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Abstract 

This report describes the methodology used for the baseline emission inventories, the resulting 

emission grids from Task 1.3.5, accompanied by graphs and maps, as well as the projected trends in 

emissions. The TRANSPHORM transport sectors of focus have been treated individually and the 

results are based on the latest information on emission factors and activity data. The result was only 

possible through a constructive collaboration of all the SP1 partners and a continuous collaboration 

and dialogue between TNO and IER. The emission data are calculated for individual countries 

which are represented in the emission data base following the official UN ISO3 Country Codes. 

Emissions from international shipping have been estimated for the individual European seas. The 

future years emissions are based on activity data projections developed within the EU FP7 project 

MEGAPOLI and the IIASA GAINS model. Relevant future year emission factors for transport 

sectors were taken from the source specific TRANSPHORM SP1 deliverables. The particle number 

emission data are a follow-up and improvement of the first European particle number emission 

database by TNO in the EU FP6 EUCAARI. The gridded data have been made available to SP2 for 

modelling and SP5 can use the 2020 and 2030 baseline grids to calculate the impact of policy 

measures. In this report we document the methodology and 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 degradation and adverse health impacts. The transport 

sector is an important contributor to air pollution. Reducing transport emissions is one of the most 

important options for abating these negative impacts. A proper knowledge of emission sources and 

their location in time and space is a crucial component of being able to model air quality, predict 

future changes, and design feasible mitigation scenarios. The resolution of regional air quality 

models has rapidly increased from 50 x 50 km to ~ 5 x 5 km in recent years. To optimize the 

predictive capacity of the enhanced resolution, the models need high resolution emission input data. 

A critical step in improving our understanding of how the transport sector impacts air quality, and 

human health, is the development of high-quality emission inventories (EI) of health relevant 

aerosols, aerosol components and their precursors. These inventories are input for AQ models 

which in turn allow us to predict (and understand) current air quality and health impacts. Next, 

projections of future emissions may be constructed including various scenarios of emission 

development. 

To develop realistic scenarios, baseline emission databases for all sources are a crucial start. Other 

emission databases do already exist for all sources and are used by the models in TRANSPHORM 

but do not cover all the pollutants required by TRANSPHORM. This deliverable report describes 

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

Scope and Objective 

The work described in this deliverable report combines activities in previous tasks within 

TRANSPHORM Work Package 1.3 and other work packages within this SP to produce an 

European emission baseline from 2005 up to 2020 and 2030. The transport activity determined in 
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previous tasks in WP 1.3, combined with the emission factors in the WP 1.1. and 1.2 in 

TRANSPHORM SP1 (see also Table 2-1) allow for the construction of an emission baseline set 

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

The resulting dataset described in this deliverable report is a state-of-the-art emission inventory for 

the EU-wide transport activities, supplemented by non-transport activities and completed for the 

modelling domain used by most regional air quality modelling groups in Europe. Apart from the 

regular pollutants, the emission baselines for 2005, 2020 and 2030 also include speciated particulate 

matter (EC, B[a]P) and particle numbers. This is the main output of WP1.3, and will be used in all 

subsequent SP’s: as input for air quality modelling (SP2), exposure modelling (SP3), relations and 

integrated assessment (SP4) and as the baseline for mitigation measures assessment (SP5). 

Base year 2005, 2020 and 2030 inventory  

In 2011 a first base year 2005 inventory was constructed including specific pollutants addressed in 

the TRANSPHORM project (EC, B[a]P, PN), for all relevant sources and activities including 

transport. The result has been reported as a TRANSPHORM WP1.3 deliverable report (Denier van 

der Gon et al., 2011; TRANSPHORM D1.3.2). To reflect the latest available scientific information, 

a second baseline emission dataset (not only for 2005 but also for 2020 and 2030) was constructed 

using the revised emission factors developed in WP 1.1 and 1.2 for all relevant pollutants. The 

baseline emission data contains the substances NOx, SO2, NMVOC, CH4, NH3, CO, PM10, 

PM2.5, EC, B[a]P, PN. The emissions by substance will be given at the SNAP 97 (Selected Nomenclature 

of Air Pollutants) 1st level with specific modifications for the TRANSPHORM project (Table 1-1). The 

modification necessary is the splitting of SNAP8 Mobile machinery and other transport into individual 

subSNAPs that address the various models of transport (Table 1-1) 
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Table 1-1: Description of source categories 
SNAP Description 
1  Public electricity and other energy transformation 
2 Small combustion plants including residential combustion 
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 Rail 
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 not been prepared. 

Table 1-2: Description of country groups and the ISO3 country and sea codesa used 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 

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

http://unstats.un.org/unsd/tradekb/Knowledgebase/Country-Code 
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The emission data are calculated for individual countries which are represented in the emission data 

base following the official UN ISO3 Country Codes. In the remainder of this report we will often 

use 3 country groups; EU15+ (EU15+NOR+CHE); EU12+ (the New Member States +MLT) and 

Non-EU, being the other European countries in UNECE-Europe domain (Table 1-2). The EU27+ 

consists of EU15+ and EU12+. Emissions from international shipping have been estimate for the 

individual European seas (Table 1-2). 

 

The base year emission inventory for 2005 for the different transport modes (road, rail, air and 

maritime navigation) has been developed by IER, combining activity data for all the transport 

modes with the emission factors developed in SP1. This is described in chapter 2. The updated 

emissions have been made for the EU27+, not for the non-EU countries because the activity data to 

do so were not available. Hence, for the non-EU countries the original data as described in 

TRANSPHORM D1.3.2 report (2011) remained unchanged. Subsequently, the emissions have been 

spatially distributed. 

This emission grid is then completed for the non-transport sectors and the non-EU countries with 

the base year 2005 emission inventory as it is described in TRANSPHORM D1.3.2, to ensure a 

complete set of emissions for all relevant pollutants according to the needs of TRANSPHORM 

(chapter 3). For the future years 2020 and 2030 projections have been made. The baseline emission 

inventories for 2020 and 2030 for all transport modes have been prepared by IER by combining 

projected activity data and emission factors. These have been completed for other sectors and other 

countries by TNO by using 2020 and 2030 baseline emission scenarios from EU FP7 MEGAPOLI 

and from the IIASA GAINS model. The construction of the 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 data for calculating the bottom-up emissions inventory 

for all transport modes is described. The gridded data were integrated into the model-ready 

emissions data set of non-transport sectors as described in chapter 3. The relevant transport modes 

are on-road transportation, railway, aviation and shipping of sea-going vessels as well as shipping 

on inland waterways. The landing and take-off cycles (LTOs) of aircrafts and ground service 

equipment (GSE) is considered. Also, maneuvering of ships in ports and engine operation while at 

berth is covered by the inventory. 

The calculation of emissions from all relevant sources is done by mapping activity rates to 

corresponding emission factors developed in WP1.2. The sources of these data are shown in Table 

2-1 referencing the relevant databases and project deliverables. The majority of activities are based 

on TREMOVE (Version 3.5). Flight data were kindly provided by EUROCONTROL due to the trip 

information covered by TREMOVE not being sufficient to allocate emissions to specific airports. 

Inland shipping activities were derived from vessel kilometers of the TREMOVE model combined 

with fuel consumption. Inland shipping calculations were found to be not fully consistent. This is 

further discussed in chapter 3. The inventory distinguishes between urban and non-urban activities 

and emissions. This is essential when assessing the effect of measure applications in SP5. This is 

also necessary for the spatial distribution of the inventory that allocates emissions to grid cells. The 

emissions were allocated to a 1 by 1 km grid, later being aggregated to the model-ready 1/8 by 1/16 

degree longitude-latitude grid (approximately 7 x 7 km). The methodology of the spatial allocation 

is described in detail in (Theloke et al., 2011). The allocation of emissions to urban zones will be 

described in Deliverable D5.2.1. Some examples of the gridded transport emissions for the base 
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year 2005 are given for road transport (Figure 1and Figure 2), aviation (Figure 3), international 

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

 

Table 2-1: Sources of activity rates and emission factors used to calculate the emission inventory for all relevant 

transport modes. 

Transport mode Source of activity rate Source of emission factors: 

  TRANSPHORM deliverable Reference 

On-road transport TREMOVEa) D1.1.2 

D1.1.3 

Vouitsis et al. (2013b) 

Vouitsis et al. (2013b) 

Railway TREMOVEa D1.2.5  

D1.2.6  

Fridell and Moldanová (2013) 

Fridell (2013) 

Aviationc  EUROCONTROL 

databaseb 

D1.2.4  Petzold (2013) 

Maritime navigation TREMOVEa D1.2.3  Moldanová et al., (2013) 

Inland shipping TREMOVEa, Denier van 

der Gon et al.(2010a) 

D1.2.3  Moldanová et al., (2013) 

a) http://www.tmleuven.be/methode/tremove/home.htm 

b http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Air_transport_sector_statistics_-_NACE_Rev._1.1 

c The landing and take-off cycles (LTOs) of aircrafts and ground service equipment (GSE) is considered 
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Figure 1 Gridded NOx emission from road transport in the EU27+ in 2005 

 
Figure 2 Gridded EC emission from road transport in the EU27+ in 2005 with a zoom-in on N-W Europe.  
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Figure 3 Example of gridded NOx emission from aviation in 2005 for N-W Europe 

 
Figure 4 SO2 emission from international shipping in 2005 
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Figure 5 Gridded PM2.5 emissions from rail transport in 2005 
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3. Emissions data for air quality modelling over Eu ropean 

domain 

To ensure a complete and consistent emission dataset to be used by the modelling groups in other 

SPs, and to study the impact of transport measures on air quality and human health, emissions from 

non-transport sources also need to be taken into account. Therefore, the emissions calculated and 

gridded following the methodology in Chapter 2 need to be complemented by gridded emissions 

from the other, non-transport sectors. Furthermore, because of the transboundary impact of air 

pollution, emissions from outside EU27+ also need to be included for a proper assessment of the 

impact of emissions from transport in EU27. A straightforward procedure has been followed to 

obtain the a new complete year 2005 emission baseline. 

The embedding procedure in the base line emission i nventory  

1. Transport sectors (Aviation, rail, etc.) have been calculated, identified and given a unique ID in 

the bottom-up TRANSPHORM inventory and in the TNO default 2005 inventory. The latter 

was the result of a post processing of the EU FP7 MEGAPOLI EI to subdivide the aggregated 

transport sectors, especially SNAP 8 (Table 1-1; a more detailed description is given in 

TRANSPHORM D1.3.2)  

2. The TRANSPHORM Transport sector EI is gridded by IER for EU27+ (Chapter 2) and the 

grids were cross-checked and validated by TNO in collaboration with IER. If necessary 

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

3. Since “Transport source sector x country x pollutant” represents a unique combination in the 

data base and the gridded data, we can replace the default transport sector values and grids from 

TRANSPHORM D1.3.2 with the newly prepared grids.  



D1.3.5  TRANSPHORM Deliverable 

15 

 

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

new emission calculations were made and/or available. 

Results - The baseline 2005 emission grids 

The result of the above 4 steps is an integration of the TRANSPHORM transport emissions with the 

other source sectors and combination with emission estimates for the non-EU countries, leading to a 

new 2005 base line emission data base. Total emissions for the pollutants BaP, CH4, CO, NH3, 

NMVOC., NOx, PM10, PM2_5, EC, SO2 for the entire UNECE-Europe domain in the year 2005 

are presented in Annex 1, Table a-1. The relative contributions for four important TRANSPHORM 

air pollutants are presented in Figure 6 for the entire UNECE Europe domain. The transport sectors 

are important for PM10 and PM2.5 but not dominant. For EC transport is dominant whereas for 

BaP transport sectors are of minor importance. The relative contributions in Figure 6 provide an 

overview but between countries and country groups significant differences exist in Europe. This is 

illustrated for EC in Figure 7 where the contribution from road transport is much higher in the 

EU15+ (43%) compared to the other two country groups. Examples of the gridded emission data for 

all sources are given in Figure 8 and Figure 9.  
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Figure 6 Relative contribution of source sectors to PM10, PM2.5, BaP and EC emission in UNECE-Europe. 

Road transport is label 7, other transport has been grouped under 8, international shipping is separately 

reported under 85. (see Table 1-1 for a description of source categories) 
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Figure 7 Relative contribution of source sectors to EC emission in EU12+, EU15+ and the Non-EU countries. 

International shipping is not shown. For the sector abbreviations see Table 1-1, other transport (8) is grouped 

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

 



 

 

 

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



Additional remarks based on the results. 

Inland shipping 

Calculated Inland shipping in the TRANSPHORM transport data base was more than a factor 5 

higher than calculated bottom-up by TNO (Figure 10). Activity data used by TNO are freight 

statistics in combination with emission factors expressed per tonne.km. The IER_TREMOVE 

approach calculates emission based on fuel sold. The calculated emission have also been compared 

to country reported data, where the TNO calculation was slightly higher but in general in the same 

order of magnitude. The comparison suggested that the IER_TREMOVE leads to a crude 

overestimation, most likely due to uncertainty of the fuel data. Possibly some mixing up with 

coastal shipping occurred. It was decided that unravelling this problem would be too time 

consuming and it was more logical to simply take over the TNO bottom-up calculation. 

 

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

 

 

 

Impact of revised bottom-up emissions for the year 2005 emissions  
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TRANSPORM SP1 provided new and/or updated emission factors for the transport sectors. These 

emission factors are applied in the new 2005 baseline emission dataset (Chapter 2). It is interesting 

to compare the impact of the Transphorm bottom-up calculation (activity data with emissions 

factors with the previous emission dataset constructed by TNO which made use of official reported 

emission data. As an example we show the comparison for road transport for the pollutants PM10 

and NOx (Figure 11). The results show that for the road transport sector the changes for the base 

year (2005) are – overall – not dramatic. More specifically we can observe that in the EU27 

countries’ estimated PM10 emissions may be somewhat lower and NOx emission somewhat higher 

(see blue circle and red circle, respectively in Figure 11). For all non-EU countries no difference 

occurs (green circle. Figure 11) because these data were not recalculated.  
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Figure 11 Comparison of the road transport NOx (top) and PM10 (bottom) emissions in 2005 before and after 

implementing the TRANSPHORM bottom-up emission calculations.  
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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 distributed baseline emissions grids for 2020 and 2030 

follows the approach described in chapter 2. Some additional assumptions had to be made: 

1. The activity rate estimates of aviation for the years 2020 and 2030 were made by projecting 

2005 flight data based on future trip length estimates of TREMOVE. 

2. Bio fuel is not covered by TREMOVE, thus future bio fuel usage in the inventory is 

assumed to be in line with PRIMES (European Commission, 2010) projections which are 

serving as input of TREMOVE in the first place. 

3. Euro 6 petrol passenger cars are not included in the activity data set but will be introduced in 

2014. Thus, future shares of Gasoline Euro 5 and Euro 6 were adapted. Euro 6 is assumed to 

increasingly penetrate the fleet. This is important because of on-road transportation 

remaining the most prominent mode in 2020 and 2030. 

4. Sulfur content in future fuels for inland ship is at around 10 ppm (cf. D1.2.1 and D1.2.3). 

For on-road transportation Diesel sulfur content is around 8 ppm in future projections 

instead of 40 ppm in 2005 (EMEP/EEA, 2009). 

5. Increasing compliance of the overall fleet to reduced NOx emission standards due to new 

ship engines (cf. D1.2.1) is assumed. 

6. Also, the limits posed by Emission Control Areas (ECAs) for the Baltic Sea, North Sea and 

the English Channel are assumed to be met as described in D1.2.3. 

 

Figure 12 and Figure 13 show the decline in PM2.5 emissions per ton and year in a single cell when 

comparing the 2020 projections to 2005 base line emissions. Note that the cell size depicted 

corresponds to the 1/8 by 1/16 degree grid. Thus, the area of a single cell at the center of the domain 

is about 36 km2. Figure 12 and Figure 14 show the change in emissions from on-road transportation 

which remains the main mode of transport in 2020 and 2030, respectively. Figure 13 and Figure 15 

show the change in off-road emissions from railways and from shipping and emissions at airports, 

again for 2020 and 2030, respectively. 
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Figure 12: PM2.5 emissions from on-road transportation (SNAP 7). The difference in tonnes per year and per 

cell are shown comparing the 2020 base line to the 2005 base line scenario. 

 

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

cell are shown comparing the 2020 base line to the 2005 base line scenario. 
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Figure 14: PM2.5 emissions from on-road transportation (SNAP 7). The difference in tonnes per year and per 

cell are shown comparing the 2030 base line to the 2005 base line scenario. 

 

Figure 15: PM2.5 emissions from off-road transportation (SNAP 8). The difference in tonnes per year and per 

cell are shown comparing the 2030 base line to the 2005 base line scenario. 
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Procedure for a baseline emission grid for 2020-203 0 

To obtain emission grids for the years 2020 and 2030 including all sources, every emission source 

in the 2005 baseline TRANSPHORM gridded data (chapter 3) needs a country_SNAP_pollutant 

specific scaling factor for 2020 and 2030 – these are based on: 

1. For the transport sectors: New bottom-up emission data made by IER using TREMOVE 

activity data and TRANSPHORM SP1 EFS for current and future technologies (see 

previous section). 

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

3. For Residential combustion (SNAP 2) the IIASA PRIMES 2009 baseline scenario, updated 

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

It is important to realize that we use the trends in the scenarios, not absolute calculated emission 

values (except TRANSPHORM sectors). This is essential to get a consistent result because the 

starting point for the base year in the MEGAPOLI or IIASA projections is not the same as our base 

year calculation. Using the absolute values could create strange jumps in the emission projections 

simply because the numbers are not compatible. So, the final emissions for 2020 and 2030 were 

calculated using scaling from the 2005 grid for the non-transport sector. For the purpose of 

TRANSPHORM this is acceptable because the bottom-up EI for the transport sector was the real 

TRANSPHORM SP1 aim and needed for SP5. Some brief comments on the scenario’s that were 

used to fill gaps for the non-transport sectors: 

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

implementation of the energy and climate package 

·  SP5 (IER) has all the underlying data for the combined TRANSPHORM sectors & the MP 

scenarios. The work in SP5 benefits from this choice 
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·  But… the MP scenario has very significant impacts on how countries develop in the 

residential combustion sector (see next slide) the impacts may be justified but are out-of 

scope for TRANSPHORM and distract from the TRANSPORT impacts 

Choice of a scenario for the sector residential combustion  

The trend in MP scenario is based on Energy / biomass use modelling. Although supported by 

documentation present at IER, it distracts too much from any trend in transport data which is the 

focus of TRANSPHORM (Figure 16; for individual countries the changes are (even) more 

dramatic). Therefore the IIASA – based scenario was selected for residential combustion (SNAP2). 

 

Figure 16 Projected PM10 emission by country group from 2005 to 2020/2030 for residential combustion 

following the MEGAPOLI scenario (Theloke et al., 2011) (left) (and the IIASA (Amann et al., 2011) (right). 

Arrows indicate the average trend for EU15 countries, illustrating that especially for 2030there is a fundamental 

discrepancy.  
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Approach for Inland shipping 

As discussed in chapter 3, we concluded that the bottom-up calculated inland shipping emissions 

following the TRANSPHORM methodology resulted in overestimations, most likely due to wrong 

allocations of fuel sold in the activity data. Therefore also the calculated emissions for 2020 and 

2030 could not be used directly. The solution to this problem was to use the trend based on 

TRANSPHORM bottom-up calculation by IER, SP1 EFs & TREMOVE activity data and use the 

relative changes going from 2005 to 2020 and 2030 to scale the TNO 2005 absolute emission level 

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

 

 

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

(right) using the TNO 2005 bottom-up calculation scaled 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 sector is illustrated in Figure 18. PM2.5 emission are 

projected to decline from 2005 to 2020 but no further emission reduction and in fact a small 

increase in emission towards 2030 is projected. It should be noted that only the emission reductions 

following current in-place policies are implemented. Since little emission policies have been 

defined for the period after 2020, emission can grow again after 2020 due to e.g. increase of 

(economic) activities. It can also be seen that for the entire UNECE domain transport sectors are not 

dominant, in line with the earlier discussion based on Figure 6.  

 

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

The trends for the pollutants NOx, PM10, PM2.5 and EC by country group are illustrated in Figure 

19. BaP trends are shown in Figure 20, with an additional illustration showing the minor relevance 

of transport emissions for BaP (note the difference in the y-axis). To give an impression of the level 

of detail available, the individual EC emission from road transport by country for 2005, 2020 and 

2030 is shown in Figure 21. Total emissions by country group are summarized in Table 4-1. 



Table 4-1 Emissions of air pollutants in 2005, 2020 and 2030 by country group for UNECE-Europe 
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The spatial distribution of the emission changes going from 2005 to 2020 and 2030 has been 

illustrated by Figure 12 to Figure 15. These figures give the best impression of how, based on the 

new research in TRANSPHORM SP1, the transport emissions are expected to develop and how 

these changes affect the spatial distribution. However, for modelling purposes complete emission 

sets are necessary as explained in chapter 3. The generic trends are clearly shown in Figure 19 and 

Figure 20, but when we spatially distribute the emissions and then look at the emission changes in 

2020 and 2030 compared to 2005(Figure 22, Figure 23) – some interesting remarks can be made. 

EC emissions are decreasing and also spatially this is a rather uniform pattern. Although in general 

NOx is decreasing this is not the case for international shipping, hence the shipping tracks are 

visible in red on the NOx grids in Figure 22 and Figure 23. For PM10 the shipping tracks do not 

show a similar increase because it is expected that the S-content of the fuels will decrease, this 

reduces the PM emissions. For individual countries some surprising trends can be seen (e.g. Ireland, 

Ukraine) especially for PM10. These are the results of assumptions in the emission projections for 

other sources. For example since road transport decreases substantially, even moderate changes in 

the other dominate area source, residential combustion, can compensate the reduced emission from 

road transport. One should bear in mind that the projections (see previous section on baseline 2020 

and 2030 data) were not made for air pollutants from individual sources but are based on energy 

modelling with rather broad targets like meeting the 2050 target on CO2 reduction. Hence within 

countries certain changes can be more important than expected depending on which years are 

compared. This is illustrated in Figure 24. When we take the years 2005 and 2020 for Ireland, 

emissions are expected to grow for residential combustion – when we compare other years the 

impact might be less or reversed in sign. Clearly such projections have to be used with care and 

should be seen as indicative only. A detailed analysis of the underlying assumptions in the scenarios 

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

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

factors according to the Tier 1 default approach (EMEP/EEA 2009; 2013): 

 

Although for some sectors the equation to be used to estimate emissions is more complicated than a 

simple multiplication of a variable (Activity rate activity) and a parameter (Emission factor 

activity,pollutant), in general such a simple equation can be used to obtain uncertainty estimates. For a 

more detailed treatment of the uncertainty calculations we refer to Chapter 5 uncertainties in 

EMEP/EEA (2013). For activity data like statistics and overall estimate of uncertainty would be 5-

10% (EMEP/EEA, 2013). However, for the emission factors this is much more complicated. It 

differs by source and pollutant and is often not known. To tackle this issue a system has been 

developed that rates the uncertainty of emission factors ( 

For several health relevant pollutants reductions from 2005 to 2020 and beyond are expected in the 

range of 20-30%. Only EC and SO2 show substantially more reduction. For Ammonia very little 

emission reduction is foreseen (Table 4-4).  

Table 4-4 Relative changes of air pollutant emissions going from 2005 to 2020 and 2030 for UNECE-Europe 
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.). This system allows for giving different ratings to various pollutant emission factors for a single 

source. 
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As an illustration and indication of uncertainty we reproduce the general assessment of emission 

factors uncertainties for European emissions (Table 4-3). A more elaborate uncertainty analysis has 

not been made in TRANSPHORM as this is a major task. The TRANSPHORM emission inventory 

combines detailed bottom-up transport sector data with more general emissions data as reported by 

countries. The mixing of these different approaches asks for a complicated weighing of 

uncertainties, that differs country by country. Another uncertainty is the spatial distribution of the 

emissions which is done using proxy data. Some proxies are more accurate than others.  

 

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

(EMEP/EEA, 2013). 

 

Table 4-3 Main NFR source categories with applicable quality data ratings (EMEP/EEA, 2013)  
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1 In some cases, solvents may be toxic compounds. 
2 Rating representative of typical pollutant source category combination; some specific cases may have higher ratings. 
3 Natural sources could be contributed from volcanoes and other geothermal events. 

 

For example a point source data base for power plants is fairly accurate although some uncertainty 

is present related to the specific fuel use, fuel quality and operation times. For some other proxies , 

e.g. the population density used to distribute the emission from woodstoves, the accuracy of this 

proxy is not known as we don’t really know where the woodstoves are. The uncertainty of using 

such a proxy increases when going from a large to a smaller grid size. 

Conclusions 

TRANSPHORM aims to improve the knowledge of transport related airborne particulate matter 

(PM) and its impact on human health and to develop and implement assessment tools for scales 

ranging from city to the whole of Europe. For air quality modelling and environmental impact 
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assessment studies, a good understanding of the magnitude and location of the sources of pollution 

is of crucial importance for deriving policy conclusions. A new model-ready emission inventory at 

high spatial resolution for UNECE-Europe for 2005, 2020 and 2030 was constructed in 

TRANSPHORM. It combines a bottom-up approach for the transport sector where for each 

transport mode experts reviewed and provided new or updated emission factors with official 

reported emissions (to the extent possible, i.e. only when quality was insufficient other estimates 

were used) for the non-transport sectors for the base year 2005. Non-transport sector emissions for 

the future years were scaled from the base year 2005 emissions data using IIASA scenario studies in 

support of the EU NEC directive. Again, transport sector emissions were directly calculated. The 

focus of TRANSPHORM is on health relevant emissions of the transport sector more specifically 

ultrafine particles (UFP, see chapter 5) PM2.5 and PM10, elemental carbon (EC), and benzo[a] 

pyrene as a indictor for polycyclic aromatic hydrocarbons (PAHs). However, to fully model air 

quality all other air pollutants need to be present in the emission inventory as well. The application 

of a consistent gridding methodology for all countries ensures that patterns across borders do not 

show sudden changes or jumps; e.g. consistent land use and animal density maps to distribute 

agricultural emissions.  

For several health relevant pollutants reductions from 2005 to 2020 and beyond are expected in the 

range of 20-30%. Only EC and SO2 show substantially more reduction. For Ammonia very little 

emission reduction is foreseen (Table 4-4).  

Table 4-4 Relative changes of air pollutant emissions going from 2005 to 2020 and 2030 for UNECE-Europe 
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Figure 19 Anthropogenic NOx, PM10,PM2.5 and EC emission by country group for UNECE-Europe for the 

years 2005, 2020 and 2030 

Figure 20 BaP emission for UNECE-Europe 

 



 

Figure 21 EC emissions for the road transport sector for individual countries in 2005, 2020 and 2030 

  



D1.3.5  TRANSPHORM Deliverable 

38 

 

   

Figure 22 Gridded maps of emission reductions in 2030 compared to 2005 (green indicates reduction) for NOx, PM10 and EC in UNECE-Europe. 
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Figure 23 Gridded maps of emission reductions in 2020 compared to 2005 (green indicates reduction) for NOx, PM10 and EC in NW Europe. 

 

 



 

Figure 24 Examples of trends in PM10 emission for residential combustion 2000-2030 following the IIASA 

Primes baseline data 
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5. ��������	
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��	�������
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For particle numbers, a separate database for 2005 had been developed by TNO in the EU FP6 

project EUCAARI (Denier van der Gon et al., 2010b; Kulmala et al., 2011) and has been made 

available to the TRANSPHORM SP2 partners as a test set to start the modelling. An example of the 

EUCAARI PN emission inventory for particles larger than 100nm is given in Figure 25. Particles 

larger than 100 nm are especially relevant for cloud formation and the data in Figure 25 were used 

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

 

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

However, the TNO-EUCAARI PN database had no emission data for the projection years 2020 and 

2030. In 2012 – 2013 a new PN was made based on the TNO ECAARI work but for each transport 

mode a new emission estimate was made using activity data and the emission factors provided by 

TRANSPHORM SP1 partners. The aim of this new database was 1) to use the new 

TRANSPHORM emission factors and 2) to make a preliminary calculation of the PN emissions in 

2020 and 2030. This was realized through a rather pragmatic approach.  

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

choices how to fill the 2005 emission database using the new TRANSPHORM data. This was 
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necessary because the methodologies between various source sectors were not comparable – For 

some sectors only solid PN EFs were proposed while others provided total PN emission factors. 

This would result in incomparable sector emission totals. Moreover, to be suitable for modelling all 

source sectors need to be present including the future years. 

First a consistent improved 2005 emission database was made using as much as possible new 

Transphorm EFs. Next, IER performed a calculation of the PN emission for all years (2005, 2020, 

2030) for the transport sectors, in a similar way as for the other air pollutants as described in 

chapters 2 and 4. The ratio’s of the 2020 and 2030 emissions relative to 2005 were used to project 

the TNO PN emission totals for transport sectors in 2005 to 2020 and 2030, respectively. To 

approximate the future year emissions for the non-transport sectors, scaling factors were used based 

on the IIASA primes \baseline scenario for PM2.5. Hence we assumed that PN emissions would 

follow the trend in PM2.5 emissions for the non-transport sectors. This is by definition an 

oversimplification but currently and within the scope of the project the best solution.  

Results 

Total particle number emissions by country group for 2005, 2020 and 2030 are presented in Figure 

26, values for individual countries are given in the Annex. Immediately visible in Figure 26 is the 

dominant role of international shipping in 2005, this is a major difference within the previous 

EUCAARI PN inventory, the new TRANSPHORM emission factors for shipping are much higher. 

In the future years the PN emissions from shipping decline due to the introduction of low sulphur 

fuels, although this is not entirely well understood in the limited measurements available. Although 

in the following graphs we will present total particle number emissions, the majority of the particle 

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

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

 

Figure 26 Total particle number emissions for 2005, 2020 and 2030 by country group (Sea is international 

shipping) 

  

Figure 27 a Total particle number emissions and total particle number emissions in the range of 10-100 nm for 

2005, 2020 and 2030 for UNECE-Europe and b) idem but for road transport only separated by country group. 
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Figure 28 Total particle number emissions for land based non-road transport from 2005-2030 by country group 

(81 =Aviation (airport LTO’s upto 1000 m; 82 =Rail; 83 =Inland shipping; 84 = Coastal shipping; 86 = Mobile 

machinery, see also Table 1.). 

 

The EU 15 emissions decline strongly in future years, especially due to implementation of emission 

standards in road transport and the phase-out of the older vehicles with less stringent emission 

limits (Figure 27b).  

In the new Transphorm PN emission database air transport (sector 81) is an important source of PN 

emissions (Figure 28) which was previously estimated to be much smaller. The emissions in Figure 

28 include semi-volatile particles, most of the air transport emissions are most likely OC, only a 

fraction is solid combustion particles. Both inland shipping and coastal shipping are expected to 

decline. Overall much of these reductions are related to decreasing sulphur content of the fuels, 

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

The uncertainty in PN emission is high. A fundamental issue is the discrepancy between solid PN 

and total PN. Solid PN can be measured more accurately and reproducible. Total PN emissions 

depend on temperature and other environmental conditions making them highly uncertain. This is 

why the emission standards for road transport are based on solid PN. There is also a large variation 

in uncertainty from different sources. For some sources no PN emission factors are available, 

instead the PN emission was calculated from PM measurements in combination with a particle size 

distribution. In a regional to city-scale cases study Kalafut-Pettibone et al. (2011) determined 

average size-resolved and total number- and volume-based emission factors for combustion. The 

number emission and volume emission factors for particles from 11 nm to 494 nm were 1.56×1015 

particles, and 9.48×1011 cubic microns per kg of carbon, respectively. Relevant for our study here is 

that Kalafut-Pettibone et al. (2011) estimated the uncertainty of the number emission factor as 

approximately plus or minus 50 %. 

 

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

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

As the mass of ultrafine particles is a very small fraction of PM10 or PM2.5, it is more useful to 

consider particle number (PN0.1) rather than mass (PM0.1). PN emissions are the most accurate 

measure to characterize ultrafine particle (UFP) emissions. In TRANSPHORM a new particle 

number(PN) inventory for UNECE Europe was made for 2005 and the projection years 2020 and 

2030. The new inventory focuses on the contribution of the transport sectors. The aim of this new 

inventory was 1) to use the new TRANSPHORM emission factors, 2) to make a preliminary 

calculation of the PN emissions in 2020 and 2030 and 3) to provide input for regional scale PN 

modelling.  

The results show the importance of the transport sectors for UFP emissions but also suggest strong 

reductions in the future. PN emissions due to fuel combustion in road transport and shipping may 

change significantly as a consequence of motor and fuel modifications such as low-sulphur fuels 

and particulate matter filters. This impact is reflected in our 2020 and 2030 projections. Another 

remarkable change compared to the previous inventory is that we believe that aviation is a stronger 

source of UFP than previously assumed, most of these are not solid PN and may have escaped 

attention in previous emission factor measurements. The EU 15 emissions decline strongly in future 

years, due to implementation of emission standards in road transport and the phase-out of the older 

vehicles with less stringent emission limits.  
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a) Appendix 1 Emissions in 2005, 2020 and 2030 by c ountry 

for UNECE-Europe 
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Table a-1 Total emissions in UNECE Europe in 2005 (ktons/yr; BaP in tons/yr) 
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Table a-3 Total particle number emissions in 2005, 2020 and 2030 by international shipping by sea for UNECE-
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