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Home Work/ University

on a regular basis

Commuting by motorized or soft modes

Emissions
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uisbea - Autonomous....
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stee - Autonomous driving

Inter-terminal Gatwick airport 2008
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Ciéncias . o
sieee - Autonomous driving

Barcelona Metro line 9 without
train driver 2009
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vitee - Autonomous driving

Heathrow Personal Rapid Transit system
2011

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

Carla Silva camsilva@fc.ul.pt
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st Autonomous driving

e Autonomous vehicles

Washinton D.C. 2016

Carla Silva camsilva@fc.ul.pt
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“ Self-driving cars and energy consumption

. | i
Train of cars Platooning
Eco-driving
Congestion mitigation
De-emphasized performance

Improved crash avoidance -

Vehicle right-sizing

No crash harming traffic flow —
Increased features -

New user groups - \

Infrastructure footprint* .

-60% -50% -40% -30% -20% -10% 0% 10% 20% 30% 40% 50% 60%
No signs % changes in energy consumption due to vehicle automation

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

Carla Silva camsilva@fc.ul.pt 10
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inus 12%

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

Carla Silva camsilva@fc.ul.pt 11
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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

Lower Holiday r —::_ =
Embodie petrol in Spain <=

d
bill
nergy s More energy
Indirect
@\‘ Fuel efficient - less energy

Direct /
More energy
e Driver further

running
costs

or more often

Carla Silva camsilva@fc.ul.pt 12
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Implications of self-driving vehicles on road fatalities

000204060810 1214

i 1 L i 1 [ 1 ]

Status quo

p.a. worldwide 1.3 million -

-90% road
fatalities

With self-driving
vehicles

0.1 million =

Carla Silva camsilva@fc.ul.pt 13
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Implications of self-driving vehicles on per
passenger-km emissions

0 20 40 60 80 100

100%

Status quo

-65%

70% emissions

Self-driving car

Electric self-
driving car

35% =

Rail 13%

Carla Silva camsilva@fc.ul.pt 14
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B Ratio between the total amount of carbon dioxide emitted by the agglomeration area p.a. as a consequence of

19 Transport-related CO, 4 its transport activities and its population
emissions B The data considers carbon dioxide emissions from the burning of fossil fuels in transportation only {sectorial
approach)
o NG concentraticn 4 B Annual arithmetic average of the daily concentrations of NO2 recorded at all monitoring stations within the
2 agglomeration area
B Annual mean concentration of particulate matter of less than 10 microns of diameter (PM10) [ug/m3] in a city/
21 PM.. concentration 4 agglomeration area
10 B For most of cities data from the WHO Global Urban Ambient Air Pollution Database was used (update 2016).
Other sources if the city was not available in the WHO Database
B Annual mean concentration of particulate matter of less than 2.5 microns of diameter (PM2.5) [ug/m3] in a
3 city/ agglomeration area
22 PM, concentration 4 =3 W/ 299 '

For most cities data from the WHO Global Urban Ambient Air Pollution Database was used (update 2016).
Other sources if the city was not available in the WHO Database

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 (png/m3)

0-4

e.g. CO, kg/capita/year 7.5-0

Carla Silva camsilva@fc.ul.pt 15
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ciencie: EN@rgy and emissions
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»b¢
V W CS Relative importance (based on
Pollutant 2007USD) with NOx, cost as
reference
NO 1.00
PM,, 1.06
{Source: AEA Technoloagy
f Scale
OECD average: 7.68
0 1 2 3 4 5 6 7 8 9 10
l | l l l l l l L ¥ |
f 1 T ; 1 ; 1 1 1 1 {lj
255
kg NOx eq. /cap-year
= (: 255 [kg NOx eq./ cap-year]

=2 10: O [kg NOx eq./ cap-year]

Carla Silva camsilva@fc.ul.pt
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LOCAL AIR QUALITY [EMISSIONS (EUROPE)

NON-TRANSPORT

> NOx 32.9% 0.9 19.1 4.5% NOx 42.6%
co 26.6% 0.2 23% 0.7% CO 70.29%
SOx 0.1%% 0.0 20.9 0.5% SOx 78.5%
VOLATILE VOLATILE
ORGANIC 154% 0.14 2.52% 0.40% ORGANIC 81.54%
COMPOUNDS COMPOUNDS
FINE FINE

> PARTICLES 14.2% 0.4 11.4 0.6% PARTICLES 73.4%
(PM2.5) (PM2.5)

THANKS TO IMPROVEMENTS IN AIRCRAFT TECHNOLOGY,
THE IMPACT OF AIRCRAFT EMISSIONS ON LOCAL AIR QUALITY

IS RELATIVELY LOW COMPARED TO OTHER SOURCES.

Carla Silva camsilva@fc.ul.pt 17
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ciencie: EN@rgy and emissions

ULisboa

Ackivity Data  Calculation Fackors  Emissions Advanced Help

i sbout COPERT 4

co

ot

Mox
Analzadores:

Respiradares

**‘eMmisiA

MISSION FOR ENVIRONMENT

EU
g/km not g/m?3
India China

Turkey Thailand

Russia Switzerland

18
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Ackivity Data  Calculation Fackors  Emissions Advanced Help
_hl:lul: COPERT 4
Frra e Sani: fa amosas it
y R
5&%@8&&&- £s de diLicio co
&0
— r ArTafaranor MNOx
b —_— PrE—c ﬁ
- ° . Gases de escape
i Respiradares
Tempecatura
Banco g Fakis o Massas de indrciz do gis Pracsan

"

***'eMmisiA

ON FOR ENVIRONMENT

g/km

CERC - Version ADMS-Urban - Air Pollution Modelling

Software

ADMS-Urban is a comprehensive system for modelling air
quality in large urban areas, cities and towns. It is the only
practical urban air quality model which incorporates the
latest scientific understanding, explicitly represents the
full range of source types occurring in an urban area,
takes account of complex urban maorphology including ...

By Cambridge
Environmental Research
Consultants (CERC) based
in Cambridge, UNITED
KINGDOM.

from Air Pollution
Modelling Software
Software line

_>g/m3

Carla Silva camsilva@fc.ul.pt
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Why do we have emissions???

Products of
ideal combustion

CH,+S+N,+0,—-CO,+H,0+N,+0O,

] ] + NO, + CO + SO, + Soot + UHC
Fuel Air \ + NH,§

Products of
non-ideal

NO,: Affects ozone (O;) concentration combustion

CO,: Absorbs outgoing infrared radiation

CO: Toxic

Soot: Visible

Carla Silva camsilva@fc.ul.pt 20



ULisboa

Ciéncias E m iss i ons 1°Semestre 2018-2019 | Mobilidade Sustentavel

Why do we have emissions???

” Fuel
EKI":I:Iil:: LLP Injector
02 and

N;-721% noble gases

Alr
Intake
Piston
Crank
ase — |

Pollutants 1,1 %

=l

- CO Carbon momoxide

;' HC Hydrocarbons

. NOXx Nitrogen oxide
—on B PM Particles

MOBILE COMBUSTION

21
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i LOCAL EMISSIONS

»,  Gasoline Engines Diesel Engines

Af ter Jeffrey B. Burl and Duane Abata
Michigan Tech Liniversity

Carla Silva camsilva@fc.ul.pt 22
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« Evaporative Emissions Al conditioning CO2eq

* Refueling Losses

Except PM

* Exhaust
Emissions

>90%

MOBILE COMBUSTION

Carla Silva camsilva@fc.ul.pt 23
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+ Evaporative Emissions

Global

g § é « Refueling Losses
CO @ 23
’ _( Tailpipe

CH4, N20 ~ 0.3-3% of tailpipe CO2

CO, N20, cHa

TABLE 1.8

Direct Greenhouse Gas Emissions from Passenger Cars on Petrol, Diesel, LPG and
CNG under Real-World Driving Conditions

GHG Emission (g of CO,

Fuel CO, (g/km) CH, (g/km) N,O (g/km) Equivalent/km)
Petrol 208.1 0.009 0.003 209.2
Diesel 180.5 0.004 0.007 182.7
LPG 189.3 0.007 0.003 190.4
CNG 168.6 0.0074 0.001 170.6

Source:  Adapted from I Hendriksen et al., Evaluation of the environmental performance of
modern passenger cars running on petrol, diesel, automotive LI'G and CNG, TNO-
report 03.0R.VM.055.1/PHE, TNO Automotive, December 2003,

Carla Silva camsilva@fc.ul.pt 24
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C| e Emissions

Global
CO, equivalent

Air conditioning

Refrigerante Formula CO2eq 100 ano
guimica

HFC-134a CH2FCF3 1430

SF6 SF6 22800

PFC CF4 7390
\\

Refrigerant : R-134a,

Refrigerant charge : 1800 100 gr.

Oil : 8P-20.

Oil charge : 110 ce (In addition to the existing oil in the compressor).

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

Carla Silva camsilva@fc.ul.pt 25
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CO, equivalent

CO, eq [kg] = X.7' (GWP,y,*Emissioni [kg])

Intergovernmental Panel on Climate Change (IPCC)

Global Warming Pote) for Given
Time Horizon.

Induzstrial Dezignation or Common Chemical Lifetime RadiativeEfficiency (W saRt {100- 100-yr

Name (years) Formula (years) m2 ppb“':' yr) 20-yr

Carbon dioxide Co; See belon® e lvad 1 1 1 1
Methane® CHy 125 37t 21 72 25 78
Nitrouz oxide Hz0 114 3.03x107% 310 289 238 153
Substances controlled by the Montreal Protocol

CFC-11 CClaF 45 0.25 3800 B 730 4750 1,620
CFC-12 CCLF2 100 032 8100 {1,000 10500 5200
CFC-13 CCIFg 640 0.25 10,800 14,400 16,400
CFC-112 CCRLFCCIF, &85 0.3 4800 8540 E130 2,700
CFC-114 CCIFZCCIF; 300 0.3 5040 10000 8730
CFC-115 CCIFZCFy 1,700 018 530 7370 9,990
Halon-1301 CBrFy L] 032 5400 5480 7,140 2,780
Halon-1211 CBrCIF; 16 0.3 4750 1,850 575
Halon-2402 CBrF;CBrFz 20 0.33 3,680 1,640 503
Carbon tetrachloride CCly 26 013 1,400 2700 1,400 435

Carla Silva camsilva@fc.ul.pt 26
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PM2.5 and PM10

PM, ; particles
<2.5 pm each

Finest
¥ beach
sand

- 90 ym
PM,, particles

<10 pm each

Carla Silva camsilva@fc.ul.pt 27
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1) itis directly emitted from the tailpipes of cars, trucks and other
on-road vehicles;

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

primary emissions of PM2.5

3) itis created by secondary formation from precursor emissions
such as sulfur dioxide (SO,), nitrogen oxides (NOx), volatile
organic compounds (VOCs) and ammonia (NH,).

30% to 90% of all PM2.5

Source: https://www3.epa.gov/ttnchiel/conference/eil3/mobile/hodan.pdf

Carla Silva camsilva@fc.ul.pt
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i LOCAL EMISSIONS

2)

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

e unpaved roads contribute between 9% and
22% of total directly emitted PM2.5

Carla Silva camsilva@fc.ul.pt 29



Cli#r LOCAL EMISSIONS

1°Semestre 2018-2019 | Mobilidade Sustentavel

PM2.5 and PM10

® & P =

Esther (1985-88) [[] Hitrats
4.6 ug/m? Euhﬂﬂ (1884 991 Toronto (1597-59)
123 pgim? ] Ammonium

B Biack carbon
] Organic carbon

CITR® (mow

':. ~— at Andrws{‘r'auﬂ?]

Abborsford (1984-85) .
7.8 ug/m3

{ t "TE3 pgimd
" . . e! !
] ' r Quaker clynl-l (1998)
12.4 ynnrﬂ
Kern Wildife Refuge (1985-80) ™ Y23
23.3 pgimd i if Amn:hwme PA (18949)
fo-s | 104 jgir?
. ) e

® N

Colorade Plateau (1006-58)
s Washington DC (1898-98)
Los Angeles [1955-58 a8 n
30,3 pg/m3 14.5 pgim?
Yorkville (1998 -2001)
Mexico Cly - 18.0 ugim?
Neltzahualcoyot (1807) Maxico City - Pedregal (1997) mh::aﬁﬁ ;um;
55.4 ug/m? 246 pgimd .

Minerals (Fe, Ca, Si)

Sulfates (SO4?%)
Nitrates (NH4")
Organic carbon

Elemental carbon

Carla Silva camsilva@fc.ul.pt
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i LOCAL EMISSIONS

PM2.5 and PM10

Spectrum of Reactive Nitrogen

Compounds
& . +
- NO, NO2, NO3, N205, HONO, PAN, HNO3 Nitrates (NH4")
|
Reactive Intermediate Products
Direct Emissions Stable End Product
From Atmospheric
Chemistry

. HN03 + NH3 —7.4 NH4NO3

Direct Emissions [

- Particle Phase Nitrate

Carla Silva camsilva@fc.ul.pt 31
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LIFETIME IN
ATMOSPHERE

Black carbon particles are formed from the incomplete comhustion of biomass and fossil fuels.
It is a powerful climate forcer and dangerous air poliutant.

: : air pollutant which
Main BC-rich sources

} : NN C ) be transpo'rted across the globe
h! rEﬁmn and sector | '
(200 -

Clean BE nged  Sooly ¢ Ir}urla
ds 105 absorb light 4

08

: 5e . in cloud anc
Latin Amarica N. America S, W, and NE, 5E Asia sunhe '

and Carlbean and Europe Africa Central Asia  and Pacific .)IJHI!}:J'I[ \ rain DH“ETI'IS

BC harms o
- Sooty
hh"'e'gﬂg o BL ountains
Pt 3 absorb  [ncreases
light melting

BC impacts
ecosystems

Carla Silva camsilva@fc.ul.pt 32
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Why do we have emissions???

INTAKE COMPRESSION COMBUSTION EXHAUST

o F A R ]

= U 6B
Air Inlet/ Combustion Chambers Turbine

Cold Section Hot Section

MOBILE COMBUSTION

Carla Silva camsilva@fc.ul.pt 33
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1 toe =41.868 GJ or 11.63 MWh

the amount of energy released by burning one
tonne of crude oil

CRUDE OIL
|

HYDHUUARBONS NOM-HY IFH ODUEARBONRS

I I |
ARDMATICS HAFHTHEHES SULFURS  MITROGERS QEYGEMS  METALLICS

1 toe ~ 2.5 tCO,

Carbon - 83 to 87%
Hydrogen - 10 to 14%
Nitrogen - 0.1 to 2%
Oxygen - 0.05 to 1.5%
Sulfur - 0.05 to 6.0%
Metals - < 0.1%

Carla Silva camsilva@fc.ul.pt 34
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C| e Emissions

Density at Ratio of HHV Net Calorific Value / LHV Gross Calorific Value / HHV  Carbon Intensity
STP to LHV energy (g CO:-eq/
(kg/m?) content (M]/L) (M]/kg) (M]/L) (M} /kg) M] LHV)
Crude 0il B56 +24 1.052 + 0.001 36.84 2 1.05 43.05 +1.40 38.76+1.10 4530 +1.47 735+26
Petrol / Gasoline 741 +4 1.063 +0.015 3270 20.44 44,15 +0.74 34.77 + 047 46.94 +0.70 708 44
Diesel B37 +8 1.063 0011 3594 2045 4291 + 046 38.19 047 45.60 +0.49 743 +23
Fuel Dil Q59 +17 1.058 + 0.008 3921 =1.09 40.87 +0.94 4150 %115 43.26 + 1.00 77821
LPG 533 z18 1.077 x0.008 24.67 =080 46.28 £ 0.74 26.57 088 49.84 + 0.80 63921
Kerosene 807 x6 1.053 + o.001 35.24+041 43.69 + 0.51 37.10 £ 0.43 45.99 +0.54 720+18
{35 MPa) 23.65 =009 2.837 +0.003 3.355 = 0.004
Hydrogen {70 MPa) 39.69 £ 0.16 1.183 + 0.001 4.761 = 0.005 119.95 +0.13 5.631 = 0.006 14188 +0.16 0
(liguid}) 7241 +0.72 8.685 + 0.010 10.273 + p.o11
(kg/m?) (HHV / LHV) (M]/kg) (M]/kg) (g/M] LHV)
Coal 1.050 + 0.004 25.75 + 254 - 27.052277 95.7 +7.0
(kg/m") (HHV / LHV) (M]/m?) (M]/kg) (M]/m*) (M]/kg) (g/M] LHV)
Natural Gas 0.768 + 0.039 1.109 + 0.003 3522222 4586 + 395 39.05 x2.47 50.84 + 438 5690 +34
Hydrogen [tatm) (0.0838 + 0.0008 1.183 + 0.001 10.05 z001 119.95 +0.13 11.88 x0.01 141.88 z 016 0
35

Carla Silva camsilva@fc.ul.pt



s Emissions

1°Semestre 2018-2019 | Mobilidade Sustentavel

Local
HC, CO, NOx and PM

Global
CO, equivalent or GHG

Carla Silva camsilva@fc.ul.pt
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Local

4.2 million 3.8 million 91%

deaths every year as a result of exposure to ambient deaths every year as a result of household exposure of the world’s population lives in places where air guality
{outdoor) air pollution to smoke from dirty cookstoves and fuels exceeds WHO guideline limits

77N Y World Health
‘{5 "Orgamzatlon

Carla Silva camsilva@fc.ul.pt 37



C()2 Concentration (ppm)

llce-cora: data bqfore 19§8. Maurlna Loa data aﬂelr 1958. :
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400

T reTeTT™

] 400 ppm CO, in outdoor
Prese nt environment

Global
CO, equivalent or GHG

Carla Silva camsilva@fc.ul.pt 38
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400 ppm CO, in outdoor
environment

pV=nRT

PTN = Standard pressure and
Temperature

Pressure = 100 kPa
Temperature = 298 K

0.7 g/m3 CO, in outdoor
environment

Carla Silva camsilva@fc.ul.pt 39
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400 ppm CO, in outdoor
environment

400 x 10 ©kmol CO, x (12 + 2 x 16)kg/kmolCO.,

1 kmol air kj
8.314 kmolair. K 298K

100kPa

0.7 g/m3 CO, in outdoor
environment

Carla Silva camsilva@fc.ul.pt 40
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Effect of temperature in real conditions.....

o)
oo}

o)

o)
By
a

[e]
N
iy

——g/m3

o)
~
N

o)
~

o)
8

T(°C)

Carla Silva camsilva@fc.ul.pt 41
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i LOCAL EMISSIONS

Particle (PM)

PM, daily average <= 50 pg/m: Oxidos de azoto (NOx)< 30 pg/m3
PMy anual average <= 40 pg/m:. Média anual

PM, s annual average <= 25 pg/m3. Oxidos de azoto (NO2)< 200 pg/m3

1 hora

Mondxido de carbono (CO) < 10 mg/m?3
Média maxima por periodos de 8 horas

Benzeno (C,H) < 5 pg/m3
Média anual
Didxido de Enxofre (SO,) < 500 pug/m3

1 hora

Ozono (03) < 240 pg/m?3
1 hora

Carla Silva camsilva@fc.ul.pt 42
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Tr opospher ic ozone O3 and SMog Overview: Tropospheric ozone, smog and ozone-NOx-VOC sensitivity. Dr.

Sanford Sillman, Research Scientist,University of Michigan

O
Fon 9 ROy 4120

CO+ OH [Qg] HO2 + CO2

O
RO _2] secondary VOC + HOp + NO»
HO2 + NO —=OH + NO2
NO5+hv—=NO+O

O+05+M—=03+M

Carla Silva camsilva@fc.ul.pt
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iea  LOCAL EMISSIONS

NO

2

Co

NO, CO, RH HC

12NOON Wind

Emission

Figure 1] Schematic illustration of air flow, pollutant concentration and dispersion with different
building heights.

@ Air quality by urban design de Y Zhang - 2013

Carla Silva camsilva@fc.ul.pt 44
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ULisboa

MONITORING NEEDED TO ADVISE PEOPLE!

e.g. colour scheme

Carla Silva camsilva@fc.ul.pt 45



Ciéncias E ne rgy an d em iSS i ons 1°Semestre 2018-2019 | Mobilidade Sustentavel
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Hazardous
Os (ppb) | Os (ppb) | PMas(ug/m?®) | PMio(ug/m?) | CO (ppm) | SO, (ppb) | NO; (ppb) | AQI AQI
ClDW - CIow - Clow' ClDW - ClDW - ClDW - CIow - . I
Co(@0) | Cog(@V0) | Cogn(@V0) | Cogn(@vg) | Cug(@V) | Coge(@vg) | Cagavg) | ' | CateGOTY USEPA AQl (https://wagi.info/)
0-54 (8-hr) | - ?z.g:ﬁ).o 0-54 (24-hr) g'rg"“"‘ @ | 0-35 (1-hr) | 0-53 (1-hr) | 0-50 -
55-70 (8- | _ 12.1-354 | 55154 (24- | 45:9.4 (8- |36-75(1- | 54-100 (1- | ., _
hr) (24-hr) hr) hr) hr) hr) 51-100  NEEEEE

71-85 (8- 125-164 35.5-55.4 155-254 9.5-12.4 76-185 (1- | 101-360

hr) (1-hr) (24-hr) (24-hr) 8-hr) hr) (1-hr) -2z

86-105 (8- | 165-204 56.5-150.4 | 255-354 12.5-15.4 | 186-304 361-649 151-200 Unhealthy

hr) (1-hr) (24-hr) (24-hr) (8-hr) (1-hr) (1-hr)

106-200 | 205-404 | 150.5-250.4 |355-424 15.5-30.4 | 305-604 | 650-1249 |, oo AC
(8-hr) (1-hr) (24-hr) (24-hr) (8-hr) (24-hr) (1-hr) Unhealthy
405-504 | 250.5-350.4 | 425-504 30.5-40.4 | 605-804 | 1250-1649 | 5o\ 00

(1-hr) (24-hr) (24-hr) (8-hr) (24-hr) (1-hr)
Hazardous
505-604 | 350.5-500.4 | 505-604 40.5-50.4 | 805-1004 | 1650-2049 |, o
(1-hr) (24-hr) (24-hr) (8-hr) (24-hr) (1-hr)
Pollutant Index level
(based on pollutant concentrations in pg/m3)
Good Fair Moderate Poor Very poor
Particles less than 2.5 um (PM;s) 0-10 20-25 50-800
Particles less than 10 pm (PMyg) 0-20 35-50 100-1200
Nitrogen dioxide (NO3) 0-40 100-200 400-1000

Ozone (03) 0-80 120-180 240-600
Sulphur dioxide (SO3) 0-100 200-350 500-1250
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MONITORING NEEDED TO ADVISE PEOPLE!

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

e.g. World Air quality index
https://waqi.info/

@3 World Health LIMITS!
\‘.\% Organization PM 2.5 exposure of 25 ug/m3

PM 2.5 exposure of 35 Lg/m3

»

PM 2.5 exposure of 75 pug/m3

L 4
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ULisboa

MONITORING NEEDED TO ADVISE PEOPLE!

Cost/year
10

= Biomonitor
Time
resolution
== | ow-cost physical
sensor network

~==Convencional physical
monitoring station

Cost/year

~
”~

Space resolution
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MONITORING NEEDED TO ADVISE PEOPLE!

10000
@® China, 5000
€ USA, 2500
| Russia, 691 Japan, 725
1000 ° fe) ® ¢ Canada, 766
India, 573 M Brasil, 266 ) L
8 UK, 223 Germany, 219 @ North america
100 val, 67
S South Africa, mi’ortug? ® @ Asia
Colombia, 20 M m Mexico, 19 Europe
10 1 B Ecuador, 9 ! Central & South America
X Africa
0 10000 20000 30000 40000 50000 60000 70000

GNI/capita $2017

# 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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ULisboa

MONITORING NEEDED TO ADVISE PEOPLE!

Equipamento Referéncia Peso ambito Portabi
(kg) lidade

Estacao

" oficial
I U compac
L - https://www.airpointer.com/ High-Cost a0 ta de
1 | 120 000€ qualiade

doar
Ruido,
B PM2.5,

¢ b 03,
5 NOx,50

e Medium- 2

htips://www.gart.pt/solutions/qart-box/ Cost 3kg 2, H2S @
4 000€
£
© L]

PM25e

03

http://agicn.o ia Low-Cost 3kg
200€
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MONITORING NEEDED TO ADVISE PEOPLE!

Sensor
biologco
Low-Cost correlaci
FCUL {Augusto, Maguas, Matos, Pereira, & 500 NA onavel @
Branquinho, 2010) . com
€/andlise p
particul
as, VOC,
NOx
CO,
NO,
NO- an
I Rede de 6 sensores em escolas (Castell et ST d 05
al., 2018) da Agmesh J00€ NA @
{https://www.agmesh.com)
co,
NO,,
PM2.5,
Low-Cost 0
Rede de 3 sensores numa estrada (Khedo, 00 € 3kg 3 @
Perseedoss, & Mungur, 2010)

Carla Silva camsilva@fc.ul.pt 51



F on . _ TH 7
C Sll_?snbc;gs You Iea rn ed veee 1°Semestre 2018-2019 | Mobilidade Sustentavel

e Pollutants concentration and health;

* ppm conversion to g/m3;

e Portuguese “Qualar” website; World air quality map;
e Air quality monitors high; medium and low-cost;

e “Qart box” example for air quality monitoring.
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