European
Commission

Milestone M13 (M3.2)
First emission inventory

5 ]

| VAi v
—

=== — g‘

o, T R S R Tiire R, RS T T TS R
R e e e o e TNt

URBANS

RFURBANS
Research Infrastructures Services Reinforcing Air

Quality Monitoring Capacities in European Urban &
Industrial AreaSGAN. 101036245)

By
TNO

m innovation
for life

16" September2022

REHURBANSHww.RIURBANS.8us supported by the European Commission under the Horizon 20R@search and Innovation
Framework Programme, H2026D-2020, Grant Agreement number: 1036245



http://www.riurbans.eu/

R European “'h'.lh
Commission URBANS

Milestone M13 (M3.2): Dataset on PM ultrafine and nomxhaust sectoral emission distribution over
Europe and pilot cities

Authors:Jeroen Kuenen, Antoon Visschedijick HeslingarNO)

Work packaggWP) WP3 Improving modelling and emission inventor
for policyassessment using advanced observatia
based methodologies

Milestone M13 M3.2)
Lead beneficiary TNO
Means of verification First dataset available for consortium use

Estimated delivery deadline | M12 (30/09/2022)
Actual delivery deadline 16/09/2022

Version Final

Reviewed by WP3 leaders

Accepted by RIURBANS Project Coordination Team
Comments This document provides a short description of 1

first dataset of anthropogenic emissions which |
been made available to the users within the-
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1. About this document

This document provides a short description of finst dataset of anthropogenic emissions which has been
made available to the users within the-BRBANS projectind alsoprovidesshowcases on selected
illustrative resultsWhile theofficialG A G f S 2 T {1 KD&tasRt®i FAVI@IE MNihearid Soeihaustd
sectoral emission distribution over Europe and pilot citie<is nbtilimited to ultrafines and neexhaust

but rather provides a complete emission datagat all relevant speciefyecausethis is what is needed

to feed the modelling activities in RIRBANSBoth the main air pollutantsvhich are alsdancluded in
CAMSREG (CHl CO, NE NMVOC, N& SQ, PMo and PMs) as well as ultrafine particleQJFP)
expressed as particleumber emissionsare included in this datasein terms of sectors, road transport
exhaust and nosexhaust emissions are covered, but also other relevssttors for air pollutant
emissionsTheemissions provided in this dataseave aspatial resolutiorof 6x6kn? over the European
domain, including the pilot citiesligh resolution 1x1kfemission inventories will be derived for the pilot
cities based on this datasesing thedownscaling methodology tool developed by NOA and described in
D3.2 The downscaled 1x1km resolution Emissions Will also be ramdgableto the RIURBANS
community and used as input to the intercomparison exercise between local and downscaled emission
inventoriesfor urbanareasas part of Task 3.2.

This milestone M13 (M3.2) addresses T30B enhancingquality and completeness foemissions
inventories for specific sectors of interest identified in WP 1(e.g., road transport neexhaust
particles) It has beenconstructed with a consistent methodology high will be used for systematic
evaluation of emission inventories (WPZhis document describes the first version of the emission
inventory, which is meant to support users in the projecthsat they have a dataset to start working with
and test the malels and tools. Later in the project (in M28) a final emission inventory will be delivered
(D18,D3.3).

This is a public document, available in theURBANS websitentps://riurbans.euwork-package
3/#milestoneswpl). The document will be distributed to all-BRBANS partners for their use and
submitted to European Commission as atURBANS milestord13 (M3.2.

2. Description of theemission inventory

At European scale, the CANREG emission inventory (Kuenen et al., 2022) is a widelydatadet for modelling

of air pollutant concentrations and deposition in chemistry transport models at European scale. Howevés, as th
inventory islargely based on the official reported emission data from each Europeantry, there are some
shortcomings with regard to consistency of the emission data across the European domain, and the availability of
specific pollutants of interest.

In RIURBANSye thereforework on an improved emission inventory, specifically addressimgaspects:

- Provide acomplete emissioninventory for primary UFR expressed as total particle numb@?N)emissions
includingaerosolsize distributions

- Improve the consistency of road transport (rxhaust emissions lgstimating these emissions in a bottem
up manner using vehicle statistics, mileages and stddne-art emission factors and emission estimation
methodologies.
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This means that the resutig emission inventorincludesboth the main air pollutants also included in CARBG
(CH, CO, NE NMVOC, Nf) SQ, PMo and PMs) as well asUFR expressed a$N emissions ificluding
parameterised size distributits, currently using thd.5 different size binaccording tahe CAMK CTM).

Given the availability of data, the current emission inventory aasingle year2018 as the base yeaiThe
remainder of this section describes the elements ofitheentory in more detail.

2.1 Main air pollutants

For themainair pollutants(CH4, CO, NH3, NMVOC, NOX, SO2, PM10 and RNRGAMSREG emission inventory
version 5.1 is used as the badike inventory has a resolution of 0.1°x0.05°pex) which issquivalent to roughly
6x6knR over central Europé/ersion 5.1s a further development of the CAMEEGv4.2 emission inventory which
is describd in detail in Kuenen et al. (2022he most important changén v5.1is that t is based on the reported
data for the years 200Q018 as reported by eadBuropeancountry in 2020A couple of specific odifications of
the CAMSREGV5.1 emission inventory have been made RFURBANS:

Road transport emissions from CANREG are excled and replaced with a consistent bottenp inventory
(described irSection 2.3).

Also, the inventory takes into account the Ref2 inventory for small combustion PM emissions, which implies
that PM2.5 and PM10 emissions from small combustion applianceeeptaced with a bottorrdzL) & &-OA Sy
oFAaSRé¢ SadAYFIGS 6KAOK (1 1Sa Ayd2 F002dzyi GKS 02y
manner.This replacement of reported data is necessary since country reporting of PM emissions in this source
category comprises a mix of emissions including and excluding the condensable component, which has a larg
impact on the emissiongarlier studies e.gn the framework of CAMS have shown that inclusion of the Ref2
inventory leads to improved modelling resulte (a betteragreement withthe measurementsfsee e.gDenier

van der Gon et a{2015) and EMEP (2020)

2.2 Ultrafine particles

ForUFR a dedicated PN emission inventdoy all known major sources @iimary PNshas been developed. This
is in part based oan earliermethodology that was applied for earlier PN emission inventories develiopia EU
EUCAARI and TRANSPHORM projectsakes into account new information from the literatyrér transport
activities andvariousindustrial sourcesEmissions are calculated at the highest levedaaftordetail which is also
the basis fothe CAMSREG inventory (sdeuenen et al., 2092vhich comprises around 250 different sectioel
combinations.

Wherethe necessary information was availapfiirect emission factors are used which provide Bidreleased per
unit of activity (energy consumption in the case of combustion activities).

In other casesespeciallyhose in whiclkflue gas after treatment witlemission control technologiegetermine PN
emissionsPNare derived from PM2.fassemissiongfrom the CAMSREG dataset, see Section)2ri different
steps first massPM1 is estimated as part of PM2.5, therassPMO0.3 is estimated as part of PM1, and finally the
number of particledbelow 300 nm (aerodynami estimated based orepresentativePNsize distributions found

in the literature.Mobility particle diameters are converted to equivalent aerodynamic diarsh order to make
literature sizedistributionscompatible with CTMs that use aerodynamic diamet8extor and technologyspecific
PM1 and PMO.&ass fractions have been taken fronass size distribution datavailablefrom variousexistingPM
inventoriesand literature

The current PN inventory covers the size range from 10 to 328mmalectrical equivalentnobility) and includes
total particles sum ofsolid and volatile Particle numbers as well as size distributions arecoosservativeand this
usuallycomplicates the development of PN emission inventoriégedataare intended torepresent a snapshot of
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a metastable situation shortly after emissiorlowever, PN and size distributions continue to evolgparticle
growth andcoagulation andalso evaporatiomprogressefter thisstage

2.3 Road transporemission model

Road transportation is a specific source that we have given additional attention, because of the importance of both
exhaust and nofexhaust emissions in urban ared®cause of the rapid changes in the fleet over time which
influence emissions. A bottomp methodology was developed for Europe to ensgomsistency in the way the
emissions are calculated.

The methodology starts frortihe total number of vehicles registered and the annual mileages of each of t#am.
eachvehicle type fuel type,engine capacity and technologfuro classhas been obtained from EMISIA for the
years 2002019 (EMISIA, 2020pr 33 countries in Eurog&U27 #Jnited Kingdom, Turkey, Switzerland, Norway,
Iceland and Northern Macedonid)hese data have been processed which results in the annual vehicle kilometers
at the same level of detaihdditionally, als@mveragespeedinformation and the distribubn of vehicle kilometers

over different road types (urban, rural, highway) have been obtained from the same dataset.

As a next step, emission factors have been selected for each of the categdrigls are largelypased ortwo data
sources: 1}jhe EMEP/EA Guidebook 2019 version (EEA, 204Bjch provides the emission factors as used in the
COPERT model, and 2) emission factors measured and established by TNO and applied in the Dutch emissi
inventory. For nonrexhaust, emissions are calculated using a Tier 2/Tier 3 methodology, taking into account weight
of heavy duty trucks and the dependencyspfeed for brake weart-or particle numbers emission factors are
primarily basedtotal PNemission factors mvided inVouitsis et al. (2017)n the selection of emission factors
specific attention has been givda the completeness of the dataset, ii@. assigning an emission factor to each
specific vehicleThis means that assumptions have been made for \&hifor which no direct emission factors
were available (i.e. use a similar vehicle type)

3. Preliminary results

This section shows some preliminary results for the data, focusing on road transport emissiéideamnidsions in
LJ NI A Odzf I NE aAyOS (iktBexd&tasétMSmoie KeSultsdoy tBeémaif lluiantzNide sedder is
referred to Kuenen etla(2022).

3.1 Ultrafine particles

Figure 1 show®M2.5 emissions and PN emission totals for the year 2018 by GNFR ¥éuilerfor PM2.5 the
largest contributing sources are small combustionai@) industry (B), for ultrafine particles the transport sectors
(F: Road Transport, G: Shipping, H: Aviation, {cdaff vehicles and machinery) atee key contributos, with also

a significant contribution from industr§B)is foundfor PN

Figure 2 shows only the PN emissions, but now size distributed in the 15 different CAMXx size bins. For each size b
also the contribution of different GNFR sectors to the total PNssion is shown. It shows that different sources
have a different size profile with different particle modes (ontudal, e.g. road transport).
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Figurel. PM2.5 and PN emissions by GNFR sector for.2018
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Figure2. Size distributed PN emissicasd the contribution from different GNFR sectors in each of tiiwer
generation (A), industry (B), small combustionf(@jtives (D), solvents (E), road transport (F), shipping (G), aviation
(H), offroad vehicles and machinery (1), wasle dégricultual livestock (K), andther agriculture (L).

3.2 Road transport emissions

Road transport emissions have beestimatedfor both exhaust and neaxhaust, for the main air pollutants and
also for totalPNemissionsFigure 3 shows an illustrative resdistinguishing emissions of NOx, PM2.5 and PN by
fuel type and vehicle typehighlightingthat for all 3 pollutants the majity of emissions comes from diesel
combustion. Wear emissions are only relevant for PM (not for UFP), typical particles generated ladrevatbe

UFP rangend far less irPN When zooming in more, it can be seen the vast majority of both PM2.5P&hd

4
REHURBANSHww.RIURBANS.8us supported by the European Commission under the Horizon 20R@search and Innovation
Framework Programme, H202B6D-2020, Grant Agreement number: 101036245



http://www.riurbans.eu/

RFURBANS
WP3 Milestone M13 (M3.2)

emissions originates from vehicles without a diesel particulate f{lB#PF) It is therefore expected that these
emissions will decrease in the coming years aselodder diesel vehicles will be replaced withrticulate filter
equippednew vehiclesWhile smalcompared to diesel fuelled vehiclasshould be highlighted that petrol vehicles

are also a source &JFR especially the twavheelersand oldergasolinefuelled direct injection(GD) passenger

cars While also newer vehicles such as GiN&led urban buses may be relatively high UFP emitier§,S& R2 Yy
show up here because their relatively low number.
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Figure3. Emissions of NOx, PM2.5 and particle number (PN) from roadgpimet and the susources thereirfior
the year 2018 PC passenger card DV light duty vehicles HDV heavy duty trucksBUS bus, L-Cat mopeds and
motorcyclesCNG, compressed natural gas; LPG, liquefied petroleum gas.

3.3 Resulting enissionmaps

Figure4 and Figure5 show spatially distributed emissions of PM2.5 d@d respectivelyFor M2.5, the main
emission sources are small combustion (mainly residential heatiaggport and industrial sourcésee alsd-igure
1). For UFP, shipping is an important source as is clearly illustrated by the MAP, arttexis@nsport lines (main
roads) are visible in the maps next to the urban centres.
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Figure4. Emissions of PM2.5 distributedsipace at 6x6 km2 resolution.
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Figure5. Emissions of total PN for 2018 distributed in space at 6x6 km2 resolution.
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