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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?

4 dimensions- 19 Indicators
4 dimensions- 19 Indicators
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What is sustainable mobility?

5 dimensions- 55 Indicators

Transport emissions and 

energy efficiency 
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Indicators of sustainable Mobility
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What is sustainable mobility?

SHARED MOBILITY

International organisation for public transport 
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What is sustainable mobility?

19 INDICATORS
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What is sustainable mobility?
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Looking to Final energy efficiency

Average values!!!!!
Should have standard 

deviation….
��

���
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Review

TIER 1 ?

TIER 2 ?

TIER 3 ?

ETOTAL = EHOT + ECOLD

ETOTAL = EURBAN + ERURAL + EHIGHWAY
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Review

TIER 1 ?

EF = Emission Factor (g/km) = f(fuel 

consumption)=g/kg*kg/km 
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Review

TIER 2 ?

EF = Emission Factor (g/km) ≠ f(fuel consumption)

EF = Emission Factor (g/km) = f(vehicle category & 

standard)
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Tier 3

EF = Emission Factor (g/km) = f(vehicle category & 

standard, average speed, ambient temperature, 

A/C, Road slope, load)

Minimum ∼ 70 km/h

EF/

FC

v
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Review

Without refueling info? With GPS

info….microsimulation aproach

Driving cycle

120 km/h

v (km/h)

t (s)

0 km/h

urban urban
Highway
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Roling Rr = kr(m+mp)g•cosγ
Road gradient Fw =(m+mp)g•sinγ
Aerodynamics Ra=1/2•ρCd A f v2

Propultion Fp =(km•m+mp)•dv/dt

Review

Microsimulation approach
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Review
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Review

Conclusions P#4,P#5,P#6, P#7: Total emissions per year

Emissions/Fleet

Lisbon-Porto 

TAP 5 roudtrip

SofLusa

Lisboa-

Barreiro

Lisbon-Porto 

5 Car fleet

Lisbon-Porto Alfa 

pendular

(1 roundtrip/day)

CO2 (ton/year) 19 000 16 580 140 1750

NOx (ton/year)
32 415 0.2 1.2

PM2.5 (ton/year) 6.5 7.4 0.1 NA
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GEMIS
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GEMIS

Pkm/year/aircraft = 162 pas/trip*2 trip/day*365 day/year*352 km/trip = 41627520

Lifetime 30 years for materials  
Emissions/Fleet

Lisbon-Porto TAP

Tier 1

Lisbon-Porto TAP

Gemis

w/out construction

Lisbon-Porto TAP 

Gemis w/out construction

Scope Local

CO2 (ton/year) 19 000 5* 4205 = 21025 5*3663 = 18315

NOx (ton/year) 32
5* 15 = 75 5*14 = 70

PM2.5 (ton/year) 6.5 5* 0.2 = 1 5* 0.035 = 0.2 
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Public transport-BRT systems
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Public transport-BRT systems

Avenida 9 de Julio in Buenos Aires, before and 

after the addition of the Metrobus.
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Curitiba and sustainable mobility

Bus rapid transit system

First Bus Rapid Transit system @1974
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A mobilidade urbana é um dos pontos de destaque na avaliação da cidade.

bus rapid transit (BRT)

City planned in parallel

Bus rapid transit system

Curitiba and sustainable mobility
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A mobilidade urbana é um dos pontos de destaque na avaliação da cidade.

Curitiba
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Curitiba



1st Semester 2017-2018|  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt 28

Curitiba
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Curitiba
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Curitiba has just 35 km of exclusive bicycles 

lanes (Berlim 620 km)

BRT 82 km

Metropolitan region c.a. 3000000 inhabitants

Curitiba

http://www.biocidade.curitiba.pr.gov.br/biocity/04.html
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Curitiba consume less 30% in transport compared to same size Brazilian cities

Bus rapid transit system

http://www.infohab.org.br/entac2014/2012/docs/0511.pdf
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Global BRT data

https://brtdata.org/
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SUMP - Sustainable urban mobility plans
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SUMP - Sustainable mobility plans

Characterization 

of current status

SURVEYS

Vision for the future

Scenario building
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Surveys
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Surveys
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Surveys

Commuting(regional interactions), 2011 
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Surveys

Means of transport in commuting 
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Surveys

Average time in commuting (average 30 min 2001; 26 min 2011)
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How people travel? 

When people travel?

Why people travel?

How people travel?

Surveys
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How people travel? 

Why people travel?

Surveys
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How people travel? 

How people travel?

Surveys
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How people travel? 

When people travel?

Surveys
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How people travel? 

When people travel?

Why people travel?

How people travel?

Surveys
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How people travel? 

Surveys
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How people travel? 

Surveys
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Surveys

Area = 1
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How people travel? Origin –Destination

How many respondents?

N= total population (small size)

Z = confidence level (90%, 99%, 95%)

e = margin of error (e.g. 5% input 0.05)

p= 50% (estimative of answer, 0.5)

N > 100.000 individuals ⇒ Sample size

Surveys
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How many respondents?

margin of error (or confidence intervals)

Suppose in your survey 40% of the respondents pick a certain answer and your margin 

of error is 2%. This would mean that if you interrogate the total population, you can 

be sure that between 38% and 42% would pick the same answer

Surveys
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How many respondents?

Confidence level

How often the actual percentage of the population that picks a certain answer, lies 

within the margin of error. In market research, margins of error are calculated 

generally for a confidence level of 95%.

Confidence level 90% -> Z=1.645

Confidence level 95% -> Z=1.96

Confidence level 99% -> Z=2.575

Surveys
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How people travel? Origin –Destination

How many respondents?

Surveys

N > 100 000
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Exercice

P#8 Your survey results are meanfull for FCUL population? 

FCUL population  5849
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Exercice

P#9 Your survey results are meanfull for FCUL population, respondents 23? 

FCUL population  N=5849 < 100 000 ⇒

Several questions for example:  Willing to use an Autonomous Vehicle?

1. Margin or error, i.e, expect the population answer will be in 2% of the sample’s e=0.02

2. We think the answer would be 50% chance of yes or no      p=0.5 

3. Level of confidence, i.e., 95% chance of population answers fall within the margin of error 

Z=1.96
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Exercice

Z 1.96

p 0.5

e 0.02

N 5849

Sample size 1702.236

Z 1.96

p 0.5

e 0.1

N 5849

Sample size 94.48

Z 1.645

p 0.5

e 0.1

N 5849

Sample size 66.87711

Not even at 10% margin error and 90% confidence!!
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P#10 the following survey results are meaningful?

Surveys

1511 persons

10 countries (overall population > 2 000 million )
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Surveys

N >> 100 000

Z 1.96

p 0.5

e 0.02

N 2000000000

Sample size 2400.99712

N Sample size

100000 2344.70367

500000 2389.5255

1000000 2395.24901

1000000000 2400.99424

2000000000 2400.99712

Z 1.96

p 0.5

e 0.03

N 2000000000

Sample size 1067.11054

Margin of error 

increase 



Thanks




