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Background and Scope

I ntroduction

The Commission is preparing for arevision of the National Emission Ceilings Directive
in 2006. Since pollution by fine particulates is an important air quality problem, the
Commission considers introducing national emission ceilings for PM, 5. To enable this,
an accurate emission inventory of PM, s emissions in all 25 EU Member States and the
Accession Countries is needed.

During the development of the project, the following objectives have been formulated.
The aim of this project is to develop this emission inventory, based on earlier invento-
ries and on national data, provided by the Member States. The inventory should build
upon the best data from a number of existing EU inventories and data supplied by
Member States under the CLRTAP. Where possible, and by utilising as much National
Data as possible, this inventory will be constructed and presented so that it can be used
as astarting point for the development of National emissions inventories for PM, s
where none currently exist.

During the course of the project and following discussions in the Working Group on
National Emissions Ceilings & Policy Instruments (NECPI) in July 2006, the objective
of the project has changed. It appeared that the Member States had already gone
through a series of bilateral consultations with [IASA, yielding a PM s inventory that
was applied in the RAINS model runs supporting the revision of the NEC Directive.
This project then changed course and concentrated on providing an assessment of the
I[IASA inventory by a comparison of the results, the underlying activity data and the
emission factors. Furthermore, national experts were offered all details of the emission
estimation methods and activity data as a support of the development of the national
expertise and abilities to compile national PM, 5 inventories for reporting under the
NEC Directive and the LRTAP protocols.

Scope of the EU25 2000 PM ;5 inventory

The overall objective of the project is to compile an EU-wide inventory of emissions of
fine particulates (PMs) to air for the year 2000, making use of existing data sets and
national emission reports. The countries involved are listed in Table 1-1.



TNO report | 2007-A-R0322/B | 7159

Table1l-1  Geographical scope of this study.

EU25 Member States: Candidate Countries:
Austria Greece The Netherlands Bulgaria

Belgium Hungary Poland Romania

Cyprus Ireland Portugal Turkey

Czech Republic Italy_ Slovaki_a Accessing Countries
Denmark Latvia Slovenia -

Estonia Lithuania Spain Albania )
Finland Luxembourg Sweden Bosnia & Herzegovina
France Malta United Kingdom Croatia )
Germany FYR of Macedonia

Serbia & Montenegro

1.3 Sour ce categorization

Two separate issues are relevant with respect to the source categorization to be used in
the EU25 PM, s emission inventory:

1) The set of source category definitions should be compatible with:

o the Nomenclature for Reporting (NFR) as defined by the LRTAP
Convention and adopted for the EU NEC Directive; these source defini-
tions are derived from the IPCC categories and hence have arelatively
strong link to economic sectors

o thesource definitionsasused in IASA’s RAINS model, which is related
tothe NFR

o the SNAP source coding as used in the EMEP/CORINAIR Guidebook.
The SNAP codes have arelatively strong link to the technological proces-
ses, causing the emissions.

The NFR definitions, as provided by the LRTAP Reporting Guidelines, provide a
link table between SNAP and NFR.

We apply a hierarchical structure of the database that allows for both aggregating
the highest level of detail of the NFR towards the source categories as needed by
RAINS and for disaggregating to SNAP “technologies’.

2) Completeness of the set of source categories. Emissions from some source catego-
ries are extremely difficult to estimate or might cause interpretation problems:

o “Natural emissions’ of seasalt or wind blown dust from dry areas
(deserts). Although these emissions might be quite relevant for air quality
modelling, we consider them as not very relevant for setting ceilings to
national emissions and therefore exclude those from the EU25 PM2.5
inventory.

o Emissions of soil dust from human activities in agriculture and off road
activities or driving on unpaved roads. It is generally assumed that the
major part of the mass in these inorganic mineral particles (clay, silt, sand)
is present in larger particles [Ref 1]. A preliminary assessment showed that
these emissions can be quite significant. We therefore include these sour-
cesinthe EU25 PM2.5 inventory

o Theresuspension of particles, mainly due to road traffic. Since this source
in fact is are-emission of particles that have been emitted in another pro-
cess (brake and tyre wear) earlier, one could argue that including this
source in an inventory, prepared for the establishment of national emission
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ceilings would lead to double counting. We therefore propose not to
include these emissions in the inventory.

Available data

At least two, more or less independent data sets, collected at an international level are
available:

o the CEPMEIP database, containing emission estimates for TSP, PM 10 and PM2.5
for all European countriesin the year 1995.

e the PM2.5 emission inventory, collected by IIASA for the EU Member States and
the Accession Countries; the IIASA inventory isin many respects a further deve-
lopment of TNO’s CEPMEIP inventory

A number of the EU25 Member States and Accession Countries (Austria, Belgium,
Denmark, Finland, France, Hungary, Latvia, Netherlands, Spain, Sweden, and United
Kingdom®) have reported national emissions of PMyoin varying levels of detail for the
year 2000. Many of these countries have discussed PM, s emission inventories for the
year 2000 with [1ASA within the framework of the RAINS model applications suppor-
ting the revision of the NEC Directive.

Data quality

Given the objective of the inventory to provide a sound foundation for the establishment
of national emission ceilings for PM, 5, special attention is needed for the quality of the
inventory. Several aspects of data quality are relevant:

1) Transparency

means that the assumptions and methodologies used for the inventory should be
clearly explained to facilitate replication and assessment of the inventory by users of
the reported information. The transparency of inventories is fundamental to the
success of the process for the communication and consideration of information.

Since the inventory will be used for the development of national emission ceilings,
transparency is instrumental in the process of negotiations and considerations
amongst EU Member States and Accession Countries. An important component will
be toillustrate clearly through data referencing and documentation where country
specific data has been used in the inventory and where this data has been taken
from. This approach will enable country experts and the EU to quickly assess the
appropriateness of the data and build on the inventory in future years.

2) Comparability:

means that estimates of emissions should be comparable among Member States and
Accession Countries.

Comparability is achieved by the application of the standardized source categoriza-
tionin all national inventories. This quality criterion is relatively straight forward,

1 From Table 5oin appendix 5 of [Ref 2].
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but in some cases Member States can apply different interpretations of specific
source categories or fuels.

3) Completeness:

means that an inventory covers all sources. In the case of particulate emissions it
might well be the case that important sources are not represented in the inventory
because of lack of knowledge. This might occur in some or even all national inven-
tories.

4) Accuracy:

is arelative measure of the exactness of an emission or removal estimate. Estimates
should be accurate in the sense that they are systematically neither over nor under
true emissions or removals, as far as can be judged, and that uncertainties are
reduced as far as practicable.

For specific source categories estimates of emissions of fine particulates can be
highly uncertain. This occurs for in instance in the case of combustion of solid bio
fuels (wood) in small residential stoves. In most countries statistics on the amount
of wood combusted in such small equipment is rather poor and emission factors are
strongly dependent upon combustion technology and combustion conditions.

Adoption of this type of quality criteria leads to the necessity of a careful consultation
process with national expertsin all EU Member States and Accession Countries. It also
implies that for reasons of transparency, comparability, completeness and accuracy the
EU25 PM, 5 Inventory might contain values that deviate from existing reports by indivi-
dual countries. Whenever this occurs, it must be ensured that the national experts
involved understand why these deviations are occurring and that they accept them.
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M ethods

Procedural

Over all

A key concern when developing a PM, s inventory that must play its role in establishing
national emission ceilings will be that Member States support the estimates. Stake-
holder consultation therefore must be a key component of the inventory compilation
process. For a number of countries this has actually taken place during the RAINS
model applications underpinning the revision of the NEC Directive.

Our approach is aimed at optimizing the above quality criteria as far as practical within
the available time and budget. To that end we propose to apply a stepwise approach,
gradually improving the quality of the inventory by including more and more transpa-
rent country specific information while reducing the uncertainties and keeping the
transparency, comparability, completeness and accuracy at the highest achievable level:

1) At the start of the project, we compile a first draft EU25 PM, 5 emission inventory
for the base year 2000. In compiling this inventory special attention will be paid to
aspects of transparency and comparability. Accuracy of the inventory is of lessim-
portance at this stage.

We will distribute the First Order Inventory report to national experts for review and
asking for additional data where such is desirable given the results of the uncertainty
analysis.

We use EEA’s Circa extranet environment to allow for easy electronic communica-

tion between the project team and national experts. All estimates, documents and
data for this project can be found at:

http://eea.eionet.europa.euw/M embers/irc/eionet-circle/airclimate/library
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All NRC's, NFP' s have access to this environment.

After receiving the comments and additional information from the national experts
we will produce a Second Order Draft EU25 PM, 5 inventory for the year 2000. We
will clearly indicate how the additional information from the countries and all
comments has been used to increase transparency and comparability.

In our view this Second Order Draft would best be discussed with national experts
at a one day workshop. The desirability and the possibilities to arrange such a work-
shop will be discussed with the Commission.

The results of the review of the Second Order Draft and of the workshop will be
incorporated in the final EU25 PM, 5 inventory and in the Final Inventory Report.
The inventory will be made available for usein IIASA’s RAINS model, using the
NFR to RAINS sectors link tables, available at I1IASA.

To improve transparency and to directly link to the further development of the Guide-
book, we build the EU25 PM, s Emission Inventory in arelational database structure as
shown in Figure 2-1. This model is implemented in the TNO Emission Assessment
Model TEAM. Activity rates are stored in atable, linking to a sector hierarchical
definition structure that allows identification of SNAP technologies and NFR sector
codes. This link assures easy transformation of the data sets to the formats, needed for
application in 1ASA’s RAINS model.
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Select_Techn

e Activity_ID
« Technology_ID
* Penetration

Technologies

¢ Technolo ID ..

- Descripti
« Activity_ID escription .« EFID

« Sector ¢ Technology_ID
Location  Pollutant
Time * EF-Value
AR-Value

Figure2-1 Generdized Inventory relational database structure in the TNO Emission Assessment Model
(TEAM).

The combined “ Technologies” and “ Emission Factors’ tables will be directly related to
existing or new chapters or subchapters in the Guidebook. The “ Select_Techn” table
links each activity to one or more technologies. In this approach, so-called country-
specific emission factors can be modelled, either by a country-specific mix of technolo-
gies applied in a certain source category or to country specific technologies directly.

Consultation with National Experts

As indicated above, a careful consultation with national experts is essential for achie-
ving an inventory that meets the quality criteria necessary to use the inventory as atool
in establishing national emission ceilings. The consultation will also work to gain
acceptance of the inventory by national focal points and experts so that it can form a
strong foundation for future PM, 5 inventory and policy work. Figure 2-2 indicates on
what aspects this consultation could concentrate to ensure transparency, comparability,
completeness and accuracy.

EEA &

National Inventory Experts

 Activity_ID

« Technology_ID
 Penetration

Technologies
e * Technolo ID .

" * D ipti
« Activity_ID escription .« EF_ID
« Sector » Technology_ID

« Location * Pollutant

* Time » EF-Value

* AR-Value

Figure2-2  Consultation with national inventory experts.
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Understanding the source of the activity data and the emission factors selected in each
Member State is crucial in assessing transparency and comparability of the inventories.
At the same time national experts might have aggregated some sources that others
might have estimated separately. A clear understanding of such national approachesis
needed to assess completeness of the inventories.

Since we propose to apply an inventory model that explicitly stores information on
technologies applied, emission factors used in national inventories must be interpreted
in terms of technologies and penetration of technologies.

Liaison with PM , 5 Guidebook development and TFEIP co-chairs

Simultaneous with this project, DG Environment issued a contract on updating relevant
chapters in the Guidebook to include guidance for estimating emissions of PM;s. The
relation between both projects is obvious: whatever new guidance is developed in the
Guidebook project could be applied in the inventory project and whatever new emission
factors are used in the inventory project could feed into the Guidebook project (Figure
2-3).

TFEIP &
Guidebook PM2.5 update

w‘

Select_Techn

« Activity_ID
« Technology_ID

« Penetration [
Technologies
o « Technol ID .

o D ioti
« Activity_ID escription - EF.ID

* Sector * Technology_ID

 Location  Pollutant

* Time » EF-Value

* AR-Value

Figure2-3 Liaison with the DG Environment project developing PM s guidance in the Guidebook.

As indicated above, we use an inventory structure that allows for explicit use of the
concept of “technologies” which could directly translate to chapters or sub-chapters of
the Guidebook.

M ethods
Activity data

The inventory, presented in this document, is mainly based upon international activity
data derived from the following sources:
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UN Statistics

1Sl
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Eurostat

FAO

14 /59

IEA Energy Statistics 2005 Edition. (via 'l EA data v2005.mdb')

Download from RAINS online, Feb 2006, CP_CLE_Aug04 (Nov04). IIASA
website: http://www.iiasa.ac.at/raing/Rains-online.html 2sb=8

United Nations Industrial Commodity Production Statistics Dataset (CD) 1950
2001

Steel Statistical Yearbook 2003, International Iron and Steel Institute (11S1)

Estimate based on Pig Iron datafrom 11Sl and a factor of 1.1kg Sinter / kg Pig Iron
from BREF Document Iron and Steel

Eurostat website
(http://epp.eurostat.cec.eu.int/portal/page? pageid=1090,30070682,1090 30298591
& dad=portal& schema=PORTAL)

Download from http://faostat.fao.org/

Asis shown in the graphs below, the bulk of the PM, 5 emissions in the inventory are
based on activity data derived from IEA fuel combustion statistics. This data sourceis
used for all stationary combustion and part of the mobile combustion. For mobile
sources (road transport) data on vehicle kilometres are derived from IIASA’s RAINS
model. These data have been checked against the fuel sales statistics for road transport.
Data on vehicle kilometres have been used for both the tail pipe and non-tail pipe
emissions from road transport.

Other mobile sources (trains, inland shipping) have been derived from the |EA data.
Industrial processes and product use data are taken from various international statistics
and agriculture data from FAO.

Combustion in Energy Industry
Fugitive emissions from Energy
Manufacturing Industry

Non-industrial combustion

PM2.5: data source activity data PM10: data source activity data

Combustion in Energy Industry
Fugitive emissions from Energy
mIEA Manufacturing Industry

O Eurostat . . .
Non-industrial combustion

@ RAINS
Mobile sources O UN Statistics Mobile sources
Industrial Processes & Product oSl Industrial Processes & Product
Use B lISI & BREF Use |
Agriculture BFAO Agriculture
Waste treat t ] Waste treatment ‘ ‘
aste treatmen
| | . .
— A
AP P RNNWDBALAOW@ 3 S . ~ ~
o O U o o u o u o S g 2 g
O O O OO O o o o 8 S S S
Emissions (kTon/year) Emissions (kTon/year)

Figure2-4  Source of activity data used in the inventory.

2.2.2 Emission factors

Emission factors applied in inventory are a further development of the emission factors
provided in the CEPMEIP project. For most source categories several alternative tech-
nologies are defined and for each of these emission factors, based on the CEPMEIP
study were attributed. We also used CEPMEIP data on the " sophistication” of each
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countries industrial and other economic sectors to select a specific technology for each
of the source categories in each of the countries. We assumed in this first order draft,
that within each source category the country only uses one specific technology. The
details of these assumptions are available for each country’s experts to comment and
correct.

In brief, the Coordinated European Particul ate Matter Emission Inventory (CEPMEIP)
is based on awide range of information sources. Below, a short outline of the procedure
applied and the main types of information sources used is given.

The project started in 2000 with an official request for information to European national
experts that was sent out by project partner EMEP. The requested information com-
prised all available national PM emission inventories and underlying information.

Also the results of series of and single source-oriented measurements of emission/con-
centration/particle size distribution data were taken into account. In total about 3/4 of all
UNECE Member States responded by sending results of various types of efforts to
determine PM emissions. A special role was played by Poland from which an extensive
range of PM emission/concentration/particle size distribution data was submitted as a
result of a specific EMEP-led query for information.

The second source of information comprised data that had become available from pre-
viously performed projects by TNO related to PM emission. An important contribution
was made by underlying information of the Dutch Emission Registration. Further con-
tributions came from many international environmental bench marking projects, source-
related stack concentration measurement surveys and PM related information available
from heavy metal emission studies.

The third type of information that was considered comprised public reports and hand-
books that deal with or somehow include source related emission (factor) data. In this
category are reports by:

IPPC Bureau (BREF/BAT documents)

UN-ECE Expert Groups (e.g. on HM)

UN-ECE M SC-East (e.g. work by S. Kakareka et al.)

US-EPA (e.g. AP42, AIRCHIEF and the United States National Inventory
of PM10/PM2.5)

German Umweltbundesamt UBA (e.g. report 297 44 853 by Dreiseidler et
al.)

Swiss BUWAL

Austrian JOANEUM

Dutch RIVM and KEMA

British APEG

The COPERT and HBEFA emission models for mobile sources
CONCAWE

e} O 0 OO

O O O 0O 0O

Fourthly, a study to information available from the open scientific literature was made.
Thisyielded a collection of relevant articles and papers on source-related PM emission
data from scientific journals and congresses from the period 1970 to 2000.

Thelast type of information considered were nationally applying emission limit values
for stationary sources of primary PM. Actual measurements of PM emissions (as



TNO report | 2007-A-R0322/B | 16 /59

223

mentioned above) were nevertheless preferred over emission standards in order to
estimate real world emission factors.

Annex A provides an overview of all emission factors used.

Uncertainties

Uncertainties are estimated, using a Monte Carlo approach (@Risk add-in for MS
Excel). For this approach a probability distribution needs to be defined for all input
data, both activity data and emission factors.

For emission factors lognormal distribution functions were selected and the point esti-
mates and the upper and lower limit values of the 95 % confidence intervals as provided
in Annex A were used to define the parameters of this distribution. Emission factor
uncertainties are quite large in many cases. Where we did not found any information on
the uncertainty in the emission factors, we assumed a factor of two.

We used a Gaussian distribution with a standard deviation of 10% for all activity data.
For a number of countries the uncertainty range for wood and wood waste fuels was set
afactor of 5 higher. This did not result in significantly different resulting uncertainties
for the full inventory. The analyses therefore are assumed to be relatively insensitive to
the uncertainties in the activity data.
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Results

National total emissions

17 /59

This chapter describes the resulting PM, 5 inventory for Europe, as was sent to the coun-
tries for comments. Table 3-1 presents the national total PM, 5 and PM 1o emissions as
estimated in this study.

Table3-1 National total emissions of PM, s and PM 4o in 2000.

Emission(kTon) Pollutant
o S
= =
CountryGroup CountryName o o
EU25 Austria 23.92 46.66
Belgium 34.67 65.59
Cyprus 1.95 4.46
Czech Republic 35.99 121.55
Denmark 16.71 50.79
Estonia 9.48 27.25
Finland 21.35 51.16
France 228.72 525.60
Germany 161.77 359.90
Greece 37.28 88.20
Hungary 26.73 98.41
Ireland 12.60 34.16
ltaly 140.07 318.11
Latvia 15.53 39.38
Lithuania 15.69 53.18
Luxembourg 3.77 7.96
Malta 0.68 1.35
Netherlands 23.45 48.13
Poland 141.06 454.58
Portugal 36.30 78.58
Slovak Republic 12.98 42.09
Slovenia 7.78 15.25
Spain 140.13 354.64
Sweden 23.44 61.75
United Kingdom 109.53 234.94
EU25 Total 1281.57 3183.69
cC Bulgaria 37.02 123.38
Romania 86.75 262.85
Turkey 281.37 804.87
CC Total 405.14 1191.10
AC Albania 3.97 12.40
Bosnia-Herzegovina 13.24 45.17
Croatia 15.83 41.80
Federal Republic of Yugoslavia (Serbia&Montenegro) 49.27 174.82
Former Yugoslav Republic of Macedonia 8.28 25.74
AC Total 90.59 299.93
EFTA Iceland 0.41 0.88
Norway 13.58 28.41
Switzerland 8.02 16.49
EFTA Total 22.01 45.78

|Grand Total

| 1799.32 4720.50|




TNO report | 2007-A-R0322/B | 18 /59

The following is observed:

e Total PM, 5 emissions in the EU25 amount to about 1300 kTon.
e The other countries in this study add about 500 kTon
e Total PM,s emissions are about 40% of the PM 1o emissions

e Larger countries contribute more to the total emissions than smaller countries.

Figure 3-1 and Table 3-2 provide the estimated national total emissions and the uncer-
tainty ranges surrounding these. Asindicated above, 1| ASA has developed an indepen-
dent estimate as part of the RAINS model runs for the revision of the NEC Directive.
Table 3-2 provides the RAINS estimate for comparison.
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Figure3-1 Estimated emissions of PM; s in Europe (tons/year); vertical bars indicate the 95 % confidence intervals. EU25 Member States
are sorted on decreasing population sizes.

We observe the following:

1) Generally large countries show higher emissions.

2) Theuncertainties are considerable; the 95 % confidence intervals are in the order of
afactor of two around the point estimate. This means that a value that is a factor of
two higher or lower than the point estimate is within this 95 % confidence interval.

3) Comparison with the estimates as used by I|ASA shows that for seven out of thirty
six countries the IIASA estimate lies outside the 95 % confidence limit in this
inventory; in chapter O we will analyse these differences in more detail.
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Table3-2  National total emissions of PM 5 in 2000 (tonnes/year), estimated in this project; the estimate used by [IASA in RAINS s
given for comparison.

Population National Total

Group | Country (millions) Point estimate Upper limit Lower limit IIASA estimate

EU25 Austria 8.0 24 000 35 500 20 400 28 300
Belgium 10.3 34 700 51 700 33 000 35 400
Cyprus 0.7 1970 3210 1700 2330
Czech Republic 10.3 36 000 57 600 30 700 47 300
Denmark 5.3 16 800 23 000 14 800 18 000
Estonia 14 9480 15 500 7 340 21 800
Finland 5.2 21 500 30 800 18 600 21900
France 60.9 229 000 332000 192 000 321 000
Germany 82.3 162 000 213 000 150 000 178 000
Greece 10.9 37 300 53 400 32 400 49 500
Hungary 10.2 26 700 37 800 23000 57 000
Ireland 3.8 12 600 16 700 11 800 13 400
Italy 57.0 140 000 201 000 132 000 159 000
Latvia 2.4 15 600 25 400 11 200 13 600
Lithuania 35 15 800 23 800 12 200 17 100
Luxembourg 0.4 3770 4990 3410 2880
Malta 0.4 684 1650 533 585
Netherlands 16.0 23 400 31 300 22100 32700
Poland 38.3 141 000 207 000 119 000 196 000
Portugal 10.3 36 300 59 800 30 300 56 200
Slovak Republic 5.4 13 000 18 400 11 900 17 000
Slovenia 2.0 7780 12 500 5790 11 700
Spain 40.5 140 000 183 000 127 000 171 000
Sweden 8.9 23 600 34 300 20 300 28 100
United Kingdom 59.0 110 000 150 000 101 000 127 000

Other Albania 3970 5480 3450
Bosnia-Herzegovina 13 200 24 800 10 600
Bulgaria 7.9 39 400 73 800 31 400 64 300
Croatia 4.4 15900 25 300 13 800
Serbia & Montenegro 41 400 107 000 24 600
FYR of Macedonia 8 290 16 700 5980
Iceland 0.3 492 902 358
Norway 4.5 13 600 18 100 11 800 32 600
Romania 22.4 86 800 138 000 70 800 145 000
Switzerland 7.2 8 020 10 900 7 160 12 300
Turkey 281 000 426 000 242 000 344 000

Population data from Eurostat.

Figure 3-2 presents the per capita emissions for the EU25 Member States and those
countries where EUROSTAT population data are available. Apart from Luxembourg,
Estoniaand Latvia, all countries appear to have comparable PM. 5 emissions per inhabi-
tant. This emission isin the order of 2 to 5 kg/inhabitant per year.
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Per Capita Emission (kg/caput)

12.00 .
10.00 l- E
8.00 :
6.00 :
4.00 T]‘TIT l ]- T o II TT E _l
2.00 | ’—I— ’_I_‘
F‘ : ’_I_‘
> W m T o IS FCCC Z 0O wLw0nwvCc W W g z w4 Tw
nggg,@,;aQ%c§29§§§2g035352_§ogg&o§5E-<g
eS8 8385330388325 2ss5235s8eam23Fgz3Pc
=8 293323 2 a 5 [T » 5 5 E 9 525 29 =5 o N @ >
S a2 pzac®eya 5 2 =88 =~ 2 e2FF 02835 2<8]
= < < > o 2 =0 sz S 5 o Z
3 s 2 o z © 3 B85
c = 7z B 2 N = 8 3
=3 =3 ) & 2 o
o = 3 o >
o Q =)
<. 5 Q
3 3

Figure 3-2  Per capita PM, s emissions in Europe (kg/caput); error bars indicate the 95 % confidence intervals.

3.2 Sector contributions

321 Main sectors

Table 3-3 presents the main sector contributions of PM, s and PM ;o emissions in Europe
in the year 2000. We observe the following:

e Mobile sources and non-industrial combustion, combustion in energy transforma-
tion and in industrial processes are magjor contributors to the emissions of both

PM 25 and PM 10-

e Agricultureisalso amajor contributor, but in this case the importance of agricul-
ture for the PM, 5 emissions is much lower than for PM .
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Table 3-3

Main sector contributions to PM ;s and PM3o emissionsin Europe in 2000.

Emission(kTon) Pollutant |
0 o
N —
= =
CountryGroup w|SectorGroupName v O o
EU25 Combustion in Energy Industry 178.20 393.07
Manufacturing Industry 48.92 74.83
Non-industrial combustion 292.25 325.34
Mobile sources 323.23 375.16
Fugitive emissions from Energy 29.72 102.74
Industrial Processes & Product Use 151.40 296.15
Agriculture 255.29 1613.84
Waste treatment 2.56 2.56
EU25 Total 1281.57 3183.69
CcC Combustion in Energy Industry 55.56 211.57
Manufacturing Industry 72.90 158.98
Non-industrial combustion 113.49 126.41
Mobile sources 29.02 32.19
Fugitive emissions from Energy 6.47 23.58
Industrial Processes & Product Use 44.89 99.81
Agriculture 82.81 538.56
Waste treatment 0.01 0.01
CC Total 405.14 1191.10
AC Combustion in Energy Industry 31.59 129.43
Manufacturing Industry 6.80 14.55
Non-industrial combustion 20.70 24.43
Mobile sources 7.63 8.43
Fugitive emissions from Energy 1.71 6.97
Industrial Processes & Product Use 5.61 11.52
Agriculture 16.12 104.17
Waste treatment 0.43 0.43
AC Total 90.59 299.93
EFTA Combustion in Energy Industry 0.32 0.33
Manufacturing Industry 0.54 0.77
Non-industrial combustion 6.42 6.44
Mobile sources 7.68 9.34
Fugitive emissions from Energy 0.72 2.17
Industrial Processes & Product Use 3.02 6.27
Agriculture 3.22 20.36
Waste treatment 0.09 0.09
EFTA Total 22.01 45.78
|Grand Total | 1799.32 4720.50]
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Figure 3-3 shows the same contributions of the main sources to the annual emissions of
PM 5 in European countries. The emissionsin most countries are indeed mainly due to
combustion processes. In some countries (Iceland, Slovak Republic, Belgium) industrial
process emissions are important. Emissions from agriculture are significant in all coun-
triesin this study.
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Figure 3-3  Source contributions to PM s emissions in 2000.

322

Fuels
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‘Sector

OWaste treatment

B Agriculture

O Industrial Processes & Product Use
B Fugitive emissions from Energy

0O Non-industrial combustion

O Mobile sources

B Manufacturing Industry

O Combustion in Energy Industry

Combustion is a magjor contributor to PM, 5 and PM 1o emissions. Table 3-4 presents an
overview of fuel related emissions in the countries in this study.

Table3-4  Contribution by fuel type to PM,s and PM4 emissionsin 2000.
Emission(kTon) FuelGroup
g
0 2 2 -
" kel o O @© o
N E ? G = S
Pollutant CountryGroup | | 0] = [ . A
PM2.5 EU25 143.04 373.58 9.88 10.97 269.28 474.82 1281.57
CcC 94.88 65.70 1.02 0.67 106.92 135.96 405.14
AC 36.14 12.27 0.11 17.75 24.32 90.59
EFTA 0.12 8.33 0.23 0.14 5.26 7.93 22.01
PM2.5 Total 274.18 459.88 11.24 11.78 399.21 643.03 1799.32
PM10 EU25 373.84 393.34 9.88 14.12 287.89 2104.62 |3 183.69
CcC 320.77 86.78 1.02 1.12 114.84 666.57 1191.10
AC 141.02 15.46 0.11 19.07 124.27 299.93
EFTA 0.28 8.55 0.23 0.19 5.27 31.27 45.78
PM10 Total 835.91 504.13 11.24 15.42 427.06 2926.73 |4 720.50

It is shown that gaseous fuels contribute relatively little to the emissions. Contributions
of solid fuels (coal, lignite), liquids (diesel in road transport) and biomass (wood in
residential combustion) are important.
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323 Agriculture

This study is the first to include an estimate of wind blown dust in the PM, s inventory.
Table 3-5 provides an overview of the contributions of the detailed sub-sources in agri-
culture to these emissions. Wind erosion on arable lands is by far the largest contribu-
tion, while soil tilling also contributes significantly.

Although the PM, 5 emissions are relatively small when compared to the PM 10 emis-
sions from these sources, they still are important in the national totals (Table 3-3).

Table3-5 Detailed contribution of agriculture sub-sectorsto PM,s and PM 1 emissions in 2000.

Emission(kTon) CountryGroup 1[
8
[}
|_
ko]
8 = 5
Pollutant w|Subsector «| LW O < L O
PM2.5 Arable land - wind erosion 154.52 55.07 10.50 1.95 222.05
Arable land - soil tilling 39.15 13.95 2.66 0.50 56.25
Arable land - pesticide application 8.55 3.05 0.58 0.11 12.29
Arable land - harvesting 7.73 2.75 0.53 0.10 11.10
Arable land - fertilizer 7.01 2.50 0.48 0.09 10.07
Cattle 8.36 1.32 0.30 0.24 10.21
Pigs 12.07 0.58 0.47 0.15 13.28
Chickens 9.72 2.68 0.34 0.08 12.83
Turkeys 5.85 0.28 0.11 0.00 6.25
Ducks 211 0.31 0.06 0.00 2.49
Geese 0.23 0.32 0.08 0.64
PM2.5 Total 255.29 82.81 16.12 3.22 357.44
PM10 Arable land - wind erosion 1 030.16 367.10 70.03 13.03 1 480.32
Arable land - sail tilling 257.54 91.78 17.51 3.26 370.08
Arable land - pesticide application 56.66 20.19 3.85 0.72 81.42
Arable land - harvesting 51.51 18.36 3.50 0.65 74.02
Arable land - fertilizer 46.36 16.52 3.15 0.59 66.61
Cattle 37.56 5.93 1.33 1.06 45.88
Pigs 53.46 2.58 2.10 0.68 58.82
Chickens 43.34 11.95 1.53 0.38 57.20
Turkeys 26.61 1.27 0.52 0.00 28.40
Ducks 9.61 141 0.28 0.00 11.30
Geese 1.04 1.48 0.37 2.89
PM10 Total 1613.84 538.56 104.17 20.36 2 276.93

324 Road transport

Both fuel combustion and other processes (brake and tyre wear, road abrasion) contri-
bute to the particulate emissions from transport (Table 3-6). In this estimate, road abra-
sion does not contribute to the PM, 5 emissions, whereas it is important in the PM o
emissions. The contribution of brake and tyre wear amounts to about 10 % of the total
PM s emissions from transport. Brake and tyre wear and road abrasion together contri-
bute about 20 % to the PM 1 emissions from road transport.
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Table3-6  Detailed contribution of transport sub-sectorsto PM,s and PM 10 emissions in 2000.

Emission(kTon) CountryGroup

Pollutant CRF/NFRCode JCRF/INFRName EU25 cC AC EFTA| Grand Total

PM2.5 1.A.3.b.ii road transport, light duty vehicles 98.22 7.03 1.87 1.00 108.12
1.A.3.b.iii road transport, heavy duty vehicles 152.60 16.24 3.88 2.85 175.57
1.A.3.b.iv road transport, mopeds & motorcycles 8.64 0.06 0.61 0.17 9.48
1.A.3.b.vi road transport, automobile tyre and brake wear 29.70 1.78 0.45 0.88 32.81
1.A.3.b.vii road transport, automobile road abrasion 0.00 0.00 0.00 0.00 0.00
1.A.3.c railways 14.10 2.51 0.32 0.13 17.07
1.A.3.d.ii national navigation 19.69 1.39 0.22 2.65 23.94
1.A.3.e other (please specify in a covering note) 0.28 0.28 0.56

PM2.5 Total 323.23 29.02 7.63 7.68 367.56

PM10 1.A.3.b.ii road transport, light duty vehicles 98.22 7.03 1.87 1.00 108.12
1.A.3.b.iii road transport, heavy duty vehicles 152.60 16.24 3.88 2.85 175.57
1.A.3.b.iv road transport, mopeds & motorcycles 8.64 0.06 0.61 0.17 9.48
1.A.3.b.vi road transport, automobile tyre and brake wear 47.14 2.83 0.72 1.39 52.08
1.A.3.b.vii road transport, automobile road abrasion 31.91 1.79 0.47 0.98 35.15
1.A.3.c railways 15.47 2.75 0.35 0.15 18.72
1.A.3.d.ii national navigation 20.88 1.49 0.23 2.80 25.39
1.A3e other (please specify in a covering note) 0.30 0.30 0.61

PM10 Total 375.16 32.19 8.43 9.34 425.12
325 Uncertainties

Figure 3-4 and Figure 3-5 present the contributions of stationary and mobile combus-
tion sources to the PM, 5 emissions in 2000. The uncertainties in non-industrial combus-
tion (Figure 3-5, upper graph) are mainly due to combustion in residential applications.
Figure 3-6 presents the national total emissions due to industrial processes and agricul-

ture.

Taking into account the contribution of the different source sectors to the total emis-
sions, the uncertainties in non-industrial combustion, combustion in energy industries
seem to be the most important ones. The uncertainties in agriculture and in industrial

processes are important too.

We observe arelatively low uncertainty in the emissions due to (road) transport. Thisis
for alarge part due to the fact that uncertainty ranges for this sector are not available
and therefore have been assumed to amount to a factor of 2. This range however is com-
parable to the uncertainty ranges as used for other source sectors.

An interesting issue here is whether or not the uncertainties as estimated in this report
could be decreased. Part of the uncertainties will be due to incomplete knowledge of the
processes leading to the emissions. Another part however will be due to the intrinsic
stochastic processes related to turbulence in both combustion processes, the condition
of roads (road abrasion, brake and tyre wear) and in the atmosphere (wind blown dust).
The first type of uncertainties could, at least in principle, be decreased. The latter type
of uncertainties is much more difficult to avoid and decrease.
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Figure3-4 Estimated emissions of PM s in Europe (tong/year) from Combustion in Energy transformation (above) and in industrial

combustion (below); vertical bars indicate the 95 % confidence intervals.
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Non-industrial combustion
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Figure3-5 Estimated emissions of PMs in Europe (tong/year) from non-industrial stationary combustion (above) and mobile sources

(below); vertical bars indicate 95 % confidence intervals.



27 /59

TNO report | 2007-A-R0322/B |

Industrial Processes & Product Use
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Figure 3-6 Estimated emissions of PM s in Europe (tong/year) from industrial processes (above) and agriculture (below); vertical bars

indicate 95 % confidence intervals.
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3.3

Country comments

The first order draft inventory was published on Circa' s website in June 2006. A num-
ber of countries (Albania, Austria, Czech Republic, Estonia, Germany, Hungary, Latvia
and Norway) have responded to this first order draft. Norway, Portugal and Spain have
indicated to be satisfied with the [IASA estimates, used in the RAINS models.

The quantitative comments received were all within the uncertainty ranges of both the
activity data and the emission factors and recognized the fact that in this study some
sources (wind blown dust) were estimated for the first time. The presentation of the
results and the conclusions drawn from these therefore are not changed since they were
presented t the TFEIP/EIONET meeting in Thessaloniki (October/November 2006).

Some countries have asked the project team for support in developing their own natio-
nal emission inventories. Specific questions have been answered and detailed activity
data and emission factors as used in this study have been made available to all who
have asked for those. These data are also available on the Circa web site.
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4.1

4.2

Comparison with the IIASA emission data for PM 5

I ntroduction

This chapter describes a comparison study between the EU25 PM, 5 inventory prepared
in this study (using the TEAM model, TNO Emission Assessment Model) and the PM ;5
emission inventory from the IIASA-RAINS maodel (Regional Air Pollution Information
and Simulation), which combines information on economic and energy development,
emission control potentials and costs, atmospheric dispersion characteristics and envi-
ronmental sensitivities towards air pollution [[Ref 1], [Ref 2]]. The comparison is akind
of validation for both datasets and is relevant since the IASA-RAINS model is used to
assess the establishments of new National Emission Ceilings for PM,s.

In this analysis we include 30 countries. Besides the EU25 countries we include the 3
Candidate Countries (Bulgaria, Romania and Turkey) and 2 countries from the
European Free Trade Association (Norway and Switzerland). For the other countries
that are included in the EU25 PM, s inventory, PM 5 emission data from [1ASA are not
available.

To look in more detail to differences between the two inventories, we compare the total
of PM2 5 emissions from all individual countries included in this analysis. The result is
shown in Table 4-1 and Figure 4-1.

Overall comparison

Table 4-1 provides a comparison between our estimate, using the TEAM model and the
national totals, calculated from the data on the GAINS online model. These national
totals differ for the Czech Republic and Spain from the values as reported in [Ref 3] in
table 7.4. It appears that for these countries the table in [Ref 3] contains an error.

Table 4-1 shows that the Grand Total of PM, 5 emissions are 25 % higher for the [IASA
inventory compared to the TEAM emission inventory. The TEAM emission estimate is
only higher for five countries compared to the Il ASA estimate (Germany, Lithuania,
Luxembourg, Malta and Sweden). The figure also shows that 1| ASA emissions are
significantly higher for al major countries in Europe.
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Table4-1 PM;5 emissions per country, for [IASA and TEAM emission inventory.
CountryGroup CountryName TEAM 1IASA Difference
EU25 Austria 23944 30 857 78%
Belgium 34 760 35 546 98%
Cyprus 1876 2 206 85%
Czech Republic 36 254 57 345 63%
Denmark 16 672 24 759 67%
Estonia 9 493 23 473 40%
Finland 21 356 27 733 77%
France 228 953] 293 291 78%
Germany 161 976] 157 330 103%
Greece 37 310 47 391 79%
Hungary 26 819 52 316 51%
Ireland 12 612 15 701 80%
Italy 140 151 157 767 89%
Latvia 15 551 18 284 85%
Lithuania 15679 12 495 125%
Luxembourg 3681 2734 135%
Malta 637 543 117%
Netherlands 23 460 27 484 85%
Poland 142 577] 197 026 72%
Portugal 35870 80 713 44%
Slovak Republic 13 009 24 556 53%
Slovenia 7780 11 961 65%
Spain 140 352| 142848 98%
Sweden 23 457 23 303 101%)
United Kingdom 109 917] 120626 91%

EU25 Total 1284 147] 1 588 289

cC Bulgaria 37 105 61 201 61%
Romania 87 735| 127177 69%
Turkey 282 078] 312 955 90%

CC Total 406 918 501 332

EFTA Norway 13 646 55 527 25%
Switzerland 8 027 9 236 87%

EFTA Total 21673 64 763

Grand Total 1712 738| 2 154 384

The column
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“IIASA” shows the national totals as calculated from the “sector totals’ download from the IASA
GAINS-online website on March 1%, 2007.
“Difference” showsthe ratio TEAM/IIASA in percentages
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Figure4-1  Annual PM, s emissions from every individual country.

4.3

Activity data

OTEAM
WIIASA

Switzerland

To compare both emission datasets from a different perspective, we now turn our atten-
tion to the source of the emission, the activity causing the emission. The emissions are
from 4 main categories: energy, industrial processes, agriculture and others. For the first
main activity (energy), we distinct between fuel combustion and fugitive emissions.
Fuel combustion emissions are again subcategorized. This leads to the following classi-

fication:

e Total Energy (Fuels)

o Fuel Combustion
v' Energy Industry
v" Manufacturing Industry and Construction
v" Transport
v' Other sectors
o Fugitive Emissions from Fuels

e Industrial Processes
e Agriculture

e  Other sources

Figure 4-2 shows the annual emission of PM, 5 for each of these sectors.
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Figure 4-2

1.A1

PM 5 emissions per sector for both the TEAM and [|ASA emission inventory.
1.A.1:

1.A.2
1.A.3
1.A.4
1B

2

4

7

1.A2 1A3 1.A4 1B 2

NFR_Category

Combustion in Energy Sector
Combustion in Manufacturing Industry
Combustion in Transport

Combustion in Residential

Fugitive from Energy

Industrial Processes

Agriculture

Other emissions

The most significant differences between the two inventories are found:

e intheresidential sector, the IASA emission exceeds the TEAM emission by more

than a factor 2;

¢ inthe Manufacturing Industry sector, where the IIASA emission exceeds the

TEAM emission by almost a factor of 2;

¢ inthe Agriculture sector, where the PM, 5 emissions from this inventory are signi-
ficantly higher than the emissions from I1ASA. The reason for this differenceis the
fact that emissions from soil dust from human activities in agriculture and off-road
activities are included in the TEAM inventory, while these are not in the IASA

inventory.

4.4 Fuel use

To look in more detail to the differences in the Combustion sectors, we now turn our
attention to the fuels that are used. Since both emission inventories use different fuel
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classifications and it is difficult to relate these, we here categorize the fuelsin 5 mgjor

categories:

O O OO

O

Solid fuels
Liquid fuels
Gaseous fuels

Fuels from biomass or waste

No fuel

Table 4-2 shows the activities (expressed in TJ) for every fuel combustion category and
for every fuel used. Thisis only done for the fuel combustion category, since for the

other categories no fuels are used.

Table 4-2

Activities per category and per fuel, for both the TEAM and I1ASA inventory.

Fuel ID NFR_Category TEAM IIASA
Solids Energy Industry 10180572 10 157 485
Manufacturing Industry 1029414 1584654
Transport 379
Residential 593 656 653 276
Solids Total 11804 020 12 395415
Liquids Energy Industry 2425405 2679273
Manufacturing Industry 1822633 2139353
Transport 13435 708 15 042 326
Residential 3830823 4693604
Liquids Total 21514 569 24 554 556
Gaseous Energy Industry 7451210 6393674
Manufacturing Industry 5427211 5176374
Transport 15 663 16 424
Residential 7312516 6 668 850
Gaseous Total 20 206 601 18 255 322
Biomass/Waste Energy Industry 566 885 209 628
Manufacturing Industry 62 479 342 165
Residential 1537635 1594672
Biomass/Waste Total 2166 999 2 146 465
Grand Total 55692 189 57 351 758
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Inventory

OTEAM
WIIASA

Table 4-2 and Figure 4-3 show that the amount of fuel used in fuel combustion sectors

is higher inthe I1ASA inventory for most sector-fuel combinations. The total activity is
3 % higher in the ITASA inventory compared to the TEAM inventory. Table 4-3 shows
how much PM 5 is emitted from every activity-fuel combination, for the TEAM as well
as for the IIASA emission database.

Table4-3  Emissions per activity category and per fuel.

EU25 CC EFTA All Countries

NFR_Category TEAM IIASA TEAM IIASA TEAM IIASA TEAM IIASA
Energy Industry 109 382 122 925 46 734 87223 3 4 156 119 210151
Manufacturing Industry 19135 13307 43 867 5521 97 51 63 098 18 879
Transport 52 4 57 0
Residential 16 070 146 698 4732 32024 14 52 20 816 178 774
144 639 282 930 95 336 124 767 114 106 240 090 407 804

Energy Industry 32993 17 471 8 996 1508 104 22 42 092 19 001
Manufacturing Industry 25538 39 549 28 233 2495 260 1142 54 030 43 186
Transport 293 297 296 621 27 866 26723 6 809 5435 327 973 328 779
Residential 21990 89 197 1819 6573 1084 2115 24 892 97 884
373817 442 838 66 914 37298 8 256 8714 448 987 488 850

Energy Industry 7022 1003 679 67 236 21 7937 1091
Manufacturing Industry 2188 473 369 39 6 6 2 563 518
Transport 0 9 24 4 24 13
Residential 1401 1543 48 22 14 19 1463 1583
10 611 3027 1120 132 256 46 11 987 3204

Energy Industry 25419 62 267 21 25 2 25710 85
Manufacturing Industry 2058 7 354 436 164 142 184 2635 7 703
Residential 252 788 364 733 106 887 150 219 5 235 41909 364 911 556 861
stal 280 265 372149 107 589 150 404 5 402 42 096 393 256 564 649
| 809 331 1100944 270 960 312 601 14 029 50962 1094321 1464507
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45 Emission factors

From the table it can be seen that [IASA PM 5 emissions are higher for all fuel catego-
ries. The most significant difference is found in the biomass/waste fuel category, where
the IIASA emission exceeds the TEAM emission by 67%.

Figure 4-4 shows the results from table 3 in a graph. From this figure we see large diffe-
rences between the fuels used for various activities in both inventories. The largest dif-
ferences are found in the residential sector, where the IIASA emission is much higher
than the TEAM value, except for the gaseous sector where al emissions are rather

small.
Emissions [ton]

700 000

600 000

500 000

400 000 Inventory
OTEAM
BIIASA

300 000

200 000 -

100 000 -

Transport
Transport
Transport

Manufacturing
Industry
Residential

Energy Industry

Manufacturing
Industry
Residential

Energy Industry

Manufacturing

Industry
Residential
Energy Industry
Manufacturing

Industry
Residential

Energy Industry

Liquids Biomass/Waste

Figure4-4 Emissions per fuel and per fuel combustion sector, for both the TEAM and [IASA inventory.

These large differences between both inventories are not present in the activities (see
Table 4-2and Figure 4-3), therefore these differences must be caused by a difference in
emission factors between the two inventories.

In Table 4-4 and Figure 4-5 the implied emission factor is shown for both inventories,
again per fuel and per fuel combustion category. The implied emission factor is deter-
mined by dividing the emission by the activity, both of which are also shown in Table
4-4,
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Table4-4  Activity, Emission and Implied emission factor for both inventories, per fuel and per fuel combustion category.

Activity [TJ] Emission [ton] Implied emission factor [ton/PJ]
NFR Category TEAM IIASA TEAM IIASA TEAM IIASA
Energy Industry 10 180 572 10514 498 156 119 210 151 15.3 20.0
Manufacturing Industry 1029414 2 147 801 63 098 18 879 61.3 8.8
Transport 379 57 150.0 not available
Residential 593 656 660 251 20816 178 774 35.1 270.8
11 804 020 13 322 550 240 090 407 804 20.3 30.6
Energy Industry 2 425 405 2694 709 42 092 19 001 17.4 7.1
Manufacturing Industry 1822633 2211212 54 030 43 186 29.6 195
Transport 13 435 708 15047 729 327973 328 779 24.4 21.8
Residential 3830823 4 693 604 24 892 97 884 6.5 20.9
21 514 569 24 647 254 448 987 488 850 20.9 19.8
Energy Industry 7 451 210 6 393 674 7937 1091 11 0.2
Manufacturing Industry 5427 211 5176 374 2563 518 0.5 0.1
Transport 15 663 18 867 24 13 1.5 0.7
Residential 7312516 6704 873 1463 1583 0.2 0.2
20 206 601 18 293 788 11987 3204 0.6 0.2
Energy Industry 566 885 209 628 25710 85 45.4 0.4
Manufacturing Industry 62 479 342 165 2635 7703 42.2 22.5
Residential 1537 635 1594 672 364 911 556 861 237.3 349.2
2166 999 2 146 465 393 256 564 649 181.5 263.1
55 692 189 58 410 057 1094 321 1 464 507 19.6 25.1

In the Emission Factor column, the* Total” row contains the average emission factor for this fuel (total emission divided by total activity).

Emission Factors
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Figure4-5 Implied Emission Factors for PM;s, for all fuelsand fuel combustion categories, for the IIASA aswell asthe TEAM emission

inventory.

Figure 4-5 displays the significant differences in the implied emission factors between
the two inventories. The most significant differences are found in the residential sector,
where the implied emission factors from the [IASA inventory are higher for all fuels
except gaseous fuel.
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As can be seen from Table 4-4, residential combustion is the most important contributor
to PM, 5 emissions. Since residential combustion usually occurs on asmall scale, it is
very difficult to estimate the emission factor for this sector. This might partly explain
the wide variety of emission factors in this sector.

For biomass (wood) burning in the residential sector, this problem is even more com-
plex, because of:

o thevariety of wood burning devices that are used;
o several tree species with its own characteristic PM 2.5 emission factor;

e variation in operating these devices.

We believe that the | ASA estimate for PM ;5 emission factors concerning small-scale
residential burning of fuel wood is too high. The [IASA emission factors are based on
various literature values, including emission factors from EPA [Ref 4]]. The EPA emis-
sion factors for PM 5 are more than a factor 3 higher than the estimate from CEPMEIP
[Ref 5], used in our inventory. The Coordinated European Particulate Matter Emission
Inventory (CEPMEIP) is based on awide range of information sources. A brief outline
of the procedure followed and the main types of information sourcesiis as follows:

e The project started in 2000 with an official request for information to European
national experts that was sent out by the project partner EMEP. The requested
information comprised all available national PM emission inventories and under-
lying information. Also the results of series of and single source-oriented measure-
ments of emission, concentration and/or particle size distribution data were taken
into account. Intotal about 3/4 of all UNECE Member States responded.

e  The second source of information comprised data that had become available from
previous projects by TNO related to PM emission. An important contribution was
made by underlying information of the Dutch Emission Registration. Further con-
tributions came from many international environmental bench marking projects,
source-related stack concentration measurement surveys and PM related informa-
tion available from heavy metal emission studies.

e Thethird type of information that was considered comprised public reports and
handbooks that dealt with or somehow included source related emission (factor)
data. In this category are reports by:

IPPC Bureau (BREF/BAT documents)

UN-ECE Expert Groups (e.g. on HM)

UN-ECE MSC-East (e.g. work by S. Kakareka et al.)

US-EPA (e.g. AP42, AIRCHIEF and the United States National Inventory
of PM10/PM2.5)

German Umweltbundesamt UBA (e.g. report 297 44 853 by Dreiseidler et
al.)

Swiss BUWAL

Austrian JOANEUM

Dutch RIVM and KEMA

British APEG

The COPERT and HBEFA emission models for mobile sources

(e} O O OO

O 0O 0 0O
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4.6

o CONCAWE

Many of the information sources used in the CEPMEIP database are not readily avai-
lable or easily to find. Since IIASA’s estimate is heavily relying on direct consultations
with national experts, many of these experts might in fact use the EPA emission factors
for solid fuels in residential combustion. If this is indeed the case, use of EPA derived
emission factors might explain the higher estimates in the IIASA inventory.

A 1998 study [Ref 6] has also shown that the EPA emission factor is too high.

Another significant difference is found in the use of biomass fuel in Energy Industry.
For the use of fuel wood in the energy sector, there is no separate emission factor avai-
l[able from CEPMEIP. The emission factor estimate that we have used is therefore based
on adifferent category, which might partly explain the difference found.

In the use of solid as well as biomass fuels in the Manufacturing I ndustry sector, our
estimate for the emission factor is significantly higher than the Il ASA estimate. Thisis
also the case for the use of liquid fuels in Energy Industry.

Discussion

The comparison in this chapter, between the inventory derived in this study and the one
provided by IASA, using the RAINS/GAINS model, shows the following:

e ThellASA estimate for total PM2.5 emissions in EU25 is about 300 000 ton higher
than the estimate derived in this study (Table 4-1):

o [IASA reports about 290 000 tons higher emissions from the combustion
processes (Table 4-3), mainly dueto
v Residential solid fuels (coal; 130 000 tons)
v" Residential Biomass/Waste fuels (112 000 tons)
v' Residential Liquid fuels (67 000 tons)
v Several smaller differences in both directions
Apart from differences in the activity data, where RAINS is believed to
have better values, (Table 4-2), these differences are also to be explained
by differences in the emission factors. We believe that the emission factors
used in the RAINS estimate for these sources are too high.

e The TEAM inventory includes for the first time an estimate of the emissions of

wind blown dust from human activities in agriculture. The total amount of PM2.5
emissions from this source in the EU25 is about 250 000 tons per year.

o Further differences between the two inventories are obtained in the Industrial
Processes sector. However a direct comparison is difficult. We used international
production statistics and the emission factors from CEPMEIP, whereas || ASA has
used in many cases an “ Index (in 2000=100)" as the unit for activity data. Overall
the RAINS inventory has about 300 000 tons more PM 2.5 emissions from
Industrial Processes, compared with our estimate.
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5 Conclusions

Within this study an independent PM, s and PM 1o emissions inventory for the base year
2000 in Europe has been developed. This inventory has been compiled in close coope-
ration and consultation with the project that was updating the emission estimation gui-
dance in the EMEP/Corinair Guidebook [Ref 7]. The inventory resulting from this study
therefore is consistent with this updated guidance in the Guidebook on particulates. The
methods used to estimate emissions from wind blown dust have as yet not been official-
ly included in the Guidebook and are still under consideration in the Task Force on
Emission Inventories and Projections.

The main assets of thiswork are;

¢ highlighting the potentially important role of wind-blown dust from agricultural
sources; so far this source had been excluded from most inventories because little is
known on how to estimate such emissions;

¢ the development of a methodology to quantify uncertainties of emission estimates,
and

¢ thelinkages to the EMEP/CORINAIR emission inventory guidebook.

Across Europe PM s emissions are in the order of 3 to 5 kg/inhabitant per year. Mgjor
contributions are due to various combustion processes, transport and agriculture.

This inventory shows for the first time an estimate for particulate emissions from wind
blown dust from agricultural soils. Wind erosion from arable lands appears to be arela-
tively important source of PM s, although the major fraction consists of larger particles
(PM o and larger).

These emissions of soil dust arise from human activities in agriculture and off road
activities or driving on unpaved roads. It is generally assumed that the major part of the
mass in these inorganic mineral particles (clay, silt, sand) is present in larger particles
[Ref 1]. In our view these emissions are clearly due to human activities and for that
reason could be included in the national emission ceilings. However, our estimate is the
first one available and might still include major uncertainties. Furthermore, we used a
uniform emission factor for all countries in Europe, irrespective of meteorological and
soil conditions. Given the relative importance of this source, this could be an over-
simplification.

The inventory has been reviewed by a number of national inventory experts. Comments
and corrections were in all cases within the uncertainty boundaries of the inventory.
Other countries have used this inventory as a starting point or as additional information
while compiling their own inventories.

The inventory is accompanied by an uncertainty analysis. The uncertainties in the natio-
nal emission estimates are considerable. The RAINS inventory is not accompanied by
an uncertainty analysis. One might expect that in the scientific sense the uncertaintiesin
the RAINS inventory are of the same order of magnitude. However, since the RAINS
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inventory has been compiled using more direct bilateral consultations with the national
experts, the procedural confidence in the RAINS inventory will be higher. In this sense
it can be stated that the procedural uncertainties in the RAINS inventory will be consi-
derably lower, at least as far as the confidence of national experts in the inventory for
the own country is concerned.

Some differences between the two inventories however are observed and are caused by

e Theuse of adifferent, and probably better, set of activity data for the residential
combustion of biomass by the RAINS model; this data have been discussed and
agreed with national experts during bilateral consultations between I|ASA and the
Member States

e The estimation of wind blown dust in the present inventory; the RAINS inventory
does not include this source

e The RAINS emission factors for residential combustion are higher than the emis-
sion factors used in this report (TEAM model). In our opinion the RAINS emission
factors for these sources are higher than can be expected on the basis of available
literature.

Against this background, it can be concluded that for most countries the resulting inven-
tory is consistent with the inventory as used in the RAINS model runs supporting the
revision of the NEC Directive.

The main role of an uncertainty analysis will generally be as atool to prioritise actions
in an inventory improvement programme. ldentifying those sources that are contribu-
ting the most to the overall uncertainties of the inventory will be the starting point of
any inventory improvement programme. On the other hand, when using the uncertainty
results of this study in developing emission ceilings for PM2.5 the scientific uncertain-
ties might hamper a quantitative decision on the level of the emission ceilings. Different
possibilities are open to solve such difficulties:

e  Setting national emission ceilings in absolute levels despite the scientific uncertain-
ties and allowing new science to be included in the inventory development over
time. In this case, new or improved science might either make meeting the targets
easier, when present estimates appear to be high or more difficult when new sour-
ces are discovered or updated methods yield higher values.

e Using absolute targets, but excluding sources that are presently not well know or
even fully unknown. This possibility will work best if only those sources are
included where Member States are quite confident on their estimation methods. It is
our feeling that this is not the case for many emission sources of fine particulates.

e Using relative targets together with an obligation to apply consistent emission esti-
mation methods for both the base year and the target years. This is the approach
taken by the Climate Convention. When choosing this approach, uncertainties in
the trend will in almost all cases be smaller than uncertainties in the absolute levels.
If, in such cases Member States improve their emission inventory methods they
should apply such improved methods in the full time series between base year and
target years.
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It is outside the scope of this project to choose between the three options provided
above.

The inventory produced in this project has served its two main objectives:

e It showed that the inventories as used in the RAINS model in the framework of the
revision of the NEC Directive are largely consistent with the independent inventory
developed in this project

¢ |t has served as a source of expertise and knowledge that can be used by national
experts in developing and improving the national PM, 5 inventories.
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