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Abstract

This report describes the methodology used fob#dsline emission inventories, the resulting
emission grids from Task 1.3.5, accompanied bylyggamd maps, as well as the projected trends in
emissions. The TRANSPHORM transport sectors of$dwave been treated individually and the
results are based on the latest information onsamdactors and activity data. The result was only
possible through a constructive collaboration bfred SP1 partners and a continuous collaboration
and dialogue between TNO and IER. The emissionatataalculated for individual countries
which are represented in the emission data bakevialy the official UN 1ISO3 Country Codes.
Emissions from international shipping have beemegded for the individual European seas. The
future years emissions are based on activity dajegtions developed within the EU FP7 project
MEGAPOLI and the IIASA GAINS model. Relevant futyrear emission factors for transport
sectors were taken from the source specific TRANSRM SP1 deliverables. The particle number
emission data are a follow-up and improvement effitst European particle number emission
database by TNO in the EU FP6 EUCAARI. The griddath have been made available to SP2 for
modelling and SP5 can use the 2020 and 2030 baggiinls to calculate the impact of policy
measures. In this report we document the methogl@ad illustrate some general features of the

emission base lines for 2005, 2020 and 2030.
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1. Introduction and approach for emission baselines

Emissions of air pollutants cause air quality ddgten and adverse health impacts. The transport
sector is an important contributor to air pollutiGteducing transport emissions is one of the most
important options for abating these negative impaktproper knowledge of emission sources and
their location in time and space is a crucial congmt of being able to model air quality, predict
future changes, and design feasible mitigationates. The resolution of regional air quality
models has rapidly increased from 50 x 50 km tox-55%m in recent years. To optimize the
predictive capacity of the enhanced resolution ntieelels need high resolution emission input data.
A critical step in improving our understanding @iwthe transport sector impacts air quality, and
human health, is the development of high-qualityssion inventories (El) of health relevant
aerosols, aerosol components and their precurBbese inventories are input for AQ models
which in turn allow us to predict (and understacatyent air quality and health impacts. Next,
projections of future emissions may be construatelliding various scenarios of emission

development.

To develop realistic scenarios, baseline emissatalzhses for all sources are a crucial start. Other
emission databases do already exist for all sowcdsare used by the models in TRANSPHORM
but do not cover all the pollutants required by TMRPHORM. This deliverable report describes

the final product of WP1.3: the baseline emissicensarios for 2005, 2020 and 2030.

Scope and Objective

The work described in this deliverable report camekiactivities in previous tasks within
TRANSPHORM Work Package 1.3 and other work packag#sn this SP to produce an

European emission baseline from 2005 up to 202@®a840. The transport activity determined in
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previous tasks in WP 1.3, combined with the emrs$aators in the WP 1.1. and 1.2 in
TRANSPHORM SP1 (see also Table 2-1) allow for thestruction of an emission baseline set

which at the same time allows direct modificatiomen measures from SP5 are implemented.

The resulting dataset described in this deliveradyert is a state-of-the-art emission inventory fo
the EU-wide transport activities, supplemented by-transport activities and completed for the
modelling domain used by most regional air quatitydelling groups in Europe. Apart from the
regular pollutants, the emission baselines for 2Q@020 and 2030 also include speciated particulate
matter (EC, B[a]P) and particle numbers. This esniain output of WP1.3, and will be used in all
subsequent SP’s: as input for air quality model(i8g2), exposure modelling (SP3), relations and

integrated assessment (SP4) and as the baselimatiigation measures assessment (SP5).

Base year 2005, 2020 and 2030 inventory

In 2011 a first base year 2005 inventory was caogtd including specific pollutants addressed in
the TRANSPHORM project (EC, B[a]P, PN), for alleeant sources and activities including
transport. The result has been reported as a TRAGM WP1.3 deliverable report (Denier van
der Gon et al., 2011; TRANSPHORM D1.3.2). To refkbe latest available scientific information,
a second baseline emission dataset (not only @5 B0t also for 2020 and 2030) was constructed
using the revised emission factors developed inMIFRand 1.2 for all relevant pollutants. The
baseline emission data contains the substances 80, NMVOC, CH4, NH3, CO, PM10,
PM2.5, EC, B[a]P, PN. Themissions by substance will be given at the SNAP&Tected Nomenclature
of Air Pollutants) ¥ level with specific modifications for the TRANSPIRM project Table 1-3. The
modification necessary is the splitting of SNAP8Bie machinery and other transport into individual

SuUbSNAPs that address the various models of tran§kable 1-}
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Table 1-1: Description of source categories

SNAP Description

1 Public electricity and other energy transforiomati

2 Small combustion plants including residential boistion
3 Industrial combustion and processes with contact

4 Industrial process emission

5 Fossil fuel production

6 Solvent and product use

7 Road Transport

81 Aviation (airport LTO’s upto 1000 m)

82 Rall

83 Inland shipping

84 Coastal shipping

85 International shipping

86 Mobile machinery

87 Mobile machinery in agriculture and forestry
9 Waste disposal

10 Agriculture

11~ Nature

* Note: Emissions for SNAP 11 (nature) have notrbgespared.

Table 1-2: Description of country groups and the 193 country and sea codésused in the emission database
categories

EU15+ EU12+ Non_EU SEA
AUT BGR ALB ARC
BEL CYP ARM ATL
CHE CZE AZE BAS
DEU EST BIH BLS
DNK HRV BLR MED
ESP HUN GEO NOS
FIN LTU ISL
FRA LVA MDA
GBR MLT MKD
GRC POL RUS
IRL ROU TUR
ITA SVK UKR
LUX SVN YUG
NLD
NOR
PRT
SWE

@For the complete list of the current officially @gsed ISO 3166-1 alpha-3 codes, we refer to

http://unstats.un.org/unsd/tradekb/Knowledgebasen@g-Code
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The emission data are calculated for individualntnas which are represented in the emission data
base following the official UN ISO3 Country Codé&sthe remainder of this report we will often

use 3 country groups; EU15+ (EU15+NOR+CHE); EUlthe New Member States +MLT) and
Non-EU, being the other European countries in UNELiFope domain (Table 1-2). The EU27+
consists of EU15+ and EU12+. Emissions from inteomal shipping have been estimate for the

individual European seas (Table 1-2).

The base year emission inventory for 2005 for ifferént transport modes (road, rail, air and
maritime navigation) has been developed by IER,lminimg activity data for all the transport

modes with the emission factors developed in SRik i§ described in chapter 2. The updated
emissions have been made for the EU27+, not fondineEU countries because the activity data to
do so were not available. Hence, for the non-Elhties the original data as described in
TRANSPHORM D1.3.2 report (2011) remained unchanedbsequently, the emissions have been

spatially distributed.

This emission grid is then completed for the n@ms$port sectors and the non-EU countries with
the base year 2005 emission inventory as it isrde=stin TRANSPHORM D1.3.2, to ensure a
complete set of emissions for all relevant polltgaaccording to the needs of TRANSPHORM
(chapter 3). For the future years 2020 and 203[@@tions have been made. The baseline emission
inventories for 2020 and 2030 for all transport e®tave been prepared by IER by combining
projected activity data and emission factors. These been completed for other sectors and other
countries by TNO by using 2020 and 2030 baselins®aon scenarios from EU FP7 MEGAPOLI
and from the IIASA GAINS model. The constructiontioé baseline emission data is described in

chapter 4.
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2. EU27+ emission grids for all transport modes

In this chapter the methodology and input datacédculating the bottom-up emissions inventory
for all transport modes is described. The griddaté évere integrated into the model-ready
emissions data set of non-transport sectors asibledan chapter 3. The relevant transport modes
are on-road transportation, railway, aviation anighging of sea-going vessels as well as shipping
on inland waterways. The landing and take-off cy¢ler Os) of aircrafts and ground service
equipment (GSE) is considered. Also, maneuverirghgds in ports and engine operation while at

berth is covered by the inventory.

The calculation of emissions from all relevant sesris done by mapping activity rates to
corresponding emission factors developed in WPIh2.sources of these data are shown in Table
2-1 referencing the relevant databases and pro@ieterables. The majority of activities are based
on TREMOVE (Version 3.5). Flight data were kindippided by EUROCONTROL due to the trip
information covered by TREMOVE not being sufficieatallocate emissions to specific airports.
Inland shipping activities were derived from vedskimeters of the TREMOVE model combined
with fuel consumption. Inland shipping calculatiomsre found to be not fully consistent. This is
further discussed in chapter 3. The inventory digtishes between urban and non-urban activities
and emissions. This is essential when assessirgfféat of measure applications in SP5. This is
also necessary for the spatial distribution ofitiventory that allocates emissions to grid cellse T
emissions were allocated to a 1 by 1 km grid, lbeng aggregated to the model-ready 1/8 by 1/16
degree longitude-latitude grid (approximately 7 kn7). The methodology of the spatial allocation
is described in detail in (Theloke et al., 2011)eTRllocation of emissions to urban zones will be

described in Deliverable D5.2.1. Some exampleb®fridded transport emissions for the base
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year 2005 are given for road transport (Figure IJ&igdre 2), aviation (Figure 3), international

shipping (Figure 4) and rail transport (Figure 5)

Table 2-1: Sources of activity rates and emissiométors used to calculate the emission inventory fall relevant

transport modes.

Transport mode Source of activity rate

Source absion factors:

TRANSPHORM deliverable

Reference

On-road transport TREMOVE

Railway TREMOVE
Aviation® EUROCONTROL
databas®

Maritime navigation =~ TREMOVE

Inland shipping TREMOVE Denier van

der Gon et al.(2010a)

D1.1.2

D1.1.3

D1.2.5

D1.2.6

D124

D1.2.3

D1.2.3

Vouitsis et al. (2013b)
Vouitsis et al. (2013b)

Fridell and Moldanova (2013)
Fridell (2013)

Petzold (2013)

Moldanova et al., (2013)

Moldanova et al., (2013)

3 http://www.tmleuven.be/methode/tremove/home.htm

® http://epp.eurostat.ec.europa.eu/statistics_expdtindex.php/Air_transport_sector_statistics_- MAGev. 1.1

¢ The landing and take-off cycles (LTOs) of aircsadnhd ground service equipment (GSE) is considered

10
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Figure 5 Gridded PM2.5 emissions from rail transpot in 2005
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3. Emissions data for air quality modelling over Eu ropean

domain

To ensure a complete and consistent emission datalse used by the modelling groups in other
SPs, and to study the impact of transport measures quality and human health, emissions from
non-transport sources also need to be taken ictmuat. Therefore, the emissions calculated and
gridded following the methodology in Chapter 2 neetie complemented by gridded emissions
from the other, non-transport sectors. Furthermoeeause of the transboundary impact of air
pollution, emissions from outside EU27+ also nexld included for a proper assessment of the
impact of emissions from transport in EU27. A gihdforward procedure has been followed to

obtain the a new complete year 2005 emission lreseli

The embedding procedure in the base line emission i nventory

1. Transport sectors (Aviation, rail, etc.) have bealtulated, identified and given a unique ID in
the bottom-up TRANSPHORM inventory and in the TN&adilt 2005 inventory. The latter
was the result of a post processing of the EU FEEGKPOLI El to subdivide the aggregated
transport sectors, especially SNAP 8 (Table 1+hpae detailed description is given in

TRANSPHORM D1.3.2)

2. The TRANSPHORM Transport sector El is gridded bR fier EU27+ (Chapter 2) and the
grids were cross-checked and validated by TNO ilalgoration with IER. If necessary

improvements or corrections were made. Final griedse made available to TNO through ftp.

3. Since “Transport source sector x country x polltitagpresents a unique combination in the
data base and the gridded data, we can replacketaelt transport sector values and grids from

TRANSPHORM D1.3.2 with the newly prepared grids.

14
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4. For non-EU27+ countries the default grids from TRMHORM D1.3.2 are kept because no

new emission calculations were made and/or availabl

Results - The baseline 2005 emission grids

The result of the above 4 steps is an integratidhe@TRANSPHORM transport emissions with the
other source sectors and combination with emissstimates for the non-EU countries, leading to a
new 2005 base line emission data base. Total emis$or the pollutants BaP, CH4, CO, NH3,
NMVOC., NOx, PM10, PM2_5, EC, SO2 for the entire EXBE-Europe domain in the year 2005
are presented in Annex 1, Table a-1. The relativgributions for four important TRANSPHORM
air pollutants are presented in Figure 6 for ther@tNECE Europe domain. The transport sectors
are important for PM10 and PM2.5 but not domin&it. EC transport is dominant whereas for
BaP transport sectors are of minor importance.r&leive contributions in Figure 6 provide an
overview but between countries and country grougsfecant differences exist in Europe. This is
illustrated for EC in Figure 7 where the contriloatifrom road transport is much higher in the
EU15+ (43%) compared to the other two country gsolgxamples of the gridded emission data for

all sources are given in Figure 8 arglre 9.

15
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Figure 6 Relative contribution of source sectors tM10, PM2.5, BaP and EC emission in UNECE-Europe.

Road transport is label 7, other transport has beegrouped under 8, international shipping is separatly

reported under 85. (see Table 1-1 for a descriptioaf source categories)

16
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Figure 7 Relative contribution of source sectors t&C emission in EU12+, EU15+ and the Non-EU coungs.
International shipping is not shown. For the sectombbreviations see Table 1-1other transport (8) is grouped

to keep the figures compact(see Table 1-1 for a description of source categes)

17



Figure 8 NOx (left) and PM10 (right) emission fromall sources in 2005 for UNECE Europe
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Figure 9 EC emission from all sources in 2005 for NECE Europe (left) and zoomed in on NW-Europe (righ)

19



Additional remarks based on the results.

Inland shipping

Calculated Inland shipping in the TRANSPHORM tram$plata base was more than a factor 5
higher than calculated bottom-up by TNO (Figure. 2®}Yivity data used by TNO are freight
statistics in combination with emission factors regsed per tonne.km. The IER_TREMOVE
approach calculates emission based on fuel sokl c@lculated emission have also been compared
to country reported data, where the TNO calculatvas slightly higher but in general in the same
order of magnitude. The comparison suggested lieafR_ TREMOVE leads to a crude
overestimation, most likely due to uncertaintylod fuel data. Possibly some mixing up with
coastal shipping occurred. It was decided thatwedliag this problem would be too time

consuming and it was more logical to simply takerahhe TNO bottom-up calculation.

Figure 10 Inland shipping (SNAP83) emissions calcaled following two different approaches.

Impact of revised bottom-up emissions for the y@&05 emissions
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TRANSPORM SP1 provided new and/or updated emidsictors for the transport sectors. These
emission factors are applied in the new 2005 baseamission dataset (Chapter 2). It is interesting
to compare the impact of the Transphorm bottomalputation (activity data with emissions

factors with the previous emission dataset consttllby TNO which made use of official reported
emission data. As an example we show the compafisonad transport for the pollutants PM10
and NOx (Figure 11). The results show that forrtheal transport sector the changes for the base
year (2005) are — overall — not dramatic. More gmadly we can observe that in the EU27
countries’ estimated PM10 emissions may be someloiar and NOx emission somewhat higher
(see blue circle and red circle, respectively guiFé 11). For all non-EU countries no difference

occurs (green circle. Figure 11) because thesevg@not recalculated.

21
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Figure 11 Comparison of the road transport NOx (top and PM10 (bottom) emissions in 2005 before andtef

implementing the TRANSPHORM bottom-up emission calalations.

22
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4. Baseline emission grids for 2020 and 2030

Transport emissions in EU27 for 2020 and 2030

The methodology for generating spatially distrilsutsaseline emissions grids for 2020 and 2030
follows the approach described in chapter 2. Somdéianal assumptions had to be made:

1. The activity rate estimates of aviation for therge2020 and 2030 were made by projecting
2005 flight data based on future trip length estesaf TREMOVE.

2. Bio fuel is not covered by TREMOVE, thus future el usage in the inventory is
assumed to be in line with PRIMES (European Comions2010) projections which are
serving as input of TREMOVE in the first place.

3. Euro 6 petrol passenger cars are not includedeimdhivity data set but will be introduced in
2014. Thus, future shares of Gasoline Euro 5 and Ewvere adapted. Euro 6 is assumed to
increasingly penetrate the fleet. This is importdo@cause of on-road transportation
remaining the most prominent mode in 2020 and 2030.

4. Sulfur content in future fuels for inland ship saaound 10 ppm (cf. D1.2.1 and D1.2.3).
For on-road transportation Diesel sulfur contentarsund 8 ppm in future projections
instead of 40 ppm in 2005 (EMEP/EEA, 2009).

5. Increasing compliance of the overall fleet to reztudNQ, emission standards due to new
ship engines (cf. D1.2.1) is assumed.

6. Also, the limits posed by Emission Control Area€As) for the Baltic Sea, North Sea and
the English Channel are assumed to be met as bdedan D1.2.3.

Figure 12 and Figure 13 show the decline in PM&ssions per ton and year in a single cell when
comparing the 2020 projections to 2005 base linesgons. Note that the cell size depicted
corresponds to the 1/8 by 1/16 degree grid. Thgsatea of a single cell at the center of the domai
is about 36 krh Figure 12 and Figure 14 show the change in earissrom on-road transportation
which remains the main mode of transport in 2020 2080, respectively. Figure 13 and Figure 15
show the change in off-road emissions from railwagd from shipping and emissions at airports,
again for 2020 and 2030, respectively.

23
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Figure 12: PM2.5 emissions from on-road transportdabn (SNAP 7). The difference in tonnes per year anger

cell are shown comparing the 2020 base line to tl2®05 base line scenario.

Figure 13: PM2.5 emissions from off-road transportdion (SNAP 8). The difference in tonnes per year ahper

cell are shown comparing the 2020 base line to ti2®05 base line scenario.

24
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Figure 14: PM2.5 emissions from on-road transportdabn (SNAP 7). The difference in tonnes per year anper

cell are shown comparing the 2030 base line to 2805 base line scenario.

Figure 15: PM2.5 emissions from off-road transportéion (SNAP 8). The difference in tonnes per year ahper
cell are shown comparing the 2030 base line to 2805 base line scenario.

25
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Procedure for a baseline emission grid for 2020-203 0

To obtain emission grids for the years 2020 and2408luding all sources, every emission source
in the 2005 baseline TRANSPHORM gridded data (advapt needs a country  SNAP_pollutant

specific scaling factor for 2020 and 2030 — thesebased on:

1. For the transport sectors: New bottom-up emissaia thade by IER using TREMOVE
activity data and TRANSPHORM SP1 EFS for currert future technologies (see
previous section).

2. For non-transport the base line scenario develapBEGAPOLI (Theloke et al., 2011)

3. For Residential combustion (SNAP 2) the IIASA PRISEO09 baseline scenario, updated

in 2011 (Amann et al., 2011) (see below)

It is important to realize that we use the tremdhe scenarios, not absolute calculated emission
values (except TRANSPHORM sectors). This is esaktttiget a consistent result because the
starting point for the base year in the MEGAPOLIIAISA projections is not the same as our base
year calculation. Using the absolute values cotgdte strange jumps in the emission projections
simply because the numbers are not compatibleth8dinal emissions for 2020 and 2030 were
calculated using scaling from the 2005 grid for tloa-transport sector. For the purpose of
TRANSPHORM this is acceptable because the bottoridpr the transport sector was the real
TRANSPHORM SP1 aim and needed for SP5. Some refreents on the scenario’s that were

used to fill gaps for the non-transport sectors:

MEGAPOLI scenario (MP) achieves the CO2-eq. reductif 20% in 2020 including the

implementation of the energy and climate package

SP5 (IER) has all the underlying data for the caraBiTRANSPHORM sectors & the MP

scenarios. The work in SP5 benefits from this ohoic

26
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But... the MP scenario has very significant impactfiow countries develop in the
residential combustion sector (see next slide)ripacts may be justified but are out-of

scope for TRANSPHORM and distract from the TRANSHORpacts
Choice of a scenario for the sector residential bastion

The trend in MP scenario is based on Energy / bssnige modelling. Although supported by
documentation present at IER, it distracts too nfumim any trend in transport data which is the
focus of TRANSPHORM (Figure 16; for individual cdties the changes are (even) more

dramatic). Therefore the IIASA — based scenario sedscted for residential combustion (SNAP2).

Figure 16 Projected PM10 emission by country groufrom 2005 to 2020/2030 for residential combustion
following the MEGAPOLI scenario (Theloke et al., 2Q1) (left) (and the IIASA (Amann et al., 2011) (rifpt).
Arrows indicate the average trend for EU15 countris, illustrating that especially for 2030there is dundamental

discrepancy.

27
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Approach for Inland shipping

As discussed in chapter 3, we concluded that themeup calculated inland shipping emissions
following the TRANSPHORM methodology resulted ineo@stimations, most likely due to wrong
allocations of fuel sold in the activity data. Téfare also the calculated emissions for 2020 and
2030 could not be used directly. The solution te gfnoblem was to use the trend based on
TRANSPHORM bottom-up calculation by IER, SP1 EFFREMOVE activity data and use the
relative changes going from 2005 to 2020 and 203t ale the TNO 2005 absolute emission level

for Inland shipping. An example of the resultingigsions is presented in Figure 17.

Figure 17 Inland shipping emission data for 2005 ahthe future years for PM10, PM2.5 and EC (Left) ad NOx

(right) using the TNO 2005 bottom-up calculation saled with the IER-TREMOVE trend 2005-2020-2030.
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Emission projections 2020 and 2030 for UNECE-Europe

The change of PM2.5 emissions by source sectbussrated in Figure 18. PM2.5 emission are
projected to decline from 2005 to 2020 but no fartbmission reduction and in fact a small
increase in emission towards 2030 is projecteshduld be noted that only the emission reductions
following current in-place policies are implement&thce little emission policies have been

defined for the period after 2020, emission camgagain after 2020 due to e.g. increase of
(economic) activities. It can also be seen thatherentire UNECE domain transport sectors are not

dominant, in line with the earlier discussion basad-igure 6.

Figure 18 PM2.5 emission by source sector for UNEGEurope for the years 2005, 2020 and 2030

The trends for the pollutants NOx, PM10, PM2.5 B@by country group are illustrated in Figure
19. BaP trends are shown in Figure 20, with antaidil illustration showing the minor relevance
of transport emissions for BaP (note the differeindbe y-axis). To give an impression of the level
of detail available, the individual EC emissionnfrooad transport by country for 2005, 2020 and

2030 is shown in Figure 21. Total emissions by ¢gugroup are summarized in Table 4-1.
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Table 4-1 Emissions of air pollutants in 2005, 2028nd 2030 by country group for UNECE-Europe




The spatial distribution of the emission changaagfrom 2005 to 2020 and 2030 has been
illustrated by Figure 12 to Figure 15. These figugese the best impression of how, based on the
new research in TRANSPHORM SP1, the transport eomssre expected to develop and how
these changes affect the spatial distribution. H@regor modelling purposes complete emission
sets are necessary as explained in chapter 3.éeig trends are clearly shown in Figure 19 and
Figure 20, but when we spatially distribute the &g1mns and then look at the emission changes in
2020 and 2030 compared to 2005(Figure 22, Figuye-2®me interesting remarks can be made.
EC emissions are decreasing and also spatiallystlasather uniform pattern. Although in general
NOxX is decreasing this is not the case for intéonat shipping, hence the shipping tracks are
visible in red on the NOx grids in Figure 22 andufe 23. For PM10 the shipping tracks do not
show a similar increase because it is expectedhlas-content of the fuels will decrease, this
reduces the PM emissions. For individual counsm@se surprising trends can be seen (e.g. Ireland,
Ukraine) especially for PM10. These are the resflssssumptions in the emission projections for
other sources. For example since road transporedgses substantially, even moderate changes in
the other dominate area source, residential conadmjstan compensate the reduced emission from
road transport. One should bear in mind that tlogeptions (see previous section on baseline 2020
and 2030 data) were not made for air pollutanthfredividual sources but are based on energy
modelling with rather broad targets like meeting #9050 target on CO2 reduction. Hence within
countries certain changes can be more importanteékpected depending on which years are
compared. This is illustrated in Figure 24. Whentalee the years 2005 and 2020 for Ireland,
emissions are expected to grow for residential astibn — when we compare other years the
impact might be less or reversed in sign. Clearhsprojections have to be used with care and
should be seen as indicative only. A detailed aigalgf the underlying assumptions in the scenarios

for other, non-tranport, sources was outside osttope of TRANSPHORM.
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Quantifying uncertainty

The bulk of an emission inventory is compiled bilexding activity data and appropriate emission

factors according to the Tier 1 default approaddE#P/EEA 2009; 2013):

Although for some sectors the equation to be usestimate emissions is more complicated than a
simple multiplication of a variable (Activity ratgiviy) and a parameter (Emission factor
activity,pollutany, IN general such a simple equation can be useftan uncertainty estimates. For a
more detailed treatment of the uncertainty calooatwe refer to Chapter 5 uncertainties in
EMEP/EEA (2013). For activity data like statistarsd overall estimate of uncertainty would be 5-
10% (EMEP/EEA, 2013). However, for the emissiortdeg this is much more complicated. It
differs by source and pollutant and is often naiwn. To tackle this issue a system has been

developed that rates the uncertainty of emissiotofa (

For several health relevant pollutants reductioos1f2005 to 2020 and beyond are expected in the
range of 20-30%. Only EC and SO2 show substantmadiye reduction. For Ammonia very little

emission reduction is foreseen (Table 4-4).

Table 4-4 Relative changes of air pollutant emissis going from 2005 to 2020 and 2030 for UNECE-Eurep

.). This system allows for giving different ratinggsvarious pollutant emission factors for a single

source.
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As an illustration and indication of uncertainty veproduce the general assessment of emission
factors uncertainties for European emissions (Taf8& A more elaborate uncertainty analysis has
not been made in TRANSPHORM as this is a major. takk TRANSPHORM emission inventory
combines detailed bottom-up transport sector détamore general emissions data as reported by
countries. The mixing of these different approadmss for a complicated weighing of
uncertainties, that differs country by country. Amer uncertainty is the spatial distribution of the

emissions which is done using proxy data. Someipscare more accurate than others.

Table 4-2 Uncertainty rating definitions used for ar pollutants in the Emission inventory guidebook

(EMEP/EEA, 2013).

Table 4-3 Main NFR source categories with applicakl quality data ratings (EMEP/EEA, 2013)
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'In some cases, solvents may be toxic compounds.
? Rating representative of typical pollutant souraegory combination; some specific cases may higleer ratings.

® Natural sources could be contributed from volcarered other geothermal events.

For example a point source data base for powetgiatiairly accurate although some uncertainty
is present related to the specific fuel use, fuallity and operation times. For some other proxies
e.g. the population density used to distributeetiméssion from woodstoves, the accuracy of this
proxy is not known as we don’t really know where #oodstoves are. The uncertainty of using

such a proxy increases when going from a largestoaller grid size.

Conclusions

TRANSPHORM aims to improve the knowledge of tramspelated airborne particulate matter
(PM) and its impact on human health and to devalapimplement assessment tools for scales

ranging from city to the whole of Europe. For aiatity modelling and environmental impact
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assessment studies, a good understanding of theitondg and location of the sources of pollution
is of crucial importance for deriving policy conslans. A new model-ready emission inventory at
high spatial resolution for UNECE-Europe for 202620 and 2030 was constructed in
TRANSPHORM. It combines a bottom-up approach ferttansport sector where for each
transport mode experts reviewed and provided nempdated emission factors with official
reported emissions (to the extent possible, i.l. when quality was insufficient other estimates
were used) for the non-transport sectors for tise lygar 2005. Non-transport sector emissions for
the future years were scaled from the base yeds 80flissions data using IIASA scenario studies in
support of the EU NEC directive. Again, transp@tter emissions were directly calculated. The
focus of TRANSPHORM is on health relevant emissiohthe transport sector more specifically
ultrafine particles (UFP, see chapter 5) PM2.5RN0, elemental carbon (EC), and benzo[a]
pyrene as a indictor for polycyclic aromatic hydrdmwons (PAHs). However, to fully model air
quality all other air pollutants need to be preserthe emission inventory as well. The application
of a consistent gridding methodology for all colegrensures that patterns across borders do not
show sudden changes or jumps; e.g. consistenuls@mdnd animal density maps to distribute

agricultural emissions.

For several health relevant pollutants reductioosf2005 to 2020 and beyond are expected in the
range of 20-30%. Only EC and SO2 show substantmadiye reduction. For Ammonia very little

emission reduction is foreseen (Table 4-4).

Table 4-4 Relative changes of air pollutant emissis going from 2005 to 2020 and 2030 for UNECE-Eur@p
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Figure 19 Anthropogenic NOx, PM10,PM2.5 and EC em&on by country group for UNECE-Europe for the

years 2005, 2020 and 2030

Figure 20 BaP emission for UNECE-Europe
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Figure 21 EC emissions for the road transport sectdor individual countries in 2005, 2020 and 2030
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Figure 22 Gridded maps of emission reductions in 2030 conthtr@005 (green indicates reduction) for NOx, PMb@d EC in UNECE-Europe.
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Figure 23 Gridded maps of emission reductions in 2020 conpty@005 (green indicates reduction) for NOx, PMh@ EC in NW Europe.
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Figure 24 Examples of trends in PM10 emission forasidential combustion 2000-2030 following the IASA

Primes baseline data
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5.

For particle numbers, a separate database for 28@Been developed by TNO in the EU FP6
project EUCAARI (Denier van der Gon et al., 201Bkjmala et al., 2011) and has been made
available to the TRANSPHORM SP2 partners as asttdb start the modelling. An example of the
EUCAARI PN emission inventory for particles largban 100nm is given in Figure 25. Particles
larger than 100 nm are especially relevant for d¢fmrmation and the data in Figure 25 were used

in to asses climate effects of PN emissions by J2eee et al. (2013).

Figure 25 Example of the results of the TNO-EUCAARIPN inventory; All particles larger than 100 nm for 2005.

However, the TNO-EUCAARI PN database had no emisdaia for the projection years 2020 and
2030. In 2012 — 2013 a new PN was made based orNtBeECAARI work but for each transport
mode a new emission estimate was made using gdadi@ia and the emission factors provided by
TRANSPHORM SP1 partners. The aim of this new da@abeas 1) to use the new
TRANSPHORM emission factors and 2) to make a piiekmy calculation of the PN emissions in

2020 and 2030. This was realized through a ratragrpatic approach.

A bottom-up calculation was done for all the Trammpn transport sectors. TNO made expert

choices how to fill the 2005 emission databasegugie new TRANSPHORM data. This was
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necessary because the methodologies between vaonause sectors were not comparable — For
some sectors only solid PN EFs were proposed wikilers provided total PN emission factors.
This would result in incomparable sector emissagals. Moreover, to be suitable for modelling all

source sectors need to be present including toeefyears.

First a consistent improved 2005 emission datab@asemade using as much as possible new
Transphorm EFs. Next, IER performed a calculatibthe PN emission for all years (2005, 2020,
2030) for the transport sectors, in a similar wayaa the other air pollutants as described in
chapters 2 and 4. The ratio’s of the 2020 and 2088sions relative to 2005 were used to project
the TNO PN emission totals for transport sectordd@5 to 2020 and 2030, respectively. To
approximate the future year emissions for the mansport sectors, scaling factors were used based
on the IIASA primes \baseline scenario for PM2.8neke we assumed that PN emissions would
follow the trend in PM2.5 emissions for the nomsport sectors. This is by definition an

oversimplification but currently and within the geoof the project the best solution.

Results

Total particle number emissions by country group2@05, 2020 and 2030 are presented in Figure
26, values for individual countries are given ie innex. Immediately visible in Figure 26 is the
dominant role of international shipping in 2005stis a major difference within the previous
EUCAARI PN inventory, the new TRANSPHORM emissi@ttors for shipping are much higher.
In the future years the PN emissions from shippiegine due to the introduction of low sulphur
fuels, although this is not entirely well understan the limited measurements available. Although
in the following graphs we will present total pal#i number emissions, the majority of the particle

number emissions is below 100 nm (Figure 27). Harethe accuracy of the particle number size
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distributions varies considerably between sourogsigsmostly limited by data availability, so the

split in Figure 27 is indicative but rather robugten grouping all sources together.

Figure 26 Total particle number emissions for 20052020 and 2030 by country group (Sea is internatiah

shipping)

Figure 27 a Total particle number emissions and t@tl particle number emissions in the range of 10-100m for

2005, 2020 and 2030 for UNECE-Europe and b) idem bfor road transport only separated by country group.
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Figure 28 Total particle number emissions for lancbased non-road transport from 2005-2030 by countrgroup
(81 =Aviation (airport LTO’s upto 1000 m; 82 =Rail; 83 =Inland shipping; 84 = Coastal shipping; 86 = Mbile

machinery, see also Table 1.).

The EU 15 emissions decline strongly in future geaspecially due to implementation of emission
standards in road transport and the phase-oukddltter vehicles with less stringent emission

limits (Figure 27hb).

In the new Transphorm PN emission database aispgah(sector 81) is an important source of PN
emissions (Figure 28) which was previously estimiabebe much smaller. The emissions in Figure
28 include semi-volatile particles, most of theteansport emissions are most likely OC, only a
fraction is solid combustion particles. Both inlestdpping and coastal shipping are expected to
decline. Overall much of these reductions are edl&d decreasing sulphur content of the fuels,

further reduction is related to engine technolagldss is also depicted in Figure 29.
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Uncertainty in PN emissions

The uncertainty in PN emission is high. A fundanaérgsue is the discrepancy between solid PN
and total PN. Solid PN can be measured more a&ty@atd reproducible. Total PN emissions
depend on temperature and other environmental tonslimaking them highly uncertain. This is
why the emission standards for road transport asedon solid PN. There is also a large variation
in uncertainty from different sources. For somersesino PN emission factors are available,
instead the PN emission was calculated from PM oreagents in combination with a particle size
distribution. In a regional to city-scale casesigtlalafut-Pettibone et al. (2011) determined
average size-resolved and total number- and voloased emission factors for combustion. The
number emission and volume emission factors faigées from 11 nm to 494 nm were 1.56%10
particles, and 9.48x1bcubic microns per kg of carbon, respectively. Rate for our study here is
that Kalafut-Pettibone et al. (2011) estimateduheertainty of the number emission factor as

approximately plus or minus 50 %.

Figure 29 Total particle number emissions for for kipping from 2005-2030 in UNECE Europe (83 =Inland

shipping; 84 = Coastal shipping; 85 = Internationakhipping, see also Table 1.).
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Conclusions

As the mass of ultrafine particles is a very srfralttion of PM10 or PM2.5, it is more useful to
consider particle number (PNO.1) rather than mas40(1). PN emissions are the most accurate
measure to characterize ultrafine particle (UFPissions. In TRANSPHORM a new particle
number(PN) inventory for UNECE Europe was madefid5 and the projection years 2020 and
2030. The new inventory focuses on the contributibthe transport sectors. The aim of this new
inventory was 1) to use the new TRANSPHORM emis&iators, 2) to make a preliminary
calculation of the PN emissions in 2020 and 203D3rto provide input for regional scale PN

modelling.

The results show the importance of the transpatose for UFP emissions but also suggest strong
reductions in the future. PN emissions due to ¢eehbustion in road transport and shipping may
change significantly as a consequence of motofagldnodifications such as low-sulphur fuels
and particulate matter filters. This impact iseefed in our 2020 and 2030 projections. Another
remarkable change compared to the previous inwergahat we believe that aviation is a stronger
source of UFP than previously assumed, most oethes not solid PN and may have escaped
attention in previous emission factor measuremdiits.EU 15 emissions decline strongly in future
years, due to implementation of emission standardsad transport and the phase-out of the older

vehicles with less stringent emission limits.

46



D1.3.5 TRANSPHORM Deliverable
References

Denier van der Gon, H., A. Visschedijk, J Kueneny&h Gijlswijk, J. Theloke, K.. Schenk, R. Friaalr;
TRANSPHORM Deliverable D1.3.2 Report, TRANSPHORMhaapogenic emission baseline for 2005,
Methodology, data origin & preliminary dataset, 201

Denier van der Gon, HAC, A. Visschedijk, H. van &eagh, R. Droge, A high resolution European
emission data base for the year 2005, A contributidUBA- Projekt PAREST: Particle Reduction
Strategies, TNO report TNO-034-UT-2010-01895_RPT;Mirecht, 2010a.

Denier van der Gon, Hugo; Visschedijk, Antoon; Jas®n, Christer; Ntziachristos, Leonidas; Harrison,
Roy M.: Size-resolved Pan-European Anthropogenitidha Number Inventory , paper presented at
International Aerosol conference (oral), 29/8-304.@, Helsinki, 2010

Denier van der Gon, H., Hulskotte, J., Methodolsd@ estimating shipping emissions in the NethettaA
documentation of currently used emission factosratated activity data, PBL Report 500099012,
ISSN1875-2322 (www.pbl.nl/en/publications), Biltlemwv2010b.

EMEP/EEA, 2009. EMEP/EEA air pollutant emissionantory guidebook — 2009. Updated May 2012.
Available online at http://www.eea.europa.eu/putimns/emep-eea-emission-inventory-guidebook-
2009, last accessed 13 Mar 2012.

EMEP/EEA, 2013. EMEP/EEA air pollutant emissionantory guidebook 2013, Technical report No
12/2013

European Commission, 2010. EU energy trends to 203@pdate 2009. DG for Energy in collaboration
with Climate Action DG and Mobility and TransporG>doi:10.2833/21664.

Fridell, E., J. MoldanovalRANSPHORM Deliverablé1.2.5 Report on railway emission factors, IVL,
2013

Fridell, E, TRANSPHORM DeliverableD1.2.6 Report on emission factors for wear parsi¢iern
railways, IVL, 2013

Kalafut-Pettibone, A. J., Wang, J., Eichinger, W.®&arke, A., Vay, S. A., Blake, D. R., and Stan@. O.:
Size-resolved aerosol emission factors and newvcfafbrmation/growth activity occurring in Mexico
City during the MILAGRO 2006 Campaign, Atmos. Chd?thys., 11, 8861-8881, doi:10.5194/acp-11-
8861-2011, 2011.

Kuenen J., H. Denier van der Gon, A. Visschedijky&h der Brugh, S. Finardi, P. Radice, A. d’Alluga
Beevers, J. Theloke, M. Uz-basich, C. Honoré, @uBsel (2010): A Base Year (2005) MEGAPOLI
European Gridded Emission Inventory (Final Versi@ygliverable D1.6, MEGAPOLI Scientific Report
10-17, MEGAPOLI-20-REP-2010-10, 37p, ISBN: 978-8373998-8-9

Kulmala, M., A. Asmi, H. K. Lappalainen, U. Baltgresger, J.-L. Brenguier, M. C. Facchini, H.-C.
Hansson, @. Hov, C. D. O'Dowd, U. Pdschl, A. Wiestdrler, R. Boers, O. Boucher, G. de Leeuw, H.
Denier van den Gon, J. Feichter, R. Krejci, P. Eajlihavainen, U. Lohmann, G. McFiggans, T. Mentel
C. Pilinis, I. Riipinen, M. Schulz, A. Stohl, E. 8licki, E. Vignati, M. Amann, M. Amann, C. Alves.
Arabas, P. Artaxo, D. C. S. Beddows, R. Bergstr@n®. Beukes, M. Bilde, J. F. Burkhart, F. Canonaco
S. Clegg, H. Coe, S. Crumeyrolle, B. D'Anna, S.daci, S. Gilardoni, M. Fischer, A. M. Fjeeraa, C.
Fountoukis, C. George, L. Gomes, P. Halloran, Tmbiarger, R. M. Harrison, H. Herrmann, T.
Hoffmann, C. Hoose, M. Hu, U. Horrak, Y. linuma,l¥ersen, M. Josipovic, M. Kanakidou, A.
Kiendler-Scharr, A. Kirkevag, G. Kiss, Z. KlimorR, Kolmonen, M. Komppula, J.-E. Kristjansson, L.
Laakso, A. Laaksonen, L. Labonnote, V. A. LanzBKJ. Lehtinen, R. Makkonen, G. McMeeking, J.
Merikanto, A. Minikin, S. Mirme, W. T. Morgan, E.eéwitz, D. O'Donnell, T. S. Panwar, H. Pawlowska,
A. Petzold, J. J. Pienaar, C. Pio, C. Plass-Duelfmes. H. Prévét, S. Pryor, C. L. Reddington, G.
Roberts, D. Rosenfeld, J. Schwarz, @. Seland, Ke@g X. J. Shen, M. Shiraiwa, H. Siebert, B.3ig,
D. Simpson, J. Y. Sun, D. Topping, P. Tunved, Ratiwvaara, V. Vakkari, J. P. Veefkind, A.
Visschedijk, H. Vuollekoski, R. Vuolo, B. Wehner Wildt, S. Woodward, D. R. Worsnop, G.-J. van
Zadelhoff, A. A. Zardini, K. Zhang, P. G. van Zyl,-M. Kerminen, K. S. Carslaw, and S. N. Pandis,
General overview: European Integrated project orod@ Cloud Climate and Air Quality interactions

a7



D1.3.5 TRANSPHORM Deliverable

(EUCAARI) — integrating aerosol research from n&mglobal scalesAtmos. Chem. Phys., 11, 13061-
13143, 2011.

Moldanova, J., E. Fridell, A. Petzold, J.-P. JalkanTRANSPHORM Deliverable D1.2.3 Emission factors
for shipping — final dataset for use in Transphemission inventories, IVL, 2013

Passaanen, P., A. Asmi, T. Petdja, M.K. Kajos, N&l4, H. Junninen, Thomas Holst, J. P. D. AbbAtt,
Arneth,W. Birmili, H. Denier van der Gon, A. Hameal,al., Observations of the organic aerosol -
climate feedback mechanism, Nature Geosciencetisbad online: 28 April 2013; DOI:
10.1038/NGE0O1800, 2013

Petzold, A., TRANSPHORM Deliverable D1.2.4 Emissfaators for aircraft taxing and LTO cycle (DLR
database as of Feb 2012), DLR, 2013

Theloke J., M.Blesl, D. Bruchhof, T.Kampffmeyer, Kugler, M. Uzbasich, K. Schenk, H. Denier van der
Gon, S. Finardi, P. Radice, R. S. Sokhi, K. Ravan@. Beevers, S. Grimmond, I. Coll, R. Frie-dridh,
van den Hout (2010): European and megacity basstierarios for 2020, 2030 and 2050. Deliverable
D1.3, MEGAPOLI Scientific Report 10-23, MEGAPOLI6-REP-2010-12, 57p, ISBN: 978-87-92731-
04-3

Theloke J., Thiruchittampalam B., Orlikova S., Ugich M., Gauger T., 2011. Methodology development
for the spatial distribution of the diffuse emissadn Europe. Available online at:
http://prtr.ec.europa.eu/DiffuseSourcesAir.aspst dccessed 15 Dec 2012.

Vouitsis, |., L.Ntziachristos and Z. Samaras, TRAEORM Deliverable D1.1.2 Report, Methodology for
the quantification of road transport PM-emissiarsng emission factors or profile&ristotle
University of Thessaloniki, Thessaloniki, Greg2@l3a.

Vouitsis, I., L.Ntziachristos and Z. Samaras, TRAN®ORM Deliverable D1.1.3 Report, Methodology for
the quantification of non-exhaust road transportétssionsAristotle University of Thessaloniki,
Thessaloniki, Greece, 2013b.

48
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for UNECE-Europe
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Table a-1 Total emissions in UNECE Europe in 200%ki{ons/yr; BaP in tons/yr)
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Table a-3 Total particle number emissions in 2002020 and 2030 by international shipping by sea fAJNECE-
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