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Energy and emissions

Home                   Work/ University  

Commuting by motorized or soft modes

on a regular basis

Emissions

Energy
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Energy and emissions

Lisbon versus Porto (metropolitan areas)

sustainable mobility????
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Indicators

Minimum and maximum values of indicator scale
PM10 150 -10 (μg/m3)

CO2 7.5- 0 (ton/capita/year)

NOx 200- 0 (μg/m3)

O3 240-0 (μg/m3)

Energy 100-0 (%)

Indicator Weight Definition

CO2 5 emissions from commuting in kg/capita/year (non-biogenic)

PM10 10 Annual hourly arithmetic average

NOx 10 Annual hourly arithmetic average

O3 10 Annual hourly arithmetic average

Energy 5 % fossil final energy consumption
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Surveys

Área Metropolitana do Porto (AMP) 1.60 Million people

Área Metropolitana de Lisboa (AML) 2.57 Million people

Capita
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Surveys

Exercise. Recent mobility survey 2017 Porto and Lisbon. Calculate the sustainable
mobility index for each city. What can you say?

Impact of people travel?

Quadro 9

AM Lisboa

Duração média (minutos) Distância média (km)

AM Lisboa 24.3                                               10.3                                               

Automóvel - condutor 21.7                                               12.7                                               
Automóvel - passageiro 20.8                                               13.3                                               
Motociclo/ciclomotor 18.0                                               11.7                                               
Autocarro (transporte público) 45.7                                               12.1                                               
Comboio 53.4                                               19.1                                               
Metropolitano 39.7                                               8.5                                                 
Barco 58.1                                               19.5                                               
Táxi 19.6                                               6.4                                                 
Transporte escolar / empresa 32.6                                               17.2                                               
A pé 17.0                                               1.5                                                 
Bicicleta 36.2                                               8.8                                                 
Outro/desconhecido 31.7                                               24.2                                               

Nota: Exclui as deslocações internacionais

Tempo e distância por deslocação, segundo o principal meio de transporte das deslocações km per trip

car

motorbike
bus
train

subway
boat

van
walk
bike
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Surveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?
Quadro 6 Voltar ao Índice

Deslocações por tipo de dia e meio de transporte principal da deslocação

AM Lisboa

Unidade:10
3

Total semanal Dias úteis SDF a)

AM Lisboa 37,697.1 27,439.7 10,257.4

Transporte individual 22,542.4 15,715.5 6,826.9

Automóvel - condutor 17,326.3 12,334.4 4,992.0
Automóvel - passageiro 4,884.7 3,110.2 1,774.5
Motociclo/ciclomotor 331.3 270.9 60.4

Transporte público ou coletivo 5,939.5 5,056.6 882.9

Dos quais:

Autocarro 2,945.9 2,476.0 469.9
Comboio 1,215.7 1,032.0 183.7
Metropolitano 1,167.8 1,014.6 153.2

Modos suaves (a pé e bicicleta) 8,857.7 6,404.3 2,453.4

Outro/desconhecido 357.4 263.4 94.1

a) SDF - Sábados, domingos e Feriados

Deslocações Number trips

per 

mode~people

per mode

car

motorbike

bus
train

subway

Walk and bike
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Surveys
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Surveys

Number trips

Per mode
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Lisbon

BUS

CAR

Data MJ/pkm from sustainability 
report 1.6 MJ/pkm

Most sold vehicle, VCA info

0-100 km/h 14.5 s
European test cycle l/100km 5.6

1059 kg (2 MJ/km)
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TRAIN

SUBWAY

Data MJ/pkm from sustainability 
report  0.3 MJ/pkm

Data 16.9 MJ/pkm from 
sustainability report

Lisbon
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Porto

BUS

CAR

Data MJ/pkm from sustainability 
report  0.7 MJ/pkm

Most sold vehicle, VCA info

0-100 km/h 14.5 s
European test cycle l/100km 5.6

1059 kg (2 MJ/km)
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TRAIN

SUBWAY

Data MJ/pkm from sustainability 
report 0.3 MJ/pkm

Data 0.47 MJ/pkm from sustainability 
report (0.131 kWh/pkm)

Porto
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Road transport/Tier 1 

First estimation (high uncertainty) emissions proportional to fuel consumption

35g/km*44MJ/kg
*10^-3kg/g=1.54 
MJ/km

60g/km*42.5MJ/
kg*10^-3kg/g=2.6 
MJ/km

10.2 MJ/km
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Road transport/Tier 1,2,3?? 

Do you need this 

information for 

the indicator?????
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Surveys, energy & emissions

Manufa
cturer Model Description 

Trans
missio
n 

Engine 
Capacit
y 

Fuel 
Type 

Metric 
Urban 
(Cold) 

Metric 
Extra-
Urban 

Metric 
Combin
ed 

CO2 
g/k
m 

Emissions 
CO 
[mg/km] 

Emissions 
NOx 
[mg/km] 

THC + NOx 
Emissions 
[mg/km] 

Particulates 
[No.] 
[mg/km] 

RENAU
LT Clio Euro6, 2015 dCi 110 S/S M6 1461 

Dies
el 3.8 3.3 3.5 90 354 18 60 0.08 

RENAU
LT Clio Euro6, 2015 

Energy dCi 90 
S/S M5 1461 

Dies
el 3.5 3.1 3.3 85 158 33 60 0.08 

RENAU
LT Clio Euro6, 2015 

Energy dCi 90 
S/S ECO M5 1461 

Dies
el 3.3 3.1 3.2 82 158 33 60 0.08 

RENAU
LT 

Clio Sport Tourer 
Euro6, 2015 dCi 90 S/S M5 1461 

Dies
el 3.5 3.1 3.3 85 158 33 60 0.08 

RENAU
LT 

Clio Sport Tourer 
Euro6, 2015 

Energy dCi 90 
S/S ECO M5 1461 

Dies
el 3.4 3.1 3.2 84 158 33 60 0.08 

RENAUL
T Clio Euro6, 2015 

Energy TCe 90 
S/S M5 898 Petrol 5.7 4.1 4.7 105 327 28 

RENAUL
T 

Clio Sport Tourer 
Euro6, 2015 

Energy TCe 90 
S/S M5 898 Petrol 5.7 4 4.6 104 327 28 

RENAUL

August 2017

Or this from the European standard test cycle ?????
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Fleet impacts

AQS – QUALAR data (downloads section)

Maia D.Manuel II-Vermoim Urban Traffic
Matosinhos João Gomes Laranjo-S.Hora Urban Traffic
Porto Francisco Sá Carneiro-Campanha Urban Traffic

Lisboa Entrecampos Urban Traffic
Lisboa Avenida da Liberdade Urban Traffic
Lisboa Santa Cruz de Benfica Urban Traffic
Odivelas Odivelas-Ramada Urban Traffic



1st Semester 2017-2018 |  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt 20

Fleet impacts

AQS – QUALAR data (downloads section)

Lisboa Entrecampos Urban Traffic
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Fleet impacts

AQS – QUALAR data (downloads section)

2017 PM10 O3 NOx

Lisboa Entrecampos 32.7 44 40.9

Lisboa Avenida da Liberdade 33.5 NA 60.4

Lisboa Santa Cruz de Benfica 36.4 NA 38.2

Odivelas Odivelas-Ramada 24.2 NA 26.8

Average 31.7 44 41.6

μg/m3
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Fleet impacts

AQS – QUALAR data (downloads section)

2017 PM10 O3 NOx

Maia D.Manuel II-Vermoim 14.7 48.1* 17.9

Matosinhos João Gomes 
Laranjo-S.Hora

20.7 42.8* 30.8

Porto Francisco Sá Carneiro-
Campanha

19 39.6* 54

Average 18.1 43.5* 34.2

*nearest air quality monitoring station

μg/m3



1st Semester 2017-2018 |  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt 23

Fleet impacts

AQS – QUALAR data (downloads section)

Maia D.Manuel II-Vermoim Urban Traffic
Matosinhos João Gomes Laranjo-S.Hora Urban Traffic
Porto Francisco Sá Carneiro-Campanha Urban Traffic

Lisboa Entrecampos Urban Traffic
Lisboa Avenida da Liberdade Urban Traffic
Lisboa Santa Cruz de Benfica Urban Traffic
Odivelas Odivelas-Ramada Urban Traffic

PM10

18.1

O3

43.5

NOx

34.2

PM10

31.7

O3

44

NOx

41.6
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Road transport/Tier 1 

CO2 emissions from combustion mass balance

Diesel C12H24

Gasoline C8H18

��∗��

��∗�����
/42.4= 72.4 g/MJ 

�∗��

�∗�����
/44= 70.2 g/MJ 

LHV 42.4 MJ/kg

44 MJ/kg 
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Fleet impacts

Control point ….. Fuel sales 100% fossil fuel
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Fleet impacts

Control point ….. Fuel sales 60% Fossil 
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What is sustainable mobility?

Sustainable mobility indicators

Comparing transport systems??
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What is sustainable mobility?

I	
sust

	
mob

	
=
	
ICO2+ INOx+ IO3+ I

PM
+ IEnergy

ICO2

INOx

IO3

IEnergy

Link Excel (available Fénix)

I
PM
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What is sustainable mobility?

Comparing transport systems??

29.63

30.87

Porto more sustainable than Lisbon….but similar……less PM10….better air 
quality….. higher fossil energy consumption
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You learned….

• Calculation of a sustainable mobility index for 2 case studies;

• When use European Environmental Agency Tier1 /Tier2/Tier3 approach;

• Fuel sales as a control point;

• AQS-Air Quality Stations data usage;

• Fossil versus renewable.



Obrigado




