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Topics # Contents
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
Characterizationof |5 Surveys; Statistics; transport sector share energy & emissions;
mobility patterns
Sustainability — 6 Development of “sustainability and Metrics”
Environmental
dimension
Air quality 7 World Health Organization, Directives, standards for emissions, air quality
index
8 | Air quality networks and pollutants covered - local and global emissions
Emission 9 Emission inventory models, micro to macro, motor vehicle dynamics
inventories 10 | COPERT 5 fleet model
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Topics # Contents

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 BASIC CONCEPTS

 When addressing “Sustainable Mobility” it is common to
ear some terms like: v Automous vehicles:

v" Transportation system; v Eletric vehicles:

v’ Logistics; v’ Biofuels;

v :
ITS; v Energy consumption;

v ing;
Commuting; v’ CO, emissions;

v Intermodal; v" NOx emissions;

/ .
Seamless; v PM emissions.
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Transportation system

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

Boarder of
the system

g

office
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“eee - Transportation system

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

Demand
Volume
Frequency

f\

. Origins
l&lgk:get; Destinations
P < Flows > Intermediacy

Networks Nodes
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g Utisboa Transportatlon system composition

A Modes (carriers)

‘.a.‘ Feum's ‘ ‘
Conveyances (vehicles) used to move passengers or freight.

E Mobile elements of transportation.

Infrastructures

B —p@—>® Physical support of transport modes, such as routes and terminals.

Fixed elements of transportation.

Networks

System of linked locations (nodes).
Functional and spatial organization of transportation.

Flows

Movements of people, freight and information over their network.
Flows have origins, intermediary locations and destinations.
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Utisboa Transportatlon system composition

NODES Origin —Destination matrix
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Cl%% Transportation system composition

NODES Origin —Destination matrix

ﬁﬁ g e.g Info n" trips per day (flows

/ and nodes)
E school w“
shopo D«
DESTINATION SUM
A B C D
A 65 28 28 121
= |B |69 12 83 164
S |C |100 60 217 377
D |86 127 63 276
SUM | 255 252 103 328 938
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g vekee Transportation system example

Air transport mode

P &
Tt ey 1) TN

D ¢ B _".#."\:-'.',’ﬁ o &7

Network
Routes

4

_ Infrastructure — |
Airports/Terminals
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"< Transportation system example

htradar24.com/38.72,-9.13

fliqhtrudur24 ' , 8 togin  urc 14:45

LIVE AIR TRAFFIC

AIRCRAFT (@ 1,500/12811 A :
4 (©) Map view (default) -O-

ADS-B 1328
SATELLITE 60
MLAT 21
RADAR 40
FLARM 0
ESTIMATED 51

TOTAL 1,500

y TWEETS

Track G-ZXLL at
https://t.co/GYNygMaOr8
https://t.co/w0BI4S)VsD

Follow Flightradar24 on Twitter

Download Flightradar24 Flight Tracker

& App Store

Map data ©2020 | 1000 km L1 | Terms of Use
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Cl5%% Transportation system example

T
o ok i 3
e Fikgn S i - =5
st irradateat : o|

by o5
A
C>\ ,}:l\~\
,.E/ | N o'
Network . ‘
Routes

Infrastructure —
Stations & railways

= :B
k «z TransportPolitic Q
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Transportation system example

e . Kita-Senju
- S - ;

o

i e

Y | - Machiya
= 2 “ : e ——

i

-

= . Ginza Line
Toe— =

N

- ’ // -

. W S 5
(a) Estimated passenger flows without suspension information

I \ . By - Kita-Senju

/
, ”.n
—_— - ey .
T e (b) Recomputed passenger flows with suspension information:
— Sections from Kita-Senju to Yushima on the Chiyoda Line are suspended
\ Flows y from 9:59 to 10:37.
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Cl%% Transportation system Logistics

* Transportation...is moving people or goods from
an origin to a destination;

e Logistics....is management of flows between
origin and destination, i.e. optimization of
modes, routes and schedules with a target
objective. For example:

Fastness Cost Fuel consumption Comfort
Security

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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CI%%" Transportation system Logistics

mOOVit Lisboa e Regiao

LINES ALERTS

Baixa
Cantina Fcul L PN

Depart Now + A N

4735 > &5

22

MIN Leaves from Praga Do Comércio J
10:24 AM - 10:46 AM /

>f§s

MIN Leaves from Baixa / Chiado 4 \
10:17 AM - 10:47 AM

7 o — Eisboa
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Transportation system Logistics

transporlis.pt
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Calculate
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"% Transportation system Logistics
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Transportation system Logistics
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"= Transportation system Logistics

' Mailbags ' 8 High-capacity

J ] ) o=0 . ] electric trolleys
\ = (] Light trolleys ' i
\{ ' I '
6—0 ' ' '
| i |
¥ Scooter cases ] i ¥ Bicyele cases ]
] ' ' |

|
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W5 Intelligent Transportation System (ITS)

... exhange information.....

ADVANCING

=X
UITP rpusLc

@ TRANSPORT

IS CHANGING YOU/; B i EKS = o> 7

g S
- y < > ¥ + A oy -
> gy 5 3 = ATy —_—r
< - - SN g i
4 U L e ™ >
———— b
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censies TS —Intelligent Transportation System

ULisboa
gaﬁmg_ e =\‘/ HH"'P'J-. | 17 fr’ﬁ - _ . Traffic Management, 2
A rf’ -l . | “.”5:: Y Emrgemy Managemnt
B IR

IEEE 1512.x

SAE 12931, J2836,
12847, 12953
IS0 15118-3:2015

Es as Energy
Storage

i Vehicle-to-

Vehicle
IEEE 802.11p sy
1EEE 1609x =
/ \ SAE 12735
In-Vehicle Nehlcien
SAE 12366 ASTM E2213
SAE 12395 IEEE 802.11p
IEEE 1609x
SAE 12735
24
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C| i Commuting

* Repetitive movement between an origin A and
destination B, on a daily basis (usually
weekdays).

Highest\ A\vximum

point of swing N «—  potential energy
(no kinetic energy)

Maximum
kinetic energy
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cecies - Commuting

Origin Destination

A\

0_ o ® o A-:l.v . o 0 e J § ."' (.}‘ ‘
NS s
5 KRR

A
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cencies  |ntermodal transportation

Wichtigste Pendlerstrome zwischen den Gemeinden, 2014

Anzahl Arbeitspendler/innen
(Summe beider Richtungen)

Commuter flows
Switzerland's roads
and rails

12236
10000
5000
2500
1000
500
150

Anzahl Zupendler/innen'
in die Gemeinde

222963
100000
50000
10000

ETH-ZURICH

0 25 50 km ——

Raumgliederung: Politische Gemeinden (Stand 2014) —_—

0 Schw
Conf,

/ © BFS, ThemaKart, Neuchatel 2018 / KM05-00923-11-c-polg-2018-d

Bun
Office fédéral de
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C| g Seamless transportation system

OBJECTIVE: MAXIMUM EFFICIENCY AND INTEGRATION

Mandatory:
* designed to minimize transfer time between modes;
* designed to minimize waiting times;

* tariff connection with a single ticket, even if operated by
different carriers;

* avery good information technology connection

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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C| g Seamless transportation system

* Intelligent Transport systems addressing first and last
mile connectivity;

* Transparency and Accountability across all the
stakeholders;

* Transport Safety;

 Cost effective on-demand services with maximum asset
utilization.

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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cencie: - Seamless transportation system

Driver Destination Passeger Destination

15 minutes
c2
%
A \\\ 2 minutes
1 minute D1 %
B3 *
5 minutes
> > —
. C1 .
15 minutes Al Station X Station Y
15 minutes
12 minutes
B2
Al, B1, B2, C1, and C2 are drivable roads
where D1 is a walkable only road
5 minutes
B1
Passenger
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Transportation vehicles

* Can be classified by:
v Modes;

v’ Function;

v Geographical coverage;
v' Ownership;

v" Automation level;

v’ Tecnhology;

v’ Fuel/energy source;
v’ Eletric vehicles;
v’ Biofuels;

v Emission standard.

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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itiees  TRANSPORTATION BY MODES

air, road, rail, maritime /passenger or goods carriers

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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itiees  TRANSPORTATION BY MODES

Soft modes (or active modes) /passenger or goods carriers

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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5% TRANSPORTATION BY FUNCTION/ SERVICE

e Passengers and freight (goods)

Passengers
‘- b S PR

Some
L

T - ln

J—

. d i =
§' . .
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Clé TRANSPORTATION BY geographical coverage

* National / International

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility” 3
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[Clé% TRANSPORTATION BY OWNERSHIP

* Public or private

* Personal or shared

5% = 25% more shared mobility
B Shared Mobility @ More sharing M Private Car
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it TRANSPORTATION BY AUTOMATION LEVEL

Levels of automation ) _ '
* Society of Automotive Engineers (SAE).

NHTSA and SAE Levels of Automation |R
0® 0:0 0 ¢
(Y | |

[] R0, SR,

L ]
0
a
a
\J

Level 4

High Automation

Function-specific Combined Function Limited Self-Driving
Automation Automation Automation

Driver Assistance Partial Automation Conditional Automation

SAE
Level 5

Full Automation

 EREE RN ENEIRS

B 3
Full Self-Driving Automation =« NHTSA LeveI:”}

Ffasasassssss

S e B e e e e e

'S A A B R BN ERERERRERNRRERNDSBRE\

@

Unclassified - Public Domain a © Ricardo Inc. 2015 8

National Highway Traffic Safety administration (NHTSA );
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5% TRANSPORTATION BY AUTOMATION LEVEL

g.oE SAE J3016"LEVELS OF DRIVING AUTOMATION

SE SE SE SE
LEVELO J LEVEL1 J LEVEL 2 LEVEL 4

You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
Whha‘ does ::e you are not steering “the driver’s seat”
uman in the
river's seat : DA
c:..a:ee tisgo-, You must constantly supervise these support features; When the feature These automated driving features
’ you must steer, brake or accelerate as needed to requests, will not require you to take
maintain safety you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
to providing steering steering not operate unless all required vehicle under
ngattdo th(e’sg, warnings and OR brake/ AND brake/ conditions are met all conditions
eatures do: momentary acceleration acceleration
assistance support to support to
the driver the driver
sautomatic «lane centering *[ane centering traffic jam slocal driverless *same as
emergency OR AND chauffeur taxi level 4,
braking «pedals/ but feature
Example «blind spot *adaptive cruise @ *adaptive cruise pl ¥ can drive
Features ling Spo control control at the S, everywhere

warning

*lane departure
warning

v.heel may or
may not be
installed

same time in all

conditions

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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[C]é% TRANSPORTATION BY AUTOMATION LEVEL

forward collision avoidance - adaptive cruise control
https://www.youtube.com/watch?v=GInSPWZRFRM
SAE 1

SAE 2
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it TRANSPORTATION BY AUTOMATION LEVEL

Example full automation non-road
- ORES

Heathrow Personal Rapid Transit system
2011

18 low-energy, driverless vehicles can each
carry four passengers and their luggage.
(Ultra PRT | www.ultraprt.com.)

U
A0
A
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Pure electric (battery EV)

Plug-in Hybrid (PHEV)

Hybrid (HEV)

Conventional (ICEV)

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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Clé TRANSPORTATION BY TECNHOLOGY

Monofuel

Diesel
. / Bi-fuel (2 main tanks, e.g. LPG
Gasoline

/ & gasoline)

biodiesel
. \ Dual-fuel (main fuel tank &
bioethanol small tank start fuel)
GPL
Flex-fuel (1 main tank, both
Natural gas

fuel mixed)
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it TRANSPORTATION BY EMISSION STANDARD

Pre-Euro < 1992

Euro |

Euro |l Less sulfur
Euro Il

Euro IV Less NOx
Euro V Less PM

Euro VI > 2014
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C|si= CLASSIFICATION OF TRANSPORTS

Service & ownership Mode Automation  Technology Fuel
e Road Monofuel
. . ) Level O :
« Individual e Rail Conventional
* Maritime 8ifuel
; i-fue
« Private Semi- Hybrid
Passenger * Public « Motorized Autonomous Flexfuel
* Soft/active
* Geographical coverage Pure eletric
. Nacional Fully
Freight » + Internacional | Autonomous
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Eciénbciqs o greo .
e Classification....examples

e.g. bike-sharing individual passenger
transportation, public, road (motorized
in case of eletric bikes)

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility” 45


mailto:camsilva@fc.ul.pt

f Ciéncias - o -
El““s‘m Classification....

e.g. taxi individual motorized

Uber individual motorized

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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F Ciéncias - o °
wies  Classification....

e.g. car-sharing individual, road
motorized

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”
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s Examples

e.g. bike-sharing
individual, road
: motorized/non-
‘\' ——ma N I — motorized

(

\ . .

O

"

Carla Silva camsilva@fc.ul.pt TOPIC#1 Basic concepts and Definitions in “Sustainable Mobility”


mailto:camsilva@fc.ul.pt

: Ciéncias - o -
Elb Classification....

e.g. bus colective, public, road, motorized
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Speed/motorization

Eﬁ[?:;ggs History.....and...future

Viajar através do tempo

Da carroca ao automovel, como nos deslocamos de A para B ao longo da historia.

1903
'T‘ Automével — 16 km/h
: Em julho de 1886, 0 Benz Patent Motor Car,
1886 sessesssessssensasusasasasesasases : @ @ de trés rodas, deu o primeiro passeio.
Motocicleta — 11 km/h
T T Concebida por Gottlieb Daimler, a primeira mota com motor
de combustao interna tinha um quadro em madeira.

1787
ey k Os antigos egipcios e 0s mesopotamios

3.000 \ :

a.C. usavam barcos a vela rudimentares.
3.500 : Roda — 6,4 km/h (puxada por cavalos)

a.C. Inventada como roda de oleiro antes de ser usada em carrogas,
4.000- Cavalo — 6,4 km/h

-3.000 a.C. Burros, cavalos e camelos foram domesticados e usados

WWW.QUEROSABER.SAPO.PT

Avido — 48 km/h

Os irmaos Wright fizeram
histéria: foram os primeiros a
fazer voar um avido com piloto.

-
== Comboio a vapor — 24 km/h
10 7 . A primeira locomotiva a vapor sobre carris surgiu em 1803
e o primeiro comboio de passageiros estreou-se em 1825.

i - 35 km/h
S “ Entrada na era da inovagao e
Barco a vela — 11 km/h do motor a vapor. O primeiro

Barco a vapor

navio a vapor cruzou o
Atlantico 32 anos depois.

a humilde roda revolucionou o transporte.

para transportar cargas pesadas.

Quero Saber | 085
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ciencies - History.....and...future

Lisbon - Porto
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FC Ciéncias
ULisboa

History.....and...future

~ Year 1859

~ Year 1864

~ Year 2000

~ Year 2016

15t train

7 days

14h

2h35 Alfa
Pendular

<1h Airplane
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ciencies - History.....and...future

Corunha

Corunha & O .., :

L |
f’ Salamanca
) » d ]

5

j

]

{ -
XG‘ib ral

U ol 2 ¥ . 7/{‘_‘ . =
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cencies - History.....and...future

New York on the 1800’s

=]
.
7
’
/
4
P
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cencies - History.....and...future

Lisbon on the 1800’s, CARRIS carriage

SEa ]
R 1
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Elﬁ[?:;;gs History.....and...future

Lisbon Av. 24 Julho 1912, CARRIS electric tram
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Eﬁ[?:;ggs History.....and...future

Walk....always....Energy????
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cencies - History.....and...future

Walk....always....Energy????

Basal Digestion: Physical
Metabolism Thermic effect of food Activity

L)

Total
Energy
Expenditure

)
=~
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Cl e History.....and...future - Energy

ULisboa

Air from

atmosphere . o |

| > HUMAN BODY Air emissions from breathing
energy | >

| > generation

Food (proteins, —

fat,
hydrocarbons, Waste (liquid,
water) solid, gaseous
and thermal
Venergy)
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ULisboa

El cencies - History.....and...future - Energy

Air from

atmosphere Air emissions from combustion
| > CAR

energy I >

| > generation

Diesel or —

gasoline fuel

Or Waste

hydrocarbon (thermal

CH,0, energy,

Vparticles from
tires; oil leaks)
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cencies - History.....and...future - Energy

Air emissions from combustion

—
1970 @'860‘ 2013 | o)

Stricker emission standards
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National Emissions Totals (thousands of tons)

30,000

25,000

20,000

15,000

10,000

cecies - History.....and...future - Emissions

NOX USA

1970 1975 1980 1985 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Previously...e.g. 1800....1970????

B WASTE DISPOSAL & RECYCLING
B STORAGE & TRANSPORT
B SOLVENT UTILIZATION
B OTHER INDUSTRIAL PROCESSES
B PETROLEUM & RELATED INDUSTRIES
B METALS PROCESSING
CHEMICAL & ALLIED PRODUCT MFG
B FUEL COMB. OTHER
B MISCELLANEQUS
B FUEL COMB. INDUSTRIAL
B FUEL COMB. ELEC. UTIL
B OFF-HIGHWAY
B HIGHWAY VEHICLES
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cincies - History.....and...future - Emissions

ULisboa

CO, Thailand

70.00

60.00

50.00

40.00
30.00

(Mtons)

20.00
10.00

CO2 Emission in transport sector

0.00

Fig. 2. The statistics of CO, concentrations in the transportation sector from 1989
to 2012.

Previously...e.g. 1800....1989????
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cincies - History.....and...future - Emissions

ULisboa

O, UK

UK transport - carbon dioxide emissions from 1970
140

120

100

03]
o
]

CO2 emissions (millions tonnes)

1970 1975 1980 1985 1990 1995 2000 2005

|l Passenger cars [ Light & heavy goods vehicles m All other ‘ Copyright © 2010 - www.chrisbeales net

Previously...e.g. 1800....19707????
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History...

FC Ciéncias
ULisboa

..and...future - Emissions

Substance

Inhaled air (%)

Exhaled air (%)

Explanation

Nitrogen (N,)

78

75

Not used

Oxygen (O,) 21 16 Used in respiration
Carbon dioxide (CO,) 0.04 4 Produced in respiration
Inert (e.g. argon) 0.9 0.9 Not used
Volatile organic Variable, Variable Not used
compounds (VOC, H and C | depend outside | depends on
and O) air quality outside air
quality
Water (variable) @ variable Typical 4 Produced in respiration
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cencies - History.....and...future - Energy

Transport Energy Efficiency

(More efficient) 3alc DEr [ : Of! ; (Less efficient)
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History.....and...future - Emissions

Carbon Intensity of Travel: g COZe/pkm

Large Car (15 MPG)
Long Flight (business)
Medium Car (25 MPG)

Average Local Bus (US)
Motorbike (50 MPG)
Long Flight (economy)
Small Car (35 MPG)
Electric Car (US grid)
Short Flight (economy)
Heavy Rail (US)

Hybrid Car (45 MPG)
Scooter (80 MPG)
Coach (US)

Metro (NYC)

Electric Car (Solar)
School Bus (US)
Eurostar Rail (France)

43
T e -
28 137 PB3
hs 142 FEH
23 110 20
114 PR
22 98 iG]
EA s7

[ og
BE 92
28 76 T}
20 69 K

[ 67 _H

| 47

m Direct fuel

. Indirect fuel
| S
0 50 100 150 200 250 300

® Manufacturing

Note: All figures are grams of carbon dioxide equivalents per passenger kilometre

(g CO9e/pkm). Figures include direct fuel emissions from combustion, indirect fuel
emissions from production and vehicle manufacturing emissions. Average loading is
assumed for each mode of travel, 1.6 for all cars and 1 for motorbikes. Miles per gallon
(MPG) is on road efficiency in US gallons. Mo radiative forcing multiplier is used for air
travel. The electric car is assumed to achieve 200 Wh/km.

Sources: DEFRA, EIA, EPA, GREET 1.8, Chester & Horvath

e
Shrink That Footprint

Slow
Efficient (food-energy)
Low CO2 ( ~0.01 g/pkm)
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El cencies  History.....and...future - Emissions

3.0 Very Largs Container Vessal (18,000 teu) JIESSEEERE

B.8 Ol Tanker (80,000 « 118,566 dvt] Sl —

7.0 Bulk Carrer (10,000 - 34 860 dut) Sl

B0 Trudk [= 40 Tonnes) -

Air Fredght (747, Capecity 113 Tonmes) ))-

100 200 i 400 500

Source: MO GHG Shady, 2000 AP Mollar-htssrsk, A4, Graph provided coomasy of tha |mamatonal Chamber of Shipping GS)
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C|se= OPEN QUESTION

Consider the transportation system in the figure next slide. With the OD
matrices regarding n®" of trips and n®" trips per day (flows) and regarding
road distances, estimate, for the System:

* Number of links, nodes and carriers;

* Number of total trips per week;

* Energy consumption; in MJ/week;

CO, emissions; in g/week.
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OPEN QUESTION

FC Ciéncias
ULisboa

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
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