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1st semester
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Lecturers

Carla Silva  camsilva@ciencias.ulisboa.pt

Theory & practice 1.3.33A

Monday 14h-16h

Wednesday 16h30-18h
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Program

# weeks Content

1 Definition of sustainability in transports; Transports classification; historical evolution; 

surveys

2 Transport sector share energy emissions; Energy conversions, primary energy, final 

energy, useful energy; Minimum energy and emissions in mobility, characterization of 

mobility patterns ;surveys

3 Propulsion technologies, internal combustion engines, electric motors, fuel cells, local 

and global emissions

4 World Health Organization, Directives, standards for emissions, air quality index

5 Emission inventory models, micro to macro, motor vehicle dynamics

6 Air quality networks

Measurement equipment-APA Qualar-Airpointer-QART

7 Comparing Lisbon and Oporto mobility

8 Comparing Lisbon and Oporto mobility

9 Life cycle analysis

10 Water, land use, resources scarcity and carbon footprint

11 Carbon footprint in transport

12 Carbon footprint in transport eletric versus diesel

13 SIG and Sustainable Mobility

14 SIG and Sustainable Mobility
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Evaluation: 2 assignements + oral

Survey + CO2eq footprint 

home-FCUL-home

pdf&excel due 10 November

Eletric car versus Diesel car pdf&excel due 10 December

Sugested problems voluntary

Oral exam Works and sustainable mobility contents
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Program

Assignement#1: Commuting home-FCUL 

• CO2eq emissions

• Air quality related emissions
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Program

Assignement#2: Eletric vs Convencional Diesel

• GWP/CO2eq
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At the end:

 Know the contribution of the transport sector for energy consumption of 

fossil and renewable origin and know its contribution to emissions;

 Distinguish between local and global emissions;

 Know typical values of energy consumption MJ/(p.km) and emissions 

g/(p.km);know how to design a survey about mobility patterns;

 Know the different technologies available and its share in the fleets;

 Know how to do an emission inventory;

 Know how to analyze scenarios and impacts on energy and emissions;

 Compare different transport system in a life cycle perspective;

 Estimate carbon footprints.
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1. Black, W. R. Sustainable Transportation: Problems and Solutions. 2010. The Guilford 

Press.

2. Harvey, L. D. Danny . Energy Efficiency and the Demand for Energy Services. 2010.

Earthscan.

3. EU Energy, Transport and GHG emissions trends to 2050. European Comission. 2013.

4. EMEP/EEA air pollutant emission inventory guidebook – 2013. European Environmnent

Agency.

5. John Heywood. Internal Combustion Engine Fundamentals. 1988. McGraw-Hill.

6. Larminie, J. and Lowry, J. Electric Vehicle Technology Explained. 2012. Wiley.

7. M.K. Gajendra Babu,K.A. Subramanian Alternative Transportation Fuels: Utilisation in 

Combustion Engines. 2013. CRC Press.

Literature
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relacionada com a qualidade do ar das nossas cidades. Tendo em conta os crescentes 

problemas relacionados com o uso do automóvel

16 - 22 September European mobility week

Council Directive 96/62/EC of 27 September 1996 on ambient air quality assessment 

and management 

2001 European day w/ou cars

Related events
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https://lisboaenova.org/conferencia-wise-mobility-2/



1stSemestre 2019-2020 |  Sustainable mobility

Carla Silva camsilva@fc.ul.pt 14



1stSemestre 2019-2020 |  Sustainable mobility

Carla Silva camsilva@fc.ul.pt 15

Este evento integra a Semana Europeia da Mobilidade 2019  de Almada e terá lugar 

no próximo dia 20 Setembro 2019 , das 9h30 às 12h40, no Auditório da Biblioteca da 

Faculdade de Ciências e Tecnologia da Universidade Nova de Lisboa, no Campus de 

Caparica (indicações de acesso, em anexo). 

As inscrições são gratuitas mas obrigatórias, devendo ser feitas até 19 de Setembro, 

para o e-mail dulce.lopes@ageneal.pt.  
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Should we worry about transportation sector?

….yes
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BMWi (2015)

45 000  < 1%

Train
Subway
Couple of electric cars

< 10%
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Should we worry about transportation sector?

….yes Germany 
PWC (2015)

PRIVATE
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How to compare cities' mobility? Aiming 
to improve…..identify best practices….

• Q1 for the question pool:

WHAT IS SUSTAINABLE MOBILITY?
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WHAT IS SUSTAINABLE MOBILITY?
• Electric vehicles;

• Affordable transportation;

• Walking & biking;

• No emissions;

• Seamless, Integrated and shared 

transport;

PollEv.com

carlasilva821
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Modes of transport
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• Passengers and freight, air, road, rail, maritime

Modes….
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Classification….

Autonomous

Level 4 or 5 

Semi-

Autonomous

Level 0

Pure eletric

Hybrid

Conventional
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Soft modes (or active modes)

Classification….
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e.g. bike-sharing individual passenger

transportation, public, road (motorized

in case of eletric bikes) 

Classification….
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Lisbon

Disrupting the car in Lisbon!

October 
2017

Sep

2018

Feb 2019

Apr 2019

Hive, Bungo, 
Iomo,Voi,Tier, 
Flash, Wind, 

Bird 

140 stations, 1410 bikes

(750 EV bikes) ~ 2000 bike
~ 2000 scooter
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e.g. táxi individual motorized

Uber individual motorized

Classification….
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e.g. bus colective, public, road, motorized

Classification….
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e.g. car-sharing individual, road

motorized

Classification….
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History…..and…future
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History…..and…future

2h35 Alfa Pendular

∼ Year 2016

∼ Year 1864

14h 1st train

7 days 34 h

New road influence

∼ Year 1859

∼ Year 2000
<1h Airplane
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History…..and…future

VS

What mode of transport is more sustainable?

https://rr.sapo.pt/2017/03/28/reportagem/lisboa-porto-aviao-ou-comboio-qual-a-

melhor-opcao-fizemos-o-teste/video/132412/
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History…..and…future

New York on the 1800’s



1stSemestre 2019-2020 |  Sustainable mobility

Carla Silva camsilva@fc.ul.pt 34

History…..and…future

Lisbon on the 1800’s, CARRIS carriage
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History…..and…future

Lisbon Av. 24 Julho 1912, CARRIS electric tram
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History…..and…future

Walk….always….Energy????
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History…..and…future

Walk….always….Energy????
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History…..and…future

∼ 1000 km/h

∼ 200 km/h

∼ 10-20 km/h

∼ 5 km/h
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Sustainability
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“a more sustainable transportation system” as “one which provides affordable 

access to freight and passenger service and does so in an environmentally 

sound and equitable manner” 

“transport that meets the current transport and mobility needs without 

compromising the ability of future generations to meet these needs” 

William R. Black
Department of Geography, Indiana 

University, Bloomington, Indiana 47405, 

USA

Sustainability

Black, 1996

Black, 2010, from “Department

transportation Canada, 2003”
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What is sustainable mobility?

Satisfy the needs of access/mobility 

Compatible with the health of human being and 

ecosystems

Reduce fossil fuel usage, reuse and recycle

its materials, produce low noise and has low

land use

Affordable, efficient, endorse 

model choice and supports a 

dynamic economy and local 

development
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Planning

Mobility management

55 Indicators– Joint Research Centre 

7 INDICATORS

A – Transportes Públicos 

B – Mobilidade Pedonal e Acessibilidade 

C – Mobilidade Ciclável

D – Planos e Projetos

E – Acalmia de Tráfego 

F – Sensibilização

Sustainability indicators
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What is sustainable mobility?

SHARED MOBILITY



1stSemestre 2019-2020 |  Sustainable mobility

Carla Silva camsilva@fc.ul.pt 44

What is sustainable mobility?

19 INDICATORS
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What is sustainable mobility?
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What is sustainable mobility?

World Business Council for 

Sustainable Development

Sustainable Mobility Project 2.0 (SMP2.0)

Indicators Work Stream - 2ndEdition

http://wbcsdpublications.org/wp-

content/uploads/2016/01/SMP2.0_Sustainable

-Mobility-Indicators_2ndEdition.pdf
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What is sustainable mobility?

World Business Council for Sustainable Development

“Sustainable mobility is the ability to meet society’s 

need to move freely, gain access, communicate, 

trade and establish relationships without sacrificing 

other essential human or ecological values, today 

or in the future.” 

(Source WBCSD, Mobility 2030: Meeting the 

challenges to sustainability, 2004)
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What is sustainable mobility?

DIMENSIONS INDICATORSvs

4 dimensions- 19 Indicators
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What is sustainable mobility?

19 INDICATORS
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Indicators of sustainable Mobility

19 INDICATORS
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What is sustainable mobility?

DIMENSIONS INDICATORSvs

5 dimensions- 55 Indicators
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Indicators of sustainable Mobility

55 Indicators– Joint Research Centre 

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC54971/sust_transp_ind_report_final.pdf
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Indicators of sustainable Mobility
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Indicators of sustainable Mobility
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Indicators of sustainable Mobility
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• Other metrics; 4 dimensions 17 indicators

Chris De Gruyter , Graham Currie ,and Geoff Rose. Sustainability Measures of Urban Public 
Transport in Cities: A World Review and Focus on the Asia/Middle East Region. Sustainability 
2017, 9, 43; doi:10.3390/su9010043
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 There is no unique metric 
system for measuring 
sustainable mobility;

 Stick to one set of metrics and 
conclude on that basis!
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1 DIMENSION

Environmental 

11 Indicators

NOx (NO and NO2)
VOCs
CO
PM10
PM2.5
SOx
O3
CO2
N2O
CH4

Emissions per year (per capita)

Energy consumption per year (per capita)

Ton or 
g/year

Most common……

GreenHouse gas

Outdoor Air quality
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You learned….

• Transport classification- examples;

• Evolution in speed-motorization;

• Energy and emissions baseline.

• What is sustainable mobility;

• Dimensions and indicators- examples;



Obrigado




