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Sustainable mobility indicators (7 to 55!)
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C5 Indicators of sustainable Mobility

11 Indicators/metrics

Environmental Emissions per year (per capita)

DIMENSION NOx (NO and NO,)

VOCs
CO

Human exposure/air — PM10 Ton or

quality related PM2.5 g/year
SOx Or

_ O, g/pkm

co,
N,O

Global warming related CH,

Energy consumption per year (per capita)

MJ or

MJ/year

Or

MJ/pkm °
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Home <:>Work (or university)

Commuting

Carla Silva camsilva@fc.ul.pt
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Emissions
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ULisboa

Walking....always....speed? Energy????Emissions???

The Revised Harris-Benedict Equation:

13.39Tm  A79h  5.677Ta ) kel
o formen P= + - +88.362 | — Basal energy
lkg  lem  lyear day
2 . 4, keal
— L 33ﬂ“+447.593)i
lkg  Tem  Iyear day

Harris JA, Benedict FG (1918). "A Biometric Study of Human Basal Metabolism".
Proceedings of the National Academy of Sciences of the United States of America. 4 (12):

370-3.

A Biometric Study of Basal Metabolism in Man. J. Arthur Harris and Francis G. Benedict.
Washington, DC: Carnegie Institution, 1919.
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-55.0969 + (0.6309 x HR) + (0.1988 x W) + (0.2017 x A)

Activity energy kJ/min

-20.4022 + (0.4472 x HR) - (0.1263 x W) + (0.074 x A)

HR = Heart rate (in beats/minute)
W = Weight (in kilograms)

A = Age (in years)

Carla Silva camsilva@fc.ul.pt
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ULisboa

Metabolic Work Rate (Watts or J/s)

MWR =-1967 + 8. 58 HR + 25.1 HT + 450 A—7.47 RHR +67.8 G

Where,

HR is heart rate (bpm)

HT is height (in.)

A is age (yr),

RHR is resting heart rate (bpm)
G is gender (M=0, F=1).

@ Predictive Models for Estimating Metabolic Workload based on Heart Rate and
Physical Characteristics

Carla Silva camsilva@fc.ul.pt 10
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Industrial
Hygiene
Control

of Airborne

et 0.075 gCO,/MJ

William Popendorf
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Estimate your energy for regular walking (at least 3 repetitions of the
measurements), in MJ/pkm, and speed (km/h). What would be your

graph?
Excel file by e-mail

km/h
km/h

MJ/pkm g/pkm

Carla Silva camsilva@fc.ul.pt 12
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Measurements by ACTIVITY WATCH w/ GPS

Free app for Android and iPhone

Strava DOWNLOAD

STRAVA

who didn‘t record? EENGIZIONE Huami Amazfi

Wikm 1211m P

Elev al
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‘ 13:43 fem 178 m o
CERE T
o
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e salas de conferéncia
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s
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Mouse right click;
Inspect;

Network;

Filter by “stream”;

Select Response;

“ [ ﬂ Elements Console  Sources  Network > 0144 : X
® 0 B Y Q | View = = Group by frame | [J Preserve log Disable cac
stream ) Hide data URLs
@ XHR JS (€SS Img Media Font Doc WS Manifest Other
Search headers and response bodies for stream  Find All
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X  Headers Preview Response Cookies Timing

Name
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¢ Console What's New X X
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n the Console without explicitly

()
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14

Carla Silva camsilva@fc.ul.pt



Ciéncias 1st Semester 2019-2020| Sustainable mobility
ULisboa

Measurements by ACTIVITY WATCH w/ GPS

STRAVA o -
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Measurements by ACTIVITY WATCH w/ GPS

STRAVA . -
- 13
100 -
- 11
B e o i
80 - 09 J
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| @ —&—Final energy ot
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s Time (s

distance 0.8 km Correlation #1 Z&X=Ba5aL 4 14286 0.010
Distance
bpm 89 bpm MJ/pkm g/pkm
time 644.64 seconds Correlation #2 Combined
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~N
4' 5 km/ E /// Comparison of journey speeds by different modes of transport in town /11111111
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Exercice #1 ldentify the final energy consumption and direct emissions in these
mobility examples.

Consequential
GHG emissions 20.2 million tonne CO-equivalents
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shutterstock.com » 140323552
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Cls  Exercices

Exercice #1 ldentify the final energy consumption and direct emissions in these examples.

. =
: PROCESSING > DISTRIBUTION
i 2 e

cradle to gate

grower to grocer

Life cycle assessment

paddock to plate / farm to fork {

can explore different
cradle to grave /  parts of the life cycle
from cradle to grave.

ELECTRICITY

Extraction CoORVErEion Transmission

ok Inport & Distribution Conversion

PRIMARY -Oil SECONDARY-Diesel  FINAL - Diesel USEFUL - Heat
-Gas - Kerosene - Kerosene - Lighting
-Coal - Gas - Gas - Mechanical
-Uranium - Electricity - Electricity energy
-Hydro - Coal - Coal
-Wind
-Solar

Carla Silva camsilva@fc.ul.pt 19
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Exercice #2 Identify the final energy consumtpion in MJ/pkm MJ/year and CO,
emissions in g/pkm kg/year, for this imaginarium location; population 10 people! In
commuting 2 km.

__ Height Weight BPM
(cm) (kg) BPM basal exercise Age Sex T (s) o
171 53 68 128 17 M Luis 32 e @
165 55 56 108 17 F Joana 34
183 62 89 160 15 M Jodo 37
174 67 68 116 17 M Francisco 41
183 73 76 104 17 M Jodo 42
e Height (cm) W (kg) BPM basal BPM walking A Sex T(s)
( . largarida 161 63 76 88 17 F 137 o
/ - -atarina 161 54 76 84 16 F 133
) viariana 164 60 80 160 16 F 43
" Joana 158 47.5 64 84 16 F 126.6
viariana 178 60 76 92 16 F 126.6

shutterstock.com » 140323552
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Exercice #3 Identify the final energy consumtpion in MJ/pkm and CO, emissions in
g/pkm for this imaginarium location; population 10 people! In commuting 2 km.

E-bike (speed limit 22 km/h)

Case study, change from convencional
bikes to eletric bikes ? What wili

( : happen?

shutterstock.com » 140323552
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Exercice #3 supplemental information

Exercises

Electricity generation — CO2 emission intensity

e00 = Eurocpean Union {current compaosition)
Electricity generation
450
200
2016
m European Union {current composition) Electricity generation: 295.8
150
0
i =y W oy ks i Lx] , e i) (n] i T 4] i L] L) & & = oy W o L “ o
o o o o o o o o o & 8 & g & o = = = X = =~ =
A A A A A - S & F F A F FFF S

Carla Silva camsilva@fc.ul.pt
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e EXE@rCISes

Exercice #3 supplemental information

E ' s A ' ENERGY TECHNOLOGY SYSTEMS ANALYSIS PROGRAMME
———— &

© IEA ETSAP - Technology Brief E12 - April 2014 - www.etsap.org

Enewv' Technology
Network

Table 3 - Electric power transmission and distribution losses (% of output) [8]

Country Name 2005 2006 2007 2008 2009 2010
Arab World 12.41 11.49 12.37 13.24 13.24 12.41
Caribbean small states 8.58 9.29 7.26 6.06 434 11.60
East Asia & Pacific (all income levels) 6.35 6.18 6.01 5.96 592 5.89
East Asia & Pacific (developing only) 742 7.06 6.78 6.60 6.41 6.46
Euro area 6.09 5.34 541 5.34 5.29 5.09
Europe & Central Asia (all income levels) 8.57 8.03 7.95 7.89 7.97 7.68
Europe & Central Asia (developing only) 13.29 13.09 13.05 12.68 13.07 1243
European Union 6.67 6.08 6.12 6.07 6.08 5.86
Heavily indebted poor countries (HIPC) 17.18 16.41 16.10 16.96 16.27 17.67
Latin America & Caribbean (all income levels) 16.18 16.37 16.24 15.95 16.23 15.31
Latin America & Caribbean (developing only) 16.57 16.80 16.76 16.44 16.63 15.74
Least developed countries: UN classification 14.91 13.35 1348 13.47 12.31 12.03
Middle East & North Africa (all income levels) 13.04 12.46 13.19 1348 13.16 12.29
Middle East & North Africa (developing only) 16.13 16.23 17.35 17.65 17.08 1541
North America 6.37 6.44 6.45 6.17 6.93 6.58
OECD members 648 6.34 6.32 6.21 6.60 6.33
Other small states 22.08 21.68 2484 21.51 23.09 2045
South Asia 2493 2341 21.83 21.24 21.06 20.66
Sub-Saharan Africa (all income levels) 11.26 11.63 10.23 10.57 11.00 11.79
Sub-Saharan Africa (developing only) 11.26 11.63 10.23 1057 11.00 11.79
World 8.84 8.61 8.47 8.37 8.62 8.31

Carla Silva camsilva@fc.ul.pt 23
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ULisboa B I ke

¢ SIEMENS QORBITA

fu&%ui{y-foru{g EST. 1971

Battery 1,12 kWh Final energy

2727
Eletric motor 3 kW MJ/pkm??"

Top speed 24 km/h

24
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[C]s E-gike Example

Real use Final energy MJ/pkm???biogenic vs eletric

g = TR - .l N\ ' g . Samora Correla
o . . - 1 y 4 &4
>
Yo ya® > (4 . i
MONTACHIQUE? S . £ 4 \ 7 .
f X e
A ica
< v . A13
Estuario ‘ L
! 'doiTejo
IC3 i
-
A3
& rd

E-bike swap

Carla Silva camsilva@fc.ul.pt 25
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% E-Bike Example

Representation first 5 km

==f==convencional-bpm  =<=convencional bioenergy =~ =—=—-e-bike speed

ELECTRICITY

(] [

’(:) Real range: 30 km spent 1.12 kWh —> 1.12/30 * 3.6 = 0.13 MJ/pkm
— final energy electricity

Carla Silva camsilva@fc.ul.pt 26
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SUMP - Sustainable urban mobility plans

European Platform
on Sustainable Urban
Mobility Plans

Guidelines

Developing and Implementing
a Sustainable Urban Mobility Plan

Funded by the inteéigen Ensrgy Eurcpe
of the

Carla Silva camsilva@fc.ul.pt
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Mitestone:
Final impact ent
mn‘,:;::‘ ) @ Commit to overall sustainable mobility principles
@ Assess anmpact of reglonal/nationd framework
1.1 Update curmeat plan regularty Starting Point: @ O Sahars et et
Tiavvimn achievemants - e
T | derstand sucoess and faillure improve mobllity @ Revew availability of resources
and quality
113 dentify new chalenges of life for our @ Defne basic tmeline
for next SUMP genaration citizenst
M- the ‘ D ldumitify kary actom and stabebolders
10,1 Manage plan implermentation fessons L ook beyond you
boundanes and resoonnbalmes
102 Mferm and engage the citesens Strive far policy coordination and
SoR Check progress towards 10 R o~ G 3
achieving the objectives Sant and Plan stakwholder and citizen
communication| IMplementing okt
Mileatenss the plan well Agrew cen workplan snd
SUMP mar
document _ Prepare an analysis of
< . 1 5
adopted S N Suistainable probiems and opportunities
53 E'hehc: :‘\e quality Sustainable Urban 93) Develop scenarios
t an E Mob! : 18
£ UM;M iy Mobility oz
(9.2 Adopt the plar - > 4 * mstore:
S TP ) N Planning Analysis of problems
_v", Cruate owrnwrhip & opportunities conchuded
T ofthe plan /,/'”‘\__ : 8
& Elaboratin
8. Build 9 tranlsparent 4. Devel / Dervelog a cammuon vision of
| monitoring and goal setti ng o a1 obitiy and
G Arrange for & nte F / “ cammon m y and beyond
and evaluaton \ the plan = vision (43 Actively inform the public
SR P Z o
o 7.Agree 5Su
( o ey - = )  prorites and
sty sup Nl said resos oo mx::bammh‘ : . 6.Dewvelop measurable 5.1 |dentify the prories for mobility
) eftective N targets
7.2 Prepare an actuon and budget plan 'ﬁ:n‘d!q), e e 5.2 Develop SMART targets
measures

) Identify the most effective measures

6.2 |Learn from cthers' experience
Milestone:
Measares 63 Congzider bast valus for money
identified
6.4 Use synergics and create ntegrated packages of measures

d—

Characterization
of current status
SURVEYS

Vision for the future
Scenario building

Carla Silva camsilva@fc.ul.pt
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Noravel %q;a;rk Travel to work by modes of
transport, 2011.

Any other
0.7%

o 100% = 200.4 million.

R

Moped / Scooter /
Motor Cycle
Water transport 7.5%
0.4%
2.6% Bus
11.4% .
Tempo / Autorickshaw
/ Taxi
2.5%
L4

Surveys....
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fizi  Knowing how people move???

TP006: Mode share of journeys to work
(full time workers 6-9:30am; includes combined modes)

m1989/90 @1997/98 m2003-07 m2004-08 @2005-09 m2006-10 W2007-11 ©D2008-12 @2009-13 @2010-14

80%
0%
B0%
50%
40%
0%
20%
10%

0%

Drive Drive + walk Passenger Passenger Walk only Cycle PT/walk or PT/car or
+walk PT PT/ car/
walk
"Passenger " refers to passengers in private vehicles. Data source: New Zealand Household Travel
Please note that this graph visually compresses the Survey, Ministry of Transport exported on:
time intervals between 1989/90, 1997/98 and 2003-07. 812014
Surveys....

Carla Silva camsilva@fc.ul.pt 30
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s SUPVEYS

How people travel?

In confid

National
Travel
Suruey How people travel?

Why people travel?

When people travel?

Carla Silva camsilva@fc.ul.pt 31
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s SUPVEYS

How people travel?

Why people travel?

Ini confidence

Purpose share: Great Britain, 2010
(B0 F:| I (NTS web tables NTS0401 and NTS0402)

Travel
Survey Average number of trips Average distance travelled
Other leisure Commuting Other loisure Commuting
20%

Visiting friends Education
0% (including
escort)
8%
Other
and personal

Carla Silva camsilva@fc.ul.pt 32
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s SUPVEYS

How people travel?

How people travel?

Mode share: Great Britain, 2010
(NTS web tables NTS0301 and NTS0302)

~HIIEEN -HE-N-N-EE

In confidence

Natlunal A ber of tri A dista t lled
verage numbper or trips veraga stance travelle
Travel
suruey Lecal and non- Rail Other Other '.:::.kﬂlcpnle
local busas ¥ 2% Walk :.;“ o 1%
7% 22%
Local and non-

local buses
5%

Carivan Bicycle

passenger 2%
22%
Carlvan driver
Carivan 51%
Carfvan driver passenger
42% 27%
33
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s SUPVEYS

How people travel?

When people travel?

Trips in progress by time of day and day of week - index: Great Britain, 2010
(NTS web table NTS0501)

Nﬂtiﬂﬂa I w00 | =Monday to Friday = Saturday ~Sunday
Travel
Survey

Ini confidence

150

100 1

Index: average hour=100

T T T T T T T T T T T T T T T T T T
0000 0200 0400 0800 0800 1000 1200 1400 1600 1800 2000 2200
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How people travel?

In confid

National
Travel
Suruey How people travel?

Why people travel?

When people travel?

Carla Silva camsilva@fc.ul.pt 35
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ULisboa Su rveys

CENSOS
w201

XV recenseamento geral da populacao
V recenseamento geral da habitacao

RESULTADDS MOVIMENTOS PENDULARES.....

MEIO DE TRANSPORTE UTILIZADO NOS MOVIMENTOS PENDULARES

D E FI N ITIVD S TEMPO MEDIO POR DESLOCACAO PENDULAR

LISBOA

Carla Silva camsilva@fc.ul.pt 36
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Ciéncias

ULisboa Su rveys

Commuting(regional interactions), 2011

37
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ULisboa Su rveys

Means of transport in commuting

0 10 20 30 40

w2011 2001

Carla Silva camsilva@fc.ul.pt 38
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Average time in commuting (average 30 min 2001; 26 min 2011)

TEMPO MEDIO POR DESLOCACAO, 2011

POPULACAO POR ESCALAD DE TEMPO
DE DESLOCACAD, 2001 E 2011

escaibes de tempo de deslocsgBo em minutos)
Mais. de 00 L":;
De61a90 ‘s’"m

De 162 30 -

29,51

m2011 1

Carla Silva camsilva@fc.ul.pt
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f Ciéncias
ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon
—_— ?\ W
; - European I
= ~ Commission “ .
DE ESTATISTICA

eu rOStat - STATISTICS PORTUGAL
2,57 milhdes de pessoas

1,60 milhdes de pessoas
AM Porto

IMatosinhos V210190 Barades

1837:87.7]
1804:837]

%
Bl 1808.851)
178.9:8038]

“". 1728:789]
169.9:7258]
gl 1780:804]
/\ N 1756:780]
Il Limites Territorias I
A A /\ NuTSH 4 85 3
e S - o 5 em
— Al
40
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ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon

46 080 valid answers, 18169 na AMP e 27911 na AML, contemplando um total de 99144
individuos (40393 na AMP e 58751 na AML).

Campain: October-December 2017

1st Web (Computer Assisted Web Interview-CAWI)

2nd Face to face interviews(Computer Assisted Personal Interview-CAPI) for the non
respondants 1st stage.

Carla Silva camsilva@fc.ul.pt 41
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Surveys
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Recent mobility survey 20

17 Porto and Lisbon

Why people travel?

Figura 16 — Distribuicao do nimero de deslocacoes por motivo de deslocacao (excluindo “regresso a casa”)

s Dias Uteis
S.D.F.

AM Porto e Dias Uteis :
— Trabalho SDF AM Lisboa
Nidpoe: 400 1\ T Unidade: % 4033??'“°
oura 300\ - How people travel?
9= <8 _—~ I\ ~_ > Compras Outr ~30,0_1F ~
atIVIdade“ 2 ~ 20'0/ ) % . anvt‘dae:je {;/ ,’ \:;\‘ CompraS
S o N 20,0 4
/10,0 A~ \ . ol il
[ KA1 10,0 -~ XA
Q’*} When people travel? N ) \
e e Y ———_| Acomp. ,& N\ =3 |
Estudo . \ familiares Estudo L— P / e Acomp.
\ d / familiares
Laze“r"“l \ Assuntos '
pessoais Ligas *;Assuntc.)s
pessoais
42
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ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon

How people travel?

Figura 18 — Distribuicao do nimero de deslocagdes por principal meio de transporte, nos dias uteis
(globalidade dos meios de transporte)

B 9%

o 1.3%
W 33%

*&) 19,1%

Outros 1,2% Outros 1,4%
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ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon

How fast people travel?

Average 30 km/h

Why car?

* Speed;
e Confort;
* No public transport direct connection between origin and destination.

Carla Silva camsilva@fc.ul.pt 44
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ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?
Quadro 6

Deslocagdes por tipo de dia e meio de transporte principal da deslocagao

AM Lisboa
Unidade:10°
[ ]
e Number trips
Total semanal Dias uteis SDF a)
AM Lisboa 37,697.1 27,439.7 10,257.4 P d
Transporte individual 22,542.4 15,715.5 6,826.9 e r m o e
Automovel - condutor 17,326.3 12,334.4 4,992.0
Automovel - passageiro 4,884.7 3,110.2 1,774.5
Motociclo/ciclomotor 331.3 270.9 60.4
Transporte publico 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 357.4 263.4 924.1

a) SDF - Sabados, domingos e Feriados
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ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?

Quadro 9

km per trip

Tempo e distancia por deslocacao, segundo o principal meio de transporte das deslocag¢ées

AM Lisboa
Duragdo média (minutos) Distancia média (km)
AM Lisboa 24.3 10.3
Automovel - condutor 21.7 12.7
Automovel - passageiro 20.8 13.3
Motociclo/ciclomotor 18.0 11.7
Autocarro (transporte publico) 45.7 12.1
Comboio 53.4 19.1
Metropolitano 39.7 8.5
Barco 58.1 19.5
Taxi 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 deslocages internacionais
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ULisbocls S u rveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?

2.(Number trip; X km per trip, X EC))

. mode of transport

EC. final energy consumption by mode (MJ/pkm)
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How people travel?

Universe
(theoretical target
population)
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sometimes called Loss (non-
sampling frame response)
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Clie 15t assignment

How people travel? 2017 FCUL survey
(overall population, students, professores, researchers, others)
e Origin -destination distance
* Transportation mode
* Commuting duration and average speed
* Car ownership (#cars per #family) comparison with national average

* Location parking for those who use the car
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Clie 15t assignment

How people travel? 2017 FCUL survey

* Why not public transport for those who use car
* Rush hours (morning peak and afternoon peak)
* Willingness to drive an EV?

* Willingness to use carsharing?

* Willingness to use carpooling?

* Willingness to use bikesharing?

* Willingness to be on na autonomous car/drive and a full autonomous car
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Clie 15t assignment

How people travel? 2017 FCUL survey due 10 november

* emissions per capita

CO2

PM 10

NOXx

CO2eq per year WTT and TTW

and.....as additional conclusions
* Main difficulties dealing with the file?

* Lessons learned
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* First steps in a sustainable mobility plan;
* Mobility measures;
 How to design a survey to get the right answers;

* Final energy consumption/emission estimation from surveys.
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