the average length of the trips under cold start conditions in class m (km), 
Vj is the average speed of the cold part of a trip corresponding to class j (km/h), 
Tk  is the average engine start-up temperature corresponding to class k (°C) 
 
Data for this last group of seven parameters can be found in above mentioned statistic tables, 
included in MEET deliverables (46). 
This procedure applies to light duty vehicles only (passenger cars and light goods vehicles). 
For heavy duty vehicles, cold excess emissions are specified simply as grams per cold start (see 
the above mentioned Table 48). It is further assumed that each vehicle makes one cold start per 
day, so the total excess emissions per day are derived simply as the multiple of the number of 
vehicles and the appropriate excess emission factor. Obviously, total annual emissions, or over 
any other period, will be obtained by multiplying by the number of days in the period.  

2.5 Evaporative Losses 
Hydrocarbon emissions from motor vehicles arise from two major sources, exhaust emissions 
and evaporative losses through the vehicle’s fuel system (storage tank, carburettor or injection 
system, fuel pipes). Evaporative emissions occur as a result of fuel volatility combined with the 
variation of the ambient temperature and the temperature changes of the vehicle’s fuel system 
which occur during normal driving procedures (variation of temperature because of heat transfer 
from the vehicle’s engine to all the components of the fuel system). 
 
In general there are four types of evaporative loss: 

• Filling losses. These losses occur when the vehicle's fuel tank is filled. The contents of 
saturated vapours are displaced by liquid fuel, and usually vented to the atmosphere. 

• Diurnal breathing losses. These losses are the result of the night-day temperature cycle 
causing the contents of the fuel tank to contract and expand, pushing saturated vapour out 
on expansion. 

• Hot soak losses. These occur when a vehicle is switched off after operation and the 
equalisation of the temperatures leads to the evaporation of fuel in certain parts of the 
engine. 

• Running losses. These evaporative losses occur during the operation of the vehicle. 

 
Filling losses are usually attributed to the fuel handling chain and not to the vehicle emissions. 
This type of evaporative loss is not, therefore, covered by this part of the draft. 
Hot soak losses and diurnal losses constitute the main part of evaporative losses. In newer 
vehicles these losses should largely be captured by vapour traps (carbon canisters) installed on 
the vehicle. Depending on the temperature of the engine when it is switched off, a distinction  
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between warm-soak and hot-soak losses can be made. For a short period, plastic fuel tanks were 
used that allowed the diffusion of fuel through the plastic; in later years covered plastics (so 
called sealed plastic tanks) have been used for fuel tanks that are impermeable to the fuel. 
Running losses are the least documented source of evaporative emissions. On modern cars, 
equipped with carbon canisters, the canister should capture any running losses but there are 
reports which show that running losses would occur nevertheless. On vehicles without carbon 
canisters, running losses may be significant, but little quantitative information is known. 
 
Evaporative losses from vehicles are known to depend on four major factors: 
1. vehicle technology (equipped or not with carbon canisters) 
2. ambient temperature and its daily variation 
3. gasoline volatility (depending on the temperature variation) 
4. driving conditions (average trip length, parking time etc.). 
 
The effects of these factors on evaporative emissions were the subject of a number of research 
studies. The first study at a European level was carried out by CONCAWE in 1985 (47). The 
results from this project and the methodology it derived formed the basis of a more 
sophisticated methodology developed by the CORINAIR group. An updated methodology was 
proposed in 1990 by CONCAWE (48), and was incorporated in the CORINAIR methodology 
of 1993 (29) and the COPERT programme. A methodology was also developed by RWTÜV 
based on a specifically designed test programme and included in the German/Swiss Emission 
Factor Handbook (30). 
On the basis of the conclusions of a detailed analysis and comparison of these methodologies, 
carried out within the MEET project (49), the CORINAIR methodology was adopted and 
incorporated in the MEET method, mainly because of the transparency of the calculation 
method and the availability of the required input data. 
 
The mentioned CORINAIR methodology (report of 1993) covered three sources of evaporative 
emissions from vehicles: 

• diurnal emissions 

• hot soak emissions 

• running losses 

 
All three types of evaporative emissions are significantly affected by the volatility of the 
gasoline being used, the absolute ambient temperature and temperature changes, and vehicle 
design characteristics. For hot soak emissions and running losses the driving pattern is also of 
importance. 
 
The main equation for estimating the evaporative emissions is: 
 

Eeva,voc, j  = 365 × aj × (ed + Sc + Sfi) + R 
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where: 
Eeva,voc,j     are the VOC emissions due to evaporative losses caused by vehicle category j, 
aj     is the number of gasoline vehicles of category j 
ed is the mean emission factor for diurnal losses of gasoline powered vehicles equipped 

with metal tanks, depending on average monthly ambient temperature, temperature 
variation, and fuel volatility (RVP), 

Sc  is the average hot and warm soak emission factor of gasoline powered vehicles 
equipped with carburettor, 

Sfi  is the average hot and warm soak emission factor of gasoline powered vehicles 
equipped with fuel injection, 

R  are the hot and warm running losses. 
 
The functions, according to MEET-CORINAIR, to determine the appropriate emission factors 
are given in the following Table 49. Because of the lack of data, these functions must be 
applied for both passenger cars and light commercial vehicles. 
 
 

Emission factor (units) Uncontrolled vehicle 

 

Small carbon canister 
controlled vehicle 

Diurnal (g/day) 9.1 exp(0.0158 (RVP - 61.2) + 0.0574 (ta,min - 
22.5) + 0.0614 (ta,rise - 11.7)) 

0.2 × uncontrolled 

warm soak (g/procedure) exp (-1.644 + 0.01993 RVP + 0.07521 ta) 0.2 exp (-2.41 + 0.02302 RVP + 
0.09408 ta) 

hot soak (g/procedure) 3.0042 exp (0.02 RVP) 0.3 exp (-2.41 + 0.02302 RVP + 
0.09408 ta) 

warm and hot soak for fuel 
injected vehicles (g/procedure) 

0.7 none 

warm running losses (g/km) 0.1 exp (-5.967 + 0.04259 RVP + 0.1773 ta) 0.1 × uncontrolled  

hot running losses (g/km) 0.136 exp (-5.967 + 0.04259 RVP + 0.1773 ta) 0.1 × uncontrolled  

Key: 
RVP = fuel volatility in kPa 
ta   = average monthly ambient temperature in °C 
ta,min  = minimum ambient temperature during the day °C (average for month) 
ta,rise  = temperature rise during the day in °C (average for month) 

Table 49:  Evaporative emission factors from CORINAIR-MEET 
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Similarly, very few data exist on evaporative emission factors for two-wheel vehicles. However, 
some limited, average factors developed during the Swiss German Emission Factor 
Programme are presented in the following Table 50. 
 
 

 Diurnal (g/day) Hot / warm soak (g/test) 

Small 2-stroke (125 cc) 5.7 7.5 

Large 4-stroke (1000 cc) 17.3 26.1 

Table 50: Evaporative emission data for motorcycles 

As is the case for other types of emission, it is necessary to combine the emission factors with 
appropriate statistics on vehicle use and environmental conditions in order to derive traffic-
related emission estimates. The following equations may be used: 
 

Sc = (1- q) × (pxes,hot + wxes,warm) 
 
Sfi = qefix 
 

R = mj × (per,hot + wer,warm) 
 
where: 
q is the fraction of gasoline powered vehicles equipped with fuel injection, 
p is the fraction of trips finished with a hot engine (dependent on the average monthly 

ambient temperature) (Table 40.), 
w is the fraction of trips finished with a cold or warm engine (shorter trips) or with the 

catalyst below its light-off temperature (Table 40.), 
x is the mean number of trips per vehicle per day, averaged over the year, or shorter time 

period (Table 51.), 
es,hot is the mean emission factor for hot soak emissions (which is dependent on fuel volatility 

RVP) (Table 49.), 
es,warm is the mean emission factor for cold and warm soak emissions (which is dependent on 

fuel volatility RVP and average monthly ambient temperature) (Table 49.), 
efi is the mean emission factor for hot and warm soak emissions of gasoline powered 

vehicles equipped with fuel injection (Table 49.), 
er,hot is the average emission factor for hot running losses of gasoline powered vehicles 

(which is dependent on fuel volatility RVP and average monthly ambient temperature) 
(Table 49.), 

er,warm is the average emission factor for warm running losses of gasoline powered vehicles 
(which is dependent on fuel volatility RVP and average monthly ambient temperature) 
(Table 49.) 

mj  is the total annual mileage of gasoline powered vehicles of category j 
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Relevant activity data are presented in the following Tables 51. and 52. Table 51. gives 
statistics on the daily usage of passenger cars - the average number of trips, their average 
duration and distance - for the whole year and for the three seasons (42)(43). 
 

 Average daily use - all days 

 Duration (min) Distance (km) Number of trips 

Year 61.4 42.25 4.87 

Winter 68.2 45.77 5.11 

Summer 60.4 44.07 4.62 

Intermediate 54.2 36.67 4.78 

 Days with at least one use of the car 

Year 78.6 54.08 6.23 

Winter 83.2 55.81 6.23 

Summer 74.3 54.16 5.68 

Intermediate 76.3 51.65 6.73 

Table 51:  Average daily use of passenger cars 

Table 52. provides details of the proportions of trips which end in different engine temperature 
classes as a function of the ambient temperature. These data are again provided for the whole 
year and for each season. 
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Year Engine status at the end of the trip 

Ambient temperature range Cold Intermediate Hot Total 

(oC) <30oC 30 to 50oC 50 to 70oC >70oC  

 Percent of ambient temperature range 

 <5 7.1 13.6 26.9 52.3 100.0 

5 to 15 2.1 8.0 17.4 72.5 100.0 

15 to 25 0.7 4.8 15.4 79.0 100.0 

>25 0.0 1.1 6.0 92.9 100.0 

Total frequency 1.7 6.2 15.6 76.5 100.0 

Winter Engine status at the end of the trip 

Ambient temperature range Cold Intermediate Hot Total 

(oC) <30oC 30 to 50oC 50 to 70oC >70oC  

 Percent of ambient temperature range 

 <5 5.4 12.4 20.2 62.0 100.0 

5 to 15 1.0 5.9 14.2 78.9 100.0 

15 to 25 0.1 3.5 13.0 83.5 100.0 

>25 0.0 0.0 3.9 96.1 100.0 

Total frequency 1.3 5.8 14.1 78.8 100.0 



Environment, Energy and Transport 91 

PORTAL Written Material www.eu-portal.net 

 

Summer Engine status at the end of the trip 

Ambient temperature range Cold Intermediate Hot Total 

(oC) <30oC 30 to 50oC 50 to 70oC >70oC  

 Percent of ambient temperature range 

 <5 - - - - - 

5 to 15 5.1 6.7 15.4 72.8 100.0 

15 to 25 1.3 6.8 14.6 77.2 100.0 

>25 0.0 1.7 7.5 90.7 100.0 

Total frequency 1.2 4.7 11.8 82.3 100.0 

Intermediate Percent of ambient temperature range 

Ambient temperature range Cold Intermediate Hot Total 

(oC) <30oC 30 to 50oC 50 to 70oC >70oC  

 Frequency of trips (1 unit = 0.01 trip) 

 <5 10.6 15.9 40.2 33.2 100.0 

5 to 15 3.7 12.2 24.0 60.1 100.0 

15 to 25 0.6 4.3 17.7 77.4 100.0 

>25 0.0 0.4 3.8 95.8 100.0 

Total frequency 2.4 7.7 19.9 70.0 100.0 

Table 52: Distribution of passenger car trips by ambient temperature and the engine temperature at the 
end of the trip 

2.6 Alternative fuels and future technologies 

Improved fuels - current and near future 
New improved fuels giving rise to lower emissions are expected to be introduced in the market 
by the next years. The Directive 98/70/EC gives environmental specifications for petrol and 
diesel that will be effective in two stages: the first stage being introduced in 2000 and the 
second in 2005. 
As far as gasoline is concerned, the Directive requirements are: reduced content of lead, 
sulphur, aromatics, benzene and olefins, increased content of oxygenates, reduced Reid vapour 
pressure, increased mid range (E100) and tail end (E150) volatility. For diesel they are: reduced 
content of sulphur and polyaromatics, reduced back end distillation (T95) and density, as well as 
increased cetane number. The following Tables 53. and 54. show the specifications respectively 
for petrol and for diesel. 
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Parameter Unit 2000 2005 

  Minimum Maximum Maximum 

Research octane number  95   

Motor octane number  85   

Reid vapour pressure (summer) kPa  60.0  

Distillation - evaporated at 100 oC 
  - evaporated at 150 oC 

% v/v 

% v/v 

46.0 

75.0 

  

Hydrocarbon analysis - olefins 
    - aromatics 
     - benzene 

% v/v 

% v/v 

% v/v 

 18.0 

42.0 

1.0 

 

35.0 

Oxygen content % m/m  2.7  

Oxygenates - methanol 
  - ethanol 
  - iso-propyl alcohol 
  - tertiary-butyl alcohol 
  - iso-butyl alcohol 
  - ethers with 5 or more carbon atoms  

% v/v 

% v/v 

% v/v 

% v/v 

% v/v 

% v/v 

 3.0 

5.0 

10.0 

7.0 

10.0 

15.0 

 

Other oxygenates % v/v  10.0  

Sulphur content mg/kg  150 50 

Lead content g/l  0.005  

Table 53: Environmental specifications for petrol 
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Unit 2000 2005 Parameter 

 Minimum Maximum Maximum 

Cetane number  51   

Density at 15 oC kg/m3  845  

Distillation (95% point) oC  360  

Polycyclic aromatic hydrocarbons % m/m  11  

Sulphur content mg/kg  350 50 

Table 54: Environmental specifications for diesel 

For the calculation of the expected effects of these improved fuels on exhaust and evaporative 
losses only few data exist (EPEFE programme, American Auto/Oil activities conducted by the 
Working Group 1 of the European Auto/Oil Programme) (52)(53). 
Despite the fact that these data refer exclusively to new and well tuned engines and emission 
control systems, they were introduced in the MEET methodology, as an indicator of the 
expected effects on the emissions of actual vehicles. The effects were mainly presented in the 
five MEET tables reported here below (Tables 55, 56, 57, 58. and 59). 
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Change in emissions (%) Property Change 

Pb CO VOC exh VOC evap NOX 

Lead 0.15  → 0.08 g/l -50 0 0 0 0 

Oxygenates 0  → 2.7% O2 0 -20 to -40 -2 to -10 0 to 10 -2 to 2 

Aromatics 40  → 25% 0 0 -2 to -10 0 -2 to -10 

Benzene 3  → 2% 0 0 0 0 0 

Olefins 10  → 5% 0 -2 to 2 2 to 5 -2 to 0 -2 to -10 

Sulphur 300  → 100 ppm 0 0 0 0 0 

RVP 70  → 60 kPa 0 0 -2 to 2 -20 0 

E 100 50  → 60% 0 0 to 2 -2 to -10 -2 to 2 0 

E 150 85  → 90% 0 0 -10 to -20 0 2 to 10 

Table 55: Effect of improved gasoline on the emissions of non-catalyst light duty vehicles [based on (53)] 

 

Emission 
(g/km) 

Equation 

CO [2.459 - 0.05513 . E100 + 0.0005343 . E1002 + 0.009226 . ARO - 0.0003101 .  (97-
S)]   

× [1-0.037 . (O2 - 1.75)] × [1-0.008 . (E150 - 90.2)] 

VOC [0.1347 + 0.0005489 . ARO +25.7 . ARO . e(-0.2642 . E100) - 0.0000406 . (97-S)]  

× [1-0.004 . (OLEFIN - 4.97)] × [1-0.022 . (O2 - 1.75)] × [1 - 0.01 . (E150 - 90.2)] 

NOX [0.1884 - 0.001438 . ARO + 0.00001959 . ARO . E100 - 0.00005302 . (97 - S)]  

× [1+0.004 . (OLEFIN - 4.97)] × [1+0.001 . (O2 - 1.75)] × [1 + 0.008 . (E150 - 90.2)] 

Benzene [0.454 + 0.5374 . BENZ + 0.0913 . (ARO-BENZ)] × VOC 

Table 56: Relations between emissions and fuel properties for catalyst light duty vehicles [based on (54)] 
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Change in emissions (%) Property Change 

Pb CO VOC exh VOC evap NOX 

Lead 0.013  → 0.005 g/l -2 to-10 0 to -2 0 to -2 0 0 to -2 

Benzene 3  → 2% 0 0 0 0 0 

RVP 70  → 60 kPa 0 0 0 to -2 -2 to -10 0 

Table 57: Effect of other properties of gasoline on the emissions of catalyst light duty vehicles [based on 
(53)] 

 

Emission 
(g/km) 

Equation 

CO -1.3250726 + 0.003037 . DEN - 0.0025643 . POLY - 0.015856 . CN + 0.0001706 . T95 

VOC -0.293192 + 0.0006759 . DEN - 0.0007306 . POLY - 0.0032733 . CN - 0.000038 . T95 

NOX 1.0039726 - 0.0003113 . DEN + 0.0027263 . POLY - 0.0000883 . CN - 0.0005805 . T95

PM [-0.3879873 + 0.0004677 . DEN + 0.0004488 . POLY + 0.0004098 . CN + 0.0000788 . 
T95] × [1 - 0.015 . (450 - S)] 

Table 58: Relations between emissions and fuel properties for diesel light duty vehicles [based on (54)] 

 

Emission 
(g/kWh) 

Equation 

CO 2.24407 - 0.0011 . DEN + 0.00007 . POLY - 0.00768 . CN - 0.00087 . T95 

VOC 1.61466 - 0.00123 . DEN + 0.00133 . POLY - 0.00181 . CN - 0.00068 . T95 

NOX -1.75444 + 0.00906 . DEN + 0.0163 . POLY - 0.00493 . CN + 0.00266 . T95 

PM [0.06959 + 0.00006 . DEN + 0.00065 . POLY - 0.00001 . CN] . [1-0.0086 . (450 - S)/100] 

Table 59: Relations between emissions and fuel properties for diesel heavy duty vehicles [based on (54)] 
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New vehicle categories 
Passenger cars and light duty vehicles 
The MEET emission data for PC and LDV do not consider vehicle technologies introduced in 
the EU after the Directive 91/441/EEC (EURO I). However within MEET were proposed 
reduction factors in order to adapt the emission factors of the different vehicle categories to the 
new engine technologies. The adaptation were based on proposed changes to vehicle emission 
standards.  
This MEET reduction rates for gasoline and diesel vehicles, derived for EURO II and further 
steps of legislation, are reported in the following tables. 
 
The derivation of reduction rates for the new vehicles was based on the EU emission legislation 
and the data bases of the Swiss/ German Emission Factor Programme and of the Commission's 
I/M project were used (55). The following assumptions have been made for the estimation of 
reduction rates: 

• The overall reduction over the New European Driving Cycle (NEDC) expressed by the 
reduction of the standards are achieved for each step of legislation; 

• For EURO II and later emission levels, the difference between the standards and the actual 
emission levels are comparable with that of EURO I vehicles. 

 
An iterative procedure was used to calculate the emission reduction rates (for further 
information see the mentioned Deliverable 22 for the MEET project – Part A – point 9.2) and 
the calculations were performed for all the regulated pollutants and for EURO II, III and IV 
standards. 
In the derivation of the reduction factors was also taken into account that the test procedure 
would be modified beginning with EURO III (40s idle before starting the measurements will be 
eliminated, and the start of the measurements will coincide with the engine start) and that this 
change in the test procedure would result in an increase in emissions during the test, so the 
effective reductions in emission standards are greater than the numerical changes indicate. 
The Table 60. presents the MEET resulting reduction rates, related to the EURO I emission 
level. While the reduction rates of the cold start extra emissions and hot emissions for NOX and 
VOC are the same or very similar, the reduction rates for hot CO emissions are much lower than 
those for cold start extra emissions. 
For diesel vehicles the same method was used to derive reduction rates for new vehicles, again 
using data from the Swiss/German Emission Factor Programme and the I/M project of the 
Commission. The correspondent MEET reduction rates are shown in the Table 61. 
In contrast to the gasoline vehicles the differences between reduction rates for cold extra 
emissions and hot emission are small. Note that EURO I vehicles are already well able to 
achieve the EURO II standard for CO, so no reduction was applied even though the standard 
reduced significantly. 
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Reduction rates of cold excess emissions referred to EURO I emission levels (%) 

 CO VOC NOX  

EURO II 30 40 55 

EURO III 51 67 73 

EURO IV 80 84 88 

Reduction rates of hot emissions referred to EURO I emission levels (%) 

 CO VOC NOX  

EURO II 5 40 55 

EURO III 24 61 73 

EURO IV 62 79 87 

Table 60: Reduction rates of emissions for EURO II to EURO IV gasoline vehicles 

 

Reduction rates of cold excess emissions referred to EURO I emission levels (%) 

 CO VOC NOX  particles 

EURO II 0 30 40 30 

EURO III 35 51 58 51 

EURO IV 55 76 79 76 

Reduction rates of hot emissions referred to EURO I emission level (%) 

 CO VOC NOX particles 

EURO II 0 30 30 40 

EURO III 45 51 51 64 

EURO IV 56 76 76 84 

Table 61: Reduction rates of emissions for EURO II to EURO IV diesel vehicles 
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Heavy duty vehicles 
At the time of the MEET project, for heavy duty vehicles, insufficient data for EURO I vehicles 
were available to allow them to be used as the base vehicle type (introduced in 1992 for new 
engine types and 1993 for all new engines). Instead, well maintained vehicles representing the 
mix in 1990 were taken as the reference type and, taking into account available measurement 
results from 13 mode tests, typical mean values for this category of vehicles were derived. 
Reduction rates for EURO I, II and III vehicles have been estimated from these base values and 
from the requirements of the published or proposed changes in legislation. Thus, for example, a 
reduction rate of 40% for NOX emissions from EURO II engines is proposed: this corresponds 
with the change from pre-EURO I emissions (11 g/kW.h) and the EURO II requirement (7 
g/kW.h). For VOC and CO the existing standards have little or no limiting effect. For example, 
the average VOC type approval data for pre-EURO I engines is about 0.6 g/kWh in the 13 mode 
test and below even the EURO III standard (0.66 g/kW.h). Nevertheless it is assumed that VOC 
and CO emissions will be reduced, even if it is not required by legislation, because of the 
improvements in engine technology needed to satisfy the other standards. 
The reduction rates estimated within MEET for each of the emission standards are shown in the 
following Table 62. The reduction rates estimated for EURO IV HDVs are based on the UBA 
emission reduction targets and related to pre-EURO I emission rates. 
 

 CO VOC NOX PM 

Pre EURO I (base case, g/kW.h) 2.5 0.6 11 0.4 

EURO I standards (g/kW.h)a 4.5 1.1 8 0.36 

EURO I (percentage reduction)e 10 10 30 20 

EURO II standards (g/kW.h)b 4.0 1.1 7 0.15 

EURO II (percentage reduction)e 20 20 40 70 

EURO III standards (g/kW.h)c 2.1 0.66 5 0.10 

EURO III (percentage reduction)e 20 20 60 80 

EURO IV standards (g/kW.h)d 2.1 0.18 1.75 0.075 

EURO IV (percentage reduction)e 20 70 85 85 

a Directive 91/542/EEC Stage 1 
b Directive 91/542/EEC Stage 2 
c Commission proposal 98/C173/01 
d Based on UBA emission reduction targets 
e All percentage reductions are relative to the pre-EURO I case 

Table 62: Emission standards and reduction factors for heavy duty vehicles 
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New vehicle technologies 
A number of new vehicle technologies are emerging that may have significant market 
penetration over the next 20 years. Within MEET, a study (56) was carried out to assess the 
technologies most likely be in use by 2020 and to provide estimates of the emissions they will 
produce. The following technologies were assessed in detail: 

• Electric vehicles 

• Hybrid electric vehicles 

• Fuel cell electric vehicles 

 
The alternative combustion engines, such as the Stirling, were not included because they did not 
appear to have reached a sufficient level of development for automotive applications and are 
unlikely to appear in significant numbers by 2020. Developments of conventional engines and 
emission control systems, such as direct injection for gasoline engines, were considered to be 
evolutionary, rather than new, technologies, and they will contribute to improvements in 
emissions required by the future emission standards: in effect, they are implicitly included in the 
evaluation of emission factors for near future vehicle categories. 
The main results of  the above mentioned MEET study are summarized here below. 

The new technologies 
 
Electric vehicles 
Electric vehicles have a long history, and competed on equal terms with the internal combustion 
engined vehicles until the 1920s. However, as the performance of internal combustion engines 
was developed, that of electric vehicles was unable to keep pace, and their popularity declined. 
Recently developed vehicles are able to perform much better (prototypes have shown top speeds 
over 150 km/h and acceleration times of less than 8 seconds from 0 to 100 km/h), but they still 
have a limited range between charges. 
One of the main stimuli for recent research and development was the requirement of the 
California Air Resources Board (CARB) that increasing proportions of car sales should be 'zero 
emission' vehicles (ZEVs). The original requirements were for 2% of ZEV sales in 1998, 5% by 
2003 and 10% by 2007. Subsequently, the 2% ruling for 1998 was dropped, but the 2003 target 
increased to 10%. Over a dozen other states have followed California's lead, and most 
manufacturers are developing electric vehicles for production. 
Some characteristics of electric vehicles are superior to those of internal combustion engine 
vehicles. They are quiet, emission free at point of use, they do not use energy while stationary 
and do not incur warm up losses. Electric motors provide very high torque at low speeds and a 
wide speed range, and their efficiency is reasonably constant over their performance range. 
However, the performance and range of conventional electric vehicles is limited by the battery 
which accounts for a quarter of the vehicle's weight. Considerable research and development 
into battery technology is being conducted by many organizations. Chrysler, Ford and General 
Motors, for example, formed the US Advanced Battery Consortium to produce batteries suitable 
for use in electric vehicles. Their objectives for battery performance are compared with the 
present status in the following table (57). 
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 Specific 
power (W/kg)

Energy 
density (Wh/l)

Specific 
energy 
(Wh/kg) 

Life (y) Cycle life 
(cycles) 

Cost 
($/kWh)

US Advanced Battery Consortium goals 

Mid term 150 135 80 5 600 <150 

Long term 400 300 200 10 1000 <100 

Current status 

Lead-acid 67 - 183 50 - 82 18 - 56 2 - 3 450 - 1000 70 - 100 

Nickel-iron 70 - 132 60 - 115 39 - 70 n/a 440 - 2000 160 - 300

Nickel-cadmium 100 - 200 60 - 115 33 - 70 n/a 1500 - 2000 300 

Nickel-metal hydride 200 152 - 215 54 - 80 10 1000 200 

Sodium-sulphur 90 - 130 76 - 120 80 - 140 n/a 250 - 600 >100 

Sodium-nickel 
chloride 

150 160 100 5 600 >350 

Table 63: Goals and current status of battery performance for electric vehicles 

Most current electric vehicles use lead-acid or nickel-cadmium batteries, which are the longest 
established technologies. Lead-acid batteries are cheap and offer a long cycle life, but have low 
power and energy densities. Nickel-cadmium batteries have a higher energy density and longer 
cycle life, but their cost is more than three times greater than lead-acid, and there are also 
concerns over the large amount of cadmium that may be introduced into the environment. The 
most likely candidate battery for future electric vehicles is the nickel-metal hydride. It has high 
power and energy densities and a long cycle life, but is expensive in comparison with lead-acid. 
Although the average power required by an electric vehicle may range from 10 - 20 kW, peak 
demands for acceleration and hill climbing may be ten times higher. A battery capable of 
delivering such power would be inhibitively large and heavy. Therefore the additional use of a 
high density power source such as a flywheel or ultracapacitor is an attractive option. 
 
Hybrid electric vehicles 
Hybrid electric vehicles combine an electric motor and a combustion engine: traditionally, there 
have been two main power train configurations, series and parallel. The series configuration 
consists of an engine which drives a generator producing electricity to drive the motor. This 
system operates a small engine at its most efficient condition, resulting in good fuel economy 
and low emissions. The parallel configuration permits both the combustion engine and the 
electric motor to drive the vehicle. Systems are designed for the engine to work under high load 
conditions, where it is most efficient. Such a vehicle could operate as a battery electric vehicle 
in urban areas or at low speeds, while on the highway, the combustion engine would be the 
main source of power with the electric drive offering assistance when accelerating. The motor 
can also act as a generator, and be used to feed energy to the battery either from regenerative 
braking or when not all of the engine power is being used for propulsion. 
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Fuel cell electric vehicles 
Fuel cells generate electricity directly from the chemical reaction of hydrogen and oxygen, and 
avoid the inefficiencies of conventional electricity production. Many vehicle manufacturers now 
have some involvement in fuel cell development for automotive applications. The most 
promising types for this purpose are the phosphoric acid and proton exchange membrane (PEM) 
fuel cells; most development programs are now moving towards the PEM fuel cell. 
Although the reaction responsible for generating the electricity is that between hydrogen and 
oxygen, a variety of fuels can be used to provide the hydrogen. Hydrogen itself can be used, but 
is not convenient to store in the vehicle and has no suitable distribution infrastructure. Most 
development is focusing on organic liquid fuels, using an on-board reformer to extract the 
hydrogen. Methanol and gasoline have received the most attention, but other fuels may also be 
suitable (in theory, any fuel that can be reformed to produce hydrogen may be used). 

Emission factors 
The emission and energy consumption factors given below are meant only as a guide. They 
were developed using very little data, both because of time constraints and the apparent lack of 
data in the public domain. What data are available usually refer to prototypes which may prove 
technical feasibility, but not commercial viability or customer acceptance. Compromises needed 
to bring the technology to production may result in significant differences between prototype 
and production vehicles. Additionally, as technology in some of these fields is advancing very 
quickly, it is difficult to predict what the status will be, even in the near future. 
Emission factors for each vehicle type are given by the following equation: 
 
    F = a v2 + b v + c 
 
 
where: 
F   is the emission factor (g/km) 
  a, b, c  are coefficients 
  v  is the average vehicle speed (km/h) 
Electric vehicles 
Two new vehicle categories were introduced for electric vehicles, passenger cars and light duty 
vehicles. The emission factors depend on the mix of generating plant used to produce the 
electricity, and thus vary between countries. Those for each country may be calculated by 
inserting the necessary values from the following Table 64. into the following equations. 
European average emission coefficients were calculated as an example (see the Table 65 here 
below). 
Fpassenger car = (0.0508V2 – 8.08V +432)*E*3.6*10-6 
FLDV = (0.0915V2 – 12.8V + 778)*E*3.6*10-6 
 
where: 
   F  is the emissions factor (g/km) 
  E  is the average emissions output by pollutant and country (g/GJ) (Table A91) 
  V  is the average vehicle speed (km/h) 
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Country Emission factor (g/GJ) 

 CO2 CO NOX NMHC SO2 CH4 PM 

Austria 62900 14.5 92.7 16 74.2 80.3 6.9 

Belgium 94300 16.7 289.4 12.2 533.5 240.3 27.2 

Denmark 257300 43 811.6 24.7 912.9 902.7 62.7 

Finland 155100 38.6 307.3 15.6 198 310.9 23.4 

France 17600 3.2 61 3.2 183.9 36.1 7.9 

Germany 189700 27.3 306.3 9.4 931.5 465.1 56.2 

Greece 296400 38.7 393.6 38.9 979.2 604 62.4 

Ireland 212900 33.8 672 44.6 1639.5 466.7 74.3 

Italy 162500 33.4 551.7 105.3 977.2 111.8 41.1 

Luxembourg 101900 16.2 90.1 16.9 71.1 27.3 3.7 

Netherlands 175700 31.6 281.8 32 185.2 392.5 19 

Norway 1700 0.6 2.8 0.2 3.7 6 0.2 

Portugal 170400 34 507.1 53.7 1260.7 359 59.4 

Spain 126800 19.4 414.2 16 1235.8 306.8 57.8 

Sweden 20600 6 42.2 6.6 34.7 22.2 3.1 

Switzerland 6600 2.5 12.9 1.4 21.5 0.7 1.1 

UK 167800 27.4 631.8 20.2 1445.8 458.9 69.9 

European 
Average 

127400 21.3 325.9 22.6 744.9 282.6 39.1 

Table 64: Emission factors for the average electricity generating mix by country (1997 data) 
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Pollutant Passenger car coefficients LDV coefficients 

 a b c a b c 

CO2  0.0233 -3.249 198 0.0419 -5.848 356 

CO  0.0000 -0.001 0.03 0.0000 -0.001 0.06 

NOX 0.0001 -0.008 0.51 0.0001 -0.015 0.91 

NMHC 0.0000 -0.001 0.04 0.0000 -0.001 0.06 

SO2 0.0001 -0.019 1.16 0.0002 -0.034 2.09 

CH4 0.0001 -0.007 0.44 0.0001 -0.013 0.79 

PM 0.0000 -0.001 0.06 0.0000 -0.002 0.11 

Table 65: Electric vehicle emission coefficients for European average electricity generation. 

Hybrid electric vehicles 
Two types of hybrid electric vehicle are considered, again being passenger cars and light duty 
vehicles. The following Table 66. shows vehicle emission coefficients for gasoline hybrid 
electric vehicles. The calculated results are not speed dependent and therefore only the c 
coefficient is listed. Table 67. lists the energy production emission coefficients for gasoline 
HEVs. These include the pollutants generated at the vehicle and during fuel extraction, 
processing and transport. 
 

Emission Coefficients (c) CO2 CO NOX HC PM   

Passenger car 112 0.166 0.017 0.010 0 

LDV 202 0.299 0.031 0.019 0 

Table 66: Vehicle emission coefficients for gasoline hybrid electric vehicles 

 

Emission Coefficients (c) CO2 CO NOX HC SO2 PM   

Passenger car 127 0.17 0.09 0.37 0.12 0.004 

LDV 228 0.31 0.16 0.66 0.21 0.006 

Table 67: Energy production emission coefficients for gasoline hybrid electric vehicles 
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Fuel cell electric vehicles 
Three categories of fuel cell electric vehicle were included, passenger cars, light duty vehicles 
and urban buses. The vehicle emission coefficients for methanol fuel cell vehicles are shown in 
the following Table 68. These account for the vehicle output from methanol reformation only. 
The energy production emission coefficients are shown in the Table 69. These include 
pollutants generated by the vehicle and during fuel production. Note that the fuel production 
emissions have been calculated with respect to speed and therefore the a and b coefficients are 
also used. 

missions coefficient (c) CO2 CO NOX HC PM   

Passenger car 113 0 0 0.0046 0 

LDV 203 0 0 0.0082 0 

Urban bus 979 0 0 0.0397 0 

Table 68: Energy production emission coefficients for methanol fuel cell electric vehicles 

 

Pollutant Passenger car coefficients LDV coefficients Urban bus coefficients 

 a b c a b c a b c 

CO2  0.0071 -0.990 173 0.012
8 

-1.783 312 0.0000 0.000 1358 

CO 0.0000 -0.001 0.07 0.000
0 

-0.002 0.13 0.0000 0.000 0.44 

NOX 0.0000 -0.004 0.26 0.000
1 

-0.008 0.47 0.0000 0.000 1.63 

HC 0.0000 -0.006 0.40 0.000
1 

-0.012 0.72 0.0000 0.000 2.52 

PM 0.0000 0.000 0.01 0.000
0 

-0.004 0.26 0.0000 0.000 0.09 

SO2 0.0000 -0.001 0.05 0.000
0 

-0.002 0.09 0.0000 0.000 0.32 

Table 69: Vehicle emission coefficients for methanol fuel cell electric vehicles 

Projected European vehicle fleet composition 
Estimating the penetration of new technologies over the next 20 years is difficult. Historically, 
many new technologies have promised, but failed, to break the internal combustion engine 
monopoly. However, increasing pressure on the transport sector to mitigate its environmental 
impact will undoubtedly encourage change. 
A new vehicle must be technically and commercially viable and must meet customer demands if 
it is to gain a significant market share. The internal combustion engine is a well established and 
familiar technology that has developed a huge support industry with massive investment in 
production facilities and operational infrastructure. In recent years globalization has promoted  
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commonisation and increased the size of many operations, adding to the inertia of the industry. 
It may be expected that investments will require a return over a significant period and the rate of 
change in the industry will be largely governed by economic factors. A revolutionary movement 
towards a new technology has been considered unlikely. 
 

Electric vehicles (EVs), have been present for many years and development has been promoted 
by legislation in California. It is likely that new generation EVs will be available in the near 
future. However, they are likely to appeal to only a small market segment unless there is a 
breakthrough in battery technology. Europe lacks political incentives, and EV sales may not be 
expected to capture the same market share as in California. It is likely that their widespread use 
in Europe will require political assistance and new infrastructure, and both will take time to 
secure. It has been assumed therefore that EV sales in Europe will not be significant until the 
latter half of the next century and may account for 5 to 10% of the car market by 2020. 
 

Hybrid electric vehicles (HEVs), are likely to make some impact in the near future. Concerns 
regarding the cost/benefit balance are being challenged. The Toyota Prius is now selling at far 
above projected rates since its introduction to the Japanese market in December 1997. Apart 
from high initial cost and possible high maintenance costs, it appears that HEVs offering good 
performance and very low fuel consumption and emission levels will be acceptable to the 
environmentally aware customer. It has been assumed therefore that this vehicle will account for 
1-2 % of vehicle sales by 2010, rising to 5-10 % by 2020. 
The fuel cell electric vehicle (FCEV) is still far from production. The most visible prototype, 
the NeCar III, has many issues to overcome. The power to weight ratio of its fuel cell system is 
high (around 15 kg/kW), the time to develop full power is over 5 seconds, and production 
targets are directed towards the years post 2005 (58). The creation of a new supplier base and 
the development of new techniques for mass production must be completed before FCEVs will 
be available. It has been estimated that FCEVs will be available from the latter half of the next 
decade and that the market share in 2010 will be 0 %, rising to 10-20 % by 2020. The American 
Methanol Institute estimated 2 million methanol fuelled vehicles world wide by 2010 and 35 
million by 2020 (59). This would need significant investment in new methanol production 
plants, but it is reported that production may be increased sufficiently to meet this demand. The 
National Renewable Energy Laboratory, USA, estimated a negligible FCEV penetration by 
2010 and three different scenarios for the year 2020, low, base and high cases of 2.5, 12.5 and 
17.5 % of sales respectively (60). This is similar to the range predicted here. 
The estimated new technology vehicle penetration is shown in the following Table 70. and 
applies to all classifications of vehicle. It is difficult to justify any of these predictions. They are 
based on continued economic and social conditions and an evolutionary technology 
advancement: events which may radically change these trends cannot be predicted. It has been 
assumed that each technology class will have a significant market share in the year 2020. 
However, it is possible that one will establish itself and dominate the market for new technology 
vehicles. Again this cannot be predicted so all technologies have been included in the 
projection. 
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% market share Vehicle type 

Low case High case 

 2010 2020 2010 2020 

EV 0.5 5 1 10 

HEV 1 10 2 20 

FCEV 0 5 0 10 

Table 70: Estimated percentage market share for new technology vehicles during the years 2010 and 
2020. 

To find the number of new technology vehicles in the European fleet the number of new vehicle 
entering the fleet each year had to be estimated. This was found by summing the fleet growth 
and the old vehicles which had been replaced. It was assumed that the average car life was 15 
years and that after 15 years the vehicle left the fleet. Fleet growth between 1990 and 2020 (51) 
was extrapolated back to 1980, as shown in Figure 20. At this point it was assumed that the 
demographic composition of the fleet was evenly distributed, with the same number of vehicles 
for each age group. So, for example, the number of 1 year old and 14 year old vehicles were 
equal. From these assumptions the number of cars leaving the fleet were estimated allowing the 
total number of new vehicles to be approximated each year. The percentage penetration of new 
technology vehicles into the European fleet is summarized in the following Table 71. 

 

Figure 20: Total European fleet and estimates of new technology vehicles 
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Percentage of new technology vehicles  

1990 1995 2000 2005 2010 2015 2020 

Low case 0 0 0 0 1 3 8 

High 
case 

0 0 0 0 1 6 16 

Table 71: Percentage of new technology vehicles as part of the European fleet.   

Alternative fuels 
This section examines alternative fuels for automotive applications and focuses on those fuels 
which may have significant market penetration over the next 20 years. These include natural 
gas, methanol, ethanol, biodiesel and dimethyl ether. 
Emission factors have been produced in relation to vehicles of current technologies to provide 
figures for emission reduction potential for the regulated pollutants and energy consumption. 
Owing to the small amount of experimental data, it was not possible to differentiate between 
different types of emission (i.e. cold and hot operation). Therefore the overall reduction 
potentials should be applied to average emission factors of conventional vehicles and include 
both cold and hot start, and all types of driving (urban, rural and highway). 
Only emissions produced during vehicle use are presented and analyzed, with limited reference 
to life cycle emissions. It should be noted, though, that interest in many of these fuels is very 
much related to their life-cycle potential. Thus the proposed emission factors must be used with 
caution, bearing in mind that a more extensive analysis is required when their introduction is 
discussed. Comments are given in several cases on possible drawbacks of alternative fuels such 
as their effect on engine thermal efficiency, emissions of non regulated pollutants, etc. 
A complete report of the study of alternative fuels can be found in MEET Deliverable 26 (56). 

Natural Gas 
Compressed natural gas (CNG) can be used in either dedicated or dual-fuel engines. In a dual-
fuel engine, the CNG is mixed with air in the cylinder and the mixture is ignited by injecting a 
small amount of diesel as the piston approaches the end of the compression stroke. The diesel 
rapidly ignites due to the heat of compression, and then ignites the air/CNG mixture. Among the 
advantages of dual-fuel engines is that they can be designed to operate interchangeably on 
natural gas with a diesel pilot or on 100% diesel. The CNG dedicated engine requires the 
installation of a spark ignition system, but has the advantage of needing only one fuel system. 
One major difficulty in using CNG is the need for special refuelling stations. They are supplied 
with low pressure gas, while the storage pressure on the vehicle is much higher, meaning that a 
multi-stage compressor is needed at the fuelling station. Another difficulty is that CNG 
composition tends to vary significantly both over time and from city to city (61). CNG has both 
good anti-knock properties (RON is 120) and stable lean combustion properties (62). 
Based the data review, emission correction factors calculated for various vehicle categories are 
listed in the following Table 72. 
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Because of the limited amount of experimental data, only three vehicle categories are covered 
(gasoline passenger cars, gasoline light duty vehicles and diesel heavy duty vehicles). It was not 
possible to derive speed dependent correlations: the figures given in Table 60. are referring 
almost exclusively to the average speed of the FTP cycle. It is also emphasized that the 
correction factors refer mainly to the cold start temperature legislated in the USA (20 - 30°C). 
 
Commenting on the figures of Table 60., it can be stated that: 

• There is a general agreement that CO emissions are reduced with the use of CNG. 

• There is a general agreement that HC emissions are increased. This is because of high 
methane emissions and the reduced efficiency of the 3-way catalyst for this pollutant. 

• NOX is generally reduced. 

• Emissions of particles are much lower than from diesel engines. 

• The fuel consumption of CNG vehicles is similar to that of conventionally fuelled vehicles. 

• The emission of some unregulated pollutants (NMHC, benzene, butadiene, formaldehyde 
and acetaldehyde) is also reduced. 

 

Petrol car with TWC Petrol LDV with TWC Diesel heavy duty vehicles 

min average max min average max min average max 

CO 0.192 0.383 0.593 0.270 0.520 0.711 0.061 0.464 1.101 

HC 1.179 1.810 2.366 1.518 1.802 2.365 0.204 3.380 6.280 

NOX 0.118 0.367 0.494 0.224 0.606 0.917 0.112 0.583 0.995 

PM n/a n/a n/a n/a n/a n/a 0.020 0.085 0.208 

NMHC (1) 0.128 (1) 0.082 0.106 0.130 n/a n/a n/a 

Methane (1) 9.452 (1) 11.25 14.21 16.71 n/a n/a n/a 

Benzene (1) 0.003 (1) 0.004 0.005 0.006 n/a n/a n/a 

Butadiene (1) 0.000 (1) 0.000 0.022 0.067 n/a n/a n/a 

Formaldehyde (1) 0.882 (1) 0.488 0.568 0.639 n/a n/a n/a 

Acetaldehyde (1) 0.339 (1) 0.100 0.136 0.170 n/a n/a n/a 

Table 72: Emission correction factors for various CNG fuelled vehicle categories. 

(1)only one test result. 
n/a  data not available. 
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Methanol 
Methanol has many desirable combustion and emission characteristics. Its octane number of 110 
and excellent lean burn properties make it a good fuel for lean-burn Otto-cycle engines. Because 
of its low vapor pressure, methanol produces low evaporative emissions. It can be produced 
from natural gas, crude oil, biomass and urban refuse. At current prices the most economical 
feedstock for methanol production is natural gas. 
The low energy density of methanol means that roughly twice the mass is required to give the 
same power output as gasoline. The high heat of vaporization  of methanol, combined with the 
large amounts required, makes it difficult to ensure complete vaporization. Otto cycle engines 
using pure methanol become nearly impossible to start below 5°C without special pilot fuels or 
supplementary heating. This has led to the use of a blend of 85% methanol and 15% gasoline 
(M85) for current generation light duty methanol vehicles. Most of the emissions benefits of 
methanol (such as low evaporative emissions) are lost with the switch to M85, however. 
Flexible fuel vehicles capable of running on combinations of gasoline and up to 85% methanol 
have been developed, and fleets of these vehicles are being tested. The engines and emission 
control systems are similar to those of advanced technology gasoline vehicles and the overall 
energy efficiency and emission properties are also similar. Heavy-duty engine also can be 
operated on methanol, using a variety of technical approaches. 
Methanol can be distributed using the same type of equipment and procedures as are presently 
used for gasoline, though changes in some materials are necessary because of methanol's greater 
corrosiveness than gasoline (63). 
Based on the data review, the emission correction factors calculated for passenger cars and 
buses are listed in the following Table 73. Differences in emissions of some unregulated 
compounds are also significant. Emissions of benzene and PAH are much less than from 
gasoline and diesel vehicles, but formaldehyde emissions are more than five times higher. 
 

Passenger car (gasoline) Buses M100/Diesel  

min average max min average max 

CO 0.14 0.91 2.47  9.09  

HC 0.09 0.67 2.25  3.65  

NMHC 0.04 0.6 2.00    

Nox 0.21 1.14 3.14  0.20  

CO2 0.84 0.92 2.47    

PM     0.59  

Table 73: Emission correction factors for methanol fuelled vehicles 

Ethanol 
As the next higher of the alcohols in molecular weight, ethanol resembles methanol in most 
combustion and physical properties. Ethanol can be produced by processing agricultural crops 
such as sugar cane or corn but it is more expensive to produce than methanol and requires large 
harvests of these crops and large amounts of energy for its production (63). As for methanol, it 
has a lower energy density than gasoline and is difficult to vaporize because of its low vapor  
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pressure and high heat of vaporization (63). When ethanol is blended with gasoline in 
proportions up to 22%, the resulting fuel may be burned in ordinary spark-ignition engines. 
Ethanol is used extensively as a blendstock for gasoline in Brazil, South Africa and the United 
States. Ethanol can be distributed using the same type of equipment and procedures used for 
gasoline. Although ethanol is not as corrosive as methanol, it is still incompatible with certain 
materials. 
Based on the data review, the emission correction factors calculated for regulated emissions 
from various vehicle categories using ethanol fuel are listed in the following Table 74. 
Emissions of acetaldehyde are much higher from ethanol than gasoline or diesel, while those of 
benzene, butadiene and PAH are considerably reduced. 
 

 Passenger car 
E85/RGF 

Heavy duty truck 
E100/diesel 

Heavy duty truck 
E95/diesel 

Bus E95/diesel 

 min average max min average max min average max min average max

CO 0.44 1.43 3.67 3.35 4.02 5.29 2.78 3.59 4.63 0.64 1.18 1.61

HC 0.51 1.30 3.15 3.64 3.97 4.21 3.23 3.58 3.84 0.67 2.96 6.04

NMHC 0.30 1.02 2.67 n/a n/a n/a n/a n/a n/a n/a n/a n/a 

NOX 0.39 1.03 3.00 0.66 0.81 0.89 0.72 0.80 0.94 0.78 0.88 0.95

CO2 0.90 0.94 0.98 n/a n/a n/a n/a n/a n/a n/a n/a n/a 

PM n/a n/a n/a 0.96 1.00 1.07 0.25 1.14 1.37 0.53 0.62 0.73

Table 74: Emission correction factors for various ethanol fuelled vehicle categories 

n/a = data not available 

Biodiesel 
The American Society for Testing of Materials has defined biodiesel as "mono alkyl esters of 
long chain fatty acids derived from renewable lipid feedstocks, such as vegetable oils and 
animal fats, for use in compression ignition (diesel) engines". In 1970s and 80s, research was 
conducted with pure and partly esterified vegetable oils in their neat form and in blends with 
fossil diesel. However, they cause a variety of engine and injector problems, and are no longer 
used without esterification. 
 
In comparison with fossil diesel, biodiesel is characterized by: 

• No sulphur content 

• No aromatic and PAH content 

• About 11% oxygen content (while fossil diesel contains no oxygen) 

• Higher cetane value 
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• Lower heating value 

• Better lubricity 

• Higher viscosity 

• Higher freezing point 

• Higher flash point 

• No or low toxicity 

• Different corrosive properties 

Some of these items, such as the higher cetane number and the good lubricity, are obvious 
advantages of biodiesel, while others, such as the lower heating value, the higher freezing point 
and the corrosive properties, are its drawbacks (64). 
Studies (65)(66)(67) have been conducted throughout the world on the exhaust emissions from 
biodiesel fuels, but their results are often inconclusive and, sometimes, contradictory. Therefore, 
it has not been possible to suggest reliable, quantitative emission factors for vehicles fuelled 
with either methyl esters or methyl ester / diesel blends. 
Based on the experimental results available in the literature, the apparent influence of biodiesel 
on emissions relative to fossil diesel are summarized qualitatively in the following table.  
 

Emission Trend 

Total particulate matter (TPM) inconclusive 

Organic fraction of particulates (SOF) increase 

Sulphate fraction of particulates decrease 

Carbon fraction of particulates decrease 

Visible smoke decrease 

Nitrogen oxides (NOX) increase 

Hydrocarbons decrease 

Carbon monoxide decrease 

PAH decrease 

Aldehydes increase 

increase - biodiesel increases emissions relative to fossil diesel 

decrease - biodiesel decreases emissions relative to fossil diesel 

Table 75: Influence of biodiesel on emissions 
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Dimethyl ether 
Dimethyl ether (DME) has recently emerged as an attractive alternative fuel for diesel engines. 
DME can be made from a wide variety of fossil feedstock, including natural gas and coal, and 
from renewable feedstock and waste (68). From a physical point of view, DME resembles 
liquefied petroleum gas (LPG), with a relatively low vapour pressure at ambient temperature. It 
has a relatively high cetane number (55 - 60), but an inferior heating value compared to diesel 
fuel. The most significant property of DME, in terms of operation in a diesel engine, is its low 
self-ignition temperature, which is close to that of normal diesel fuel. 
Preliminary results have shown that the use of DME as a diesel fuel substitute requires little 
modification to the engine. The injection pressure for DME is much lower than for DI diesel 
(about 20 and 120 MPa, respectively), and, because of the different injection parameters, 
dedicated DME engines will be most likely developed rather than flexible, dual fuel diesel-
DME units. 
Based on the data review, the correction factors calculated for regulated emissions from the 
various DME fuelled vehicle categories are listed in the following Table 76. Since DME fuel 
contains no or few carbon-carbon bonds there are no or low PAH or benzene, toluene, xylene 
emissions during combustion. Aldehyde emissions from DME were reported (69) to be lower 
than those from diesel engines. 
Tables 77. and 78. summarize the properties of the alternative fuels above mentioned. 
 

 Light duty vehicle (diesel) Test engine (diesel) Heavy duty vehicle (diesel) 

 min average max min average max min average max 

CO (1) 0.22 (1) (1) 1.42 (1) 0.25 0.32 0.40 

HC (1) 0.22 (1) (1) 1.00 (1) n/a n/a n/a 

NOx (1) 0.21 (1) (1) 0.10 (1) 0.40 0.42 0.44 

PM (1) 0.00 (1) (1) 0.05 (1) n/a n/a n/a 

Table 76: Emission correction factors for various DME fuelled vehicle categories 

 (1) only one test result 
n/a data not available 
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Fuel Advantages Disadvantages 

Natural 
Gas 

Very low particulate emission compared to diesel, 
low NOX emissions compared to advanced diesel 
engines 

More complex refuelling system, 4 times larger 
tank size requirement, engine efficiency in bus 
operation is approximately 20%  lower diesel, lean 
burn engines often have problems with methane 
emissions 

Alcohols High octane number, low NO emissions, low 
evaporative losses 

Cold start problems, increased aldehydes, more 
corrosive than hydrocarbons, larger fuel tanks, 
safety and handling problems 

Biodiesel Higher cetane number, good lubricity, zero 
sulphate and SO2 emission, particulates of lower 
toxicity (same mass emission) 

Corrosion properties, lower heating value, higher 
freezing point, increased NOX emission, increased 
odour 

Dimethyl 
ether 

Little modification to the diesel engine required, 
very low particle emission, lower engine noise, low 
NOX levels without after-treatment 

Lower well-to-wheel efficiency, lower viscosity, the 
injection system needs to be developed 

Table 77: Advantages and disadvantages of alternative fuels 

 

Comparison CO HC NOx PM 

NG with gasoline in TWC light duty vehicles Decrease 

(0.4 to 0.5) 

Increase 

(1.5 to 2.0) 

Decrease 

(0.4 - 0.6) 

n/a 

NG with diesel in heavy duty vehicles (lean burn) Decrease 

(0.1 to 0.2) 

Increase 

(1.5 to 3.0) 

Decrease 

(~0.6) 

Decrease 

(0.05 to 0.15) 

Methanol with gasoline in TWC light duty vehicles No change 

(0.7 to 1.1) 

Decrease 

(0.5 to 0.8) 

Decrease 

(0.8 to 0.9) 

n/a 

Ethanol with gasoline in TWC light duty vehicles No change 

(0.4 to 1.1) 

Decrease 

(0.5 to 1.0) 

Decrease 

(0.4 to 0.8) 

n/a 

Methanol with diesel in heavy duty vehicles Decrease  
(0.5 to 0.8) 

Decrease 
(0.4 to 0.6) 

Decrease  
(0.4 to 0.75) 

Decrease    
(0.1 to 0.2) 

Ethanol with diesel in heavy duty vehicles Increase   
(1.1 to 1.3) 

No change 
(0.7 to 1.5) 

Decrease  
(0.6 to 0.9) 

Decrease 
(~0.2) 

Biodiesel with diesel in heavy duty vehicles Decrease 
(0.75 to 0.8) 

Decrease 
(0.2 to 0.8) 

Increase   
(1.1 to 1.2) 

No change  
(0.6 to 1.2) 

DME with diesel in heavy duty vehicles n/a n/a Decrease  
(0.2 to 0.5) 

Decrease  
(0.05 to 0.3) 

Table 78: Effects of alternative fuels on the regulated emissionsNational Differences/Local Adaptations 
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In previous sections, a wide range of driving statistics necessary for the estimation of road 
vehicle emissions have been discussed and presented. 
The estimation of air pollutant emissions from road transport in Europe requires traffic related 
data corresponding to various aspects: the quantification of the transport activity, its breakdown 
according to geographical areas, vehicle categories, etc., and the characterisation of the 
corresponding driving and operating conditions. 
National surveys and specific studies are very heterogeneous in their methods and results, and 
access to them may be difficult (finding the appropriate institutions, difficulties of 
understanding, national or regional distinctions, data harmonisation, etc. may be problems). 
As travel surveys seem to exist in most countries, it is also useful to consider the resulting data. 
Specific studies should be used as correction factors, or to analyse specific factors. 
Significant discrepancies of the statistics can be observed between different international 
organisations, between institutions in the same country and between different methods of 
investigation. 
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3. Examples and Study Sites 

3.1 Example calculation of start-related extra emissions 
The procedure for estimating the start-related emissions (see above section 2.4) can be 
illustrated by the following example: an estimate is made of excess CO emissions from a petrol 
car with catalyst during a 3 km trip, at an average speed of 30 km/h starting at 10°C. 

The basic equation is :  excess emission = ω × [ f(V) + g(T) −1]  × h(d) 

     
 

From Table A50, ω = 28.71 g. 

The speed correction function is (Table A51):   f(V) = 1.0261 − 0.0013V 
Therefore, as V = 30 km/h,     f(V) = 0.987 

The temperature correction function is (Table A52):  g(T) = 6.1829 − 0.2591Τ 
which, for T = 10°C, gives a value of 3.592 
The distance correction is given by the following expressions: 
 

( ) ( )
( )a
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e
edh

−

−

−
−=

1
1 δ

  ;

cd
d=δ    ; Vdc 24140 .. +−=    (from Table A53)  

 
Given d = 3 km,  V = 30 km/h  and  a = 10.11  (Table A54),  h(d) = 0.986 
 
Then:    excess emission = 28.71*[0.987 + 3.592 – 1]*0.986 = 101.3 g  

3.2 Further practical applications 
The necessary software tools (i.e. COMMUTE, COPERT, etc.) are availablebut not for free. A 
practical training session could be organized to show their applications for estimating the 
pollutant emissions from transport. 
The COMMUTE software can be obtained through the following address: 
Heich Consult, Bergiusweg 1; D-50354 Hirth;  
heich@compuserve.com  
Tel: +49.2233.939665 
Fax: +49.2233.939667 
Concerning the conditions to get a software licence, contact the above mentioned company.  
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5. Glossary 
Biodiesel: mono alkyl esters of long chain fatty acids derived from renewable lipid feedstocks, 
such as vegetable oil and animal fats, for use in diesel engines. 
CNG: Compressed natural gas 
COST: European Co-operation in the Field of Scientific Research 
DME: Dimethyl ether 
Driving cycle: a standard cycle of road vehicle operations (e.g. EU urban type approval cycle 
for cars, see fig. 2.) reproducing a driving pattern; the measurements from which speed-
emission curves are derived are nearly always performed on a chassis dynamometer, where the 
test vehicle is operated over a certain “driving cycle”, while its emissions are collected and 
analysed. 
Driving pattern: a "driving pattern" represents a typical driving behaviour and can be 
described with the help of cinematic parameters (typically speed and acceleration profiles). 
Emissions: the pollutants or everything else (including noise and radiations) emitted from a 
system, which is an emission source. 
Emission-related vehicle categories: vehicle categories based on the level of emission control, 
according to stages of EU emission control legislation  
Emission factor: the emission rate per unit of transport activity (g/v*km) 
Emission matrix : a two- dimensional matrix of emission factors, classified by two operational 
variables, which usually are the vehicle speed and the product of the speed and acceleration 
(that give a better indication of the power demand on the engine). 
Emission model: a mathematical model, typically based on empirical estimations, describing 
and simulating the emissions from road vehicles or from other transport mode; the input data for 
the emission models are generally provided by traffic models (micro or macro traffic 
simulators)  
Engine map: a map that describes the fuel consumption or the emissions, by means of 
isocurves, as function of the engine speed and the engine torque.  
Environmental impact: environmental changes or effects on the environment brought about by 
any human activity (i.e. transport activities). 
Environmental impact assessment: the process of determining the environmental impact of an 
activity (i.e. a project for a new industrial plant or a transport system), as well of a new 
technology or a future transport scenario, usually in comparison to a reference case (the existing 
situation or an alternative scenario). 
Evaporative emissions (losses): hydrocarbon emissions from motor vehicles, produced by 
evaporation of their fuel; the evaporative losses, that arise from vehicle fuel system (storage 
tank, carburettor, or injection system, fuel pipes), can include: 

- filling losses, 
- diurnal breathing losses, 
- hot soak losses, 
- running losses. 
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H DV: Heavy duty vehicle 
HGV: Heavy goods vehicle 
Hot emissions: the exhaust gases emitted from a road vehicles, when its engine and its 
pollution control system (e.g. catalyst) have already reached their normal operating temperature. 
LDV: Light duty vehicle 
LEV: Low emission vehicle 
LPG: Liquefied petroleum gas 
NMVOC: Non-methane hydrocarbons 
NOX: Nitrogen oxides, which are formed primarily by fuel combustion and contribute to 
formation of acid rain; they also combine with hydrocarbons in the presence of sunlight to form 
ozone. 
PAH: Polycyclic aromatic hydrocarbons 
Particulate matter (PM): Particles suspended in the air; the large particles decrease visibility 
and increase fouling while the fine particles (PM10), as they are small enough to be inhaled into 
the lungs, can contribute to the chronic and acute respiratory disease and premature mortality. 
PM10: Particulate matter with a diameter of less than 10 micron. 
Start (related) emissions: the extra emissions produced by road vehicles when the engine and 
the emission control system are not fully warmed up (below the normal operating temperature). 
Traffic composition: the average composition of road traffic resulting from both the number of 
vehicles in each of the emission-related categories and their average annual mileage. 
Traffic situation: the term “traffic situation” has been introduced in the Swiss/German 
“Handbuch der Emissionsfaktoren des Strassenverkehrs”, as a second  variable, in addition to 
the average speed, to take into account the influence on the road vehicle emissions of the 
dynamic driving behaviour. 
Vehicle emissions: any kind of pollutant (including noise and radiation) emitted from a vehicle. 
VOC: Volatile organic compounds 
ZEV: Zero emission vehicle 
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