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Energy and emissions

Home                   Work/ University  

Commuting by motorized or soft modes

on a regular basis

Emissions

Energy
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Autonomous….
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Inter-terminal Gatwick airport 2008

Autonomous driving
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Barcelona Metro line 9 without 
train driver 2009

Autonomous driving

https://en.wikipedia.org/wiki/Barcelona_Metro_line_9
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Heathrow Personal Rapid Transit system 
2011

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

Autonomous driving
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• Autonomous vehicles

Washinton D.C. 2016 

Autonomous driving
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Self-driving cars and energy consumption

@ Help or hindrance? The travel, energy and carbon impact of highly automated 
vehicles Article · Apr 2016 · Transportation Research Part A Policy and Practice

Energy 

efficiency?

No signs 

No crash harming traffic flow 

Rebound effect

Train of cars
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@ https://www.scania.com/group/en/platooning-saves-up-to-12-percent-fuel/

Transport…..energy
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The rebound effect in plain terms is the misconception that using energy-
efficient technology significantly cuts energy consumption and greenhouse 
gas emissions

Transport…..energy
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Energy and emissions
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Energy and emissions
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Energy and emissions
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Energy and emissions

Minimum and maximum values of indicator scale 
(maximum 16 points out of 100 for CO2, NO2, 
PM10 and PM2.5)

e.g. PM10 150 / 10 (μg/m3)

0 – 4

e.g. CO2 kg/capita/year   7.5- 0
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Energy and emissions

g/km

g/m3
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Emissions

Why do we have emissions???

MOBILE COMBUSTION
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LOCAL EMISSIONS
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Emissions

MOBILE COMBUSTION

> 90%PM2.5

Except PM

Air conditioning CO2eq
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CO2

Global

Tailpipe

CO2, N2O,  CH4

~ 0.3-3% of tailpipe CO2 

Emissions

CH4, N2O
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CO2 equivalent

Global

 

Refrigerante Fórmula 

química 

CO2eq 100 anos 

HFC-134a CH2FCF3  1430 

SF6 SF6 22800 

PFC CF4 7390 

Tabela 1 Efeito de estufa medido em CO2 equivalente de potenciais líquidos refrigerantes 

utilizados em transportes  

HFC-134a ~ 3-5% of tailpipe CO2 or 6-8 g/km of CO2 eq

Emissions

Air conditioning
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CO2 equivalent

CO2 eq [kg] = σ𝒊
𝒏 (GWP100∗Emissioni [kg])

Intergovernmental Panel on Climate Change (IPCC)

Energy and Emissions
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LOCAL EMISSIONS

PM2.5 and PM10
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Emissions

1) it is directly emitted from the tailpipes of cars, trucks and other 
on-road vehicles;

2) it is re-entrained from materials found on the roadway (typically 
known as fugitive dust), and

3) it is created by secondary formation from precursor emissions 
such as sulfur dioxide (SO2), nitrogen oxides (NOx), volatile 
organic compounds (VOCs) and ammonia (NH3). 
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30% to 90% of all PM2.5

Source: https://www3.epa.gov/ttnchie1/conference/ei13/mobile/hodan.pdf

https://www3.epa.gov/ttnchie1/conference/ei13/mobile/hodan.pdf
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LOCAL EMISSIONS

2)

• paved roads contributes between 3% and 
16% of total directly emitted PM2.5, and 

• unpaved roads contribute between 9% and 
22% of total directly emitted PM2.5
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LOCAL EMISSIONS

PM2.5 and PM10

Minerals (Fe, Ca, Si)

Sulfates (SO42-)

Nitrates (NH4+)

Organic carbon

Elemental carbon
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LOCAL EMISSIONS

PM2.5 and PM10

Nitrates (NH4+)
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LOCAL EMISSIONS
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HC, CO, NOx and PM

CO2 equivalent or GHG

Local

Global

Emissions
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Emissions

Local
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CO2 equivalent or GHG

Global

Emissions

400 ppm CO2 in outdoor 
environment
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Emissions

400 ppm CO2 in outdoor 
environment

pV=nRT

PTN = Standard pressure and 
Temperature

Pressure = 100 kPa
Temperature = 298 K 

0.7 g/m3 CO2 in outdoor 
environment
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Emissions

400 ppm CO2 in outdoor 
environment

400 ∗ 10
− 6𝑘𝑚𝑜𝑙 𝐶𝑂2

1 𝑘𝑚𝑜𝑙 𝑎𝑖𝑟

∗ 12 + 2 ∗ 16 𝑘𝑔/𝑘𝑚𝑜𝑙𝐶𝑂2

8.314
𝑘𝐽

𝑘𝑚𝑜𝑙𝑎𝑖𝑟. 𝐾
∗ 298𝐾

100𝑘𝑃𝑎

0.7 g/m3 CO2 in outdoor 
environment
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Effect of temperature in real conditions…..
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PM10 daily average <= 50 μg/m3

PM10 anual average <= 40 μg/m3. 
PM2.5 annual average <= 25 μg/m3. 

Monóxido de carbono (CO) < 10 mg/m3

Média máxima por períodos de 8 horas

Benzeno (C6H6) < 5 µg/m3
Média anual

Particle matter (PM)

Dióxido de Enxofre (SO2) < 500 µg/m3
1 hora 

Ozono (O3) < 240 µg/m3

1 hora

Óxidos de azoto (NOx)< 30 µg/m3

Média anual

Óxidos de azoto (NO2)< 200 µg/m3
1 hora

LOCAL EMISSIONS
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Tropospheric ozone O3 and smog Overview: Tropospheric ozone, smog and ozone-NOx-VOC sensitivity. Dr. 

Sanford Sillman, Research Scientist,University of Michigan 

LOCAL EMISSIONS
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@ Air quality by urban design de Y Zhang - 2013

LOCAL EMISSIONS
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Energy and emissions

MONITORING NEEDED TO ADVISE PEOPLE!

e.g. colour scheme

Hazardous
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Energy and emissions

Hazardous

USEPA AQI (https://waqi.info/) 

O3 (ppb) O3 (ppb) PM2.5(µg/m3) PM10(µg/m3) CO (ppm) SO2 (ppb) NO2 (ppb) AQI AQI 

Clow -
 Chigh(avg) 

Clow -
 Chigh(avg) 

Clow-
 Chigh(avg) 

Clow -
 Chigh(avg) 

Clow -
 Chigh(avg) 

Clow -
 Chigh(avg) 

Clow -
 Chigh(avg) 

Ilow - Ihigh Category 

0-54 (8-hr) - 
0.0-12.0 
(24-hr) 

0-54 (24-hr) 
0.0-4.4 (8-
hr) 

0-35 (1-hr) 0-53 (1-hr) 0-50 Good 

55-70 (8-
hr) 

- 
12.1-35.4 
(24-hr) 

55-154 (24-
hr) 

4.5-9.4 (8-
hr) 

36-75 (1-
hr) 

54-100 (1-
hr) 

51-100 Moderate 

71-85 (8-
hr) 

125-164 
(1-hr) 

35.5-55.4 
(24-hr) 

155-254 
(24-hr) 

9.5-12.4 
(8-hr) 

76-185 (1-
hr) 

101-360 
(1-hr) 

101-150 

Unhealthy 
for 
Sensitive 
Groups 

86-105 (8-
hr) 

165-204 
(1-hr) 

55.5-150.4 
(24-hr) 

255-354 
(24-hr) 

12.5-15.4 
(8-hr) 

186-304 
(1-hr) 

361-649 
(1-hr) 

151-200 Unhealthy 

106-200 
(8-hr) 

205-404 
(1-hr) 

150.5-250.4 
(24-hr) 

355-424 
(24-hr) 

15.5-30.4 
(8-hr) 

305-604 
(24-hr) 

650-1249 
(1-hr) 

201-300 
Very 
Unhealthy 

- 
405-504 
(1-hr) 

250.5-350.4 
(24-hr) 

425-504 
(24-hr) 

30.5-40.4 
(8-hr) 

605-804 
(24-hr) 

1250-1649 
(1-hr) 

301-400 

Hazardous 

- 
505-604 
(1-hr) 

350.5-500.4 
(24-hr) 

505-604 
(24-hr) 

40.5-50.4 
(8-hr) 

805-1004 
(24-hr) 

1650-2049 
(1-hr) 

401-500 

 

CAQI (http://airindex.eea.europa.eu/) 
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Energy and emissions

MONITORING NEEDED TO ADVISE PEOPLE!

e.g. qualar (from APA-Agência Portuguesa do Ambiente)
https://qualar.apambiente.pt/qualar/index.php

e.g. World Air quality index

https://waqi.info/

PM 2.5 exposure of 25 g/m3

LIMITS!

PM 2.5 exposure of 35 g/m3

PM 2.5 exposure of 75 g/m3

https://qualar.apambiente.pt/qualar/index.php
https://waqi.info/
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Energy and emissions

MONITORING NEEDED TO ADVISE PEOPLE!
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Energy and emissions

MONITORING NEEDED TO ADVISE PEOPLE!

# AQS = number air quality monitoring stations
GNI = Gross National Income *

* is the total domestic and foreign output claimed by residents of a country, consisting of gross domestic 
product (GDP), plus factor incomes earned by foreign residents, minus income earned in the domestic 
economy by nonresidents
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Energy and emissions

MONITORING NEEDED TO ADVISE PEOPLE!

Equipamento Referência Custo Peso 
(kg) 

âmbito Portabi
lidade 

 

https://www.airpointer.com/ 
 

High-Cost 
120 000€ 

80 

Estação 
oficial 
compac
ta de 
qualiade 
do ar 

 

 

https://www.qart.pt/solutions/qart-box/ 
 

Medium-
Cost 

4 000€  
50 

Ruído, 
PM2.5, 

O3, 
NOx,SO
2, H2S 

 

 

http://aqicn.org/gaia/ 
 

Low-Cost 
200 € 

20 

PM2.5 e 
O3 

 

 

FCUL (Augusto, Máguas, Matos, Pereira, & 
Branquinho, 2010) 

Low-Cost 
500 

€/análise  
NA 

Sensor 
biológco 
correlaci
onável 

com 
partícul
as, VOC, 

NOx 

 

 
 

 
 

Rede de 6 sensores em escolas (Castell et 
al., 2018)  da Aqmesh 

(https://www.aqmesh.com) 
 

Low-Cost 

200 € 
 

NA 

CO, 
NO, 

NO2 an
d O3 

 

 

  
 

Rede de 3 sensores numa estrada  (Khedo, 
Perseedoss, & Mungur, 2010) 

Low-Cost 

200 € 
 

20 

CO, 
NO2, 

PM2.5, 
O3 

 

  

  
 

3 kg

3 kg
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Energy and emissions

MONITORING NEEDED TO ADVISE PEOPLE!

Equipamento Referência Custo Peso 
(kg) 

âmbito Portabi
lidade 

 

https://www.airpointer.com/ 
 

High-Cost 
120 000€ 

80 

Estação 
oficial 
compac
ta de 
qualiade 
do ar 

 

 

https://www.qart.pt/solutions/qart-box/ 
 

Medium-
Cost 

4 000€  
50 

Ruído, 
PM2.5, 

O3, 
NOx,SO
2, H2S 

 

 

http://aqicn.org/gaia/ 
 

Low-Cost 
200 € 

20 

PM2.5 e 
O3 

 

 

FCUL (Augusto, Máguas, Matos, Pereira, & 
Branquinho, 2010) 

Low-Cost 
500 

€/análise  
NA 

Sensor 
biológco 
correlaci
onável 

com 
partícul
as, VOC, 

NOx 

 

 
 

 
 

Rede de 6 sensores em escolas (Castell et 
al., 2018)  da Aqmesh 

(https://www.aqmesh.com) 
 

Low-Cost 

200 € 
 

NA 

CO, 
NO, 

NO2 an
d O3 

 

 

  
 

Rede de 3 sensores numa estrada  (Khedo, 
Perseedoss, & Mungur, 2010) 

Low-Cost 

200 € 
 

20 

CO, 
NO2, 

PM2.5, 
O3 
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You learned….

• Pollutants concentration and health;

• ppm conversion to g/m3;

• Portuguese “Qualar” website; World air quality map;

• Air quality monitors high; medium and low-cost;



Obrigado




