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Lisbon versus Porto (metropolitan areas)

Entradas nos municpios da AM Porto Entradas nos munidpios da AM Lisboa

sustainable mobility????
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emissions from commuting in kg/capita/year (non-biogenic)
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PM10 10 Annual hourly arithmetic average
NOXx 10 Annual hourly arithmetic average
O, 10 Annual hourly arithmetic average
Energy 5 % fossil final energy consumption

Minimum and maximum values of indicator scale

PM10 150 -10 (pg/m?3)

co, 7.5- 0 (ton/capita/year)
NO, 200- 0 (ug/m?)

O; 240-0 (pg/m3)

Energy 100-0 (%)
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ULisboa Su rveys

Capita

Area Metropolitana do Porto (AMP) 1.60 Million people

Area Metropolitana de Lisboa (AML) 2.57 Million people

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

Exercise. Recent mobility survey 2017 Porto and Lisbon. Calculate the sustainable
mobility index for each city. What can you say?

Impact of people travel?

Quadro 9

km per trip

Tempo e distancia por deslocagao, segundo o principal meio de transporte das desloca¢ées

AM Lisboa
Duragdo média (minutos) Distancia média (km)
AM Lisboa 24.3 103
car Automovel - condutor 21.7 12.7
Automovel - passageiro 20.8 13.3
motorbike Motociclo/ciclomotor 18.0 11.7
bus Autocarro (transporte publico) 45.7 12.1
train  Comboio 53.4 19.1
subway Metropolitano 39.7 8.5
boat Barco 58.1 19.5
Taxi 19.6 6.4
van Transporte escolar / empresa 32.6 17.2
walk A pé 17.0 1.5
bike Bicicleta 36.2 8.8
Outro/desconhecido 31.7 24.2

Nota: Exclui as deslocagbes internacionais

Carla Silva camsilva@fc.ul.pt 8
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ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?
Quadro 6

Deslocagoes por tipo de dia e meio de transporte principal da deslocagdo

AM Lisboa
Unidade:10°
[ ]
Lin Number trips
Total semanal Dias uteis SDF a)
AM Lisboa 37,697.1 27,439.7 10,257.4 e r
Transporte individual 22,542.4 15,715.5 6,826.9 p
Automovel - condutor 17,326.3 12,334.4 4,992.0
car . )
AutomOdvel - passageiro 4,884.7 3,110.2 1,774.5 d ~ I
motorbike Motociclo/ciclomotor 331.3 270.9 60.4 m O e p eo p e
Transporte publico ou coletivo 5,939.5 5,056.6 882.9
Dos quais: d
bus Autocarro 2,945.9 2,476.0 469.9 pe r m O e
train  Comboio 1,215.7 1,032.0 183.7
subway Metropolitano 1,167.8 1,014.6 153.2
Walk and bikeModos suaves (a pé e bicicleta) 8,857.7 6,404.3 2,453.4
Outro/desconhecido 357.4 263.4 94.1

a) SDF - Sdbados, domingos e Feriados
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ULisboa S u rveys

Quadro  votar o e

Tempo e distidncia por deslocagdo, segundo o principal meio de transporte das deslocacoes km per trip

AM Porto

AM Porto 21.8 10.1
Automovel - condutor 18.0 114
Automovel - passageiro 17.6 114
Maotociclo/ciclomotor 13.5 7.4
Autocarro (transporte publico) 40.6 9.8
Comboio 57.6 31.0
Metropolitano 37.6 9.4
Barco 12.5 0.7
Taxi 13.4 8.7
Transporte escolar / empresa 32.8 23.5
A pé 24.5 2.3
Bicicleta 35.9 9.5
Outro/desconhecido 38.2 34.8

Mota: Exclui as deslocacdes internacionais

Carla Silva camsilva@fc.ul.pt 10
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ULisboa Su rveys

Quadro 6 ot oinsee |

Deslocacdes por tipo de dia e meio de transporte principal da deslocacdo

AM Porto
Unidade:10°
AM Porto 23,987.4 17,098.6 6,338.8 °
Transporte individual 16,546.7 11,372.4 5174.3 N u m b e r t rl p S
Automovel - condutor 12,162.1 8,454.0 3,708.1
Automdvel - passageiro 4,061.4 2,687.8 1,373.7 Pe r m O d e
Motociclofciclomotor 323.1 230.6 92.5
Transporte pablico ou coletivo 2,670.4 2,282.1 383.3
Dos quais:
Autocarro 1,628.5 1,384.7 243.9
Comboio 190.2 168.6 21.6
Metropolitano 473.9 390.6 83.3
Modos suaves (a pé e bicicleta) 4,536.0 3,268.1 1,268.7
Outro/desconhecido 201.1 57.5 2335

a) SDF - Sabados, domingos e Feriados

Carla Silva camsilva@fc.ul.pt 1
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“= Lishon

BUS
Data MJ/pkm from sustainability

report 1.6 MJ/pkm

CAR
——> Most sold vehicle, VCA info

0-100 km/h  14.5s
European test cycle I/100km 5.6
1059 kg (2 MJ/km)
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e Lisbon

Data MJ/pkm from sustainability
report 0.3 MJ/pkm

——> Data 16.9 MJ/pkm from
sustainability report

Carla Silva camsilva@fc.ul.pt
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C gi_?snbcoigs Porto

BUS
Data MJ/pkm from sustainability

report 0.7 MJ/pkm

CAR
——> Most sold vehicle, VCA info

0-100 km/h  14.5s
European test cycle I/100km 5.6
1059 kg (2 MJ/km)

Carla Silva camsilva@fc.ul.pt



Ciéncias 1st Semester 2017-2018 | Sustainable Mobility
v Porto

Data MJ/pkm from sustainability
report 0.3 MJ/pkm

——> Data 0.47 MJ/pkm from sustainability
report (0.131 kWh/pkm)

Carla Silva camsilva@fc.ul.pt
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Road transport/Tier 1

1st Semester 2017-2018 | Sustainable Mobility

First estimation (high uncertainty) emissions proportional to fuel consumption

Table 3.15: Tier 1 — Typical fuel consumption figures, per km, by category of vehicle

60g/km*42.5MJ/

—> kg*107-3kg/g=2.6
MJ/km

5 10.2 MJ/km

Vehicle category (j) Fuel cons-ll.-l):::act?tl);u(d il
Petrol 70
Diesel 60 -
Passenger cars LPG TR
E85 86.5
CNG 62.6
Petrol 100
sl Diesel 80
Diesel 240 —
HDY CNG (buses) 500
Two-wheel vehicles Petrol 35 -

> 35g/km*44MJ/kg

*101-3kg/g=1.54
MJ/km

Carla Silva camsilva@fc.ul.pt

16



FC Si?snbc;gs Road transport/Tier 1'2'3?? 1st Semester 2017-2018 | Sustainable Mobility

1.A.3.b.1, 1.A.3.b.ii, 1.A.3.b.iii, 1.A.3.b.iv

Passenger cars, light commercial trucks, heavy-duty vehicles including
buses and motor cycles

Figure 3-1 Decision tree for exhaust emissions from road transport

Ackivity Data  Calculation Factars  Emissions  Adwanced  Help

About COPERT 4

Are vehicle
km and mean
travelling speed available
per mode and vehicle

Yes Use Tier 3 approach,
using vehicle activity
based model, e.g.

technology? COPERT
[ 2 )
e°
eMmisiA
) Use Tier 2 Emissions
Are vehicle km per Yes Factors, based on vehicle

A

vehicle ?echnology km for different vehicle
available?” technologies

k Do you need this
| information for
s thisa YeS | Miechnoleges forcach the indicator?????

key category? NFR code, deriving
vehicle km for

vehicle sub-categories

No

No*
Apply Tier 1 *Note: Road Transport is very probably a Key
default EFs Category in all countries. Therefore, efforts
based on fuel should always be made to use a tier 2 or 3
consumption method for road transport emission estimation

Carla Silva 17
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Surveys, energy & emissions
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Or this from the European standard test cycle ?????

August 2017

Manufa
cturer
RENAU
LT Clio Euro6, 2015
RENAU

LT Clio Euro6, 2015
RENAU

LT Clio Euro6, 2015
RENAU Clio Sport Tourer
LT Euro6, 2015
RENAU Clio Sport Tourer
LT Euro6, 2015
RENAUL

T Clio Euro6, 2015
RENAUL Clio Sport Tourer
T Euro6, 2015

Model

| ?&%ﬁ Vehicle Certification Agency

Trans Engine Metric  Metric  Metric CO2 Emissions Emissions THC + NOx Particulates
missio Capacit Fuel Urban Extra- Combin g/k CO NOx Emissions [No.]
Description n y Type (Cold) Urban ed m  [mg/km] [mg/km] [mg/km] [mg/km]
Dies
dCi110S/S M6 1461 el 3.8 33 35 90 354 18 60 0.08
Energy dCi 90 Dies
S/S M5 1461 el 3.5 3.1 33 &5 158 33 60 0.08
Energy dCi 90 Dies
S/S ECO M5 1461 el 33 3.1 32 82 158 33 60 0.08
Dies
dCi905S/S M5 1461 el 3.5 3.1 33 &5 158 33 60 0.08
Energy dCi 90 Dies
S/S ECO M5 1461 el 3.4 3.1 32 84 158 33 60 0.08
Energy TCe 90
S/S M5 898 Petrol 5.7 4.1 4.7 105 327 28
Energy TCe 90
S/S M5 898 Petrol 5.7 4 46 104 327 28

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

Carla Silva camsilva@fc.ul.pt
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Cl5%S Fleet impacts

AQS — QUALAR data (downloads section)

Maia D.Manuel lI-Vermoim Urban  Traffic
Matosinhos Jodao Gomes Laranjo-S.Hora Urban  Traffic
Porto Francisco Sa Carneiro-Campanha Urban  Traffic

Lisboa  Entrecampos Urban  Traffic
Lisboa  Avenida da Liberdade Urban  Traffic
. Lisboa  Santa Cruz de Benfica Urban  Traffic
Odivelas Odivelas-Ramada Urban  Traffic

19
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Cl5%S Fleet impacts

AQS — QUALAR data (downloads section)

Lisboa  Entrecampos Urban  Traffic

Data Dioxido de Enxofre Particulas < 10 pm Ozono Didxido de Azoto Oxidos de Azoto Monéxido de Carbono Benzeno Monéxido de Azoto Particulas < 2.5 pm
(Hora UTC) pg/m3 ug/m3 pg/m3  pg/m3 ug/m3 mg/m3 pg/m3  pg/m3 ug/m3
01/10/2017 00:00 0,000 69,060 6,640 7,500 0,154 0,2 0,570

01/10/2017 01:00 0,070 66,450 6,910 8,540 0,160 0,2 1,060
01/10/2017 02:00 0,180 64,950 5,540 6,750 0,160 0,2 0,790

01/10/2017 03:00 0,730 61,160 7,540 10,680 0,148 0,1 2,040
01/10/2017 04:00 0,990 60,570 4,790 5,920 0,142 0,1 0,740

01/10/2017 05:00 1,330 55,530 8,690 13,250 0,151 0,1 2,970
01/10/2017 06:00 2,270 52,110 10,800 12,660 0,154 0,1 1,210
01/10/2017 07:00 2,160 48,110 13,360 16,650 0,168 0,1 2,140
01/10/2017 08:00 2,310 45,740 15,830 23,370 0,183 0,2 4,920
01/10/2017 09:00 2,720 52,910 13,050 20,060 0,189 0,2 4,570
01/10/2017 10:00 3,550 56,550 16,280 24,880 0,206 0,2 5,610
01/10/2017 11:00 3,260 67,230 14,320 20,890 0,203 0,4 4,280
01/10/2017 12:00 0,390 68,670 30,410 54,460 0,270 0,5 15,690
01/10/2017 13:00 1,190 82,660 22,580 31,730 0,229 0,4 5,970
01/10/2017 14:00 0,930 87,450 17,720 23,080 0,209 0,3 3,500
01/10/2017 15:00 0,000 77,960 19,800 25,220 0,206 0,4 3,530
01/10/2017 16:00 0,000 64,340 24,610 31,890 0,215 0,4 4,750
01/10/2017 17:00 0,000 49,360 31,950 41,360 0,218 0,4 6,130
01/10/2017 18:00 0,000 48,560 25,920 32,250 0,197 0,4 4,130
01/10/2017 19:00 0,000 52,330 16,800 21,980 0,183 0,3 3,380
01/10/2017 20:00 0,000 35,770 40,130 54,200 0,331 0,4 9,180

01/10/2017 21:00 0,000 38,530 38,140 46,670 0,252 0,9 5,560

Carla Silva camsilva@fc.ul.pt 20
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AQS — QUALAR data (downloads section)

Lisboa  Entrecampos 32.7 40.9
Lisboa  Avenida da Liberdade 33.5 NA 60.4
Lisboa  Santa Cruz de Benfica 36.4 NA 38.2
Odivelas Odivelas-Ramada 24.2 NA 26.8
Average 31.7 44 41.6

Carla Silva camsilva@fc.ul.pt 21
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AQS — QUALAR data (downloads section)

Maia D.Manuel II-Vermoim 14.7 48.1%* 17.9
Matosinhos Jo3ao Gomes 20.7 42.8%* 30.8
Laranjo-S.Hora

Porto Francisco Sa Carneiro- 19 39.6* 54
Campanha

Average 18.1 43.5* 34.2

*nearest air quality monitoring station

Carla Silva camsilva@fc.ul.pt 22
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AQS — QUALAR data (downloads section)

|+ Maia D.Manuel II-Vermoim Urban
Matosinhos Jodo Gomes Laranjo-S.Hora Urban
Porto Francisco Sa Carneiro-Campanha Urban

N PM10 O, NOx
18.1 43.5 34.2
'- ! Lisboa  Entrecampos Urban
@. | " Lisboa Avenida da Liberdade Urban
e _ Lisboa  Santa Cruz de Benfica Urban
[ m Méridi
Odivelas Odivelas-Ramada Urban
PM10 O, NOx
31.7 44 41.6

Traffic
Traffic
Traffic

Traffic
Traffic
Traffic
Traffic

Carla Silva camsilva@fc.ul.pt
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C0O2 emissions from combustion mass balance

. 12x44
LHV 42.4 MJ/kg Diesel C;,H,, m/42.4= 72.4 g/MJ

44 MJ/kg - 8x44
Gasoline CgH,3  ———/44=70.2 g/MJ
8+x12+18
Density at Ratio of HHV Net Calorific Value /LHV  Gross Calorific Value / HHV  Carbon Intensity
STP to LHV energy (g COz-eq/
(kg/m?) content (MJ/L) (M) /kg) (MJ/L) (M) /kg) M]J LHV)
Crude 0il 856 + 24 1.052 = 0.001 36.84 +1.05 43.05+140 38.76+1.10 45.30 £ 1.47 735=+26
Petrol / Gasoline 741 +4 1.063 £ 0.015 32.70 £ 044 44.15+0.74 34.77 + 047 46.94 +0.70 70.8 +4.4
Diesel 837 :8 1.063 £ 0.011 35.94 2045 4291 046 38.19 x 047 45.60 £0.49 743 :23

Carla Silva camsilva@fc.ul.pt
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' 100% fossil fuel
Control point ..... Fuel sales ossiiiue

Pordata » Municipios > Ambiente, Energia e Territorio » Energia > enda de combustiveis para consumo » Consulia Avancada

Venda de combustiveis para consumo  * | 4

Inicio Glossario Retratos  Destz

Tabela R u Mapa !g Grafico
Indicadores (4/7) - m

Venda de combustiveis para consumo
Territorios (2/353) w ‘

Onde & dido mais e menos gas, gasolina, gasdleo, b [, fuel, cogue ou outros produtos
0S7
Anos (113) -~ t (tonelada)
) Venda de combustiveis para consumo
Filtre: | inserr Palavra

1871 a i=, Territorios Gas auto (GPL) Gasolina sem chumbo 85  Gasolina sem chumbo 98  Gasoleo rodoviario
1977 Anos 2015 2015 2015 2015

1581 5

2 Area Metropolitana do Porio 4718 186.599 12,245 727.360
1980
200 Area Metropolitana de Lisboa 7.035 253331 11.233 888.838
2009

Carla Silva camsilva@fc.ul.pt 25
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Cl5%S Fleet impacts

- 60% Fossil
Control point ..... Fuel sales >

Consumo de energia eléctrica: total e por sector de actividade econdémica
Onde se utiliza mais e menos electricidade na agricultura, industria, comércio ou noutros servigos?
kK\Wh (quilowatt-hora)
Consumeo de energia el...

s, Territérios Transportes

Anos 2015

Area Metropolitana do Porto 80.433.111
Area Metropolitana de Lisboa 214.338.730

Consumo de energia eléctrica: total e por
sector de actividade econémica

Fontes de Dados: DGEG/MEC

Fonte: PORDATA

Ultima actualizacio: 2015-08-13

Dados revistos para 2013, 2014 e 2016
(13/08/2018)

Carla Silva camsilva@fc.ul.pt 26



S{éisnbcggs Wh at is S u Sta i n a b I e m O bi I ity? 1st Semester 2017-2018 | Sustainable Mobility

Comparing transport systems??

Sustainable mobility indicators

Carla Silva camsilva@fc.ul.pt 27
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I sust mob = IC02+ INOx+ IO3+ IPM_I_ IEnergy

Link Excel (available Fénix)

Carla Silva camsilva@fc.ul.pt 28
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Comparing transport systems??

29.63

Porto more sustainable than Lisbon....but similar......less PM10....better air
quality..... higher fossil energy consumption

Carla Silva camsilva@fc.ul.pt 29
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e (Calculation of a sustainable mobility index for 2 case studies;

e When use European Environmental Agency Tierl /Tier2/Tier3 approach;
e Fuel sales as a control point;

* AQS-Air Quality Stations data usage;

* Fossil versus renewable.

Carla Silva camsilva@fc.ul.pt 30
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