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Basic concepts and | 1 | Transportation system; Transports classification; historical evolution;
definitions 2 Introduction to “sustainability and metrics”
3 Energy conversions, primary energy, final energy, useful energy; Minimum
energy and emissions in mobility,
4 Propulsion technologies, internal combustion engines, electric motors, fuel
cells, efficiencies
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inventories 10 | COPERT 5 fleet model
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Application of metrics of 11 | Comparing Lisbon and Oporto mobility

Sustainable mobility Screening mobility patterns in University campus

Life cycle analysis in 12 | Life cycle analysis

transportation systems 13 | Water, land use, resources scarcity and carbon footprint

14 | Carbon footprint in transport

15 | Carbon footprint applied to electric versus diesel technology

Disruptions & consequences 16 | COVID19 impact overview
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Cl%5 SUSTAINABILITY & METRICS

 What is “Sustainable Mobility” ???

Environmentally friendly....

% Don’t harm future generations....

‘ ‘ ' Electric cars....

Tt

Don’t waste resources....
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CJ%5" SUSTAINABILITY & METRICS

* How could be measured???
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Clé SUSTAINABILITY & METRICS

MONITOR

LISBON

PORTUGAL
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Clé SUSTAINABILITY & METRICS

COMPARE

LISBON [

PORTUGAL
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Ciéncias

e SUSTAINABILITY & METRICS

* Concept of sustainabiliy appear in the
80’s

Dixon et al 1989 doi.org/10.1080/08941928909380675
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Clé SUSTAINABILITY & METRICS

Avoid physical stock (resource) depleation
Avoid physical stock (resource) depleation in a ecosystem

| Sustained increase in the level of societal and individual
| welfare; social-physical-economic sustainability.

1987 UNITED NATIONS -World Commission on Environment and
Development - Brandtland Report “Our common future”

https://sustainabledevelopment.un.org/content/documents/5987our-common-future.pdf

“Development that meets our needs without
compromising future generation needs” — page 43
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Human welfare drives sustainability

Question:

How to achieve sustainability and how to
measure progress toward it????

Carla Silva camsilva@fc.ul.pt TOPIC#2 Basic concepts and Definitions in “Sustainable Mobility”
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Clé SUSTAINABILITY & METRICS

2PN United Nations on 1 January 2016 — an
ambitious set of goals to banish a whole host
of social ills by 2030.

“They are a to-do list for people and planet, and a blueprint
for success,” he added of the 17 goals and 169 targets to
wipe out poverty, fight inequality and tackle climate change
over the next 15 years.
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Cl%5 SUSTAINABILITY & METRICS

* Concept of sustainabiliy apply to the
transportation system appear in the

90’5 Q‘\ William R. Black

§ }’»-
™ |ndiana University

“transport that meets the current transport and mobility needs without
compromising the ability of future generations to meet these needs”

Black, 1996
“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”
Black, 2010, from “Department

transportation Canada, 2003”
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Clé SUSTAINABILITY & METRICS

* Concept of sustainabiliy apply to the
transportation system

SUSTAINABLE
TRANSPORTATION

WIHIAM R HlM(
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Cl%5 SUSTAINABILITY & METRICS

No definition standard:

e.g. Centre for Sustainable Transportation and the Government of
Canada (Environment Canada and Transport Canada), 2003:

* Allows the basic access needs of individuals and societies to be met safely and in
a manner consistent with human and ecosystem health, and with equity within
and between generations;

* |s affordable, operates efficiently, offers choice of transport mode, and supports a
vibrant economy;

* Limits emissions and waste within the planet ability to absorb them, minimizes
consumption of nonrenewable resources, reuses and recycles its components,
and minimizes the use of land and the production of noise.
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Cli%=" sustainable transportation system

* Negative impacts _ _
air pollution

o congestion
greenhouse gas emission

Boarder of
the system

office traffic fatalities

affordability
issues???

urban sprawl

Fossil fuel depletion “land consumption”
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Cl%5 SUSTAINABILITY & METRICS

Question:

How to achieve sustainability and how to
measure progress toward it????

Improved decision making & planning

Carla Silva camsilva@fc.ul.pt TOPIC#2 Basic concepts and Definitions in “Sustainable Mobility”
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Cli%=" sustainable transportation system

e A transportation system is an infrastructure that serves to
move people and goods efficiently.

Boarder of
the system

office
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Sustainable transportation system

* Efficiently....

“transport that meets the current transport and mobility needs without

compromising the ability of future generations to meet these needs”
Black, 1996

Satisfy the needs of access/mobility

- Compatible with the health of human being and

ecosystems I

Reduce fossil fuel usage, reuse and recycle
Affordable, efficient, endorse its materials, produce low noise and has low
model choice and supports a

land use
dynamiceconomy and local
development

Seamless and intelligent
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Sustainable transportation system

* |Indicators and Metrics

|\

Quantitative (calculations
Qualitative (property of the system) numbers with units of

measurement addressing
each property )

Carla Silva camsilva@fc.ul.pt TOPIC#2 Basic concepts and Definitions in “Sustainable Mobility”
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e Metrics and indicators

* 1Steach institute define its sustainability
concept;

« 2nd develop categories/dimensions;

« 3rddevelop indicators and metrics .

Addressing Sustainability in Transportation Systems:
Definitions, Indicators, and Metrics. DOI: 10.1061/(ASCE)1076-0342(2005)11:1(31)

24
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Clé SUSTAINABILITY & METRICS

Environmental
dimension

Social
- dimension

Institutional
dimension

7 INDICATORS Economic
A — Transportes Publicos Technical - o
B — Mobilidade Pedonal e Acessibilidade df:e:sc,znopera o

C — Mobilidade Ciclavel
D — Planos e Projetos
E — Acalmia de Trafego

Sensibilizacao _ -
1ICTI

Instituto da Mobilidade

APA, 14 de Fevereiro de 2012 e dos Transportes Terrestres, I.P. EUBOPEAN COMM|SSION
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Cli% systainable transportation system

. . . « Conjunto de processos e acoes orientadas para a
e Metrics and indicators . P ¢ P
deslocacao de pessoas e bens, com um custo

7 INDICATORS econdmico razoavel e simultaneamente minimizando os
A — Transportes Publicos

B — Mobilidade Pedonal e Acessibilidade  €f€it0S negativos sobre o ambiente e sobre a qualidade

C - Mobilidade Ciclavel de vida das pessoas, tendo em vista o principio de
D — Planos e Projetos
E — Acalmia de Trafego satisfacao das necessidades atuais sem comprometer as

Sensibilizacdao

ﬁr—] geracoes futuras
l fi (IMTT{(2011); Glossério do Pacote da Mobilidade)

Instituto da Mobilidade
e dos Transportes Terrestres, I.P.

Set of processes and actions towards people and
goods transportation with reasonable cost and
simultaneously minimizing negative impacts on

2012 the environment and people welfare, satisfying
todays and future generation needs.
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i’ Sustainable transportation system

. Metrics and indictors

with the
support of

Arthur P Little
fUtlre 'lab® R

Future of mobility 3.0

2010..2018

International
private Institute
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Cl% systainable transportation system

* Sustainability

No definition but considers mobility maturity, and performancc‘a
Cycle CO,, NOx and PM
paths emissions
density

Financial attraction to '

use the Public !

Share Public Transport

Transport _
In modal split

Traffic fatalities
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5 Sustainable transportation system

Maturity (9
indicators)

Performance
{9 indicators)

Innovativeness
(9 indicators)

Arthur D Little
future lab® ==

Future of mobility 3.0

0-100 best

Carla Silva camsilva@fc.ul.pt TOPIC#2 Basic concepts and Definitions in “Sustainable Mobility”
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Sustainable transportation system
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Sustainable transportation system

2014

48

Urban Mobility Index

100 index points for city that would achieve best performance on each criteria.

Source: Arthur D. Little Urban Mobility Index 2.0; UITP is independent of this index, which does not necessarily reflect its opinion;

Figure 6: Arthur D. Little’ Urban Mobility Index 2.0
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Sustainable transportation system

19 in

Figure 8: Top 11 cities with above average mobility score
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Figure 12: Arthur D. Little Urban Mobility Index 3.0 — City ranking
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Innovativeness indicators Maturity indicators

Performance indicators

Ciéncias

e Sustainable transportation system

Number of peer-2-peer car sharing services available

Number of e-hail services and taxi platforms available

Number of ride sharing servic:

27 indicators

34
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Transport related COz emissions [kg/capita)

Annual average NO2z concentration [meg/m3]

Annual average PMio concentration [mcg/m3]

Annual average PM2 s concentration [meg/m3]

Traffic related fatalities per 1 million citizens

Dynamics of share public transport in modal split [%]

Performance indicators
A

Dynamics zero-emission modes In modal split [%)]

Mean travel time to work [minutes]

Density of vehicles registered [vehicles/capita]
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-19%
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333
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4.7

+89%

39.9

0.41
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+40%
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0.32
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5 Sustainable transportation system

Maturity (9
indicators)

Performance
{9 indicators)

Innovativeness
(9 indicators)
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Cli% systainable transportation system

e Metrics and indicators

Environmental
dimension

Social
dimension

Institutional
dimension

Economic
dimension

Technicall operational
dimension

55 metrics- Joint Research Centre

B JRC

EUROPEAN COMMISSION

2012
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Sustainable transportation system

* Definition of sustainability in transports

“On the basis of the definition of sustainable transport system
established in the European Union’s Sustainable Development
Strategy (EC, 2003) and characterization of sustainable
transportation system according to so-called Vancouver
principles “Towards Sustainable Transportation” (OECD, 1996)
the scope for measurement of transport performance using
indicators is identified. “

https://publications.jrc.ec.europa.eu/repositor
y/bitstream/JRC41602/indicators%20report gr
een%20template.pdf
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52 Indicators of sustainable Mobility

J R c 55 Indicators— Joint Research Centre

E U R OPE AN co M M I ss l 0 N Table 1. Indicator Framework for the Evaluation of Transport Sustainability Performance

DIMENSION THEME RELATED INDICATORS
1. Volume of transport relative to GDP (tonne-km;
passenger-km)
Transport Demand | 2. Road transport (passenger and freight; tonne-km and
and Intensity passenger -km)
3. Railway transport (passenger and freight; tonne-km and
passenger-km)

4 Maritime transport for goods and passengers (tonne-km

and passenger-km)

5. Inland waterway transport {passenger and freight; tonne-

km and passenger-km)

6. Aar transport (passenger and freight; tonne-km and

passenger-km)

7. Intermodal transport (tonne-km and passenger-km )

8. Total per capita transport expenditures (vehicle parking,

roads and transit services)

9. Motor vehicle fuel prices and taxes (for gasoline and gas/

diesel)

10. Direct user cost by mode (passenger transport)

1. External costs of transport activities

Transport Costs and | (congestion, emission costs, safety costs) by transport mode
Prices {freight and passenger)

12, Internalization of costs (implementation of economic

policy tools with a direct ink with the marginal external

costs of the use of different transport modes)

13, Subsidies to transport

14. Taxation of vehicles and vehicle use

15. % of GDP contributed by transport

16. Investment in transport infrastructure (per capita by

mode/ as share of GDP)

17. Road quality - paved roads, far/ good condition

Infrastructure 18. Total length of roads in km by mode

ECONOMIC

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC54971/sust_transp_ind_report_final.pdf
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52 Indicators of sustainable Mobility

JRC

EUROPEAN COMMISSION

19. Density of infrastructure (km-km®)

SOCIAL

Acecessibility
and Mobility

200, Average passenger journey hme

21. Average passenger journey length per mode

22, Quality of transport for disadvantaged people (disabled,
low mncomes, children)

23. Personal mobility (daily or annual person-km and trips
by income group)

24. Volume of passengers

Risk and Safety

25, Persons killed in trafthic accidents (number of fatalities -
1000 vehicle km; per million inhabitants)

26. Trathe accidents involving personal injury (number of
njuries — 1000 vehicle km;, per milhon inhabitants)

Health Impacits

27. Population exposed to and annoved by traffic noise, by
nonse category and by mode associated with health and
other effects

28, Cases of chronie respiratory diseases, cancer,
headaches. Respiratory restricted activity days and
premature deaths due to motor vehiele pollution

Affordability

29. Private car owmership

30. Affordability (portion of households income devoted to
transport)

Employment

31. Contribution of transport sector (by mode) to
employment growth
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C

Indicators of sustainable Mobility

JRC

EUROPEAN COMMISSION

ENVIRONMENTAL

Transport Emissions

32, NOx emussions (per capita)

33. VOCs emissions (per capita)

34. PM,g and PM; s emissions (per capita)

35, 50x emissions (per capita)

36. O; concentration (per capita)

37. CO; emissions (per capita)

38. Na0 emissions (per capita)

39. CH, emissions (per capita)

40. Energy consumption by transport mode (tonne-oil

Energy Efficiency | equivalent per vehicle km)
41. Fuel consumption (vehicles-km by mode)
Impacts on 42. Habitat and ecosystem disruption
Envirenmental 43, Land take by transport infrastructure mode
Resources
44, Polluting accidents (land, air, water)
Environmental Risks | 45. Hazardous materials transported by mode
and Damuages
Renewables 46, Use of renewable energy sources (numbers of
alternative-fuelled vehicles) - use of biofuels
Qccupancy of 47. Oceupancy rate of passenger vehicles
Transportation 48. Load factors for freight transport (LDV, HDV)
49, Average age of vehicle fleet
'I;E;E::::_]:h;:ﬂ Technology Status J:[]'. Size {JI'\-'i:th]_i: fleet (vehacle/ 1 Fn]n. inh:fhit:?nr_ﬂ‘l
51. Proportion of vehicle fleet meeting certain air emission
standards (Euro IV, Euro V etc )
52. R&D expenditure on “eco vehicles™ and clean transport
Measures to fuels
Improve Transport | 53. Total expenditure on pollution prevention and clean-up
INSTITUTIONAL Sustainability 54. Measures taken to improve public transport
Institutional 55, Uptake of strategic environmental assessment in the
Development transport sector
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52 Indicators of sustainable Mobility

JRC

EUROPEAN COMMISSION

EAVIRONMENTAL

Transport Emissions

32,

NOx emissions (per capita)

33

VOCs emissions (per capita)

34

PM;; and PM; s emissions (per capita)

35.

SOx emissions (per capita)

b.

(); concentration (per capita)

537,

C(); emissions (per capita)

35

N, emissions (per capita)

39.

CH, emissions (per capita)

40.

Energy consumption by transport mode (tonne-oil

Energy Efficien equivalent per vehicle km)
41. Fuel consumption {vehicles-km by mode)
Impacts on 42, Habitat and ecosystem disruphion
Environmental 43. Land take by transport infrastructure mode
Resources
44. Polluting accidents {land, air, water)
Environmental Risks | 45, Hazardous materials transported by mode
and Damages
Renewables 46. Use of renewable energy sources (numbers of

alternative-tuelled vehicles) - use of hiotuels
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5= Sustainable transportation system

Institutional

Technical & (4 indicators)

operational
(3 indicators) Social

(13
indicators)

ingigators)

Environmental
(15 indicators)

Several items

E JRC

EUROPEAN COMMISSION
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i’ Sustainable transportation system

World Business Council for
Sustainable Development

Sustainable Mobility Project 2.0 (SMP2.0)
Indicators Work Stream - 2"9Edition

http://wbcsdpublications.org/wp-
content/uploads/2016/01/SMP2.0_Sustainable
-Mobility-Indicators_2ndEdition.pdf

Published: 17 Dec 2015
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Sustainable transportation system

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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Sustainable transportation system

DIMENSIONS Vs

v

. 4

INDICATORS

v

Accessibility for motility impaired groups Accessibility for impaired “:
Air polluting emissions Air pollution

Moise hindrance Moise hindrance
Fatalities Fatalities

Access to mobility services Access

Quality of public area Public area

Urban Functional diversity Functional diversity
Commuting travel time Travel time

Economic Opportunity Economic Opportunity
Met public finance Public Finance
Mability space usage Space Usage
Emissions of greenhouse gases (GHG) GHG

Congestion and delays Congestion

Energy efciency Energy efficiency
Opporiunity for active mobility Active mobility

Intermedal integration

Intermodal integration

Comfort and pleasure

Comiort and pleasure

4 dimensions- 19 Indicators
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y Ciéncias - .
Cli%=" sustainable transportation system

19 Indicators

Metrics — equations & calculations

best

Each transformed with a 0-10 scale
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Sustainable transportation system
19 INDICATORS

Affordability

Security 10—7——_ Accessibility for impaired
// ‘.‘
Comfort and pleasure A\

I\
/S SN\
. . ,/ V4 N\ . .
Intermodal integration / > Noise hindrance
/ \\\ /,’/ \‘,
/ / '\‘\(,‘,'
Active mobility /_, '

Congestion

A - > / /
' 7~ ‘ X S X /J /
/ N\ N\ . \ .~ N\ // /
/ A\ \ N \ ~ | 'i\ / g //'\ //
¥ N/ ~4! : \~ &£ b4 . . .

GHG N\ N\ ~_ 1| X " Functional diversity
/ :.‘\‘L-_,;_ e - :‘»‘i: 4

Space Usage . ~ Traveltime

Public Finance " Economic Opportunity
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"2 Sustainable transportation system

Mobility
System
Performance(
7 indicators)

Quality of
Life (11

Global o
indicatorsy

Environment

(9 indicators)

Economic
sucess (5
indicators)

¥

Radar graph

37 wocsd mobility
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. Other metrics: 4 dimensions 17 indicators

Table 1: Indicators for assessing urban public transport sustainability

ID Indicator Units Desirability
A ENVIRONMENTAL . .
A1 Quantity of energy consumed MJ/pkm Less is desirable MonaSh Unive rSIty
A2 Mass of total pollutants emitted (e.g. NO, ka/ha Less is desirable
VOC, CO2) g
A3 Eaﬂr;l?tiz;ea consurmed by public transport % of urban area Less is desirable Aust ralla
B SOCIAL
B1  System accessibility pkm/capita More is desirable
B2  Awerage user trip distance km Less is desirable
- 10 per capita Less is desirable
B3  Affordability GDPlirip
B4  Public transport related deaths fatalities/billion-pkm Less is desirable
c ECONOMIC
C1  Annual operating cost $US/pkm Less is desirable
C2 Costrecovery (proportion of costs recovered) % of total costs More is desirable
C3 Passenger km travelled per unit GDP pkm/$US More is desirable
C4  Average time per trip mins Less is desirable

D SYSTEM EFFECTIVENESS
D1  Awverage occupancy rate of passenger vehicles % of seated capacity More is desirable

D2  Annual public transport trips per capita trips/capita More is desirable
D3  Public transport mode split % of all trips More is desirable

vehicles/million More is desirable
D4  Public transport fleet size people

Source: De Gruyter et al. (2017)

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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Figure 1: Aggregate Normalised Total and Category Public Transport Sustainability Indicators

by World Region
Total indicator scores by region Westem Europe
10/
Australasia _Eastern Europe
Asia North Amenca
Africa Latin America
Middle East
—Tol! —Environmental —Social —EConomic Effectiveness
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i+’ Indicators of sustainable Mobility

Table 34 gy Sustainable Transport Goals, Objectives and Indicators

Bustainahility Gnals
|. Economic

Dhjartives

Parfarmanes Indicators

4 categories

19 INDICATORS

/7

Economic productivity Transport system efficiency. = Percapita GOP and income.
Transport sysiem integration, » Portion of budgets devoted to ransport,
Maximize accessibility. = Percapila congesbon delay.
Efficient pricing and incentives., » Efficient pricing (rosd, parking, msurance, fuel, etc).
= Efficient prioritition of facilites {roads and parking).
Economic development | Economic and business development = Access o educstion and employment opportum s,
# Support for local industries.
Energy efficiency Minimize energy costs, particularly = Per capila Iranspor energy consumption
petroleum imports. » Percapita wse of imported fuels.
Affordability All residents can afford access to basic |« Avalahiity and quality of affordable modes (walkmg,
(easential) services and activities. eyclang, rudesharing and public ramspert ).
= Portion of lowsmcome househalds that spend mone
b 20% of budgets on trangpon.
Efficient transport Efficient operations and asset = Performance audit resubts.
operations management maximizes cost efficiency. |« Servace delivery umil costs compared with peers.
= Service quality,
II. Social

Equity / fairness

Transport system accommodates all
users, including those with disabilities,
low incomes, and other constraints.

Transport system diversity.
Portion of destimations accessible by people with
dmabilities and low meomes,

VICTORIA

Safety, security and
halth

Minimize risk of crashes and assaulis,
and support physical fitness.

Per capita traffic casualty {injury and death) rates.
Traveler crame and assaull rales,

Human expogare ko harmiud pollutants,
Portion of travel by walking and cyclhing.

JTraqsport
Policy s

EFFICIENCY » EQUITY » CLARITY

Community development

Help create inclusive and attractive
communities. SUppor community
cohesion.

Land use mix.
Walkabality and bhakabality
Ouaalaty of road and street environments,

Cultural heritage Respect and protect cultural heritage. = Preservaton of cultural resources and raditons.
preservation Support cultural activities. * Responsvensss to tradibonal communtes.

lll. Environmental

Climate protectin Reduce global warming emissions ® Percapila emisssons of global ar polhstants (OO,

Mitigate climaie change impacts

CFCs, CH,, etc. ).

Prevent ar pollution

Reduce air polluwion emissions
Reduce exposure to hammiful pollutants.

Per capita emisssons of hocal air polhutants (P,
VIO, NOw, CO, e, )
Aur gualsty standards and momasement plans,

/7
/7

Prevent noise pollution | Minimize traffic noise exposure = Traffic noise levels

Protsct water quality and | Minimize water pollution. = Pereapita fuel consumption.

minimize hydrological Minimize impervious surface anea. * Management of used o, leaks and stormwater,
damages = Per capila impervious surlace area,
Openspace and Minimize transport facility land use. = Percapita land devoted b transpont facilises.

bindiversity protection

Encourage more compact development.
Preserve high quality habitat.

Suppont for smart growth development,
Podicses 1o protect high value farmbands and habitar

IV. Good Governance and Planning

Irtegrated,
comprehensive and
inclusive planning

Planning process efficiency.
Integrated and comprehensive analysis.
Strong citizen engagement.

Lease-eost planning {the most overal]
beneficial policies and projects are
implemented).

Clearly defined goals, ohpectrves and mdicators.
Avalahility of planning iformaton and decuments.
Portion of pepulation engaped n planning decisions,
Range of objectives, impacts and options considered.
Transport funds can be spent on allernative modes and
demand marsgement 1f most beneficzl overall.

This table summarizes sustainability goals, objectives and performance indicators.
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Cls2 concluding....

v There is no unique metric
system for measuring
sustainable mobility;

v' Stick to one set of metrics and
conclude on that basis!
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Cl%5 SUSTAINABILITY & METRICS

TIP:

We must not place so many requirements on
the Sustainability concept or we will fail in
achieving such sustainable transportation
system
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S’ Sustainable transportation system is KEY!!!

\ i
nd Statistics \ o,
CLEANWATER 2

@

SUSTAINABLE
DEVELOPMENT

GOALS

a
6 AND SANITATION

Improving the
daily lives of our
citizens
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S’ Sustainable transportation system is KEY!!!

Measuring
and Statistics \ ) w

Environment SUSTAINABLE
DEVELOPMENT

GOALS

Improving the

/ MEASURING AND STATISTICS

citizens o, =
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C|se= OPEN QUESTION

What information is missing to be able to compute, in the system
indicated in the next slide,

 NOX and PM emissions; in g/week?

And,

* Energy consumption, CO, and NOX&PM emissions are enough to
monitor the sustainability of the system???
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OPEN QUESTION
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ne’ trips per day (flows)

' /Fﬁ c ?ﬁjlif{eii DESTINATION SUM
ome ©_A
" offlce A B C D
/ A 65 28 28 121
=
Fschoo._' G B |69 12 83 164
58 ol C | 100 |60 217 | 377
Shop ° 7D —
D |86 127 |63 276
ne" km per link (distance between nodes) SUM [255 |252 (103 |328 |938
DESTINATION SUM
A B C D
A 15 |10 |10 |35
2
G B |15 5 2 22
o/ Cl10 |5 10 |25
D|10 |2 10 22
SUM
58
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