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Urban traffic emissions

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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Air Quality Planning

Traffic pollution-
reduction measures
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Air quality observations

Contents lists awvailable at ScienceDirect

Atrmospheric Environment

journal homepage: www.elsevier.com/locate/atmoseny

Review

Review of the efficacy of low emission zones to improve urban air @r_m .
quality in European cities

Claire Holman *"*, Roy Harrison ', Xavier Querol ©
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Current review works

Asmespheric Emviro nment 44 (3000 ) 245 7455

Contents lists avallable at Science Direct

Atmospheric Environment

journal homepage: www.elsevier.com/locate/atmosany

Review

Validation of road vehicle and traffic emission models — A review

AT Mieta-anay e

Robin Smit®*, Leonidas Ntziachristos®, Paul Boulter®

* PEHalmes, 59 Melboume Steet, South Brishane QLD 4101, Austrakia

© L harminry af Applied Thermodynamics, Aricitle University, PO Bax 458, CR 54124 Thessalonik, Gresre
STRL Limiter], Crowthome House, Nine Mile Ride, Wiokingham BG40 3CA, United Kingd om

ARTICLE INFO

ABSTRACT

Artids hicry:

Reived & October 2009
Reivad in revised form
12 April 2010

Accepted 12 May 2010

Keywards:
Read traffic
Emision madel
Arouracy
Walication

Errar
Greenhouse gas

Road transport & often the main sewrce of air pollution inurban areas, and there i an increasing need to
estimate its contribution precisely o that pollution-reduction measures (e g emission standards, scra-
page prograns, traffic L, IT5) are o d and impl ad appropriately. This paper
presents a meta-analysis of 50 studies dealing with the validation of various types of traffic emission
maodel, |nched ing average speed”, ‘traffic sitwation”, “rraffic variable”, tycle variable”, and “modal models
The validation stidies employ measurements in tunnels, ambient concentration measu rements, remate
sensing, laboratory tests, and mass-balance techniques. One major finding of the analysis ts that several
maxdels are only partially validated or not validated at all The mean prediction ermrs are generally
within a factor of 13 of the sbserved values for OO, within a factor of 2 for HC and NOy, and within
a factor of 3 for COand P, althowgh differences as high as a factor of 5 have been repored. A positive
mean prediction error for NO, (e overestimation) was established for all model types and practically all
validation techniques_ In the case of HC, model predictions have been moving from unde restimation to
overestimation since the 19805 The large prediction ermor for PM may be associated with different Py
definitions between models and observations (eg size. measurement principle, exhaust/nen-exhaust
conitr bution) .

Statistical analyses show that the mean prediction ermd & generally not significantly different
(< 05 when the data are categorised according to model type or validation technique. Thus, there is
no conclhsive evidence that demonstrates that more complex models systematically perform batter in
terms of prediction eror than les complex models In fact, less complex models appear to perform
better for PML. Moreover, the choice of validation technique does not systemarically affect the result, with
the exception of a 00 underprediction when the validation & based on ambient concentration
measurements and inverse modelling. The analysis identified two vital elements curently lacking in
traffic endssons modelling: 1) guidance on the allowable emor mangins for different application s scales,
and 2) estimates of prediction erors. It is recommended that curent and fiuture emision models
incorporate the capability to quantify prediction errors, and that clear guidelines are developad inter-
nationally with respect to expected accuracy.

2010 Elevier Lod All rights reserved.
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L]
ATMOSPHERIC
NVIRONMENT

Contents lists available at SciVerse ScienceDirect

Atmospheric Environment

journgl homepage: www.elsevier.com/locate/atmoseny

Review

Road vehicle emission factors development: A review

® CrossMark

Vicente Franco ®, Marina Kousoulidou®, Marilena Muntean®, Leonidas Ntziachristos
Stefan Hausberger ©, Panagiota Dilara™*
* Furopean Commission joint Ressarch Centre, nstitute for Energy and Temspart, o Ennim Fermi 2749, 121027 kpro, VA, Tnly

® Lahomtary of Applisd Thermodynamics, Aristutle Uniersity A0, Box 458, CR-54124 Thessaloniki, Greece
“inztitu g fiar ntrrnal Combustion Engines and Thermodynamics, Craz University of Eechnology, infleldgaces 214, A-8010 Graz, Austria

HIGHLIGHTS

= The accuracy of road emision models i directly linked to the quality of their emision factors.
= Road vehicles have a large natural vanability in their emission profiles.

» Emission factors may have different resolution according to their intendad wse.

» Emission modellers should combine laboratory data with real-world measuremenis

ARTICLE INFOQ

ABSTRACT

Artice hickory:

Rescefved 5 |une 2012
Received in revised form
27 S=pember 20012
Accepied 7 |auay 2013

Pollstant emssions need o be accurately estimated to ensure that air quality plans are designed and
implemen ted appropriately. Enision fictors (EFs) are empirical functional relations between pollutant
emissions and the activity that causes them. In this review article, the techniques used to measure road
vehicle emissions are examined in relation to the development of EFs found inemission moadels used 1o
produce emission inventories The emission measurement techniques covered inclide thoese most widely
wsed for road vehicle emissionsdata collection, namely chassis and engine dynamometer measurements,
remete sensing, read unnel stedies and portable emission measurements systems (PEMS). The main
advantages and disadvantages of each method with regards to emissons modelling are presented A
review of the ways inwhich EFs maybe derived from test d ata i also performed, with a clear distinction
between data obtained under contrelled conditions (engine and chaskis dymamameier e s ments
using gandand doving cycles) and measurements under real-waorkd operation

& 2013 Ekevier Lid. All nghts reserved.
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urban traffic emlssmns
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https://envirocar.org/

Overview of participation in the

Surve

» Atotal of 16 participants

 More than 30 cities from 13 different countries
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General information on your @m Qs

emission inventor

1. For which components do you estimate urban traffic emissions?

MOx 16 100%
MOZ 14 57.5%

NOx PM25 16  100%
NOZ PMI0 16 100%
PMZ.5 VOC 11 688%
PM10 co 12 5%
vor coz2 12 75%
Co sS02 10 625%
coz MH3 9 456.3%
Other 31.3%

s02

MH3

Other

0 - & 12

2. For which purpose do you estimate urban traffic emissions?

Official reporting 9 56.3%
Ufficial report... Ajr quality planning 12 T5%
Air quality pla.._ Input for air quality models 14 87.5%
Other 3 18.8%
Input for air g...
Other
0.0 3.5 7.0 10.5
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Information on activity data @m T

3. What of the following methods do you use to compile traffic volume data?

Manual counting or video recording 11 65.6%

Manual count... . s
Automatic traffic recorders 14 87 .5%

Trafic models 13  81.3%
Traffic models

: -~
Flosting Car... ‘ Floating Car Data 1 6.3%

Automatic tra. ..

. o
Non applicable MNon applicable 0 0%
Other Other 1 6.3%

0.0 35 7.0 10.5

10 answers: Combination of the 3 methods

1.2000 - ' _
4584 ) l o [
[ 1.0000
4582 08000 mﬁ gd V-\ch. -~ g s
8000 | | E;
s | o ! A ¥ 1
2 4580, 2 06000 £1.4% J-‘ N -
S + N f ) =
3 0.4000 § W uf.“ﬁrk' ‘\':.'\' z
£ 4578 e Y g
2 0.2000 ‘ X H
£ ) i (3 z
g 4578 0.0000 / MMy Z
g 0 05 1 15 2 f ! <
2 4574
=
T
s

- Calibration
Validation

\ > " Block group cenbods
o — Road inks (TRANPLAN)
Roed ks (GIS)

b /£ =
664 666 668 670 672 674 676 678 680 682
West-East distance (km UTM, zone 18)




Supercomputing )
Center
Centro Nacional de Supercomputacion

Information on activity data @m 0z

4. What of the following methods do you use to compile speed data?

Automatic traffic recorders T 43.8%

Automatic tra. .. N
Trafic models 10 62.5%

Traffic models
nstrumented. Instrumented vehicles h  31.3%
Floating Car.. B Floating Car Data 1 6.3%
Mon applicable . .
MNon applicable 0 0%

Other
. 5 . . . Other h  31.3%

7 answers: Combination of the 3 methods
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Information on activity data @ == ® s~

5. What of the following methods do you use to obtain vehicle fleet composition?

>| Official vehicle registration data 13 81.3%
0%
Remote Sensing Devices 6.3%

0

1
Automatic Mumber Plate Recognition (ANPR) systems 2 MN3%

0

3

Official wvehicl....

Vehicle own... Vehicle owner and parking lot surveys

Remote Sens...

Automatic Nu...
0%
16.68%

Non applicable Mon applicable

Other

Other
0 3 L 9 12 ’ | i i . i i i
J/ cover " SBUFOR R 2
Yearly vehicle registrations / Co e temporal variation of the Hﬂij—,
e 4 according to categories and Diesel
| (b) Reference data; detailed technologies (a) 2 week- days\q 600,000 observations
' external statistics : *
i Total number of ! Survival Current works
[ vehicles, b s >
| categories, Eg; ete. -E" probabilities (a) 2012 2013 0 sites
i A Y
i {__Fleet composition _ | Diesel 73% 75% 63
i Annual mileage, total E *
i galie otz -2»{_Annual mileage (a) Petrol 26% 25% 35
N ¢ Hybrid, 0,4% 0,5% 2.3
electric, others
|  On-the-road Fleet |
| composition André et al. (2014)
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Emission factor models @m 0 s

6. What of the following emission factor models do you use?

COPERT 10 62.5%
COPERT HBEFA 6 37.5%
— VERSIT+ 2 125%
PHEM 1 63%
VERSIT+ _
MOVES 1 6.3%
PHEM Non applicable 0 0%
MOVES Other 5 31.3%
Mon applicable
Other In-house EF datasets (based
0 > s g . on real-driving tests)

Vehicle emission models usage in Europe

Even though the approaches behind COPERT

. COPERT

. HBEFA

. Own model
. COPERT-based

and HBEFA are somewhat different, they are

largerly  underpinned by the same

11
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7. Do you apply corrections to the emission factors?

Mo correction...
Mileage of th...
Slope ofther...
Measurement...

Other
0

g%}
I

On-road emission results, by vehicle
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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 Eclow 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)
* 1lean NO, 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

Mo corrections are applied 2 13.3%
Mileage of the vehicle 6 40%

Slope oftheroad 7 46.7%
Measurement based correction & 53.3%
Other 4 267%

—> PEMS, RSD

Ratio of on-road
emissions to legal
limits (NOx Euro6):

All cars: 7.1

12




Future work @ e P
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7. Do you plan to change your method to compile activity data in the future?

* No (62.5%)

« Use of high frequency pollution sensors to estimate traffic volume in
locations where emission inventories are poor.

« Better integration of models/scales with regional traffic demand models /
microsimulation models

« Use of FCD to estimate hourly speed data

8. Do you plan to change your emission factor model?

* No (50%)
« Alternative models for emission computation at microscale level.
« EF based on real world measurements (Diesel Euro V, IV categories)

9. Which information would you like to receive before planning any changes?

| Quality, accuracy and uncertainty of emission factors
« Comparison between methodologies

—> Guidance on and benchmarking of models, Uncertainty, Test cases! |
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» Vehicle activity data: Traffic models combined with Automatic Traffic Recorders,
Manual Counting and Instrumented Vehicles is the most applied approach to
obtain traffic volume and speed data

» FCD: Its use is limited due to:

» Privacy concerns (private companies own the data)

» Big data concerns (large amount of data to process)

» Limited Volume (need for extrapolation)
» Vehicle fleet composition: Automatic Number Plate Recognition data

» Official registration data is commonly used

» Automatic Number Plate Recognition Systems is gaining ground
» Emission Factor Models:

» COPERT and HBEFA are the leading EU models.

» Measurement based corrections (PEMS, RSD) applied to reduce associated

uncertainty

14
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Masterplan for Masdar City, Abu Dhabi, which keeps
cars out of the centre

For further information please contact
marc.guevara@bsc.es
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FCD: Challenges and Opportunities @ O

» Challenges:

» Multiple information sources (not free)
» Navigation and Car Insurance Companies
» Specific fleets (e.g. Taxis)

» Privacy concerns (restricted information)
» Fuel type, Euro category

» Big data concerns (large amount of data to process)
» 3,000 cars (1 week information) - 500MB

» Opportunities:
» Information based on real-world data
» NRT emission modelling

» Detection of potential modelling sites (hot spots)

16
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Other Sector to Focus On: @m P

Residential Combustion

Use of wood and other biomass in residential sector enhanced by:
« National GHG strategies and targets for renewable energy
* Increase during the economic crisis of other fuel prices (e.g. fuel oil)

Lack of regulation of small combustion appliances at EU level (Eco-design

Directive)
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