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ABSTRACT 

The city of Lisbon, like many others in the EU region, introduced a Low Emission Zone (LEZ) as a tool for improving 
air quality in its city centre. This kind of emission reduction schemes is always controversial since it might lead to sig- 
nificant changes in the daily behaviours of its inhabitants. In order to evaluate the effects of the measure, an estimation 
of the impact of the introduction of the Lisbon LEZ was performed. Real traffic counting and fleet characterization 
combined with CORINAR-based emission inventory methodology allowed to estimate the impacts of three different 
scenarios applied to the “business as usual” condition (current vehicle fleet) ranging from “no circulation from non- 
compliant vehicles” to an “aggressive fleet renewal”. Results highlight the high percentage of atmospheric emissions of 
PM10 and NOx that might result from certain fleets like taxis and buses, especially because there was an emphasis in 
standardized/normalized estimations (emissions per 1000 vehicles) in order to allow different strategic approaches. The 
total reduction of PM10 emissions associated to each scenario vary between 6 ton·year−1 (scenario 2) and 8 ton·year−1 
(scenario 1), or 25% and 34% less emissions. In terms of NOx emission reductions vary between 6 ton·year−1 (scenario 
2) and 57 ton·year−1 (scenario 1), or 1% and 7% less emissions. The Lisbon LEZ is therefore much more efficient in 
reducing PM10 emissions compared to NOx. Major reduction in PM10 and NOx emissions are to be expected with a 
moderate intervention in the (relatively old) taxi fleet in Lisbon while for passenger cars the impact is limited. However 
in absolute terms and due to its urban mileage passenger cars should also continue being included in Lisbon LEZ. Si-
multaneously, an effort in the increase of dedicated lanes for public transport should be made, for further reductions in 
PM10 and NOx emissions. 
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1. Introduction 

The highest probability of employment, higher variety of 
medical care, educational services and multiple cultural 
programs, associated to a higher education level are 
pushing countries populations to their cities. During the 
last 50 years it may be observed that Portugal is increas- 
ing its urban population at an average rate of 5% per 
decade; after the middle 80’s of the last century this rate 
is slightly higher, around 6 %. However, it was only in 
2010 that Portugal reached the same percentage of urban 
population as Europe in 1960 (Figure 1, [1]). 

Since 75% of the European population lives in urban 
areas, it causes stress and pressures to the urban envi- 
ronment, population health and quality of life (in general) 
and, ultimately, in their economic performance but also 
in their nearby rural sites [2,3]. Having these, and related  

issues in mind, a Thematic Strategy on the Urban Envi- 
ronment has been published by the European Commis- 
sion [4] with the objective of contributing to “a better 
quality of life through an integrated approach concen- 
trating on urban areas” and “to a high level of quality of 
life and social well-being for citizens by providing an 
environment where the level of pollution does not give 
rise to harmful effects on human health and the environ- 
ment and by encouraging sustainable urban develop- 
ment”. 

Within this Thematic Strategy, four main crosscutting 
aspects were considered, namely: sustainable urban trans- 
port, sustainable urban management, sustainable urban 
construction, and sustainable urban design. On its side, 
the Thematic Strategy on air pollution [5] in its aim to 
reduce air pollution concentration to “levels of air quality 
that do not give rise to significant negative impacts on,  
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Figure 1. Urban population in Portugal (PT) and Europe 
between 1950 and 2010. 
 
and risks to human health and the environment”, articu- 
lates its objectives with the other policy areas, as Energy, 
Transport, Agriculture, among others. Hence it is almost 
natural that searching for solutions on promoting better 
quality of life in cities, urban transport management in 
cities may be regarded as key target to focus on, since 
traffic is one of the major air pollutants emitters, include- 
ing greenhouse gases, besides being a relevant noise 
producer [3]. These singularities led to several ap- 
proaches in Europe and one of them was the adoption of 
the Action Plan of Mobility [6]. 
Restringing the access to vehicle in the cities may be, in 

principle, a valuable way to reduce noise and ambient 
concentrations of atmospheric chemical species. Due to 
the profusion of access restriction solutions among Eu- 
rope there are studies that try to collect, summarise, ana-
lyse and give recommendations on this kind of solutions 
[7]. 
According to [8], assessment restrictions are classified 

into: 1) point based; 2) cordon based, 3) area license 
based pricing; 4) distance/time based. 

1.1. Low Emission Zones 

A Low Emission Zone (LEZ) is a defined area that can 
only be entered by vehicles meeting certain emissions 
criteria. A LEZ can lead to major air quality improve- 
ments because it capitalises on recent EU legislation for 
road vehicles, which have set progressively tighter emis- 
sion limits on new vehicles manufactured over the past 
decade [8]. LEZ schemes can take many forms based on 
the geographical area they cover, the times at which the 
LEZ is in force, the vehicle emissions standards required 
for vehicles to enter the zone, the types of vehicles that 
need to comply with the LEZ, and the implementation 
and enforcement approaches used [8,9]. 

Due to its flexibility on rules to be applied (type of ve- 
hicle and restriction time of day) and inherent easiness on 

application and understanding it became one of the most 
popular measure adopted by several municipalities, espe- 
cially those with more than 200,000 inhabitants [7]. 

In Asia, LEZ are also implemented in Tokyo [10] and 
tested in Beijing [11]. However, the broader application 
area license based pricing are more common and is also 
observed in the United States. What may be the oldest 
one was defined in Singapore, operating since 1975 [11, 
12]. 

Over Europe, information on restriction areas on Euro- 
pean cities particularly on LEZ is gathered in a web site, 
supported by the European Union [13]. The LEZ site has 
presently registered 323 cities where LEZ have, or are 
planning to be, implemented. Since the inner part of 
some Italian zones have LEZ (like Lombardy), in reality 
this figure is even greater. 

With the LEZ implementation in an area of a city sev- 
eral objectives may be met simultaneously. Limiting ve- 
hicles circulation on a city area imposes subsequent re- 
ductions on emissions of air contaminants, greenhouse 
gases and noise, with positive impacts on population 
health, along with eventual compliance on climate change 
and energy policy commitments. 

However, and as stated in the European LEZ site [13], 
the legal air quality standard compliance for human 
health protection is the major implementation driver of 
this type of emission reduction schemes across Europe, 
namely in London [14]. It is also the case of the city of 
Lisbon, Portugal. 

1.2. Air Quality Levels in Lisbon 

Lisbon environmental regional authority has identified 
exceedances to legal limit values (LV) plus margin of 
tolerance, set in the Directive 2008/50/EC on ambient air 
quality [15], in agglomerations in its area of jurisdiction, 
since 2001, as is the case of Northern Metropolitan Lis- 
bon Area (AMLN).  

The European Commission has had to start infringe- 
ment proceedings against 10 Member States, including 
Portugal, for failing to comply with the EU’s air quality 
standard for dangerous airborne particles known as PM10 
[16]. Currently there are 19 infringement cases pending 
against Member States which failed to comply with the 
air quality limit values for particulate matter and/or sul- 
phur dioxide set out in [15]. Also, the Commission is 
currently assessing Member States’ notifications request- 
ing extensions of the deadline to comply with the limit 
values for nitrogen dioxide (until 2015 at the latest). The 
Commission can also open an infringement case against 
a Member State that did request a time extension but for 
which this request was rejected [17]. 

Figure 2 shows the evolution of NO2 and PM10 levels 
nd legal compliance relating to each limit value (annual  a  
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Figure 2. Evolution of NO2 and PM10 levels and legal compliance relating to each limit value, by station in AMLN agglomera-
tion, in 2005-2011. 
 
LV for NO2 and PM10, number of exceedances to NO2 
hourly LV, and number of exceedances to PM10 daily 
LV), by air quality monitoring station (AQMS), in 
AMLN agglomeration, between 2005 and 2011. 

plemented, with application scales ranging from local to 
national domain. These plans were published in legal 
documents as “Portaria n.˚ 715/2008”, of August 6th 2008, 
relating to the Air Quality Plan (AQP) [18] and “Despa- 
cho n.˚ 2763/2009”, of September 16th 2009 [19], relating 
to the Implementation Programme in which the measures 
of the AQP that should be adopted were selected, cha- 
racterized, scheduled, identifying the entities responsible 
for implementation as well as indicators to assess their 
effectiveness. One of the measures was the implementa- 
tion of the Lisbon LEZ.  

In relation to NO2, annual average levels are improv- 
ing in traffic stations Avenida da Liberdade (AVL) and 
Entrecampos (ENT), but not in Santa Cruz de Benfica 
(SCB), and in urban background stations the evolution- 
ary trend is not clear. Exceedances to hourly limit value 
are not diminishing enough to avoid the incompliance 
scenario. 

In general, annual averages of PM10 have been reduc- 
ing through the years, but Lisbon still have problems in 
AVL and SCB once they are still above the LV. Ex- 
ceedances to PM10 daily LV are far from achieving legal 
compliance in traffic stations. 

1.3. Lisbon’s Low Emission Zone 

The first Lisbon LEZ phase began in July 4th 2011, with 
the ban of pre-Euro 1 (also known as Euro 0) vehicles 
circulation in the city’s central area, between Marquês de 
Pombal and Terreiro do Paço (zone 1). The second phase 
began in April 1st 2012 and became more strict, requir- 
ing at least Euro 2 in zone 1 (original LEZ area) and 
Euro 1 in zone 2 (the new and extended area encompass- 
ing about 1/3 of the total city area). All vehicles were 
affected by the LEZ, including passenger cars, light duty 
and heavy goods vehicles, buses and motorcycles, re- 

In Lisbon region, the situation of exceedances to NO2 
and PM10 limit values plus margin of tolerance resulted 
in the development of Air Quality Plans in order to im- 
prove air quality and to lead to compliance with air qua- 
lity European standards. Several policies and measures 
have been identified and assessed in terms of feasibility 
and cost effectiveness. Some measures are already in 
place under the scope of other plans, others are to be im-  
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gardless of the fuel type (petrol or diesel). The only ex- 
emptions are emergency and special vehicles, residents 
within the LEZ, and historical vehicles. Currently the 
LEZ operates on weekdays (Monday to Friday) from 
07:00 to 21:00. Figure 3 shows the geographic extent of 
the LEZ, as well as its comparison with the total area of 
Lisbon. 

In the present work, an ensemble of traffic related 
emissions was estimated based on inquires, automatic 
traffic counters, distances travelled (calculated through 
inquiries) and emission factors. The ensemble was ob- 
tained through the emission factors of vehicle types, their 
possible speed, area of Lisbon where they circulate, and 
distance travelled. Emissions characterisation of the Lis- 
bon traffic fleets was made and the emission reduction 
for the programmed LEZ was estimated. Only zone 2 
was considered, although the emissions scenarios were 
made assuming the more strict restrictions (with pre-Euro 
and Euro 1 vehicles banned). 

2. Methodology and Data 

The information required for the purpose of this work is 
relatively specific and therefore required the simultane- 
ously use of automatically collected data and tailor-made 
inquiries including vehicles characterization and count- 
ing, and personal brief interviews to drivers. 

2.1. Traffic Inquires 

The traffic inquiries covered an area encompassing the 
Lisbon LEZ and its surroundings. 21 sampling points 
were chosen for this assessment. The main criterion for  
 

 

Figure 3. LEZ boundaries and comparison with the Lisbon 
city area [20]. 

each sampling point was to be located in places where 
traffic is frequent. Data were collected between 29th of 
September and 15th of October 2011, consisting of: 1) 
vehicle counting, 2) determination of vehicle age through 
license plate identification, and 3) surveys for drivers to 
estimate the average distance travelled per vehicle. This 
process was conducted for four different periods of the 
day on weekdays: 8:00-10:00, 10:00-14:00, 14:00-18:00 
and 18:00-20:00. 

Figure 4 shows the geographical location of all sam- 
pling points and the AQMS that measure NOx and PM10 
simultaneously as well as the boundaries of the Lisbon 
LEZ. 

2.2. GERTRUDE—Traffic Counters 

For the definition of emission scenarios it is essential to 
gather information about the number of road vehicles 
circulating within the city of Lisbon. Therefore, a com- 
pilation and analysis of data from traffic counts in Lisbon 
was performed. The data was collected and provided by 
the municipality of Lisbon through the GERTRUDE 
system, an automatic monitoring system of traffic flow 
[21], with instantaneous traffic values which were sub- 
sequently averaged for 15 minute periods. Traffic data 
was collected between February 21st, 2011 and April 4th, 
2012, thus encompassing the entry into operation of the 
Lisbon LEZ. 

Given the high amount of data associated with traffic 
counts, the analysis was performed for a set of monitors 
considered representative of the three zones of the city, 
as shown in Figure 5:  
 Central area—Praça do Comércio, Marquês de Pombal, 

Praça de Espanha, Campo Pequeno;  
 Eastern area—Parque das Nações, Olivais; 
 Western area—Alcântara. 

After calculating the hourly averages of the traffic 
volumes on each monitoring counter, it was possible to 
estimate the Average Daily Traffic (ADT) in circulation 
in each of the three zones in both ways, divided into 
working days and weekends. It was observed that there 
are marked differences between zones (the western area 
showed the highest values of ADT, almost the double of 
the ADT of the eastern area) as well as between work- 
days and weekends (Table 1). 

2.3. Emission Estimation 

To be consistent with European Guidelines on air con- 
taminants emissions inventories, vehicle emission factors 
were estimated based on “EMEP/EEA emission inven- 
tory guidebook 2009, updated June 2010” [22]. In this 
work focus is only made on NOx and PM10, since these 
are the pollutants emitted by road traffic that are respon- 
sible for the air quality exceedances in Lisbon, as seen     
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Figure 4. Geographical location of the sampling points and AQMS [23]. 

 

 

Figure 5. Traffic counters used for each of the three areas of the city. 
 
above. 

2.3.1. Taxi Fleet, Passenger, and Light Duty Vehicles 
All the emission factors were estimated assuming that 
vehicles are circulating time enough to be considered as 

hot emissions. Vehicle emissions of PM10 and NOx vary 
according to fossil fuel type and are calculated based on 
speed dependent polynomials (See Tables 3-9 in Annex). 
Regarding pre-Euro emission standards, emission factors 
are also calculated attending to the engine capacity. 
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Table 1. ADT for each area analyzed by day of the week. 

Average daily traffic (vehicles/day) 
Day 

Central Eastern Western 

Sunday 22,181 16,490 38,553 

Monday 31,524 25,148 50,422 

Tuesday 33,091 24,958 52,513 

Wednesday 33,531 23,945 53,898 

Thursday 34,050 25,635 54,359 

Friday 34,982 26,896 56,322 

Saturday 27,566 17,925 44,871 

 Average daily traffic per period 

Workday 33,435 25,316 53,503 

Weekend 24,873 17,207 41,712 

 
It is assumed for the present work that all taxis are con-
sidered diesel-fueled passenger cars and that all the light 
duty vehicles are also diesel-fueled. 

The results of the inquiries were grouped based on the 
region of the town where they were made (Eastern area, 
Central area and Western area). For each area, maximum, 
median and minimum travel distances were determined, 

and the share of each vehicle types was calculated. For 
all the vehicles an ensemble of emission factors were 
calculated, assuming a range of traffic velocities de- 
pending on the region of Lisbon. Speed distributions 
were applied accordingly to the profiles shown in Figure 
6. Faster circulation is assumed in the eastern and west- 
ern areas of the city, since these are main corridors for 
traffic entrance into the city centre. The emissions were 
then calculated for the vehicles counted at each city area 
for the speed range between 10 and 45 km·h−1. The final 
emission constitutes the weighted average for each type 
of vehicle according to the weights distribution shown in 
Figure 6. Velocities of 26 km·h−1 are highlighted since it 
is the average speed for passenger cars within the city 
[24]. 

The same approach was used for light duty vehicles 
but in this case only diesel was included as fuel type. For 
motorcycles it was assumed that all of them are gaso- 
line-fueled. Regarding taxis, the emission results were 
calculated for all the velocities shown in Figure 6, as- 
suming that the speed distribution of these vehicles is the 
same as used for the eastern and western parts of the city. 
This was assumed due to the presence of dedicated cor- 
ridors for public transport inside the city centre, which 
effectively achieve their objective, increasing their speed 
of circulation. 

To estimate NOx and PM10 emissions by motorcycles, 
 

 

Figure 6. Speed distributions used on emission factors estimations for taxis and passenger cars over the three considered 
areas over the city of Lisbon (other refers to western and eastern areas). 
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these vehicles were also weighted by a speed distribution 
shown in Figure 7. Since 2 wheel vehicles usually circu-
late faster in urban areas, the velocities considered were 
shifted for higher values on 5 km·h−1 and 20 km·h−1 was 
imposed as lower speed. This distribution was applied 
over the three areas previously identified. All motorcy-
cles were considered to have four stroke engines, with 
motor capacity between 50 and 250 cm3. Since all mo-
torcycles sold in Europe must meet the less-stringent 
Euro 3 standard and not Euro 5, as applied to cars, there 
were no estimations of Euro 4 and 5 motorcycle emis-
sions, but only up to Euro 3 (see also details on Annex 
1). 

2.3.2. Buses and Heavy Duty Vehicles 
Heavy duty vehicles were not considered due to the fact 
that the number of these vehicles in the city centre is 
negligible. Their usual routes are defined by the munici-
pality and consist of two main riverside roads, which 
access the port of Lisbon, and are located outside of the 
LEZ boundary. 

Emission factors for buses were estimated based on an 
ensemble of assumptions related to speed, load, travel- 
ling conditions, travelled distance and lanes inclination. 
For buses, a mean travelled distance was considered for 
all calculations based on the yearly kilometres supplied 
by the public bus fleet operator (which gives around 150  

km·day−1) and all the buses were assumed to be always 
50% full. However, the equations used for emissions 
estimations consider 0%, +2% and −2% lane inclinations, 
and the speed ranging from 10, 14 (average speed), 20 
and 25 km·h−1 [25] and [26]. According to the Euro stan- 
dards associated to the bus fleet, emissions estimations 
include: Urban bus Midi ≤ 15 t Euro 3, Urban bus Stan- 
dard > 15 - 18 t Euro 2, Urban bus Standard > 5 - 18 t 
Euro3, Urban bus Standard > 15-18 t Euro 4, Urban bus 
Standard > 15 - 18 t Euro 5, Urban bus articulated >18 t 
Euro 2 and Urban bus articulated > 18 t Euro 5. Excep- 
tions to this methodology are natural gas vehicles, for 
which emission factors were calculated independently of 
vehicle speed. 

Based on the traffic inquiries (see Figure 8, some pre- 
Euro and Euro 1 buses were counted.  

Although there are some private fleet operators with 
older buses circulating in Lisbon, the total number of 
these vehicles and the kilometres that they circulate in- 
side the LEZ are very low, and therefore can be con- 
sidered negligible. 

2.4. Emission Scenarios  

For the calculation of the impacts of the LEZ in terms of 
emission reductions, three scenarios were adopted, each 
trying to simulate different behaviours on the part of  

 

 

Figure 7. Speed distribution used on emission factors estimations for motorcycles. 
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Figure 8. Traffic distribution according to Euro standard and vehicle type, for each area (central, eastern and western). 
 
drivers whose vehicles, for being pre-Euro or Euro 1, 
could no longer access the Lisbon LEZ: 
 Scenario 1: the owners of older vehicles (pre-Euro or 

Euro 1) simply stop driving in the LEZ, opting for al- 
ternative means of travel (re-routing or use of public 
transport). Most recent vehicles (post-Euro 2) con- 
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tinue to circulate normally. There is therefore no fleet 
renewal, and the total number of vehicles circulating 
inside the boundaries of the LEZ decreases. 

 Scenario 2: the owners of older vehicles (pre-Euro or 
Euro 1) adapt to the LEZ by replacing their vehicles, 
although not all of them being new. There is therefore 
a “soft” fleet renewal, and the total number of vehi- 
cles circulating inside the boundaries of the LEZ re- 
mains the same, with the pre-Euro and Euro 1 vehi- 
cles being replaced by Euro 3, Euro 4 and Euro 5. 
These percentages correspond to the current weight of 
these emission standards in the vehicle fleet of Lisbon, 
for each of the three areas. 

 Scenario 3: the owners of older vehicles (pre-Euro or 
Euro 1) adapt to the LEZ by replacing their vehicles 
with the most recent models (Euro 5). There is there- 
fore an “aggressive” fleet renewal, and the total 
number of vehicles circulating inside the boundaries 
of the LEZ remains the same, with the pre-Euro and 
Euro 1 vehicles being totally replaced by Euro 5. 

In each scenario the relative weight of diesel and gaso- 
line in the fleet of passenger cars remains the same as 
determined in the vehicle surveys. 

3. Results 

3.1. Traffic Inquiries and Traffic Counts 

The area covered in the traffic inquires was grouped into 
three traffic areas: western, eastern, and central area, re- 
flecting the source of traffic flow from the surrounds to 
the city centre. Figure 8 shows that the vehicle distribu- 
tion has similar patterns in the three areas, where pas- 
senger cars represent between 69% and 76% of all vehi-
cles. Buses, light and heavy duty vehicles, taxis, and 
motorcycles are less or equal to 20% of all the vehicles. 

Based on the traffic inquires a daily minimum, median, 
and maximum distance travelled were used, per area, on 
the emission estimations for passenger cars, light duty 
and motorcycle vehicle types (Table 2). For taxis, a sin- 
gle value for daily distance travelled of 150 km was as- 
sumed. 

3.2. Emission Calculations 

The emission factors associated with each vehicle type 
were calculated weighted with the speed distributions 
and distance travelled. Total emissions of PM10 and NOx 
were subsequently calculated, based on the total number 
of each vehicle type presented in Figure 9 as total emis-
sions (in tonnes·year−1) for each vehicle type. These 
emissions were considered the baseline scenario, i.e. 
without implementation of the LEZ (designated as “ac-
tual”). Buses present the same values for all the scenarios 
because the current fleet of the public operator is  

Table 2. Daily distance travelled (km) by vehicles, per city 
area. 

Distance (km)/Area Minimum Median Maximum

Western 7.273 9.558 11.845 

Eastern 7.100 9.488 10.850 

Central 4.813 6.701 9.000 

 
already complying with the LEZ restrictions and there- 
fore no emission reductions are expected. 

Presently, and in spite of the low share of buses and 
taxis amongst the total vehicles registered during the 
inquiry phase, taxis and buses are responsible for the 
highest share of PM10 and NOx on total emissions, re- 
spectively. At present, the taxi fleet emits 11.7 ton·year−1 
of PM10 and buses are responsible for 560 ton·year−1 of 
NOx. Figure 9 also shows the absolute values on PM10 
and NOx emissions obtained for the three assessed sce- 
narios. However, for a better perception of the compara- 
tive emission reductions the values was previously nor- 
malised to 1000 vehicles. 

The baseline scenario varies with the fleet type, both 
in relative and absolute terms. The baseline emissions of 
PM10 and NOx and the corresponding reductions associ- 
ated with each of the adopted scenarios (based on mini- 
mum, median and maximum distance travelled) are pre- 
sented from Figures 10 to 13. Subsequent discussion will 
be made having in account the median distance travelled 
by each fleet type. However, looking at the Figures one 
can have an idea of the variation of emission reductions 
associated with distance travelled which is the same to 
say that these values may be regarded as upper and lower 
emission reduction boundaries. 

The implementation of the LEZ may have different 
impacts depending on the pollutant: the measure may be 
more effective in reducing PM10 than NOx emissions. 
This can be explained by the fact that the taxi fleet, 
which is more affected by the LEZ than any other, is the 
biggest contributor to PM10. The largest contributor to 
NOx emissions is the bus fleet, which is not affected by 
the LEZ because the buses already comply with at least 
Euro 3 standard.  

PM10 reductions are greater in scenario 1 which was 
expected since this scenario implies the reduction of the 
total number of vehicles circulating in the LEZ. The es-
timated reduction associated with scenario 2 gives more 
modest results although, probably, more realistic since a 
significant share of commuters won’t be able to afford a 
new vehicle, or change to alternative means of travel 
(public transport, re-routing, car-sharing, amongst others). 
Scenario 3 shows similar reduction percentages to sce-
nario 1 with the exception of motorcycles with similar 
results, in terms of emission reductions, of the scenario 2.    
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Figure 9. Absolute values of PM10 (top) and NOx emissions (bottom), by vehicle type, travelled distances, and median opera-
tional conditions for buses and taxis. 
 

This was expected since the most recent emissions 
standard for 2-wheel vehicles is Euro 3 and not Euro 5.  

In terms of NOx reductions, there is a large differential 
between scenario 1 and the other two scenarios, with 

reductions up to five times higher depending on fleet 
type. This might be explained by the fact that the effec-
tive reductions in NOx emissions associated with the 
most recent vehicles (Euro 4 nd/or Euro 5) were not as  a  
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Figure 10. Minimum, median and maximum daily PM10 (left) and NOx (right) emissions (in kg/1000 vehicles) from the pas-
senger car fleet in Lisbon and corresponding emissions reductions associated to each scenario. 
 

 

Figure 11. Minimum, median and maximum daily PM10 (left) and NOx (right) emissions (in kg/1000 vehicles) from the light 
duty vehicles in Lisbon and corresponding emissions reductions associated to each scenario. 
 

 

Figure 12. Minimum, median and maximum daily PM10 (left) and NOx (right) emissions (in kg/1000 vehicles) from the mo-
torcycles in Lisbon and corresponding emissions reductions associated to each scenario. 
 
significant as expected by the vehicle manufacturers and 
the European Commission [27]. The improvement of 
Euro 3 to Euro 5 did not deliver emission reductions as 
high as in the case of PM emissions. Scenario 2 showed 
extremely low reductions in terms of NOx emissions with 

values of less than 1% in the case of passenger cars and 
light duty vehicles. 

The total reduction of PM10 and NOx emissions asso-
ciated to each scenario is shown in Figure 14. Median 
PM10 emission reductions vary between 6 ton·year−1   
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Figure 13. DailyPM10 (left) and NOx (right) emissions (in kg/1000 vehicles) from the taxi fleet in Lisbon and corresponding 
emissions reductions associated to each scenario. 
 

 

Figure 14. Reductions in total PM10 emissions (left) and total NOx emissions (right) in tonnes/year, resulting from the imple-
mentation of each scenario. 
 
(scenario 2) and 8 ton·year−1 (scenario 1), which corre-
spond to 25% and 34% less emissions, respectively. In 
terms of NOx emission reductions vary between 6 
ton·year−1 (scenario 2) and 57 ton·year−1 (scenario 1), 
which correspond to 1% and 7% less emissions, respec-
tively. It is thus clear that the Lisbon LEZ is much more 
efficient in reducing PM10 emissions compared to NOx. 
The latter shows only minimal improvements with the 
implementation of the LEZ, even with the assumption 
that all pre-Euro and Euro 1 vehicles stop circulating 
inside its boundaries. 

4. Final Remarks 

Since 2011, a LEZ has been implemented in Lisbon, as 
part of the city’s Air Quality Plan to tackle air pollution 
by PM10 and NOx. The scope of present work was to es-
timate the impact of this measure in the emission reduc-
tions, assessing three different scenarios of fleet adapta-
tion. The results show that the LEZ might achieve PM10 
reductions between 6 and 8 tonnes·year−1 (25% to 34%) 
whereas NOx reductions were estimated between 6 and  

57 tonnes·year−1 (1% to 7%). In each scenario the dis-
parities are attributed not only to the number of vehicles 
affected, but also to the share of each specific fleet, dis-
tance travelled and speed distribution.  

From the results obtained it is clear that, in spite of its 
relatively low share in the total vehicles circulating in 
Lisbon, the taxi fleet has a disproportionately large im-
pact in terms of PM10 emissions, whereas buses have a 
high influence on NOx emissions. Future and more strin-
gent LEZ standards must be applied to buses, banning 
Euro 3 and older or increasing the share of natural gas 
vehicles in the bus fleet. In order to reduce PM10 emis-
sions significantly a fiscal/economic effort must be done 
to accelerate scrapping of the older taxis and the subse-
quent replacing by Euro 5 vehicles. 

For even greater emission reductions, an increase of 
dedicated public transport lanes should be implemented 
simultaneously, because of the subsequent increase of 
speed of buses and taxis. NOx emissions from buses 
might be reduced between 20% and 30% increasing the 
average speed from 14 km·h−1 to 20 - 25 km·h−1. PM10 
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emissions from taxis might also be reduced between 6% 
and 13% with a speed increase, from 26 km·h−1 to 30 - 35 
km·h−1. These calculations were made but not presented 
because they were not in the main scope of this study. 
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Annex  

The Emission factors used on the emission estimation 
over Lisbon are included as an annex to be highlight 
among the multitude of values given by the EMEP/EEA 
air pollutant emission inventory guidebook (URL3). De- 
tails are given for the vehicle type considered in the main 
text, Passenger cars, taxis, light duty vehicle, motorcycle  

and buses. 
Passenger cars, taxis, light duty vehicle 
Passenger cars, taxis, light duty vehicle emission fac- 

tors for PM and NOx according to the EURO emission 
standard 

2

21

a cV eV
EF

bV dV

 


 
 [g·km−1].          (1) 

 
Table 3. Euro 1 to 4 emission standard coefficients to be applied to Equation (1) for light vehicles emission factors estimation’ 
and for particulate matter gasoline’. 

Pollutant Fuel type Emissions standard a b c d e 

Euro 1 5.25E−01  −1.00E−02  9.36E−05 

Euro 2 2.84E−01 −2.34E−02 −8.69E−03 4.43E−04 1.14E−04 

Euro 3 9.29E−02 −1.22E−02 1.49E−03 3.97E−05  
Gasoline 

Euro 4 1.06E−01  −1.58E−03  1.11E−07 

Euro 1 3.10E+00 1.41E−01 −6.18E−03 −5.03E−04 4.22E−04 

Euro 2 2.40E+00 7.67E−02 −1.16E−02 −5.00E−04 1.20E−04 

Euro 3 2.82E+00 1.98E−01 6.64E−02 −1.43E−03 −4.63E−04 

NOx 

Diesel 

Euro 4 1.11E+00  −2.20E−02  1.48E−04 

Euro 1 1.14E−01  −2.33E−03  2.26E−05 

Euro 2 8.66E−02  −1.42E−03  1.06E−05 

Euro 3 5.15E−02  −8.80E−04  8.12E−06 
PM Diesel 

Euro 4 4.50E−02  −5.39E−04  3.48E−06 

Euro 1 and 2 3.22E−03     

Euro 3 and 4 1.28E−03 Urban conditions    PM Gasoline 

Euro 3 GDI 6.6E−03     

 
Table 4. Pre-Euro 1 emission factors estimation’, for all vehicles capacities, speed ranges of 10 - 130 km·h−1. 

Pollutant Fuel type Engine capacity Emission factor [g·km−1] 

NOx Diesel 
cc 2.0 l  
cc 2.0 l  

20.918 0.014 0.000101V V   
21.331 0.018 0.000133V V   

PM Diesel All 20.45 0.0086 0.000058V V   

NOx Gasoline 

cc 1.4 l  
1.4 cc 2.0l   
1.4 cc 2.0l   

21.432 0.003 0.000091V V   
21.48 0.013 0.000074V V   

22.427 0.014 0.000266V V   

PM Gasoline All 3.22E−03 (same value as for Euro 1 urban traffic conditions) 

 
Table 5. Euro 5 emission factors estimation’. 

Pollutant Fuel type Emission factor [g·km−1] in % of reduction referent to Euro standard 

NOx 28.0% Euro 4 

PM 
Diesel 

98.0% Euro 4 

NOx 92.5% Euro 1 

PM 
Gasoline 

94.0% Euro 1 
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Motorcycles 
To estimate emissions from motorcycles between 50 

and 250 cm3 the applied equation was: 
2 3 4

0 1 2 3 4 5EF a aV a V a V a V a V      5  [g·km−1]. 

The motorcycles NOx emission factors coefficients 
used in the above equation, for the allowed velocities are 
presented in Table 6. 

The emission factors used on the PM emissions esti- 
mation of four-stroke conventional and post-Euro mo- 
torcycles of engine displacement between 50 and 250  

cm³ are 2.0E−2 g·km−1 for Pre-Euro and Euro 1 emission 
standards and are 5.0E−2 g·km−1, applied in the speed 
range between 10 and 110 km·h−1. 

Buses 
Passenger cars, taxis, light duty vehicle emission fac- 

tors for PM and NOx according to the EURO emission 
standard. Three street slopes were considered according 
to the Lisbon city topography, 0%, −2% and + 2%. The 
equations presented here regard only the standard emis- 
sions according to the city fleet. Bus passenger load ca- 
pacity was fixed in 50%. 

 
Table 6. Motorcycle NOx emission factors estimation’. 

EURO standard a5 a4 a3 a2 a1 a0 

Pre-Euro −4.597E−10 1.369E−07 −1.541E−05 8.232E−04 −1.696E−02 3.484E−01 

Euro 1 −7.075E−10 2.098E−07 −2.346E−05 1.235E−03 −2.633E−02 4.368E−01 

Euro 2 −3.892E−10 1.141E−07 −1.275E−05 7.340E−04 −1.897E−02 4.010E−01 

Euro 3 −1.953E−10 6.014E−08 −6.860E−06 4.080E−04 −1.090E−02 3.191E−01 

 
Table 7. NOx and PM emission factors for a bus in a 0% slope and a passenger load of 50%. 

NOx       

Subsegment Formula (y: g/km; x: km/h) a b c d e 

Ubus Midi <= 15 t Euro 3            1 exp 1 * *ln *y a b c d x e x       1.9833293 92.13713793 0.919753 1.1600602 −0.0004869

Ubus Std >15 - 18 t Euro 2            1 exp 1 * *ln *y a b c d x e x       6.53723271 128.9182916 −0.749161 0.4523624 0.0470718

Ubus Std > 15 - 18 t Euro 3             1 exp 1 * *ln *y a b c d x e x      


3.97204459 93.40114752 1.166371 1.1397499 0.0115236

Ubus Std > 15 - 18 t Euro 4           * * 1 exp 1 * *y a b x c b d x d      24.2160305 −0.02711876 −2.224593 0.1143498  

Ubus Std > 15 - 18 t Euro 5            * * 1 exp 1 * *y a b x c b d x d      17.9967407 −0.01990644 −1.861694 0.1242404  

Ubus Artic > 18 t Euro 2             * * 1 exp 1 * *y a b x c b d x d      37.6584792 −0.03893937 −2.239391 0.0825137  

Ubus Artic > 18 t Euro 5             * * 1 exp 1 * *y a b x c b d x d      19.3083066 −0.02534103 −1.790251 0.1154223  

PM10       

Subsegment Formula (y: g/km; x: km/h) a b c d e 

Ubus Midi <= 15 t Euro 3    *exp *y c a b x   0.36323377 −0.06656194 0.082488   

Ubus Std>15 - 18 t Euro 2    *exp *y c a b x   0.51738529 −0.06333083 0.114057   

Ubus Std >15 - 18 t Euro 3            *exp 1 * * *exp 1 * *y e a b x c d x     0.45322567 0.055584253 1250.735 1.7427794 0.0941401

Ubus Std >15 - 18 t Euro 4            *exp 1 * * *exp 1 * *y e a b x c d x     0.13512991 0.060743756 0.405571 0.3043586 0.0163975

Ubus Std >15 - 18 t Euro 5            *exp 1 * * *exp 1 * *y e a b x c d x     0.13770527 0.060788271 0.418522 0.3066826 0.0166255

Ubus Artic > 18 t Euro 2    *exp *y c a b x   0.61766131 −0.05492711 0.138689   

Ubus Artic > 18 t Euro 5            *exp 1 * * *exp 1 * *y e a b x c d x     0.15478393 0.059100386 0.422852 0.291551 0.0180922
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Table 8. NOx and PM emission factors for a bus in a 2% slope with a passenger load of 50%. 

NOx       

Subsegment Formula (y: g/km; x: km/h) a b c d e 

Ubus Midi <= 15 t Euro 3            *exp 1 * * *exp 1 * *y e a b x c d x     23.7842158 0.07680617 7387.681 1.2755126 1.7152622

Ubus Std > 15 - 18 t Euro 2           * ^ 3 * ^ 2 *y a x b x c x d     −0.00010702 0.018248964 −1.063878 24.143707  

Ubus Std > 15 - 18 t Euro 3             1 exp 1 * *ln *y a b c d x e x       1.5520431 149.3868258 −0.6559 0.4640924 0.0494981

Ubus Std > 15 - 18 t Euro 4    *exp *y c a b x   15.5763739 −0.07068654 1.056324   

Ubus Std > 15 - 18 t Euro 5            *exp 1 * * *exp 1 * *y e a b x c d x     10.1983989 0.070629193 101657.3 1.8673941 0.6032454

Ubus Artic > 18 t Euro 2           * ^ 3 * ^ 2 *y a x b x c x d     −8.5511E−05 0.015746086 −1.012386 25.463722  

Ubus Artic > 18 t Euro 5    *exp *y c a b x   11.781572 −0.06663693 0.607745   

PM10       

Subsegment Formula (y: g/km; x: km/h) a b c d e 

Ubus Midi <= 15 t Euro 3    *exp *y c a b x   0.33827534 −0.06193521 0.068668   

Ubus Std > 15 - 18 t Euro 2            *exp 1 * * *exp 1 * *y e a b x c d x     0.44771936 0.045161743 365.6853 151.88217 0.0276964

UbusStd > 15 - 18 t Euro-3             * * 1 exp 1 * *y a b x c b d x d      


0.50154441 0.000645699 −0.021479 0.0459713  

Ubus Std > 15 - 18 t Euro 4            1
*exp 1 * * *exp 1 * *

2
y e a b x c d x    

 
0.15148772 0.068574663 0.509105 0.4098332 0.0112637

Ubus Std > 15 - 18 t Euro 5            *exp 1 * * *exp 1 * *y e a b x c d x     0.15314424 0.068314108 0.506217 0.4033052 0.0114702

Ubus Artic > 18 t Euro 2    *exp *y c a b x   0.54584403 −0.0390258 0.017354   

Ubus Artic > 18 t Euro 5            *exp 1 * * *exp 1 * *y e a b x c d x     0.18184518 0.068546696 0.82979 0.501013 0.0106894
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Table 9. NOx and PM emission factors for a bus in a 2% slope with a passenger load of 50%. 

NOx       

Subsegment Formula (y: g/km; x: km/h) a b c d e 

Ubus Midi <= 15 t Euro 3            *exp 1 * * *exp 1 * *y e a b x c d x     11.4129287 0.042271682 49.47257 0.2089772 5.4307627

Ubus Std > 15 - 18 t Euro 2            *exp 1 * * *exp 1 * *y e a b x c d x     24.1201822 0.075355338 616.6192 0.8461504 11.703168

Ubus Std > 15 - 18 t Euro 3             1 exp 1 * *ln *y a b c d x e x      


7.259228 62.80300032 2.67763 1.5823859 −0.0041318

Ubus Std > 15 - 18 t Euro 4           *exp 1 * * *exp 1 * *y e a b x c d x     17.245522 0.085078008 113.8456 0.6615993 5.8160147

Ubus Std > 15 - 18 t Euro 5             * * 1 exp 1 * *y a b x c b d x d      21.8237322 -0.0180593 −2.263925 0.1295781  

Ubus Artic > 18 t Euro 2            *exp 1 * * *exp 1 * *y e a b x c d x     26.9998716 0.068968069 2265.778 1.0677117 15.216552

Ubus Artic > 18 t Euro 5            / 1 exp 1 * *ln *y a b c d x e x      3.29011401 26.39789508 2.145384 1.3256893 -0.0026349

PM10       

Subsegment Formula (y: g/km; x: km/h) a b c d e 

Ubus Midi <= 15 t Euro 3            *exp 1 * * *exp 1 * *y e a b x c d x     0.28661408 0.050622519 0.152467 0.1539029 0.0895826

Ubus Std > 15 - 18 t Euro 2           * ^ 3 * ^ 2 *y a x b x c x d   



 −2.8248E−06 0.000479891 −0.028043 0.7536898  

Ubus Std > 15 - 18 t Euro 3           *exp 1 * * *exp 1 * *y e a b x c d x     0.42401817 0.049923753 0.211622 0.1910429 0.1145728

Ubus Std > 15 - 18 t Euro 4            *exp 1 * * *exp 1 * *y e a b x c d x     0.08614985 0.037385023 0.365551 0.1980173 0.0148116

Ubus Std > 15 - 18 t Euro 5            *exp 1 * * *exp 1 * *y e a b x c d x     0.08894625 0.038213037 0.370372 0.1994358 0.015315

Ubus Artic > 18 t Euro 2           * ^ 3 * ^ 2 *y a x b x c x d   



 −3.0485E−06 0.000552566 −0.03463 0.985184  

Ubus Artic > 18 t Euro 5           *exp 1 * * *exp 1 * *y e a b x c d x     0.10063592 0.032588732 0.433729 0.1928538 0.0129777

 


