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Road traffic is the emission source that

Road traffic’s contribution to air quality in

contributes most to air pollution in urban areas

European cities
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Traffic emission models

TYPES OF MODEL (snmitetal., 2010)

Vehicl . Macroscopic
ehicle activit
4 Average-speed models

(e.g. COPERT)

Vehicle fleet Traffic-situation models
composition (e.g. HBEFA)

Traffic-variable models
Exhaust EF (e.g. TEE)

Non-exhaust
EF
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(Borge et al., 2015)
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Review
Validation of road vehicle and traffic emission models — A review . o .
T aan e Road vehicle emission factors development: A review @mm

Review
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ARTICLE INFO ABSTRACT
Artide histry: Reoad tran sport s often the main sowce of air pollutlen inurkan areas, and there i an increasing need to HIGHLIGHTS
Rerived 8 October 2009 estimate its contrlution precisely <o that polution-reduction measures (e.g emision standards, sera-

Reived in revised form

page prograns, taffic management, IT5) are designed and implemented appropriately. This paper

1z ,?;Lmu presents 3 meta-analysis of 50 studies d ealing with the validation of varios types of traffic emission = The accuracy of road emision models i directly linked to the quality of their emision factors.

Accepred 12May 2010 madel, incled ing average speed’, “traffic situation”, ‘traffic vardable”, tycle varlable”, and *modal’ models * Road vehicles have 4 large natural vanability in their emission profiles.

pr— The validation studies employ measurements in tunnels, amblent concentratien measurements, remote » Emission factors may have different resolution according to their intended wse

x:’:,mﬁc sesing laboratory tests, and mass-balance techniques. One major finding of the analysis is that several b Emission modellers shoild combine Liboratory data with eal-wold measurements

Prmizcion rodel madels are only partially validated or not validated at all The mean prediction ermors are generally

Aceuracy within a factor of 13 of the ebserved values for OO, within a facter of 2 for HC and NO., and within

Wahidation a factor of 3 for COand PM, although differences as high as a factor of 5 have been repomed. A psitve

Errar mean prediction emor for MO, (L& overestimation) was established for ail model types and practically all ARTICLE INFO ABSTRACT

Greenhouse gas validation techniques. In the case of HC, model predictions have been moving from wnderestimation to
overestimation since the 1580s. The large prediction ermor for PM may be assoclated with different PM Artile hiciory: Pl lust anit emissions need to be accurately estimated to ensure that alr quality plans are desgned and
definitions between maodels and ebservations (e.g size, measurement principle, exhaust/non-exhaust Recrived 5 June 2012 imiplemen tad appropriately. Bnision factars (EFs) are empincal functional relations betwesn pal listant
contrilution). Recived in revised form

emisions and the activity that causes them. In this review article, the techniques ised 1o measure road

 Statistical analyses show that the mean prediction errr & generlly not significantly different 27 Sepemher 2012 vehicle emissens are examined in relation to the development of EFs found inemission models wsed to
(< 0L05) when the data are categorised according to maodel type or validation technique. Thus, there is Acepied 7 Jauay 2013

i conclisive evidence that demonstrates that more complex models systematically perform batter in produsce emission inventories The emision measurement techniques covered inchsde those most widely
terms of prediction error than less complex models In fact, less complex maodels appear to perfom X = wsed for road vehicle emisionsd ata collection, namely chasss and engine dylﬁlMln.e{.QI me.asmeum!u.
batter for PM. Moreover, the cholce of validation technique does not systematically affect the result, with Razd trans port remete sensing, mad tunnel stsdies and portable emission meassrements systems (PEMS ] The main
the exception of a CD underprediction when the validation & based on amblent concentration Emissian invenbaries advantages and disadvantages of each method with regards to emissions modelling are presented A
measurements and imerse modelling. The analysts identified two vital elements cumrent by lacking in Emissian madels review of the ways inwhich EFs maybe derived from test d ata i also performed, with aclear distinction
traffic emissions model ling: 1) guidance onthe allowable ermer margins for diferent applicationsscales, Emissian £ between data obtained under contmlled conditions (engine and chasis dyn AMONMSET (8 ASETEMENTS
and 2) estimates of prediction ermors. It {5 recommended that current and future emision modeks Chars s, dyma using standand driving cycles) and measurements under real-workd operation.

incorporate the capability to quantify prediction emors, and that clear guidelines are developed inter- Engine dyna 2013 Elsevier Ltd. All ights reserved.
mationally with respect to expected accuracy. PEMS

@ 2010 Elsevier Lid. All rights reserved.




Research questions

1) What methods are currently used to compile the input
parameters that estimate road traffic emissions?

2) What is the sensitivity of the emission results to these
parameters?

3) What are the best practices to apply when estimating

urban traffic emissions?



Reviewed works

 More than 60 papers and reports reviewed

« Topic: Urban traffic emission estimations
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Traffic volume Driving patterns
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Manual COUﬂting and Davis et al. (2005); Kassomenos et al. (2006); MoUD (2008); Gokhale et al. (2011); Ho and
VideO recording Clappier (2011); Lozhkina (2015); Shrestha et al. (2013)

. . Muller-Perriand (2014); Borrego et al. (2000); Tchepel et al. (2012); Hung et al. (2010);
Automatic Trafflc Guevara et al. (2013); Ariztegui et al. (2004); Pallavidino et al. (2014); Cai and Xie (2011);

ReCOrderS Malcom et al. (2003); Baldasano et al. (2010); Tchepel et al. (2012); Muller-Perriand (2014); ;
Guevara et al. (2013); Cai and Xie (2011); Malcom et al. (2003); Baldasano et al. (2010)

Brutti-mairesse et al. (2012); Thiyagarajah and North (2012); Jie et al. (2013); Samaras et al.
(2014); Nanni et al. (2010); Radice et al. (2012); Cook et al. (2008); Borge et al. (2012);
Lindhjem et al. (2012); Pallavidino et al. (2014); Nejadkoorki et al. (2008); Hatzopoulou and
Traffic Models Miller (2010); Borge et al. (2015); Brutti-mairesse et al. (2012); Jie et al. (2013); Samaras et al.
(2014); Cook et al. (2008); Borge et al. (2012); Nejadkoorki et al. (2008); Hatzopoulou et al.
(2010); Hirschmann et al. (2010); Bai et al. (2007); Nanni et al. (2010); Bedogni et al. (2014);
Kanaroglou et al. (2008)

. Tate et al. (2013); ISSRC studies; Oanh et al. (2012); Wang et al. (2008); LAIE (2010); Gois
Instrumented Vehicles .4 maciel (2007); Malcom et al. (2003); MoUD (2008): Carslaw et al, (3005); LAIE (3008)

Floating car data Guhnemann et al. (2004); Yu and Peng (20(;?6)1;3L)AEI (2010); Lin-Jun et al. (2014); Ryu et al.

TomTom in-dash navigation

3 party smartphone navigation
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Automatic traffic recorders

Muller-Perriand (2014)
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Traffic and travel demand models
Macroscopic models Microscopic models
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Floatina car data

Collects real-time traffic state information from
individual vehicles equipped with positioning
(GPS) or cellular-based (e.g. GSM, GPRS) systems

\ 3" party smartphone navigation /

\l Speed. Very high spatial and temporal resolution

[Kmih] Huber et al. (1999) Guhnemann et al. (2004) Brower (2014)
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Extendend Floating car data (xFCD

Extended Floating Car Data (xFCD)
Beside the vehicle speed, there is a whole range of other operating and switching
data available in digital form on the bus systems of modern vehicles
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Huber et al. (1999) Prummer (2014)

Car’s fuel consumption

Car’s CO2 emissions
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Vehicle activity: @ I e

Sensitivity analysis

Non-calibrated
Reference Demand Akcelik SFC
SFC
NOx o ,
1.18 +8% -5% +6%
(ton)
PM _ .
0.14 +7% -3% +3%
(ton)
Veh.km _ ,
s 1.85 +10% -3% -2%
x10
Speed 10,
47 -10% +17% -31%

(km/h)

Brutti-Mairesse et al. (2012)
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Vehicle category

il
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On-road emission results, by vehicle

2
SCRG LNTQ
T 15
=
B
g scr@
E) scR@ O cr
Q
< o0s ecr@ SR @scr @ ecr
SCR
scr@® Eeeégdo =or @scr
O ao\...r\

100 120 140 160 180
Average CO, (as % of type-approval [g9/km])

Franco et al. (2014)

Above type—approval

Below or equal to type—-approval
I Above Euro 5 limit
I ~bove Euro 6, below Euro 5 limit
I Below Euro 6 limit
Euro 5 limit
Euro 6 limit

15 test vehicles in total (6 manufacturers),
with different NO, control technologies:
» 10 selective catalytic reduction (SCR)
* 4 exhaust gas recirculation (EGR)
* Tlean NQO, trap (LNT)

Average Euro 6 NO, conformity factors

(ratio of on-road emissions to legal limits):

» all cars: 71

» best performer (Vehicle C, SCR): 1.0

» bad performer (Vehicle H, LNT): 24.3

» worst performer (Vehicle L, SCR): 25.4

Type of fuel consumed
Engine capacity

Emission control regulation
After treatment technology

Manufacturer

13
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Summary of works

Yan et al., 2011; Pandey et al. (2014); Zheng et al. (2014); Kassomenos
et al. (2006); Radice et al. (2012); Cook et al. (2008); Pallavidino et al.
Official vehicle registration data (2014); D’Angiola et al. (2010); Coelho et al. (2014); Zamboni et al.
(2009); Nejadkoorki et al. (2008); Caserini et al. (2013); Souza et al.
(2013)

Veh|C|e owher and park|ng |Ot Davis et al. (2005); Wang et al. (2008); ; Malcom et al. (2003); Oanh et al.

(2012); Ho and Clappier (2011); Gois and Maciel (2007); Ariztegui et al.
Surveys (2004)

. . Tate et al. (2013); Ko and Cho (2006); Aguilar-Goémez et al. (2009), AB
Remote SenS|ng d@VlCGS (RSD) (2010); Guevara et al. (2013); Borge et al. (2012)

Automatic Number Plate Eijk (2012); AM (2014); LAIE (2010); Bedogni et al. (2014); Borge et al.
Recognition (ANPR) data
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Official vehicle reqistration data

Caserini et al. (2013)
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Limited

Traffic Zones

)( Not based on real circulation data

P

\¢ Corrections can improve the representativeness

Radice et al. (2012)
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Vehicle fleet composition: @m Qe

Automatic Number Plate Recoqgnition

Verdeling Euro klasses per lokatie: Cartesiusweg

- < o
’ ’ -’
¢ /
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ol e e L B e
g 7, — — 15% 1%
R F= == - 4
i
- — | . 20%
i s - p— 2%
y AnNa | - ——
§
\ 75%

e License plate Data base

scan locations I / D

Adapted from

BY 839RA

Ejik (2012) and v [BI[BBORAT-; BY839RA
Bedogni (2014) Plate area |I Plate characters i Cliatcters ReS U |tS
Vehicle image identification !,_” segmentation | string
. extraction

/

¢ Spatial representativeness. Not limited to single streets (e.g. RSD)
/ . . .
¢ Temporal representativeness. Information for time slots and weekday/weekend

)( Difficulties in registering license plates on: (i) mopeds (ii) bus-taxi lanes

To be completed with manual
sampling and information from the

public transport bus service 6




Vehicle fleet composition: @m Qs

Center
Centro Nacional de Supercomputacion

Sensitivity analysis

Registration vs circulating data

CMEM/DMV (g/mi) | Riverside | Yorba Linda | La Puente
CO 17.31 18.77 16.96
HC 1.57 1.83 1.59
NOx 1.22 1.36 1.21
CMEM/On-Road (g/mi) | Riverside | Yorba Linda | La Puente
CcO 10.93 7.66 12.92
HC 0.54 0.42 0.64
NOx 0.81 0.61 0.75 Malcom et al. (2003)

Temporal resolution
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f-NO2:

Summary of works

Fleet-weighted value and
influence of other species

K

)< Based on limited tests/vehicles

Thousands of vehicles
* scanned within a day under
“real-driving” conditions

Boulter et al. (2007)

46 m 550 m ) 472m 82m

A

Tunnel ‘mid’ site
-NO, NO,, O,
-NOMAD met station

Tunnel measurements

o

5%

[NO,], =[NO,], +(0:], ~[0,],)+ A([NO,], - [NO, ], )+ B

p Abbot et al. (2005)
" Ambient monitoring data

Franco et al. (2014)

Portable Emissions
Measurement Systems

Dynamometer

measurement
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‘"Remote sensing

devices
Data Processing & Video Display
Source & == 7
Detector Lﬂ:‘ ‘
o Module g‘EL‘)aiL
e 2 '\ ata
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Soltic et al. (2003)
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Remote Sensing Devices

Vehicle type Fueljtype Euro class | MO, MO, MO, MO, (%)

Passenger car Petrol o 204 85.1 + 10.7 05 + 04 0.6+ 04

Passenger car Petrol 1 392 54.1 + 6.5 07 +£03 1.3+ 06

Passenger car Petrol 2 2848 393 + 24 05+ 01 14+ 04

Passenger car Petrol 3 5593 153 +1 03 + 01 21405

Passenger car Petrol 4 8843 103 £ 0.7 04 + 01 41+ 0.7

Passenger car Petrol 5 1998 48 £ 0.7 04 +01 844+ 3

Passenger car Petrol hybrid 4 154 1.6+1 02 +04 129+ 27.8

Passenger car Petrol hybrid 5 605 7+332 11 +04 15+ 39

Passenger car Diesel o 15 47 £ 8.7 7242 153+ 5

Passenger car Diesel 1 62 557+ 74 76+ 15 13.7+ 3.3

Passenger car Diesel 2 363 655 + 4.1 57 +£05 8.7+09

Passenger car Diesel 3 2610 629 + 1.5 103 + 0.4

Passenger car Diesel 4 5836 d (L9 135 + 04

Passenger car Diesel 5 4577 126 + 0.4

London taxi FX 2 877 SO T + L5 39403 P i e

London taxi Met 2 80 1494 + 20.3 119 + 21 8+ 1.8

London taxi TX1 2 4148 957+ 1.3 56+ 02 59+02

London taxi Met 3 148 525+ 31 36+05 69+1

London taxi XN 3 4050 527 +1 63 + 0.2 119+ 0.4

London taxi MV111 4 594 64.1 + 1.3 119+ 09 186+ 1.5

London taxi TX4 4 4719 49.2 + 0.7 6+03 123+ 05

London taxi Tx4 5 185 797 + ?.4| 158 +2 199+ 3.2

London taxi MV113 5 329 629 + 3.1 236 + 1.2 376+ 27

[ Ii | v Vv EEV
— X 172
go 40 - - + o aftertreatment
o @ DPF
..; . + EGR
| 63 4 SCR

g2 & + + ¢ 4 = |
= 46 I * =+= SC RHybrd
o) * ¢ % -
z 5] +

(=]

1
g1 M-
g2l
867
g11- ™

B4 7
B7 7
B107
B4 7
B107

Carslaw and Rhys-Tyler (2013) 19
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Databases

Vehicle type Fuel/type Euro class Carslaw and Rhys-Tyler (2013) EEA (2013)

pre-Euro 0.6x0.4 4

Euro 1 1.3%+0.6 4

Passenger | Euro 2 1,404 4
car Gasoline Euro 3 2,105 3
Euro 4 4,1x0.7 3

Euro 5 8,4x3 3

Euro 6 - 3

pre-Euro 15,3*+5 15

Euro 1 13,7+£3.3 13

Passenger | Euro 2 8,7x0.9 13
car Diesel Euro 3 16,3%0.8 27
Euro 4 28,4+0.9 46

Euro 5 25,2%0.9 33

Euro 6 - 30

20
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Automatic Traffic

Recorders - l
Traffic and travel | | . Vehicle
demand models - 1 activity

Instrumentéd vehicles I
Floating car data v

Manual counting
or video recording

Automatic

Number Plate ot
Recognition

Vehicle registration

Vehicle fleet
—> ..
composition
S information
Remote Sensing —>
Devices
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» Vehicle activity: TDM calibrated/validated or ATR
» Limited spatial coverage and spatial resolution
» Diffusion of in-car navigators: FCD
» Privacy concerns (eCall)
» Big data concerns (large amount of data to process)
» Vehicle fleet composition: Automatic Number Plate Recognition data
» Detailed information on vehicles (manufacturer, after-treatment tech)
» Increase of European urban mobility policies (LEZ)
» f-NO2: in-situ measurements with RSD (Carslaw and Rhys-Tyler, 2013)
» Taxis and urban buses: Separated treatment
» Limited literature relating to sensitivity studies
» XFCD: spatial referencing of real, non-modelling based fuel consumption

data of vehicles

22



WWW.bsc.es

EXCELENCIA
Barcelona ? R
Supercomputing
Center
Centro Nacional de Supercomputacion

Thank you!

For further information please contact
marc.guevara@bsc.es



mailto:marc.guevara@bsc.es

