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Executive Summary

The CAFE programme of the European Commission has been set up to develop the Thematic
Strategy on Air Pollution under the 6" Environmental Action Programme. Under this
programme, different policy options are being considered to address a range of current air
pollution problems. Small combustion installations (SCIs) are considered to be a significant
source of a range of pollutants, the most important of which is particulate matter (PM) due to
the scale of emissions and associated health impacts. This study was undertaken to:

Assess the significance of emissions of different pollutants from SCIs
Characterise the type of SCIs, and associated fuels used, across Europe
Identify the range of different options for reducing emissions

Propose a range of feasible and cost-effective measures for consideration in the
Thematic Strategy

In the absence of existing inventories, emission estimates were derived for both non-industrial
and industrial SCIs. The data highlighted the following key issues:

e The high level of PM and NMVOC emissions from the residential sector due to
consumption of biomass and solid fuels.

e The contribution from industrial SCIs to emissions of NOx, PM and SO,.

e The high level of emissions of NOx from non-industrial SCIs, due to the consumption
of natural gas, and to a lesser extent, liquid fuels.

These issues provide the focus for identifying potential policy options and technical measures.
A major complexity arises because of the heterogeneity of SCIs and associated fuel use across
Europe, and the very different characteristics of sectors that use SCIs. A large number of
policy options were identified, most of which have been assessed in this study, while a limited
number were rejected for reasons including limitation of application across Europe. A full
synopsis of the findings of this study are given in Section 1, the evidence is given in Sections
2 —7. In summary, the principle policy options assessed and recommendations are:

Introduction of product standards within a regulatory framework

European standards for non-industrial SCIs could be introduced within the framework of the
proposed Energy Using Products Directive, and other New Approach Directives, as a means
of ensuring minimum emissions from stoves and boilers. These product standards can have a
significant impact in reducing emissions, and are considered particularly important for the
reduction of PM related biomass emissions.

Promotion of local-based measures targeting urban pollution

The Air Quality Framework Directive provides the policy mechanism for identifying and
ensuring that localised pollution exceedances are targeted. As reporting under the Directive
by Member States evolves, our understanding of the need for additional measures will
become clearer. Measures could include the promotion of ‘successful’ cost-effective
measures for implementation by Member States under the Air Quality Framework Directive,
or additional EU action e.g. restriction of the use of certain solid fuel products in urban areas.
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Additional fuel quality requirements for products sold in the EU

The introduction of tighter limits on sulphur content of liquid fuels could lead to additional
reductions in PM emissions, in addition to SO, reductions, although further research is needed
to assess such impacts. New legislation on sulphur content of solid fuels may be considered
less of a priority due to the projected reductions in the use of these fuels. Restrictions on
biomass fuels are not considered (in the context of European policy) due to potential conflicts
with Climate policy objectives although it is clear that wood fuel products have significantly
lower associated PM emissions than conventional wood fuel.

Introduction of specified emission limits for larger SCIs

Emission limits for sub-50 MWy, installations could be considered, through extension of the
IPPC or LCP Directives, or through a new Directive. Another alternative is the introduction
of an emissions trading scheme, using the platform set by the EU ETS. However, the scope
of existing regulation e.g. the IPPC Directive is considered to have significant coverage across
the 20 — 50 MWy, range, and the estimated small contribution to overall European emissions
questions the need for additional policy action.

Use of Structural Funds for Air Quality projects

The current structure of these funds means that they have not been used significantly in the
past for projects relating to local air quality. Such funds could be further considered and
restructured to enable financing of projects that require significant capital investment, and
which can be very effective at improving poor urban air quality.

Development of energy efficiency measures in line with air quality objectives

Many energy efficiency measures are currently targeted at non-industrial sectors, and are
therefore particularly relevant for SCIs. The recent Energy Performance of Buildings
Directive has two proposals that could result in significant benefits for air quality pollutant
emission reductions — improved building insulation and inspection / maintenance schemes.
Further amendments to this Directive could also result in additional emission reductions.

SClIs are an important emission source, particularly of PM, and will continue to be so in future
years. Therefore, options to target such emissions will need to be considered in the context of
the Thematic Strategy, and developed based on the findings and recommendations made in
this study.
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Le programme CAFE de la Commission Européenne fut mis en place afin de developer la
Stratégie Thématique pour la Pollution de I’Air dans le cadre du 6™ Programme d’ Action
Environnemental. Dans ce programme, différentes options sont considérées pour addresser
une gamme de problémes liés a la pollution de I’air. Les Petites Installations de Combustion
(PIC) sont considérées comme étant une source significative d’une gamme de polluants dont
le plus important est la Matiere Particulaire (MP) di a 1’échelle des émissions et aux effets sur
la santé. Cette étude fut entreprise afin de:

Déterminer 1’étendue des émissions des différents polluants provenant des PIC
Caractériser les types de PIC ainsi que les carburants utilisés a travers 1’Europe
Identifier les différentes options pour réduire les émissions

Proposer une gamme de mesures réalisables et d’un cofit raisonnable pour
considération dans la Stratégie Thématique

En I’absence d’un inventaire répondant aux critéres de cette étude, des estimations sur les
émissions provenant des PIC non-industriels et industriels furent dérivés a partir de plusieurs
inventaires pré-existants. L’analyse des données a mis en évidence les points clés suivants:

e Les hauts niveaux d’émission de MP et de Composés Organiques Volatiles autres que
le Méthane provenant du secteur non-industriel diis a la consommation de biomasse et
de carburants solides..

e La contribution de manicre significative aux émissions de NOx, MP et SO, des PIC
industriels

e Les hauts niveaux d’émission de NOy provenant des PIC non-industriels, dis a la
consommation de gaz naturel.

Ces points clés permettent 1’identification des potentielles options politiques et des solutions
techniques. Une complexité majeure découle de 1’hétérogénéité des types de PIC et des
carburants utilisés a travers I’Europe, ainsi que des tres différentes caractéristiques des
secteurs utilisant des PIC. Un grand nombre d’options politiques furent identifiées, dont un
certain nombre furent rejetées pour des raisons telles que les limitations d’application a
travers I’Europe. Les options politiques présentées dans cette étude sont concentrées sur les
points suivants:

Limites d’émission sur 1’appareillage
Obligations sur I’inspection et la maintenance
Limites spécifiques pour les installations
Mesures locales

Restrictions sur la qualité du carburant

Fonds structurels

Mesures sur 1’utilisation efficace de I’énergie

L’analyse démontre que les émissions provenant des PIC pourraient étre réduites de maniére
significative et que certaines des mesures identifiées qui pourraient étre appropriées a une
application a travers 1’Europe semblent étre ¢économiquement efficaces. Le secteur des PIC
mérite donc d’étre considéré pour un abattement futur dans le cadre de la Stratégie
Thématique sur la Pollution de I’ Air.
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Das CAFE Programm der Europdischen Kommission wurde geschaffen, um die Thematische
Strategie zur Bekdmpfung der Luftverschmutzung im sechsten Umwelt-aktionsprogramm zu
entwickeln. In diesem Programm sind die verschiedenen politischen Massnahmen zur
Bekidmpfung von gegenwirtigen Luftverschmutzungs-problemen beschrieben.
Kleinfeuerungsanlagen sind eine bedeutende Quelle fiir eine Reihe von Luftschadstoftfen,
wobei Feststoffteilchen (Staub) als der wichtigste Schadstoff aufgrund des
Emissionsausmasses und den damit verbundenen Aus-wirkungen auf die Gesundheit
angesehen werden. Diese Studie wurde ausgefiihrt um:

die Bedeutung der Emissionen von verschiedenen Luftschadstoffen zu bewerten.

die Kategorien der Kleinfeuerungsanlagen mit den entsprechenden Brennstoffen europaweit
einzuordnen.

verschiedene Massnahmen zur Verringerung von Emissionen zu bestimmen.

eine Reihe von durchfiihrbaren und kostengiinstigen Massnahmen fiir die Thematische
Strategie vorzuschlagen.

Emissionswerte fiir industrielle und nicht-industrielle Kleinfeuerungsanlagen wurden, wenn
keine Kataster existierten, geschitzt. Die Daten zeigten folgende Schwerpunkte:

Die hohen Werte der Feststoffteilchen und NMVOC Emissionen in privaten Einrichtungen
werden der Verwendung von Biomassebrennstoffen zugeschrieben.

Kleinfeuerungsanlagen tragen zu den Emissionen von NOx, Feststoffteilchen und SO; bei.
Die hohen NOx Emissionen von nicht-industriellen Kleinfeuerungsanlagen werden verursacht
durch die Nutzung von Erdgas und, zu einem geringeren Mass, auch durch fliissige
Brennstoffe.

Mogliche Rechtsvorschriften und technische Massnahmen wurden hinsichtlich dieser
aufgefiihrten Schwerpunkte untersucht. Die Verschiedenartigkeit der Kleinfeuerungs-anlagen
und Brennstoffe, die in Europa genutzt werden, sowie die sehr verschiedene Charakteristik
der Bereiche in denen diese Anlagen eingesetzt werden, bereitet grosse Schwierigkeiten. Eine
Anzahl von mdéglichen Rechtsvorschriften und Massnahmen wurde identifiziert, von denen
die meisten in dieser Studie gepriift wurden, wobei aber auch einige zuriickgewiesen wurden,
u.a. wegen Beschrinkungen in der europa-weiten Anwendung. Ein Uberblick der Ergebnisse
dieser Studie wird in Kapitel 1 gegeben, Nachweismaterial wird aufgefiihrt in Kapitel 2-7. Die
prinzipiellen Moglichkeiten fiir Rechtsvorschriften und Regelwerke wurden gepriift und die
Empfehlungen sind wie folgt:

Einfiihrung von Produktstandards mit Hilfe von Rahmengesetz;gebung

Europdische Standards fiir nicht-industrielle Kleinfeuerungsanlagen kénnten mit Hilfe der
Rahmengesetzgebung der vorgeschlagenen Richtlinie fiir die Anforderungen an die
umweltgerechte Gestaltung energiebetriebener Produkte, und weiteren Richtlinien zu neuen
Verfahrensweisen, eingefiihrt werden. Dies konnte zum Beispiel eingesetzt werden, um die
Emissionen der Ofen und Kessel auf ein Minimum zu halten. Diese Produktstandards kénnen
einen erheblichen Einfluss auf die Verringerung der Emissionen haben, und daher sind sie als
besonders wichtig zur Verringerung der Feststoffteilchen erachtet.

Forderung der ortlichen Messungen von stidtischen Luftverschmutzungen

Die Richtlinie iiber die Beurteilung und die Kontrolle der Luftqualitit stellt die rechtlichen
Regelwerke zur Verfiigung, so dass sichergestellt ist dass die Uberschreitungen der lokalen
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Luftverschmutzung gemessen und bearbeitet werden. Die zukiinftige Berichterstattung der
Mitgliedstaaten im Zusammenhang mit dieser Richtlinie wird zu einem verbesserten
Verstidndnis flir notwendige zusitzliche Massnahmen fithren. Die mdglichen Optionen
konnten zum Beispiel die Forderung zur Anwendung von ,,erfolgreichen® kostensparenden
Massnahmen von Mitgliedstaaten im Rahmen dieser Richtlinie beinhalten. Weitere Optionen
sind zusédtzliche EU Aktionen, z.B. die Beschrinkung im Verbrauch von bestimmten festen
Brennstoffen in stidtischen Gebieten.

Strengere Begrenzung der Inhaltstoffe in Brennstoffprodukten zum Verkauf'in der EU
Die Einfithrung von niedrigeren Grenzwerten fiir den Gehalt von Schwefel konnte zu einer
zusétzlichen Verringerung der Emissionen von Feststoffteilchen fithren, im Zusatz zur SO,
Reduzierung. Es ist jedoch weitere Forschung notwendig, um diese Einfliisse beurteilen zu
konnen. Neue Gesetzesvorschriften fiir Schwefelgehalte in festen Brennstoffen konnten mit
geringerer Dringlichkeit betrachtet werden, da bereits geplante Reduzierungen im
Brennstoffverbrauch beriicksichtigt werden. Beschriankungen fiir Biomassebrennstoffen ist
nicht beriicksichtigt wegen dem potentiellen Konflikt mit den Zielen der Klimavorschrift,
obwohl es offensichtlich ist, dass Holzbrennstoffprodukte deutlich niedrigere Emissionen an
Feststoffteilchen hat als konventionelle Holzbrennstoffe.

Einfiihrung von festgelegten Emissionsgrenzwerten fiir grossere Kleinfeuerungs-anlagen
Emissionsgrenzwerte fiir Anlagen kleiner als 50 MWy, konnten durch die Erweiterung der
IPPC oder LPC Richtlinien, oder auch durch neue Richtlinien, in Betracht gezogen werden.
Eine weitere Alternative ist die Einfiilhrung des Emissionshandels-system, basierend auf dem
System der EU ETS. Allerdings wird angenommen, dass die bereits bestehenden Richtlinien,
wie z.B. die IPPC Richtlinie, die 20-50 MWy, Anlagen im erheblichen Umfang abdecken
werden. Daher ist es fraglich, ob zusétzliche Regelungen notwendig sind, wenn man den
geschétzt geringen Beitrag dieser Anlagen zu den Emissionen in Europa insgesamt betrachtet.

Einsatz von strukturbedingten Finanzmitteln fiir Luftreinhaltungsprojekte

Die gegenwirtige Struktur der Finanzmittel bedeutet, dass diese bisher nicht in bedeutendem
Ausmasse fiir lokale Luftreinhaltungsprojekte verwendet wurden. Solche Finanzmittel
konnten daher mehr beriicksichtigt (und umstrukturiert) werden, um die Finanzierung von
Projekten zu ermdglichen, welche ein erhebliches Investitionkapital bendtigen aber auch sehr
effektiv in der Verbesserung der schlechten stiddtischen Luftqualitdt wiren.

Entwicklung von Energiesparmassnahmen im Zusammenhang mit Luftrein-haltungszielen
Viele der Energiesparmassnahmen sind gegenwiértig auf nicht-industrielle Branchen gerichtet
und sind daher besonders relevant fiir Kleinfeuerungsanlagen. Die neue Richtlinie zur
Gesamtenergieeffizienz von Gebduden hat zwei Vorschlédge, die von erheblichen Nutzen fiir
die Verringerung der Emissionen von Luftverschmutzungs-schadstoffen sein konnten —
verbesserte Gebdudeisolierung und Inspektions-/Instand-haltungssysteme. Weitere
Verbesserungen zu dieser Richtlinie kdnnten ebenfalls zu zusétzlichen
Emissionsreduzierungen fiihren.

Kleinfeuerungsanlagen sind massgebliche Emissionsquellen, insbesondere fiir
Feststoffteilchen, welches auch in zukiinftigen Jahren fortbestehen wird. Aus diesem Grund
sollten Moglichkeiten, die diese Emissionen erfassen besonders im Zusammen-hang mit der
thematischen Strategie beriicksichtigt und entwickelt werden, basierend auf den Ergebnissen
und Empfehlungen hergeleitet in dieser Studie.
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Abbreviations

AFF Agriculture, Forestry and Fishing sectors

APHEIS Air Pollution and Health: A European Information System Programme

BAT Best Available Techniques

B(a)P Benzo(a)pyrene

CAFE The Clean Air For Europe Programme of European Commission DG
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CHP Combined Heat and Power

CLRTAP Convention on Long Range Transboundary Air Pollution

Comm_Institut ~ Commercial and institutional sectors

CORINAIR Co-ordinated Information on the Environment in the European
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CPD Construction Products Directive

EEA European Environment Agency
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ELVs Emission Limit Values

EPBD Energy Performance of Buildings Directive
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ERDF European Regional Development Fund

ETC-ACC European Topic Centre on Air Emissions and Climate Change

EU15 The European Union Member States Prior to May 1* 2004 (Austria,
Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, the Netherlands, Portugal, Spain, Sweden and the UK)

EU25 The current 25 Member States of the European Union (as EU15, with
Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta,
Poland, Slovakia and Slovenia)

(EU) ETS (European Union) Emissions Trading Scheme

EuPD Energy Using Products Directive

GHGs Greenhouse gases

ITASA International Institute for Applied Systems Analysis

IPCC Inter-governmental Panel on Climate Change

IPPC Integrated Pollution Prevention and Control

JRC Joint Research Centre

LCPD Large Combustion Plant Directive

LPG Liquefied petroleum gas

MW, Mega-Watt thermal capacity

NAEI National Atmospheric Emissions Inventory (UK)

NAP National Allocation Plans (submitted to the EC under the EU ETS
Directive)

NECD National Emission Ceilings Directive

NH; Ammonia

NIHE Northern Ireland Housing Executive

NMVOCs Non-Methane Volatile Organic Compounds

NOx Oxides of nitrogen (NO and NO,)

0GC Organically bound carbon
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PAHs Poly Aromatic Hydrocarbons

PICs Products of Incomplete Combustion (particulate, CO, NMVOC and PAH)

PM, PM,y, PM, s Particulate Matter, with diameter less than 10 microns (PM), with
diameter less than 2.5 microns (PM, s)

PPC Pollution Prevention and Control

RAINS Regional Air Pollution Information and Simulation Model
SCAs Smoke Control Areas

SCIs Small-scale combustion installations (<SOMWy,)

SCPs Small-scale combustion plant (an alternative term for SCIs)
SNAP Selected Nomenclature for Atmospheric Pollutants

SO, Sulphur dioxide

SSF Solid Smokeless Fuel

TFEIP Task Force on Emission Inventories and Projections
UNECE United Nations Economic Commission for Europe
UNFCCC United Nations Framework Convention on Climate Change
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Country codes

There is scope for confusion in the national abbreviations as the following examples show:
DE stands for Germany, not Denmark; ES stands for Spain, not Estonia; PL stands for Poland,
not Portugal; SL stands for Slovenia and not Slovakia.

AT Austria HU Hungary

BE Belgium IE Ireland

BG Bulgaria IT Italy

CH Switzerland LT Lithuania

cz Czech Republic LU Luxembourg

DE Germany LV Latvia

DK Denmark NL The Netherlands

EE Estonia NO Norway

ES Spain PL Poland

FI Finland PT Portugal

FR France RO Romania

GB Great Britain and Northern Ireland SE Sweden
(otherwise referred to as the UK) SK Slovakia

GR Greece SL Slovenia
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1 Report Summary

1.1 REPORT STRUCTURE

This report has been structured with Section 1 as the Report Summary, and Sections 2 to 7
providing the study evidence and analysis. The Report Summary provides an overview of the
main study conclusions, drawing from the evidence and analysis provided in the main body
of the report (Sections 2 and 7). This report structure has been used to enable access to the
key conclusions of the study, and where required, the detailed evidence and analysis that
supports these conclusions.

1.2 INTRODUCTION TO THE STUDY

Background to this Report

One of the seven Thematic Strategies in the framework of the 6™ Environmental Action
Programme will focus on air pollution. The Clean Air for Europe Programme (CAFE) has
been launched by the Commission in order to gather together the relevant scientific
information to support the Air Pollution Thematic Strategy. Under the CAFE programme,
small-scale combustion installations (SClIs, also known as small combustion plant or SCPs)
have been identified as an emission source for which options for emission reduction may
need to be considered.

SCIs are defined as combustion units of less than 50 MW thermal capacity (50 MWy,). They
include a significant range of appliances, including those used in the residential sector (e.g.
fireplaces, stoves, boilers) and large industrial units; they utilise a wide range of fuels
including various types of solid fuels and biomass, natural gas and liquid fuels. SCIs are
found across many different sectors including industrial, residential, commercial, agricultural
and public administration or institutional (which includes government buildings, hospitals,
universities etc.).

SCIs are an important source of air pollution as they are often concentrated in populated areas
and emit pollutants close to ground level. Other characteristics include low efficiency of
many devices (though not all), and poor maintenance. Operational lifetimes are frequently
long, typically in excess of 15 years and often much longer, with the effect that improved
appliance standards may take a long time to have a significant effect without intervention of
some form.

Although measures are applied in a number of countries to control SCI emissions, there is
currently no pan-European action to target emissions from SCIs. This study aims to assess
the types of measures that could be used to reduce emissions, and whether they are cost-
effective (i.e. that they can achieve emission reductions at lowest cost relative).

Objectives and scope of study

The key objectives of this study are:
e To understand the key emission issues relating to SCI sources
e To identify potential measures for the reduction of emissions
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e To assess the feasibility of the implementation of these measures at the European
level
e To describe the cost-effectiveness of such measures

The findings of this study should provide the European Commission with the basis for
starting to assess the need for European level action, and to develop a strategy for emission
control.

The years 2000-2020 provide the timeframe for analysis of future technology options and
implementation of policy measures. The geographical extent for this work covers all
countries involved in the CAFE programme (EU 25 plus Switzerland, Norway, Bulgaria and
Romania), with options considered at both European and national levels.

The analysis covers the following air pollutants:

Ammonia (NH3)

Sulphur dioxide (SO;)

Nitrogen Oxides (NOx)

Carbon monoxide (CO)

Particulate Matter (TSP, PM o, PM;5)

Non-methane volatile organic compounds (NMVOCs)

The analysis also investigates the indirect benefits of measures on other pollutants,
specifically greenhouse gas emissions that contribute to the overall cost-effectiveness. In
addition to greenhouse gases, emissions of dioxins, PAHs and certain heavy metals may also
be affected by specific measures considered in this study. While a detailed analysis of such
indirect benefits has not been undertaken, this study has sought to provide an understanding
of where such indirect benefits may occur.

Methodology overview
There are five key methodological stages in this study, as outlined below:

1. Quantify emissions — To develop a strategy for targeting emissions from SCls, it is
imperative that emission contributions from different sectors and installations are well
understood.

2. List options for reducing emissions — In this stage, different policies and potential
options for reducing emissions from small combustion installations are identified,
particularly for those emission issues highlighted in the first stage.

3. Collect information on options —. Once listed, the next stage reviews information
(both qualitative and quantitative) on options.

4. Prioritise options — Based on the key issues highlighted, and the information on
measures reviewed, options for reduction of emissions from SCIs need to be
prioritised. This is done on the basis of cost-effectiveness information combined with
other factors including:

e Key emission issues identified

Scale of implementation

Political acceptability

Social impacts
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5. Assessment of specific policy options — The final stage undertakes a more detailed
assessment of selected policy options, which involves analysis of cost-effectiveness,
and assessment of factors that will determine feasibility / appropriateness.

Stakeholder consultation

Consultation with national experts has been an important part of the study methodology and
has been used for two purposes. Firstly, in quantifying the emissions from SCls, it is
important that national experts are able to state whether they consider inventory estimates
made ‘broadly correct’ so as to provide some level of verification. Secondly, national experts
understand the national situation, and are in a good position to comment on proposed policy
options and feasibility of technical measures.

1.3 AN EMISSION INVENTORY FOR SMALL COMBUSTION INSTALLATIONS
IN EUROPE

A key task for this study was to analyse existing emission inventories of SCIs. However, no
previously reported inventory provides a sufficient level of detail at the European scale to
properly assess emissions from SCIs. Therefore, the technical assessment reported here starts
with the construction of an inventory of emissions from SCls disaggregated to specific fuels,
technologies and sectors by country. The main role of this inventory is to provide guidance
on priorities for action. Specifically, the inventory helps to:

o Identify the priority sources, fuels and technologies that contribute significantly to
current and projected emissions, and for which measures and technologies could
most effectively be applied;

e  Identify countries and SCI sub-sectors where emission reductions have
successfully been achieved;

o Provide the baseline data from which costs and benefits (in terms of emission
reduction) for measures can be calculated.

To build the inventory, data are drawn from various sources, including submissions to
IPCC/UNFCCC, UNECE/CLRTAP, the European Commission with regard to the NECD and
LCPD, data from the RAINS model, EPER, and national inventories. Due to differences in
data availability, two separate inventories have been derived; one for non-industrial
emissions and another for industrial SCI emissions. Figure 1.1 provides an overview of the
proportion of total European emissions from non-industrial SCI sources, highlighting the
significant contribution to PM;¢ and PM, s.
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Figure 1.1 Emissions from non-industrial SCIs (as a percentage of total European emissions)
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NB. The above comparison is based on derived inventory emission estimates as a percentage of CLRTAP
reported totals. The exception is non-industrial SCI emission total for PM, 5, which is a percentage of RAINS
emission totals. This is probably why the proportion of PM, s emissions is much higher than PM,,. For
example, if the RAINS PM,, total has been used, the contribution would have been nearer 25%.

The key findings from the non-industrial inventory include:

e Emissions from non-industrial SCIs make a significant contribution to the European
PM emission totals in 2000.

e Emissions of PM are predominantly from residential biomass and solid fuel burning
in 2000, with a significant decrease projected in future years from solid fuels but not
biomass. NMVOC emissions show a similar pattern.

¢ Emissions of NMVOC, SO,, and NOx from non-industrial SCIs contribute
approximately 6-10% of national emission totals.

e NOx emissions from non-industrial SCIs are predominantly due to commercial and
residential natural gas use. Emissions are not projected to decrease significantly in
future years and may become an increasing proportion of total controllable NOx
emissions in urban areas.

The following graphs show the above information (for PM;o, NOx, SO, and NMVOCs) from
Figure 1.1 in greater detail, broken down by fuel and technology type, for 2000, 2010 and
2020. The non-industrial SCI emission inventory for PM;o (which shows a similar trend for
PM, 5) highlights the decrease in emissions from 2000 to 2020, predominantly due to the
decline in the use of solid fuel. This source, however, remains significant due to the
continued use of biomass. Emissions from this source are projected to decline overall due in
main to the increased use of automatic feed boilers.
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Figure 1.2 PM,, emissions from non-industrial sources by fuel-technology
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NB. In the legend, ‘Mboiler’ refers to medium sized boiler (50 kW — 1 MW manual; 1-50 MW automatic),
while ‘SHBoiler’ refers to single house boiler (0-50 kW). ‘A’ at the end of the label means ‘automatic feed’,
while ‘M’ means ‘manual feed’.

Figure 1.3 NOx emissions from non-industrial sources by fuel-technology
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NB. In the legend, ‘Mboiler’ refers to medium sized boiler (50 kW — 1 MW manual; 1-50 MW automatic),
while ‘SHBoiler’ refers to single house boiler (0-50 kW). ‘A’ at the end of the label means ‘automatic feed’,
while ‘M’ means ‘manual feed’.
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NOx emissions from non-industrial sources are predominantly due to the use of oil and
natural gas, as shown in Figure 1.3. The increasing use of natural gas in these sectors (as
illustrated in Figure 1.7) and continued use of liquid fuels at 2000 levels in future years
results in emissions of NOx remaining at consistent levels. Biomass contributes to total
emissions at a consistent level across the time series, while solid fuels only make a limited
contribution to the total in 2000.

The significant decrease in SO, emissions over the time series is dramatically reflected in
Figure 1.4, and is primarily due to the significant decline in the use of solid fuels, and the
lower sulphur content liquid fuels used in future years.

Figure 1.4 SO, emissions from non-industrial sources by fuel-technology

1000000
900000 m Gaseous_LPG
800000 m Gaseous_Ngas
O Liquid_Gasoline
700000 - O Liquid_Fuel Oil
m Liquid_Gas Oil
% 600000 1 O Solid_MBoilerA
§ 500000 O Solid_MBoilerM
= m Solid_SHBoilerM
§ 400000 - m Solid_Stove
0O Biomass_MBoilerA
300000 - O Biomass_MBoilerM
O Biomass_SHBoilerA
200000 1 = Biomass_SHBoilerM
100000 J m Biomass_Stove
B Biomass_Fplace
0
2000 2010 2020

NB. In the legend, ‘Mboiler’ refers to medium sized boiler (50 kW — 1 MW manual; 1-50 MW automatic),
while ‘SHBoiler’ refers to single house boiler (0-50 kW). ‘A’ at the end of the label means ‘automatic feed’,
while ‘M’ means ‘manual feed’.

NMVOC emissions from combustion sources in non-industrial sectors are primarily a result
of the use of biomass, as reflected in Figure 1.5. Therefore, limited reductions are seen in
emissions associated with this source. The most significant reduction comes from the
reduction in the use of solid fuels.
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Figure 1.5 NMVOC emissions from non-industrial sources by fuel-technology
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NB. In the legend, ‘Mboiler’ refers to medium sized boiler (50 kW — 1 MW manual; 1-50 MW automatic),
while ‘SHBoiler’ refers to single house boiler (0-50 kW). ‘A’ at the end of the label means ‘automatic feed’,
while ‘M’ means ‘manual feed’.

Overall, industrial SCIs do not contribute significantly to total European emissions, although
out of the three pollutants considered in estimates, SO, contributes approximately 8%, with a
contribution of approximately 3% of total emissions for PM;o and NOx (as illustrated in
Figure 1.6). When considered just in terms of industrial combustion emissions, industrial
SClIs contribute approximately 18% to PM and 12% to SO, and NOx. Country specific data
illustrates that in certain countries, this percentage value is much higher.

Unfortunately, the absence of projected emissions does not enable us to assess whether these
contributions increase — this proportion could increase if the majority of these plant are
unregulated and further reductions occur from larger regulated plant. Significant levels of
uncertainty associated with these estimates, due to data limitations, and a simplistic inventory
methodological approach.
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Figure 1.6 Comparison of industrial SCI emissions with non-industrial SCI and LCP emissions
(as percentage of European total)
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Three priority issues have been identified, based on the inventory estimates, which future
policy action may need to address, and include:

e PM and NMVOC emissions from residential burning of biomass and solid fuel

e Industrial-based SCI emissions of SO,, NO, and PM

e NOy emissions from non-industrial consumption of gas and liquid fuels

PM emissions should be considered for the following reasons:

e They contribute significantly to overall European emissions, and in most countries to
national emissions of PM

e They are known to have significant health impacts, particularly if sources (such as
those in the residential sector) are concentrated in urban areas with large populations

e Emissions of PM from biomass use are not projected to decrease significantly

e Targeting emissions from biomass will have significant benefits for reducing
NMVOC, and other emissions such as PAHs.

The issues relating to biomass and solid fuels differ significantly. Biomass consumption is
likely to increase over the next 20 years, as countries look for opportunities to reduce
emission of CO; through their climate change programmes. The focus needs to be on
ensuring a high uptake of low emitting technologies, and the removal of older high emitting
technologies, rather than removal of this type of fuel altogether. For solid fuels, current
projections show significant decreases in solid fuel consumption. Options need to focus on
ensuring a quicker uptake of cleaner fuels, and where solid fuel use persists (particularly for
backup use), cleaner solid fuels and improved appliances.
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The problem of PM emissions in future years is strongly driven by the projected consumption
in biomass, which unlike solid fuels, does not decrease. Development of policy action
relating to this issue will need to consider the inherent uncertainties, both in the emission
factors and consumption data. Fuel consumption is difficult to estimate due to the nature of
wood burning, which can be occasional, and may involve the use of ‘private sale or gathered’
wood, rather than marketed biomass products. Emission factors vary significantly depending
on the characteristics of wood used in emissions testing. The other key issue is whether these
emissions will actually have a significant impact, particularly if most use of biomass is in
rural areas, away from large populations.

Industrial emissions are much more uncertain than non-industrial emissions, due to issues of
data availability. However, options should still be considered for the following reasons:
e Industrial SCIs are an important source of industrial combustion emissions in many
countries
e Many of these installations may be unregulated, and therefore, potential emission
reductions may be significant

NOXx emissions from non-industrial SCIs are considered a problematic issue, due to limited
reductions in projected estimates by 2010 and 2020, and increasing contribution to overall
urban emission levels. SCIs will tend to be located in urban areas (as that is where natural
gas networks tend to be located), and may become an increasingly important source with
greater controls of urban road transport. However, it is also important to note that natural
gas, the main source of NOX, is an important alternative cleaner fuel to other solid and liquid
fuels and therefore may be less of a priority than the other two key issues.

SO, emissions from non-industrial SCIs are perceived as a lesser priority due to significant
reductions that will occur by 2010 in the baseline emission projections. However, measures
are considered in this study that reduce SO, emissions, and have additional benefits for other
pollutants. NHj is not considered further due to the fact that SCI sources contribute very
little to overall emissions.

This inventory provides a useful guide to what some of the main pollutants, sectors and fuels
are, in terms of absolute emissions. However, its primary limitation is that it does not
provide the spatial dimension of the inventory, e.g. where emission sources are located in
relation to population. A higher level of emissions in rural areas may be a lower priority than
low emissions in urban areas (where health impacts could be more significant due to higher
population densities). This issue is considered further in section 7.3.2.

For further information, see Section 3 Emissions from small combustion installations in
Europe.

1.4 COUNTRY FUEL-TECHNOLOGY PROFILES ACROSS EUROPE

The applicability of technical measures and appropriateness of policy options is dictated by
the types of fuels and technologies being used across Europe. This is particularly the case
with non-industrial SCIs, where very different energy markets can be seen across Europe,
both in terms of the type and quality of fuels being used, and the type of technologies
employed (in terms of age, combustion process, efficiency etc.).
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An overview of fuel consumption trends in the key non-industrial sectors in Europe is
provided in Figure 1.7. There are four key trends that can be identified:
e Natural gas consumption increases significantly up to 2020.
e Solid fuel consumption rapidly decreases, with only very small quantities being used
by 2020.
e The consumption of biomass remains at the same level between 2000 and 2020.

e Oil continues to be a significant fuel in future years, providing 20% of total energy for
non-industrial sectors in 2020.

Figure 1.7 Energy consumption trends in non-industrial sectors for Europe
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Source: RAINS web data for the commercial-residential sectors. Agricultural energy consumption from
stationary sources has not been considered (and is not so significant).

In terms of emission trends observed in the previous section, these data demonstrate why the
emissions associated with solid fuels decrease significantly (PM, SO,), while emissions of
NOx from natural gas use, and emissions associated with biomass do not show significant
reductions in future years. SO, from oil decreases significantly in future years (despite
consumption levels in 2020 similar to those in 2000) due to the impact of the sulphur content
legislation.

To develop a better understanding of the structure of fuel market profiles across Europe,
countries can be categorised into the following groupings:

e Significant natural gas markets

e Significant biomass markets

e Significant liquid fuel markets

e Significant solid fuel markets

These groupings help to provide a better understanding of emissions data, and a first
indication of where policy action and / or technical measures may be most applicable, most

AEA Technology 10




AEAT/ED48256/Final Report Issue 2

effective or have the best and worst cost-effectiveness. Figure 1.8 illustrates on a map of
Europe how countries have been grouped according to the dominant fuels used in the non-
industrial sectors. This reflects dominant fuels used; for example, a country such as Italy
uses significant amounts of liquid fuels.

Figure 1.8 Overview of the dominant non-industrial fuels used across Europe

Non-industrial Fuel Use

MNatural gas
Liquid fuels / Natural gas
Liquid fuels

Biomass / Liguid fuels
Solid fuels / Natural gas

Table 1.1 provides additional detail on fuel use profile in the non-industrial sectors and
illustrates the significant variation between countries that will need to be considered when
deriving relevant policy action. The three key groupings include gas, liquid fuels, gas / liquid

fuels, and biomass / liquid fuels, with significant exceptions such as solid fuel consumption

in Poland.
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Table 1.1 Overview of country groupings based on non-industrial fuel profile

Country Gas Liquid | Biomass Solid District | Groupings

use fuel use use fuel use | heating

levels*

Netherlands >90% L Gas
UK >80% L Gas
Slovakia >80% H Gas
Hungary >80% M Gas
Italy >T70% L Gas
Czech Republic | >60% >20% H Gas, Solid fuel
Belgium >50% >30% L Gas, Liquid
Germany >50% >25% M Gas, Liquid
France >40% >30% 20% L Gas, Liquid, Biomass
Austria >30% >30% M Liquid, Gas
Denmark >30% >40% H Liquid, Gas
Luxembourg >40% >50% L Liquid, Gas
Greece >T75% L Liquid
Switzerland >25% >70% L Liquid
Ireland >20% >55% L Liquid
Spain >20% >40% L Liquid
Sweden >60% >30% H Liquid, Biomass
Finland >50% >40% H Liquid, Biomass
Slovenia >45% >30% H Liquid, Biomass
Portugal >35% >45% L Biomass, Liquid
Norway >45% >50% L Biomass, Liquid
Estonia >30% >45% H Biomass
Lithuania >25% >60% H Biomass
Latvia >60% H Biomass
Poland >25% >35% H Solid fuel, Gas

* District heating levels are ranked high (H), medium (M) and low (L).

District heating is also an important method of heating provision in many countries across
Europe. It primarily involves the provision of heating from a central plant, and reduces the
need for individual homes or buildings to have their own heating unit. This has important
implications for emission control, as emissions are easier to control from central plant rather
than many diffuse sources.

Across this broad range of fuel use (and associated SCIs), different technical measures are
going to be more cost-effective for some countries than others. Countries that already have
significant investment in pipeline infrastructure for gas or district heating will be able to
consider further expansion as a more realistic option than countries without such
infrastructure in place.

This section provides the context to both provide a better understanding of the emissions

data, and to consider appropriate technical measures and policies. For further information,
see Section 4 Country fuel-technology profiles across Europe.
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1.5 REVIEW OF TECHNICAL MEASURES APPLICABLE TO SCls

Technical measures are the means by which emission reductions can be realised, and range
from the replacement of an old appliance with a modern appliance to use of a less polluting
fuel. Based on the findings of Section 3, particular attention is given to technical measures
for reduction of PM and NMVOC from solid fuel and biomass burning in non-industrial
SCIs, predominantly in the residential sector.

There are two main types of abatement measures to address emissions from SClIs; firstly, by
avoiding formation of emissions (preventative measures) and secondly, by removal of
pollutants from exhaust gases (abatement measures). Abatement measures have traditionally
been less applicable to smaller scale installations (less than 1 MWy,) due to lower cost-
effectiveness, and are predominantly used for larger installations.

For smaller SClIs, preventative measures are the main technical means through which to
reduce emissions, with abatement measures either not cost-effective or not applicable to the
smaller SCI market. This section covers the following broad technical measures:

e Appliance replacement (including the use of new modern technologies)
Fuel quality
Prospective emerging technologies
Other technical measures

Table 1.2 Consideration of types of technical measures (and potential costs)

Type of fuel Technical measures Cost
Biomass (where PM / Fuel switching (within biomass High (due to costs of
NMVOCs are key to pellets) new appliance)
emissions) Switching to new fuel-based High

appliance (gas)

Add on technologies (catalysts, Medium
insets, accumulator tanks)
Behavioural change (to improve | Low

operation)
Solid fuels (where PM / Same as for biomass.
NMVOCs are key Switch to less polluting solid fuel | Low
emissions) Coal cleaning Very high
Gas (where NOy is the main | Switching to more energy- High
issue) efficient boiler

Other energy efficiency measures | Medium
(better boiler sizing, improved

insulation)
Oil (for PM / NOy and SO, Switching to more energy- High
emissions) efficient boiler

Other energy efficiency measures | Medium
(better boiler sizing, improved
insulation)

All Prospective / emerging Potentially high
technologies — fuel cells,
renewables etc.
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Based on the review of the available data, Table 1.2 outlines the applicability and a broad
indication of potential cost of technical measures, and their relevance to the key emission
issues. Costs of these measures will vary greatly depending on the specific country,
investment issues (new central heating or just new boiler), the specific type of technology,
and relative fuel costs. The effectiveness of the measure will also be dependent on the
pollutant in question, and the characteristics of the measure.

For non-industrial emissions of NOy from natural gas consumption, potential reductions for
these smaller units will mainly be realised through energy efficiency measures. This may be
problematic when defining policy options as energy efficiency measures tend to be driven by
climate change policies. Relevant energy efficiency measures are described further in section
6.2.8.

For further information, see Section 5 Review of technical measures applicable to SCIs.

1.6 POLICY MEASURES TO REDUCE EMISSIONS FROM SCIS IN MEMBER
STATES

Section 6 explores the measures applicable to the SCI relevant sectors, by installation size,
for the emission issues highlighted in section 1.3 above. An overview is provided of the
characteristics of each of the measures that may be suitable at EU level and their current use
by Member States. In addition to measures targeted specifically at the local and regional air
pollutants that are the drivers for this study, climate change policy measures are considered
which may have benefits in terms of emissions abatement across the board.

Measures that have been considered include: traditional industrial regulation, flexible
mechanisms with a national scope, targeting larger installations, local based approaches such
as information campaigns, appliances replacement, and fuel bans. This evidence informs the
in-depth analysis of measures considered suitable for EU application (Section 7) concerning
their implementation, and potential costs and effectiveness.

Table 1.3 illustrates the variety of the measures considered, comments on the nature of the
impact they would have and gives an indication (based on the current experience of Member
States) of their likely acceptability as a pan European measure. Product standards and fuel
quality regulations bearing directly on consumers have been demonstrated by a number of
Member States to have a beneficial impact; energy efficiency measures have proved
successful at sector level; financial mechanisms, taxes, and site-specific regulations also have
attractions. Local based mechanism, while addressing particular problems are more difficult
to implement; clearly very different policy options will be required for targeting the different
emission problems identified.

For further information, see Section 6 Policy measures to reduce emissions from small-
scale combustion installations.
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Table 1.3 Types of measure considered for abatement of emissions from SCIs

on boiler operation or purchasing

Type of measure Specific measure Direct impact Accept-

ability

Product standards Product standards (and ecolabels) and Increased development / manufacture of certain products to specified standards H
associated emission limits (voluntary and | (product standards) and increased uptake of certain products by consumers on the basis
obligatory) of environmental criteria (Ecolabels)

Local-based measures Area product / appliance ban Reduction in use of specific fuel products / appliances in designated area M
Other measures e.g. reactive measures, Reduction in emissions from various action taken through these measures M
appliance replacement, information
campaigns

Fuel quality restrictions Fuel quality restrictions, bans and Reduced or no sale of certain fuel products, based on fuel quality indicators H
voluntary agreements

Site —specific restrictions Emissions limit value or BAT approach Emissions controlled by permitting in line with concentration limits H
Emission trading Reduction in emissions encouraged through designating pollution as a commodity M

Emission ceiling Emission ceilings approach Emission reductions through the setting of national emission limits H

Environmental taxes Emission taxes Incentive not to emit on the basis that emissions can be taxed M
Fuel taxes Incentive to reduce fuel consumption or consider alternative due to increased price H

Financial mechanisms Appliance subsidies / grants Increase use of specific less polluting appliance(s) due to increased consumer demand
Fuel subsidies Increase use of selected less polluting fuel(s) due to increased consumer expenditure
Structural funds European funding of projects seeking to reduce emissions or that have associated H

benefits

Energy efficiency Boiler efficiency standards Reduced fuel use due to more efficient boilers / appliances H

programmes / policies Building standards Improved insulation leading to lower energy demand H
Appliance inspection / maintenance Improved performance (efficiency / combustion) of appliances due to regular H
obligations inspection / maintenance
Grants, loans and subsidies Increased consumer demand for more efficient appliances H
Energy taxes Increase price of energy products to encourage lower consumption levels H
Promotion of renewable technologies Increase take-up of renewables, thereby replacing other more polluting technologies M
Information campaigns Helping reduce emissions by changing consumer behaviour through information e.g. H
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1.7 ANALYSIS OF EUROPEAN POLICY OPTIONS

A series of recommendations can be made from this study concerning policy options, to be
considered in the context of the Thematic Strategy on Air Pollution. These recommendations
are made based on our understanding of the emissions problems related to SCls, the technical
measures and policy mechanisms available to address such problems, and analyses of the
cost-effectiveness, which in some cases, can be further developed in the framework of the
RAINS model.

A series of policy scenarios, drawn from a range of potential policy options, were developed
in consultation with the Commission and have been considered within this study analysis;
these are listed in Table 1.4, with additional comment concerning the sector-emission
problem they are most relevant to.

Table 1.4 Policy scenarios considered in SCI emission reduction analysis

Policy option areas (report section) Key emission issue(s)

Introduction of obligatory product standards for PM /NMVOC and NOx emissions from
appliances below 300 kW (1.7.1) non-industrial sources

Promotion of local-based measures, particularly in | PM / NMVOC emissions from non-
PM urban ‘hotspots’ (1.7.2) industrial sources

Stricter or new fuel quality criteria for certain fuel | PM / SO, from solid fuels across all
products (1.7.3) sectors

Introduction of specified emission limits to larger | Emissions from industrial / large
installation (< 50 MW) (1.7.4) institutional sites

Increased use of Structural Funds to increase PM /NMVOC emissions from non-
access to cleaner fuels e.g. energy network industrial sources

expansion, funding for cleaner technologies

(1.7.5)

Development of energy-efficiency measures to NO, from gas (non-industrial); other
further benefit air quality policy e.g. Energy pollutants in the non-industrial sectors
Performance of Buildings Directive (1.7.6)

The range of different measures illustrates the wide scope of this project in terms of:

e Pollutant — the SCI inventory developed as part of this study draws attention to the
significant, SCI contribution to the overall EU PM emission. However, other air
quality pollutants (covered by the CAFE programme) also need to be considered.

e Sector — the capacity range of 0 — 50 MWy, includes a variety of sectors, for which
some measures applicable to SCIs are appropriate while others are not.

o [nstallation size — this study includes a wide range of installation type, including the
relatively small number of medium to large industrial combustion plant to the large
number of very small residential fireplaces; measures therefore have to relate to a
given size of installation.

e Country — due to the very different energy profiles of different countries (see section
4), measures need to be carefully considered in order to meet the needs of Member
States.

In conclusion, policy options need to consider pollutant, sector, installation and country. Due

to the large number of possible combinations of these parameters, a selection of the most
promising options has been considered.
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For each of these scenarios, analysis was undertaken to address overall impact (in emission
reduction terms) of the options, and cost-effectiveness, as required before such an option is
considered further — see Section 7 ‘Options and Recommendations for European Policy.’
This analysis is important in helping define what might be important for inclusion in the
Thematic Strategy, and direction for further scenario analysis in the RAINS model.

1.7.1 Introduction of obligatory product standards

The primary objective of product standards is to ensure that products entering the market
meet certain quality criteria, including environmental criteria, the most important of which in
the context of this study is the use of emission limits. Such criteria would ensure that new
appliances being bought to replace older appliances (through ‘natural’ replacement) met
minimum emission standards. This type of mechanism is likely to cover smaller capacity
SClIs (< 300 kW), which are primarily used for hot water and space heating in non-industrial
sectors.

There are two mechanisms that could be used to further promote the use of product standards
in a regulatory framework:

e The proposed Framework Directive on Energy Using Products (EuP): boilers and
stoves could be included based on the proposed scope of the EuP. Emission limits
could be proposed as part of the product criteria to ensure compliance under the
Directive.

e Under the New Approach Directives (which is an approach that the proposed EuP
Directive will follow), certain harmonised CEN standards can be used to meet the
requirements of certain Directives, regarding different products e.g. the use of EN
13229 (Inset appliances including open fires fired by solid fuels) and EN 13240
(Room heaters fired by solid fuel) under the Construction Products Directive. In
other words, CEN standards provide one of the vehicles for compliance under the
Directive.

Our analysis assessed the impact of emission limits for TSP from biomass and solid fuels,
and NOx from gaseous and liquid fuels for a range of appliance types based on European and
national standards. Limits were compared to those used in the RAINS model, which enabled
an assessment to be made of the impact in terms of emission reductions. The cost of the
measure was the difference in price between the purchase of an appliance that meets the
limits set out in the standard, and one that does not (net of any savings in fuel costs as a result
of purchasing a more efficient appliance).

Based on this analysis, the introduction of product standards (under a regulatory framework)
across the EU would lead to significant emissions reduction. This is particularly important
given the significant emissions of PM from biomass in future years, particularly as it is
promoted as a carbon-neutral fuel - with few other mechanisms available at European scale to
reduce such emissions, standards for appliances are an important option. In addition, the
potential for further NOx reductions is also important, given that the non-industrial
contribution is likely to increase in future years.

The most promising mechanism for the introduction of product standards under a regulatory
framework is the EuP Directive. The advantages of using this mechanism is that its proposed
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scope potentially covers all smaller SCIs; furthermore, it is at a proposal stage which
provides policymakers the opportunity to incorporate objectives relating to SCIs. Two
potentially significant difficulties arise from the use of this mechanism. Firstly, emission
limits need to be carefully defined due to potential conflicts with national regulation. If a
product standard is proposed in the framework of a European Directive, this will supersede
national based regulations (unless special provisions are made). Therefore, manufacturers
may be able to design a product to meet criteria (such as emission limits) specified by the
Directive, which is less stringent than national regulations. Under a voluntary standard,
deviations would avoid this problem; however, deviations would not be recognised in the
context of a regulatory framework. The EuP Directive may offer the flexibility to avoid this
problem, by allowing other means of meeting product criteria; however, at the present time
this is not clear.

As second issue is that many standards, including those issued by CEN (excluding EN 303-5)
do not stipulate PM emission limits, due to lack of agreement on testing methods. It is not
clear how far other limits provide a good proxy for PM; as this is considered a priority
pollutant, further work may be needed to establish this proxy relationship, and develop
testing methods that provide consensus across Member States.

Based on our analysis, key recommendations are listed below. A full description of the
proposed scenario, and analysis results is provided in section 7.3.1.

Key recommendations

e Further exploration of the potential of the proposed Framework Directive on
Energy Using Products as a means for introducing emission limit criteria in
product design.

e Undertake further discussions with CEN concerning the development of
standards that reflect the needs of EU policy e.g. the use of PM emission
limits in standards for stoves. The CEN programme being developed under a
mandate from the Commission in support of the EuP Directive may provide a
good opportunity.

e Promote the development and inclusion of PM limits in stove and boiler
product standards and / or research how well other pollutants are represented
by CO limits.

e Further assessment of the cost-effectiveness of this option in the framework
of the RAINS model, to confirm and strengthen findings of this study.

1.7.2 Promotion of local-based measures

In some countries, there are significant local, urban air quality problems associated with PM
emissions from solid fuels and biomass, predominantly due to consumption of these fuels in
the residential sector. While there is a lack of centralised European data, the inventory
developed as part of this study in conjunction with literature based sources provides
indicative evidence of such problems and where they exist.

This study indicates that such local-based urban air quality problems are best tackled through
the use of local-based measures, as these measures can be structured and introduced
according to the local situation. A broad national or European-based measure may not be
able to do this in such a cost-effective manner. What is needed are national or European
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mechanisms that ensure local-based measures are introduced if required; mechanisms at the
European level have been introduced that provide the regulatory framework without
prescribing the specific action to be taken. The National Emission Ceiling Directive is one
such example but the most important in terms of local air quality is the Air Quality
Framework Directive.

The Air Quality Framework Directive should remain the main mechanism through which
action is instigated to target pollution exceedances in different urban areas. It is difficult to
ascertain exactly how this mechanism is working with regards to reduction in air pollution
associated with SClIs, due to the absence of country reporting on the implementation of local
measures to deal with SCI emission sources; such reporting should be undertaken in future
years based on Commission proposals.

A number of countries across Europe are considered to have pollution problems associated
with solid fuel and biomass burning. These include some of the Eastern European new
Member States, notably Poland but other solid fuel using countries such as the Czech
Republic and Slovakia. In Western Europe, countries such as the UK still have localised
problems, particularly in Northern Ireland, where significant action has been taken to identify
and tackle pollution problems associated with residential coal burning. Germany and Ireland,
who have also used significant amount of solid fuel in the past may also have localised
problems. Accession countries or Bulgaria and Romania, are also thought to have significant
local air pollution associated with coal burning in residential sectors — based on literature
review, limited information is available for these countries.

The other main source of local air pollution is biomass, particularly in Baltic countries.

Many Scandinavian countries are undertaking research programmes to assess the problems of
PM associated with biomass, which is used in many urban areas. For other Baltic countries,
problems associated with biomass are less well known. In France, the largest user in Europe,
little biomass appears to be used in the main cities. However, it is unclear as to whether it is
used significantly in smaller cities and towns, or predominantly in rural areas.

The Commission may need to ensure that adequate action is taken under the Air Quality
Framework Directive. A clearer understanding of the potential problem and action taken
should be available under Directive reporting — based on this, consideration can be given to
this, and the need for additional measures. Two examples have been highlighted of
successful measures to reduce emissions from SCI sources. These include the use of smoke
control areas in Belfast (and Northern Ireland) and the ban on coal in Dublin. Both measures
illustrate cost-effective ways of reducing pollution from solid fuels, and may be examples
that the Commission can propose in providing advice to countries with similar problems.

If the problem of PM emissions from coal burning is found to be extensive, based on
reporting under the Air Quality Directive, the Commission could propose further action,
perhaps restricting the use of certain solid fuels in urban areas with a population of over
250,000. Such a measure is likely to only be considered if this was a widespread problem —
based on the evidence in this study, it is considered that this is not the case, with the problems
relating to solid fuel burning specific to certain European countries, and decreasing in line
with projected solid fuel use. However, it is proposed that the extent of solid fuel burning is
re-considered in future months based on reporting under the Air Quality Framework
Directive and any findings that might come out of research undertaken for the Mercury
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Strategy. Local action relating to biomass is likely to be undertaken at the national and local
levels.

The following recommendations can be made on the basis of the study findings, while greater
detail of the analysis and types of measures can be found in section 7.3.2.

Key recommendations

e Ensure full reporting by Member States under the Air Quality Framework
Directive to assess the types of actions being undertaken to reduce emissions
for SClIs in non-attainment areas.

e Identify and propose the use of local measures in the Thematic Strategy, as a
cost-effective means of reducing emissions associated with SCI use in urban
areas (based on the case study evidence presented in this study, and analysis
undertaken).

e Consideration for further measures would need to be based on stronger
evidence of the persistence of solid fuel use in urban areas in future years.
This study only provides part of this picture.

e Local based measures considered in this section are all represented in the
RAINS model to some extent. Further analysis would be difficult in the
framework of the RAINS model, as sub-national spatial resolutions cannot be
modelled.

1.7.3 Introduction of new or stricter fuel product quality restrictions

The lifetime of installations can be considerable, meaning that polluting installations may not
be replaced for many years. Therefore, an important issue to consider is how the quality of
fuel used in SCIs can be improved in order to reduce emissions without appliance
replacement. The objective of the analysis in this study was to assess the impact of improved
fuel product quality on emissions from SCI’s, primarily in the non-industrial sectors. Four
types of individual measures were considered, including:
e More stringent sulphur content of oil limits, beyond those stipulated in the Sulphur
Content of Liquid Fuels Directive, with potential additional benefits for reducing PM.
e Introduction of sulphur content of solid fuels restrictions, using a similar policy
mechanism to that for liquid fuels
e Increased use of pellets in the residential sector, although the policy mechanism to
consider at the European level to introduce this is unclear.
e Use of less polluting solid fuels (in terms of PM) e.g. use of smokeless solid fuels
instead of bituminous coal — covered in the section on local-based measures.

More stringent sulphur content limits would not only reduce SO, emissions but could have
the additional benefit of reducing secondary PM emissions. With the use of solid fuel
projected to decrease significantly and natural gas to increase, it is probable that liquid fuels
will become a more significant SCI contributor to urban PM emissions. The Thematic
Strategy might usefully re-assess the case for more stringent sulphur limits on liquid fuels for
this sector. It should be noted, however, that the evidence of reduced PM from lower sulphur
liquid fuels used in the non-residential sector is unclear, and the benefits of going beyond the
0.1% limit post 2008 (as set in the Sulphur Content of Liquid Fuels Directive) are not fully
known (although some evidence is provided in this study). Further work would be needed to
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quantify such benefits before further consideration is given to more stringent limits e.g. in
line with road vehicles for example.

The emission inventory indicates a general decline in the use of solid fuels, and therefore
associated SO, emissions. Based on this trend, introducing additional regulation for the
sulphur content of solid fuel may not be a priority, and has significant associated difficulties.
Additional benefits for the reduction of other pollutants are not deemed to be significant, plus
the priority for air quality may be the removal of such fuels due to associated PM emissions,
not improvements to fuel quality.

Analysis undertaken indicates significant reductions of PM are possible with the introduction
of pellet fuels as an alternative to wood in the non-industrial sectors. However, it is difficult
to envisage a policy mechanism at the European level that stipulated the type of wood
products to use, particularly as this has implications for the type of appliance used. Member
States will need to put measures in place to promote the use of pellet-based fuels, whilst
ensuring it makes economic sense for consumers in order that the objectives of Climate
policy are not hindered.

The following recommendations can be made on the basis of the study findings, while greater
detail of the analysis and types of measures can be found in section 7.3.3.

Key recommendations

e Highlight in the Thematic Strategy the importance of improved fuel quality
for reducing emissions from SCI (particularly in the non-industrial sectors),
particularly due to long lifetimes of appliances, making ‘natural’ replacement
a slow process.

e Further explore the potential of introducing more stringent sulphur content
limits in the Sulphur Content of Liquid Fuels Directive, particularly in terms
of associated PM reductions (primary and secondary). This consideration is
important given the potential increased importance of liquid fuels as a source
of future PM urban emissions.

e Consider this measure further in the framework of the RAINS model. A
potential approach for RAINS is described in more detail in section 7.3.3.3.

1.7.4 Installation specific limits for larger plant (less than 50 MW)

Larger industrial plant (>50 MWy,) have traditionally been the focus of European and
national legislation, with no European-based measure explicitly targeting larger installations
in the sub 50 MWy, capacity range (although some of these installations will be covered by
existing European legislation); unless national legislation covers such installations, there may
be significant sized combustion plant that are currently unregulated.

The objectives of this analysis were to:

e Determine the need for additional legislation specifically for installations below 50
MW, based on the quantity of emission (of NOx, SO, and PM) from these sources
and the scope of existing legislation.

e Dependent on conclusions concerning the need for additional legislation, assess
different policy options that could be considered for reducing emissions from larger
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installations (below 50 MWy,), and recommend the extent of coverage (in terms of
thermal capacity) of such measures.

(Note that the focus of this measure would be on site-specific emission limits, and therefore
applies to larger plant. Other measures outlined in this analysis deal with smaller types of
installation used predominantly in the commercial / residential sectors).

Emissions inventory data indicates that in terms of overall emissions, industrial' SCIs do not
contribute significantly to overall European emissions. However, on a country-by-country
basis and depending on the pollutant in question, this source can be more significant. The
emission inventory data, on which such assumptions are made, is much more uncertain than
for the non-industrial estimates, and therefore caution is needed when considering further
policy action.

We believe that the coverage of existing legislation (at both a national and European level) is
significant. Country-based data indicates that the IPPC Directive may have significant
coverage of installations in the 20-50 MWy, capacity range, which are the key installation that
would likely to be considered under any new proposals. Such combustion installation will
either be regulated as ‘directly associated activities’ (i.e. they provide energy to a regulated
IPPC process) or as combustion processes where two or more single units have an aggregated
capacity greater than 50 MWy,

In addition, the EU Emissions Trading Scheme will cover all sites with aggregated capacities
above 20 MWy, This will result in many sites being subject to site-specific regulation for the
first time, and will include single combustion units less than 20 MWy, (as threshold is based
on aggregated capacity). Although this scheme is dealing specifically with GHGs, it is
probable that reducing GHGs will have some indirect benefits for air quality pollutant
emission reduction. Coverage of SCIs is also increased by many countries across Europe
have introduced national legislation for sub-50 MWy, installations.

On the basis of our understanding of the contribution of industrial SCIs to overall European
emissions, and the scope of existing legislation, it may be that a new legislative instrument or
extension of existing legislation to increase coverage of industrial SCIs is not necessary.
However, such conclusions, particularly concerning the contribution to overall emissions, are
uncertain; therefore, the type of measure available to the Commission if action was deemed
necessary have been considered.

A new Directive or extension of LCPD could be considered, that introduced emission limits
for all installations down to 1 MWy, based on limits considered under existing national
legislation (based on existing BAT guidance and proposed emission limits in use across
Europe). Such a measure would need to consider ‘light touch’ regulatory approach for sites
less than 15-20 MWy,, due to the number of sites that would be covered by such thresholds.
As in France, the emphasis could be on self-regulation and intermittent reporting to local
authorities. Sites between 20 — 50 MWy, could be regulated as under the IPPC or LCPD
Directives, for the following reasons:

e 20 -50 MWy, installations are far less numerous than smaller sites

! This analysis also applies to large institutional plant — however, most of the larger plant within the scope of
this study will be industrial; hence the focus on industrial emissions.
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e The emission contribution per site (and potential for reduction) may justify the costs
of this type of regulation.

e They have been comprehensively identified under the EU ETS, and in many countries
under national-based legislation.

e The infrastructure for regulation of these installations may already be in place, if
indeed the scope of the IPPC Directive is as far reaching as thought.

Another interesting option might be the consideration of NOx or SO, emissions trading,
although this may only be feasible for installations with an aggregated capacity of 20 MWy,
as trading often requires an understanding of site-specific emissions contribution. This could
be based on the EU ETS trading platform that has been established, where sites for inclusion
have already been identified — the model for such a scheme may be that being developed in
the Netherlands, where NOx emissions trading scheme is proposed for introduction alongside
the EU ETS in January 2005.

In conclusion, better data is needed on which to justify any further action, and on which to
assess the impacts of different options. However, if action is considered necessary, the
Commission could consider closely national based measures, which provide experience of
implementation, and the technical background to emission limits.

The following recommendations can be made on the basis of the study findings, while greater
detail of the analysis and types of measures can be found in section 7.3.4.

Key recommendations

e In view of the emission contribution of industrial SCIs, and the potential
scope of existing measures, it is possible that additional site-specific
regulation may not be required for large SCI plant (>1 MWy,); however, such
conclusions have strong caveats attached due to data uncertainty.

e Ensure improved inventory reporting for small industrial combustion
installations to better meet the needs of European policy makers.

e Consider further the potential for emissions trading, which could ‘piggy-
back’ off the EU ETS platform, and cover all installations with an aggregated
capacity over 20 MWy, (aggregated) up to LCP. This may also be a useful
mechanism for countries to meet NECD targets.

e Further analysis could be undertaken by the RAINS model, in particular to
model the effect of plant in the 20-50 MWy, range being included under the
IPPC Directive. The possible approach is set out in section 7.3.4.5.

1.7.5 Increased use of European Structural Funds in reducing SCI emissions

The Structural and Cohesion Funds are significant sources of European central financing for
Member States, primarily structured to further regional development, and enhance economic
and social cohesion across Europe. The analysis undertaken in the Study had two primary
objectives:
e To better understand the how such funds work, their allocation, and the role of the
Commission in determining this allocation.
e To illustrate how such funds could be used to reduce emissions (particularly PM)
from SCIs (where urban air quality issues arise), and how they might be restructured
to provide funding opportunities for air quality issues in Member States.
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To date, few projects have been undertaken that directly relate to the reduction of emissions
from SCIs. This reflects that the priorities of these funds are driven by other objectives.
Within the scope of Structural Funds programme, environmental considerations are included
as a fundamental aspect of sustainable development. However, such considerations are
usually a theme within funding programmes, rather than the driving objective for selection of
projects.

If restructured, these central funds could provide financing that would enable the introduction
of measures in local areas that had specific air quality problems due to SCI emission sources
(particularly in the residential / commercial sectors). (This funding could be important for
some of the measures discussed in the ‘local-based measures’ analysis).

In particular, the type of prOject that could benefit most are those that require significant
levels of capital investment. These types of project include:

e Technology improvement projects - Replacement of older technologies with lower
emitting technologies in urban areas (across all sectors), where contribution to urban
air quality problems is significant.

o Infrastructure development projects - Extend existing energy networks to areas that
currently do not have district heating or natural gas provision.

These measures are illustrated in a case study on Krakow, where funding was provided that
enabled significant reductions in urban pollution levels (through removal of the key polluting
sources).

The following recommendations can be made on the basis of the study findings, while greater
detail of the analysis and types of measures can be found in section 7.3.5.

Key recommendations include:

e The Thematic Strategy might usefully reflect the importance of available
funding to assist countries (particularly new Member States and Candidate
countries) in dealing with local and regional air quality problems associated
with emissions from SCIs, and the effectiveness of such funding in achieving
emission reductions.

e Further consideration of the possibilities for ensuring Structural and
Cohesion Funds provide financial assistance to tackle SCI air quality related
issues. This study has determined that there are a number of countries that
still have significant local air quality problems due to emissions from SCI
sources, who could benefit from such investment.

e Increase awareness of the potential for using Structural Funds, as currently
structured, to further prioritise environmental objectives in national fuding
programmes.

e Broaden scope of the Cohesion Fund, which specifically relates to
environmental and transport infrastructure to include energy infrastructure.
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1.7.6 Development of energy-efficiency measures to further benefit air quality
policy

Many of the measures highlighted in this study that relate to SCIs, particularly those in non-
industrial sectors, have been driven by Climate policy, and energy efficiency objectives. The
Energy Performance of Buildings Directive (EPBD) is a key example, with the main
objective of reducing energy demand of buildings through measures such as improved
insulation and boiler maintenance. This Directive comes into force in 2006.

This study has assessed the potential reduction in energy use associated with such measures,
and the potential benefits for air quality emission reduction. Some consideration has also
been made regarding how such measures could be structured to increase benefits both for air
quality policy objectives, and those associated with climate change / energy policy.

Our analysis has indicated that 2-3% annual reductions (on average as this will depend on the
type of appliance-fuel) can be made in energy consumption through regular inspection and
maintenance, leading to some emission reductions. In addition to energy savings, there are
also likely to be direct emission reductions from boilers (decoupled from energy savings),
particularly those that are not performing at an optimal level — some evidence exists for the
impact on PM emissions from oil boilers — however, for other pollutants and fuels, limited
information is available. Overall, we believe that the benefits of inspection and maintenance
are less than might be expected due to the significant number of schemes already in place
across Europe, and servicing of boilers under the initiative of home and business owners.

Analysis based on work undertaken by Ecofys indicates significant technical potential for
energy savings in the European building stock, potential that will also be targeted by the
EPBD. Significant energy savings can be made through improved insulation, the
predominant factor in energy performance of buildings, which lead to the reduction of carbon
dioxide and other combustion related pollutants. Based on other studies, the payback period
on the costs of insulation is considered to be short.

The following recommendations can be made on the basis of the study findings, while greater
detail of the analysis and types of measures can be found in section 7.3.6.

Key recommendations include:

e Highlight the benefits of action in the climate policy area across Europe, in
particular the EPBD, but through other Directives such as that relating to the
Energy efficiency of boilers.

e Further research to be undertaken on the direct benefits of maintenance for
air pollutant reduction, not only those derived from energy savings.

e Consideration of future changes to the EPBD, to broaden the scope of types
(based on size) of the buildings and installations covered.

AEA Technology 25




AEAT/ED48256/Final Report Issue 2

2 Background and Methods

2.1 BACKGROUND TO THIS REPORT

One of the seven Thematic Strategies in the framework of the 6 Environmental Action
Programme will focus on air pollution. The Clean Air for Europe Programme (CAFE) has
been launched by the Commission in order to gather together the relevant scientific
information to support the Air Pollution Thematic Strategy. One of the main activities of the
CAFE programme is to assess the environmental and economic impact of existing air quality
policies as well as to identify possible new policies that will deliver environmental
improvement while limiting as much as possible economic cost.

Under the CAFE programme, small-scale combustion installations (SCls, also known as
small combustion plant or SCPs) have been identified as an emission source for which
options for emission reduction may need to be considered in order to address a number of
social and environmental issues, or which the following are particularly important:
e Effects of particles, NOx and photochemical oxidants on health.
e Effects of acidifying and nutrifying pollutants, and photochemical oxidants on
ecosystems.
e Effects of air pollution on materials, particularly those used that form much of our
cultural heritage.

SCIs are defined as combustion units of less than 50 MW thermal capacity (50 MWy,). They
include the following types of unit:

Fireplaces (<15 kW)

Household stoves (<15 kW)

Household boilers (15 — 150 kW)

Medium sized residential and commercial boilers (150 kW — 5 MW)
Larger institutional / industrial boilers (5 — 50 MW)

They utilise a wide variety of fuels:
e Brown coal
Hard (or black) coal
Coke and SSF (Solid Smokeless Fuel)
Oil
Petroleum
Liquefied petroleum gas (LPG)
Natural gas
Biomass (chiefly wood)
Peat

2 More detail on impacts and the way in which they are being assessed under the CAFE programme are
provided through a separate contract on cost-benefit analysis, details of which are available at
http://www.europa.eu.int/comm/environment/air/cafe/activities/cba.htm
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SClIs are an important source of air pollution as they are often concentrated in populated areas
and emit pollutants close to ground level. Other characteristics include low efficiency of
many devices (though not all) and poor maintenance. Operational lifetimes are frequently
long, typically in excess of 15 years and often much longer, with the effect that improved
appliance standards will take a long time to have a significant effect without intervention of
some form.

Although measures are applied in a number of countries to control SCI emissions, there is
currently no European action specifically targeting SCIs. This study aims to assess the types
of measures that could be used to reduce emissions, and whether they are cost-effective (i.e.
that they can achieve emission reductions at lower cost than other sectors — expressed as a
cost per tonne of pollutant abated). Through this, the project contributes to the development
of strategies for the reduction of emissions, which will feed into the Thematic Strategy.

2.2 OBJECTIVES AND SCOPE OF STUDY

This study was developed with the following objectives:
e To understand the key emission issues relating to SCI sources
e To identify potential measures for the reduction of emissions
e To assess the feasibility of the implementation of these measures at the European
level
e To describe the cost-effectiveness of such measures

The findings of this study should contribute significantly to the Commission’s assessment of
the need for European level action, and help to develop a strategy for emission control of SCI
sources.

SClIs are found across many different sectors including industrial, residential, commercial,
agricultural and public administration (including government buildings, hospitals,
universities etc.). All of the sectors were considered during this work, although a technology
review for the industrial sector was not undertaken as this was being covered under another
programme of work.

The years 2000-2020 provide the timeframe for analysis of future technology options and
implementation of policy measures. The geographical extent for this work covers all
countries involved in the CAFE programme (EU 25 plus Switzerland, Norway, Bulgaria and
Romania), with options considered at both European and national levels. No data are
provided for Malta or Cyprus in this report because of a lack of source information and the
high uncertainty associated with any attempt to extrapolate data from other countries to these
island states. It is, however, felt that emissions from SCIs in Malta and Cyprus could be
locally important and so should be systematically assessed in the near future. Bulgaria and
Romania are covered to some extent in this study, although their associated inventory data is
less detailed.

The analysis covers the following air pollutants:
Ammonia (NH3)

Sulphur dioxide (SO;)

Nitrogen Oxides (NOx)

Carbon monoxide (CO)
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e Particulate Matter (TSP, PM,y, PM;5)
e Non-methane volatile organic compounds (NMVOCs)

Data for particulate matter presented in this report concern only ‘primary particles’ — particles
that are emitted direct into the atmosphere from anthropogenic actions (here, combustion).
Total anthropogenic particle loading in the atmosphere also includes ‘secondary particles’,
formed through chemical reaction of pollutants such as SO, and VOCs. Formation of these
secondary particles is accounted for in the CAFE process through use of the EMEP
dispersion models. CO estimates have not been made due to lack of inventory information.
NMVOC:s are considered to provide a reasonable proxy for CO.

The analysis also investigates the indirect benefits of measures on other pollutants,
specifically greenhouse gas emissions which add to overall cost-effectiveness. In addition to
greenhouse gases, emissions of dioxins, PAHs and certain heavy metals may also be affected
by specific measures considered in this study. While a detailed analysis of such indirect
benefits has not been performed, this study has sought to provide an understanding of where
such indirect benefits may occur.

2.3 METHODOLOGY OVERVIEW

There are five key methodological stages in this study, as illustrated in Figure 2.1, and
discussed below.

1. Quantify emissions — To develop a strategy for targeting emissions from SCls, it is
imperative that emission contributions from different sectors and installations are
better understood. Such an understanding includes identification of countries that are
the most significant emitters, key pollutants for targeting under the Thematic Strategy,
etc.

2. List options for reducing emissions — In this stage, different policies and potential
options for reducing emissions from small combustion installations are identified,
particularly for those emission issues highlighted in the first stage. Options include
both policy measures, and technical and non-technical measures. Policies, through
the establishment of objectives, are the driver for the introduction of technical and
non-technical measures. Technical measures include improvements to appliances, the
use of additional abatement equipment or the use of cleaner fuels. Non-technical
measures include changing consumer preferences through marketing more efficient
options or promoting behavioural change (e.g. through the regular maintenance of
appliances).

3. Collect information on options —. Once options have been listed, the next stage
reviews information (both qualitative and quantitative) on options. This provides
information on how measures work, and experience of previous implementation. It
also provides data on costs and reduction potential of measures. It is important to
note that this stage has also been revisited as part of the assessment of specific policy
options.
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Figure 2.1 Methodological overview of study

4. Prioritise options — Based on the key issues highlighted, and the information on
measures reviewed, options for reduction of emissions from SClIs are prioritised. This
is done on the basis of cost-effectiveness information and other factors including:

= Key emission issues identified
» Scale of implementation

= Political acceptability

= Social impacts

Options have been prioritised on the basis of findings in earlier drafts of this report
and through consultation with the Commission (and other stakeholders).

5. Assessment of specific policy options — The final stage undertakes a more detailed
assessment of selected policy options (as identified in section 7). This involves
analysis of cost-effectiveness, and assessment of factors that will determine the
feasibility / appropriateness of a given option.

Stakeholder consultation has also been an important component of the methodology, and is
discussed in further detail in the next section.

2.4 STAKEHOLDER CONSULTATION

A stakeholder consultation exercise was carried out for the following reasons:
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* To provide limited verification of the emission inventory data, and to obtain any
additional information on which to improve the inventory estimates

* To understand the types of control measures and technologies implemented across
Europe to address emissions from SCls

* To engage expert opinion on the types of measures that could be introduced in the
future based on their understanding of country situations.

Stakeholders were sent an email questionnaire (see Appendix 3) with a copy of draft material
produced under the contract, with follow-up by phone where clarification was needed or
where no response was gained. Responses received from countries / institutes have been
summarised briefly in Table 2.1.

The respondents who commented on the inventory data appear to have been broadly satisfied
that the emission estimates, at a minimum, provided an indication of what the priority sectors
were. Where significant differences were observed by respondents, changes were made to
the study estimates if data were subsequently provided (e.g. Switzerland and France).
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Table 2.1 Responses received from the stakeholder consultation exercise

3 responses

Country | Issues Additional data provided

/Institute

Belgium National law on emission limits for certain SCIs
(Flanders) Emissions and technological data

Views on possible EU policies on SCIs
Information on EU inspection / maintenance programmes

2 responses

and biomass PM emissions

Emissions from the commercial-
institutional sector in relation to biomass
burning

Czech e Industrial (incl. installation numbers) and household emissions
Republic data
2 reponses e  Twinning programme report by Brandt (2004)
France Use of RAINS data prior to completion of | e  Emission limit regulations in France for combustion plant >2,
1 response bilaterals <50 MWy
Emissions from plant <I MWy, e Data on emission estimates, industry installations and
Small differences on emission estimates residential wood burning
Germany Some differences between national e Studies by Pfeifer (2000) and Struschka (2003)
1 response estimates and project estimates for e  Various other data
emissions, particularly for NMVOCs from
residential biomass, and NOx and SO,
from residential liquid fuels
Ireland e Irish energy data
1 response e  Specific measures banning solid fuel burning
Italy Slight underestimation of residential gas e  Emission factors

Regional activity data

Paper on control of PM emissions from small wood fired
furnaces (Schmatloch 2002)

Views on strategy regarding wood consumption and climate
change policy

Effect of banning fuel oil burning by SCIs in large towns

2 responses

this study and Swiss sources

Netherlands PM emissions from agriculture e JRC workshop on emissions from small and medium scale
2 response combustion
e Data on industrial installations from national inventory
Poland e Detailed response on emissions, technologies and regulation in
1 response Poland
e Data on urban air quality levels from SCIs
Switzerland Differences between emission estimates of | ¢ UNFCCC emissions data

Nussbaumer (2003) paper on biomass combustion technologies

Sweden
2 responses

Trends data on use of different fuels

Emission factors for small domestic wood burning
(www.itm.su.se/bhm/ )

Data on technologies and control measures

UK
4 responses

Detailed data on industrial installation breakdown (from NAEI /
Environment Agency)

Information regarding Structural Funds process

Information on product standards / emission limits

JRC

Consistency in use of emission factors
across pollutants for Commercial-
Institutional wood burning

Czech SO, estimates for Commercial-
Institutional solid fuel burning

Possible inclusion of off-road emissions
for diesel/light fuel oil use

Penetration of automatic wood
technologies for single house boilers

NB. The above table also summarises some of the other data received even if not received as a result of the initial
consultation exercise.
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3 Emissions from small combustion installations in
Europe

3.1 INTRODUCTION

Emissions from small combustion installations (SCIs) are considered an important source of
emissions across Europe. However, no inventory was available at the start of this work
programme that had specifically assessed emissions from SCIs across Europe. Inventories
provide an understanding of the emissions problem, and enable policy makers to prioritise
where they focus resources and target measures. It is very difficult to formulate policy with
confidence when there is limited understanding of the emission sectors for which action is
being considered.

An important part of this work has therefore been to construct an inventory, disaggregated to
specific fuels, technologies and sectors by country. The main role of the inventory in the
context of this study is primarily to provide guidance on what the priorities for action should
be. Specifically, the inventory helps to:

o Identify the priority sources, fuels and technologies that contribute significantly to
current and projected emissions, and for which measures and technologies could most
effectively be applied;

e Identify countries and SCI sub-sectors where emission reductions have successfully
been achieved;

e Provide the baseline data from which costs and benefits (in terms of emission
reduction) for measures can be calculated.

This section of the report focuses on how the inventory was constructed, associated data
limitations, and key findings based on the emission estimates.

3.2 OVERVIEW OF EUROPEAN EMISSION INVENTORY ACTIVITY

The main reporting bodies to which country-based estimates are submitted are:

e Intergovernmental Panel on Climate Change (IPCC) under the United Nations
Framework Convention on Climate Change (UNFCCC)

e United Nations Economic Commission for Europe (UNECE) under the Convention
on Long Range Transboundary Air Pollution (CLRTAP)

e European Commission under the National Emission Ceilings Directive (NECD)

Most of these inventory data sources provide at least one component of the detail required in
the SCI inventory but none provide a complete set. Therefore, derived inventories have been
constructed, which aim to provide the level of disaggregation necessary to achieve the
objectives of this study. These are described in the following section (3.3).
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3.3 A DERIVED SCI EMISSION INVENTORY

Due to differing issues of data availability, two separate emission inventories have been
developed to assess emissions from SCIs — an emission inventory of non-industrial SCIs and
one of industrial SCIs.

The emission inventory for non-industrial SCIs has been developed using existing data from
a range of different inventories, including the RAINS model emissions database, UNFCCC
country submissions, and CLRTAP submissions. The inventory has been constructed on the
basis of the following parameters (to enable further analysis):

=  Country

= Pollutant (currently including SO,, NOx, NMVOC, PM,,, PM, 5, and NH3)
= [nventory year (1990, 1995, 2000, 2010 and 2020)

= SCI sub-sector (residential, agriculture, commercial and institutional)

= Technology by MWy, (e.g. stove, fireplace, heating boiler)

= Fuel (coal, coke/briquettes, liquid fuels, oil, natural gas, biomass, peat)

CO is covered by the scope of this study but no estimates have been included in this report.
Estimates have not been made for two reasons — firstly, there are no data from the RAINS
model from which to derive sector specific splits, and secondly, NMVOC combustion
emissions can be used as a reasonable proxy for CO.

The derived estimates for industry SCIs are based on data from current reported national
estimates, using the previous CORINAIR reporting splits. In the course of determining the
methodology to use, estimates were also derived using EPER reported data and RAINS
emission estimates. Both of these datasets have also been used to compare against the
estimates based on CORINAIR data.

The detail and completeness of the derived SCI emissions inventories has largely been
dictated by the availability of data. A limited consultation process has been undertaken with
experts to provide additional verification to the non-industrial SCI inventory.

3.3.1 An ‘idealised’ inventory

Table 3.1 illustrates an ‘idealised’ inventory for this work, that would provide the appropriate
level of detail with regard to sector, technology and fuel split (all by country) for the purposes
of the this study analysis. Additional detail on the type of fuel (e.g. solid fuels split by type
and quality) would also be useful in order to consider options relating to fuel quality and

type.
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Figure 3.1 An ‘idealised’ SCI inventory (by country and pollutant)

ICommercial / Institutional
ICommercial / Institutional
ICommercial / Institutional
ICommercial / Institutional
ICommercial / Institutional
ICommercial / Institutional
Industrial
Industrial
Industrial
Industrial
Industrial

Boiler 5 — 20 MW
Boiler 1 — 5SMW

Boiler 1000 — 10,000kW
Boiler 50 - 1000kW
Boiler 20 - 50kW

Boiler 10 - 20kW

Boiler 20 — 50 MW
Boiler 5 —20 MW
Boiler 1 — 5SMW

Boiler 1000 — 10,000kW
Boiler 50 - 1000kW

Sector Technology Fuel Emission, tonnes/ year
1995 2000 2010 2020

Residential [Fireplaces

Residential Stoves

Residential Central Heating Boiler 100 - 1000kW

Residential Central Heating Boiler 50 - 100kW

Residential Central Heating Boiler 20 - S0kW

Residential Central Heating Boiler 10 - 20kW

Residential Central Heating Boiler 5 - 10kW

Residential Central Heating Boiler <SkW

|Agriculture Boiler 1 — SMW

|Agriculture Boiler 1000 — 10,000kW

|Agriculture Boiler 50 - 1000kW

|Agriculture Boiler 20 - 50kW

|Agriculture Boiler 10 - 20kW

NB. Fuels would be reported separately and include, biomass, and solid, liquid and gaseous fuels.

This level of detail has largely been realised for non-industrial SCI emission estimates, but

not for industry based estimates.

3.3.2 Emission inventory construction — non-industrial SCls

3.3.2.1 Data sources

A variety of inventory data sources were used in the compilation of the non-industrial SCI
emission inventory, and are summarised in Table 3.1. Reported emissions and activity data
have been used as the basis of the inventory, supplemented by RAINS estimates to add extra

detail regarding technologies used.

e UNFCCC data were used as the primary source of activity data, as it was considered
important to use a robust reported dataset as the basis of the inventory. It is the only

reported source that provides types of fuel consumption, disaggregated into

residential, commercial-institutional and agricultural sectors.

e RAINS emissions database provided an understanding of the split between
technologies for different fuels and across relevant sectors. It also provided the

information on emission projections, which are very difficult to source from country
reported data. This helps to ensure consistency with the modelling being carried out
using the RAINS model under the CAFE programme.
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detailed estimates were fixed.

Table 3.1 Data sources used in the non-industrial SCI emission inventory compilation

CLRTAP’ data provided reported aggregated estimates of emissions, to which the

lbrown coal, hard coal,
coke/briquettes, natural
gas, LPG, wood waste

& biomass

and Romania)

Data source [Sector Technology (Fuel [Pollutants Countries 'Years used
IUNFCCC IResidential, Commercial[None Yes IAll countries that {1990, 1995,
(2002 national |& Institutional, (Liquid fuels, solid fill in detailed 2000
submissions) |[Agriculture, Forestry fuels, gaseous fuels, CRF tables
and Fishing (AFF); biomass)
UNFCCC CRF
CLRTAP IResidential, Commercial[None INone IPM,, PM, 5, CO,|All countries that (1990, 1995,
(2003 national (& Institutional, INOx, SO,, NHj;, [report in NFR 2000
submissions) |Agriculture; WEBDAB INMVOC format
& ETC-ACC database
RAINS IResidential + Boiler (by Yes PM,,, PM, s, A1l (excluding 1990, 1995,
Commercial (DOM); size), stove,  |(Gasoline, diesel/light [NOx, SO,, NH;, [Liechtenstein, 2000, 2010,
RAINS WEB* fire-place fuel oil, heavy fuel oil, NMVOC Iceland, Bulgaria, 2020

3.3.2.2 Activity data

Activity fuel use data for each country for the years 1990, 1995 and 2000 was based on
official reported data to UNFCCC under sectors 1A4a (commercial and institutional), 1A4b

(residential) and 1A4c (agriculture/forestry/fishing) for the 2002 reporting year. Where

countries had not reported a complete time series, or had not reported data for one or more of
the required years, a gap-filling process was used. The process used is the same as that used

by the European Topic Centre on Air and Climate Change (ETC-ACC) to compile air
emissions data.

Where countries reported no data to UNFCCC, (and where gap-filling was subsequently not
possible), an estimate of fuel use within each country was derived based on the sum of
activity values for the respective country region (countries were categorised into EU/Western
Europe or AC/Eastern Europe regions) which was subsequently split on the basis of
population. The fuel estimates for each of the sectors 1A4a, 1A4b and 1A4c (each of which
is split into the UNFCCC classifications: liquid fuels, solid fuels, gaseous fuel and biomass)
were further disaggregated into the RAINS technology and fuel activity codes (using the ratio
of the individual RAINS sector activity to the sum of RAINS activity that corresponded to
the relevant UNFCCC Classification).

3 CLRTAP data is used rather than data reported under the NECD because (1) more countries are included (not

just EU15) (2) both UNECE and NECD reporting is to be in the new NFR format and should be virtually

identical, and (3) the UNECE reporting deadline is later than NECD, ensuring countries have an opportunity to
correct their earlier submissions if necessary.
* RAINS data was obtained from the publicly accessible web-module, using the scenario CP_CLE (Climate
policy scenario; Control strategy: Current legislation). This scenario was chosen as it represents current
legislation controls plus the impact of the emissions trading scheme under the EU ETS, which is currently being
implemented. The use of this scenario as opposed to BL_CLE (RAINS scenario illustrating current legislation

only) is considered to make limited difference to the disaggregation profile.
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An example of the approach was to take the UNFCCC ‘Liquid fuels’ category and split it into
the RAINS categories of gasoline, medium distillates and heavy fuel oil on the basis of the
relative activities for each of these sectors predicted within RAINS. Table 3.2 illustrates the

relevant fuel and technology codes in RAINS used in this inventory.

Table 3.2 RAINS technology and fuel codes used in compiling inventory activity statistics

DOM_MB_A-BC
DOM_MB_M-BC
DOM_SHB_M-BC
DOM_STOVE-BC
DOM_MB_A-HC
DOM_MB_M-HC
DOM_SHB_M-HC
DOM_STOVE-HC
DOM_MB_A-DC
DOM_MB_M-DC
DOM_SHB_M-DC
DOM-GAS
DOM-LPG
DOM_FPLACE-OS
DOM_MB_A-OS
DOM_MB_M-OS
DOM_SHB_A-OS
DOM_SHB_M-0S

Abbreviation Description
DOM-GSL Gasoline

DOM-MD Diesel / Light fuel oil
DOM-HF Heavy fuel oil

Medium boilers (automatic) <50 MW using brown coal

Medium boilers (manual) <1 MW using brown coal

Single house boilers (manual) <50 kW using brown coal

Stoves using brown coal

Medium boilers (automatic) <50 MW using hard coal

Medium boilers (manual) <1 MW using hard coal

Single house boilers (manual) <50 kW using hard coal

Stoves using hard coal

Medium boilers (automatic) <50 MW using coke / briquettes
Medium boilers (manual) <1 MW using coke / briquettes

Single house boilers (manual) <50 kW using coke / briquettes
Natural Gas

LPG

Fireplaces using wood, waste, biomass

Medium boilers (automatic) <50 MW using wood, waste, biomass
Medium boilers (manual) <1 MW using wood, waste, biomass
Single house boilers (automatic) <50 kW using wood, waste, biomass
Single house boilers (manual) <50 kW using wood, waste, biomass

DOM_STOVE-OS

NB. The above category DOM applies to residential and commercial / institutional sectors, and has also been
used in agricultural SCI estimates.

Stoves using wood, waste, biomass

3.3.2.3 Emission data estimates

Non-industrial emissions of the pollutants SO,, NOx, NMVOC, PM;,/ PM; s and NH3 were
calculated using one of two methods, depending on whether countries had reported emissions
of air pollutants to UNECE-CLRTAP for the sectors 1A4a (Commercial / Institutional),
1A4bi (Residential plants) and 1A4ci Stationary (AFF). Both methodologies are illustrated
in Figure 3.2.

Where countries had reported emissions to CLRTAP, an estimated emission for each
pollutant/RAINS fuel code sector for the years 1990, 1995 and 2000 was made by
multiplying the respective activity data (derived as described above) by the ‘RAINS unabated
emission factor’ for the respective year/pollutant /sector combination. These estimated
emissions were subsequently used to disaggregate the CLRTAP reported emission value and
hence derive the final emission estimate for 1990-2000.

Emissions for 2010 and 2020 were calculated from emissions for 2000 using the percentage
change for these years predicted by the ‘RAINS unabated (and abated) emission factor
multiplied by activity’ estimates. Both unabated and abated projection factors were
considered to better understand the effect of assumptions on control strategies in the RAINS
model.
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Figure 3.2 Illustration of methodology and data-flows used in compiling the SCI emission inventory

Activity Data

-

Commercial & InsﬁtutionaD—

C Residential

Missing data:

estimates derived
based on
population

l/ ~ l/ N
T U " S

! RAINS i RAINS

| Abated EF & I Unabated
___ﬂ L % capacities | emission

\ i

Emissions calculation

Technology
& fuel
activity

~.controlled factor

Activity x EF x
% capacities controlled

CLRTAP
emissions
1990, 1995 &
2000

C Residential )
C Agric /Forestry/Fishing )

Emissions for 2010

& 2020 based on
projected change in
‘Activity x EF’ values

~

2010 & 2020 data

based on projected
change in RAINS
fuel use by sector

enl:;rsI:ilon CLRTAP sector split by
A ‘Activity x EF’ values
estimate \ 4

AEA Technology




AEAT/ED48256/Final Report Issue 2

For countries that did not report emission data in the required sectors to CLRTAP, an
alternative approach was used. In these instances, final emission estimates were calculated by
multiplying the activity data (derived as described above) by the ‘RAINS abated emission
factor’ and by the RAINS ‘% capacities controlled’ value. Projected data were also derived
on the basis of unabated and abated projection factors, for the reason previously stated.

In many instances there were discontinuities in the RAINS output, for example, where a given
pollutant/sector combination was reported in the years 1990 and in 2000 but not in 1995. In
these cases the gap-filling interpolation routine described in the preceding section was used to
complete the time series for emissions.

Importantly, some limited verification of the estimates was provided through consultation
with national experts. This was necessary due to some of the uncertainties surrounding
emission estimates for SCIs, particularly regarding RAINS data that had not been rigorously
discussed with country experts.” It is noted, however, that this is not a stringent validation
exercise. Such an exercise is deemed unnecessary as the inventory is designed primarily to be
a tool for identification of key emission issues, and to highlight the need for action to reduce
emissions.

3.3.3 Emission inventory construction — industrial SCls

Construction of a detailed industrial SCI inventory is made difficult by the lack of available
data on reported emissions from industrial installations below a 50 MWy, capacity. In the
course of this study, three separate estimation methodologies were investigated in an attempt
to generate a robust and comparable set of industrial SCI emission estimates for European
countries, each of which is described below. Further details on selected country-specific
industrial inventories can be found in section 3.5.2.

3.3.3.1 CORINAIR-based estimates

Under the CLRTAP reporting framework, different types of reporting formats have been used
over the past 15 years. An earlier reporting format was CORINAIR 90, which stipulated that
emissions were to be reported on the basis of power range e.g. 0-50 MWy, (sub-category of
SNAP3 level). The CORINAIR 90 database from 1994 is the main source of data, which
provides estimates of emissions data for a range of European countries to the detailed SNAP3
level. Other more recent reporting formats e.g. NFRO1 and NFR02 do not provide such
disaggregated information. Importantly, there is presently no requirement or mechanism for
such emissions data to be reported.

NOx and SO, estimates of industrial SCIs were therefore constructed using the ratio of
emissions from < 50 MWy, installations applied to year 2000 emissions from CLRTAP (2003
data submission). Specifically, 1990 emissions from the following SNAP3 sectors from
CORINAIR 90 were used:

e (01 01 03 (public power and cogeneration - combustion plants <50 MW)

> IIASA has undertaken bilateral discussions with national experts to derive a consistent baseline under the
CAFE programme. The RAINS emissions data used in this study was that published just before the completion
of these bilaterals. Based on discussion with ITASA, it is felt that the estimates used in this study would not have
changed considerably as a result of the bilaterals that were yet to take place.
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e (01 02 03 (district heating - combustion plants < 50 MW)
e 03 01 _03 (industrial combustion - plants < 50 MW)

The percentage of emissions from these sectors relative to the 1990 national totals was
calculated for each country/pollutant combination, and these splits applied to the officially
reported CLRTAP national totals for the year 2000. PM;, estimates are not available in
CORINAIR 90 — initially it was assumed that the respective emissions ratio for this pollutant
were the same as those determined for SO, but this significantly overestimated emissions
based on country specific data (France and UK). PMj, estimates for Western Europe have
therefore been made on the basis of an average SCI estimated percentage of 13.9% (from UK
and France) of total reported industrial combustion emissions, while for Eastern Europe,
estimates have been made using a Czech Republic derived estimate of 29% of industrial
combustion emissions.

There are both advantages and disadvantages inherent in this approach. Firstly, as previously
mentioned this data source allows emissions to be split by combustion process size i.e. into
SCI categories (< 50 MWy,). However, the main disadvantage of using these data is that
significant changes that have occurred in combustion plant emissions over the past 10 years;
therefore, the ratio of emissions from such sources in 1990 relative to the national total is
unlikely to be the same as in 2000. However, the estimates derived using this approach
appear to be significantly closer to the actual reported values for SO,, and NOy than the other
approaches described below, based on checking against country reported data. Another
disadvantage is that no projected emissions can be estimated, as estimates are derived on the
basis of historic data.

A full set of industrial SCI estimates using the CORINAIR data are provided in section 3.5.
For the reasons described above, these emission estimates are subject to significant
uncertainties, and should therefore be used with care. The estimates as described above are
being used in this study, not the estimates described in the following sections, which use
alternative approaches.

3.3.3.2 RAINS-based estimates

Emission estimates for industrial SCIs were also made using a combination of RAINS model
data, and CLRTAP industrial combustion emission estimates. The RAINS estimates
represent emissions from combustion plant above 50 MWy,, which were subtracted from
reported totals for industrial combustion emissions, to provide an estimate of industrial SCIs.

The RAINS model does not have a sector for large combustion plants, only a sector called
‘Public Power’ (PP) sector, which also includes district heating plants and industrial power
plants. This sector is thought to have some plants below S0MWy,, which are expected to be a
small fraction of the total.

These RAINS based estimates were considered to be quite consistent with country reported
data, and were checked accordingly. Their use in estimating industrial SCIs was considered
advantageous because a consistent set of data for all countries was provided for the three key
industrial pollutants — SO,, NOy and PM.
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However, comparison of these estimates with actual values for industrial SCI emissions
obtained for selected countries shows large discrepancies between the estimated and actual
values. Although the RAINS estimates for LCP in most instances agreed very well with
actual reported LCP data from Member States where this was available (see Table 3.6), the
industry SCI emissions calculated by difference (using the CLRTAP total energy emissions)
appeared overestimated. One reason for this is likely to be that the LCP reported values (and
those obtained from RAINS) do not capture all combustion sources > 50 MWy, e.g. while
boiler facilities are included in LCP estimates, large furnaces and gas turbines may not be.
Therefore, subtraction of LCP data from the total CLRTAP energy-related emissions does not
provide industrial SCI emissions alone, but also includes additional larger emission sources
that are not included in the LCP returns. In contrast, results using the CORINAIR 90
approach outlined above provided emission estimates much closer to the actual values.

3.3.3.3 EPER-based estimates

EPER (the European Pollutant Emissions Register) reported data were also considered, to
derive industrial SCI estimates. These data were used to estimate LCP (large combustion
plant) emission totals. Industrial SCI estimates were derived in the same way as above, by
taking the difference between EPER estimates and emission estimates of total industrial
combustion reported to CLRTAP, and were deemed problematic for the same reasons as
described above.
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3.4 EMISSION ESTIMATES - NON-INDUSTRIAL SCIS

In this section, an overview of emission estimates from non-industrial SCIs is provided, both
at the European level, and then in detail by pollutant and sector at the national level.

3.4.1 European emission estimates

Figure 3.3 below illustrates the percentage of total European emissions from non-industrial
SClIs, between 1990 and 2020. PM; emissions from non-industrial SCIs are significant in
2000 (around 18% of the European total) but decline gradually to under 15% by 2020. The
decline in absolute emissions between 2000 and 2020 is by about 50%, primarily due to the
significant decline in solid fuel use. The most significant contribution by non-industrial
sources is to PM; s, accounting for approximately 35% of total European emissions in 2000,
declining to just over 30% in 2020; however, this is using a European total derived from the
RAINS emissions database, rather than CLRTAP reported emissions (which have been used
for the other pollutants). A very significant contribution is also made to PM, accounting for
almost 20% of total European emissions.

Emissions of NOx and NMVOC:s increase in terms of contribution to total emissions up to
2020. As shown in section 4.2, the increasing consumption of gas is increasing emissions
contribution of NOx from the non-industrial sectors from approximately 6% in 2000 to 11%
in 2020. NMVOC emissions are also increasing (from approximately 7% in 2000 to 14% in
2002), due to no significant decreases in biomass consumption, and greater relative reductions
in other sectors. In summary, the contribution from both these pollutants appears to double,
although in absolute terms, non-industrial emissions of NOx are reduced by 9% in 2020,
relative to 2000 levels, and by just over 30% for NMVOC:s.

SO, emissions show an increase contribution up to 2000, followed by a decreasing
contribution to 2020. Checked against the RAINS inventory, this trend seems unusual, at
least between 1990 and 2000. The RAINS inventory shows a decreasing trend, from 10% in
1990 to 8% in 2000, while the SCI inventory shows an increasing contribution. However,
both inventories indicate a falling contribution up to 2020, illustrating the lower sulphur
content of fuels being used in future years, and significant decline in solid fuel consumption.

For most of the pollutants, non-industrial SCI sources make a significant contribution to
European emission totals in 2000 and 2020, except for SO2 emissions, which appear to halve.
The exception is ammonia, with SCI emissions accounting for less than 1% of total emissions,
with an even lower contribution in future years. Due to lack of data, estimates of CO have not
been made (but are thought to be similar to the trends observed for NMVOCs).
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Figure 3.3 Percentage of total European emissions from non-industrial SCIs
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NB. Above comparison based on derived inventory emission estimates as a percentage of CLRTAP reported
totals. The exception is PM, 5 non-industrial SCI emission contribution, which is a percentage of RAINS
emission totals. This may be the explanation as to why the proportion of PM, 5 emissions is much higher than
PM,,. If the RAINS PM,, total has been used, the contribution would have been nearer 25%.

The following graphs show the above information (for PM;9, NOx, SO, and NMVOCs) in
greater detail, broken down by fuel and technology type, for 2000, 2010 and 2020. Appendix
1.1 also provides additional detail on what the main contributing sectors are to overall non-
industrial SCI totals, and highlights sector values where they contribute greater than 3% of the
total.

The non-industrial SCI emission inventory for PM, (which shows a similar trend for PM; s)
highlights the decrease in emissions from 2000 to 2020, predominantly due to the decline in
the use of solid fuel. This source, however, remains significant due to the continued use of
biomass. Emissions from this source are projected to decline overall due in main to the
increased use of automatic feed boilers.
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Figure 3.4 PM,, emissions from non-industrial sources by fuel-technology
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‘M’ means ‘manual feed’.

Figure 3.5 NOx emissions from non-industrial sources by fuel-technology
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NB. In the legend, ‘Mboiler’ refers to medium sized boiler (50 kW — 1 MW manual; 1-50 MW automatic), while

‘SHBoiler’ refers to single house boiler (0-50 kW). ‘A’ at the end of the label means ‘automatic feed’, while

‘M’ means ‘manual feed’.
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A shown in Figure 3.5, NOx emissions from non-industrial sources are predominantly due to
the use of oil and natural gas. The increasing use of natural gas in these sectors (as illustrated
in Figure 4.2) and continued use of liquid fuels at 2000 levels in future years results in
emissions of NOx remaining at consistent levels. Biomass contributes to total emissions at a
consistent level across the time series, while solid fuels only make a limited contribution to
the total in 2000.

The significant decrease in SO, emissions over the time series is dramatically reflected in
Figure 3.6, and is primarily due to the significant decline in the use of solid fuels, and the
lower sulphur content fuels used in future years.

Figure 3.6 SO, emissions from non-industrial sources by fuel-technology

1000000
900000 m Gaseous_LPG
800000 m Gaseous_Ngas
O Liquid_Gasoline
700000 - O Liquid_Fuel Oil
m Liquid_Gas Oil
% 600000 O Solid_MBoilerA
% 500000 O Solid_MBoilerM
= m Solid_SHBoilerM
§ 400000 - m Solid_Stove
0O Biomass_MBoilerA
300000 - O Biomass_MBoilerM
O Biomass_SHBoilerA
200000 1 = Biomass_SHBoilerM
100000 J m Biomass_Stove
B Biomass_Fplace
0
2000 2010 2020

NB. In the legend, ‘Mboiler’ refers to medium sized boiler (50 kW — 1 MW manual; 1-50 MW automatic), while
‘SHBoiler’ refers to single house boiler (0-50 kW). ‘A’ at the end of the label means ‘automatic feed’, while
‘M’ means ‘manual feed’.

NMVOC emissions from combustion sources in non-industrial sectors are primarily a result
of the use of biomass, as reflected in Figure 3.7. Therefore, limited reductions are seen in
emissions associated with this source. The most significant reduction comes from the
reduction in the use of solid fuels.
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Figure 3.7 NMVOC emissions from non-industrial sources by fuel-technology
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NB. In the legend, ‘Mboiler’ refers to medium sized boiler (50 kW — 1 MW manual; 1-50 MW automatic), while
‘SHBoiler’ refers to single house boiler (0-50 kW). ‘A’ at the end of the label means ‘automatic feed’, while
‘M’ means ‘manual feed’.

3.4.2 Country-based emission estimates

This section assesses emission estimates for each pollutant individually, identifying
contribution to total European emissions by country, and determining what the key sectors
(and fuels) are within individual countries. NHj has not been assessed on an individual basis
due to the very small contribution from non-industrial SCIs to overall European emissions.

3.4.21 Current and projected emissions of particulate matter (PM;, and PM s)

Historic Emissions

In terms of contribution to European totals, PM, s and PM; are the most important pollutants
from non-industrial SCIs, with emission contribution estimated at approximately 35% and
19% in 2000 (see Figure 3.3). Based on size of contribution, and as a priority pollutant of
concern due to associated health impacts, it is clear that PM emissions from non-industrial
SCIs may need to be a priority for potential action. In addition, PM emissions from non-
industrial SCIs may be emitted in areas of higher population density, leading to even greater
health impacts.

The main contribution to European SCI emissions of PM;, and PM; s is from residential
burning of solid fuels and biomass (see Figure 3.8, which also reflects the trend for PM,y),
with Poland and France as the most significant contributors to overall emissions. The Nordic
countries are also significant emitters of PM from biomass combustion (again in the
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residential sector). Apart from Poland, the UK and Czech Republic are the other two
countries where emissions from solid fuel combustion are most significant.

There are two distinct country groupings that can be identified here — countries where
emissions from biomass predominate and those where emissions from solid fuels
predominate, as shown in Figure 3.9 by the light and dark blues. The contribution to national
emission totals can be seen in Appendix 1.2; within many countries, non-industrial SCIs make
a considerable contribution to national emissions of PM, although this contribution appears to
have generally reduced between 1990 and 2000.

Projected Emissions

Figure 3.10 (which includes control technologies) shows the general decrease in emissions of
PM,, particularly due to the use of less solid fuels (especially in Poland), and through
increased use of improved, more efficient SClIs, particularly those burning biomass. Note that
for year 2000, all emissions sum to 100%. In 2020, the emission estimates account for 55.4
% of the 2000 Europe estimate, as shown by the reductions in Figure 3.10. Nearly 30% of the
overall change is a function of what happens in Poland, and so assumptions for Poland are
critical to the trends analysis.

Figure 3.11 demonstrates the impact of control options, as modelled in RAINS, illustrating
the difference between 2010 estimates where both controls and no controls have been
assumed, and the percentage difference between the two types of estimate. The 2010 abated
estimate is 63% of the 2000 total, while the unabated estimate is 71% of the total. Unabated
emissions shows emission estimates based on no controls, illustrating the effect of change in
energy consumption, while the second, abated emissions, illustrates the reduction due to
modelled control strategies. It is necessary to understand the control strategies currently
modelled in the projections, in order to determine the implementation of additional measures.

Summary

In terms of contribution to European emissions, SCls are an important source of PM, although
decrease significantly in future years due to the decrease in solid fuel use. The main non-
industrial sector source in 2000 is residential from consumption of solid fuels and biomass.
Biomass remains a particularly important source of emissions in future years, with significant
reductions in emissions from solid fuels observed, particularly between 2000 and 2010.
Emission totals for 2000-2020 are provided in Table 3.3 below.

There are two key issues that need particular consideration for this PM inventory. Firstly,
emissions of PM are often localised, leading to significant impacts in specific areas. This
inventory data does not provide an understanding of regional and local distribution, as it is not
a spatial emissions inventory. This is important when we consider that certain pollutants, in
particular PMs, are likely to be targeted on the basis of their health impacts. An example
might be that PM emission sources in one country are primarily located in rural areas but in
another country in urban areas. Therefore, priorities and action taken at the national level
might be very different between countries. A spatial understanding of emissions from biomass
and solid fuels (which drive PM emissions) is provided in section 7.3.2 of this report, the
assessment of local measures as a policy option. Secondly, projected emissions of PM are
still high in future years due to biomass consumption — emission factors and activity statistics
on which estimates are based are highly uncertain, and therefore such estimates need to be
considered with strong caveats attached.
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Figure 3.8 PM, 5 emissions (2000) from non-industrial SCIs by country as % of total EU emissions
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Figure 3.9 Percentage contribution of PM emissions (2000) from non-industrial SCI
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Figure 3.10 PM,, emissions (2000-2020) from non-industrial SCIs by country as % of total EU emissions
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Figure 3.11 PM;, emissions (2010) from non-industrial SCIs — abatement measures as % of total EU emissions
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3.4.2.2 Current and projected emissions of NOx

Historic Emissions

Emissions of NOx from non-industrial SCIs (in 2000) are dominated by the use of natural gas
primarily across residential and commercial-industrial sectors, as shown in Appendix 1.3. A
significant proportion of emissions is also from liquid fuels. The most significant contributors
to the European totals are the Western European countries, with large and / or high-density
populations, all of which have mature gas distribution networks. Such countries include
France, Germany, UK, Italy and Netherlands. In Poland, however, a significant amount of
NOx emissions are due to consumption of solid fuels in the residential sector (in addition to
significant emissions from natural gas).

In Appendix 1.3, an overview of sectoral contribution of emissions to country totals is
provided. It is clear that the mix of fuels and sectors that give rise to NOx emissions vary
much more significantly than for PM. Gaseous and liquid fuel consumption in the residential
sector appears to predominate, with the commercial-institutional sector important in some
countries. An obvious and interesting exception is the significant emission contribution from
the agricultural sector in Netherlands, probably due to the energy used by the horticultural
industry.

Projected Emissions

Appendix 1.4 shows projected emissions of NOx in 2010 and 2020. The percentage figures
have been scaled to 2000 estimates; 2020 estimates sum to 86.4% of the 2000 emission total.
The contribution from gaseous fuels remains the most significant source, with little variation
between years (in terms of country totals), followed by liquid fuels. Emissions from solid
fuels account for a very small proportion of overall emissions in future years.

It is important to note that unlike emissions of other pollutants, emissions of NOx are not
projected to decrease significantly from non-industrial sources in future years. This highlights
the increasing demand for natural gas as an alternative source of heating, particularly in the
residential sector, and the continued use of gas oil as a significant energy source. The demand
for gas will increase particularly in countries where solid fuel use has decreased, and in
countries which have growing markets and developing networks.

3.4.2.3 Current and projected emissions of SO,

Historic Emissions

As shown by the SO, graph in Appendix 1.3, Poland clearly dominates European non-
industrial SCI emissions of SO,, accounting for approximately 40% of the total. This is
primarily due to the large quantities of solid fuel used, particularly in the residential sector.
Commercial-institutional sector consumption of solid fuel and oil also accounts for a
significant proportion of Polish emissions.

Other countries where non-industrial emissions represent a significant proportion of the
European total include Germany, France, Spain and Italy. SO, emissions primarily arise from
the consumption of oil in the residential and commercial-institutional sectors. Other countries
that are significant emitters of SO, from solid fuel consumption in the residential sector
include the UK, Czech Republic, Hungary, Ireland and Slovakia.
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Projected emissions

Annual emissions of SO, are projected to decrease significantly in 2010 and 2020 (see
Appendix 1.4 and Figure 3.6) relative to 2000 levels, with 2010 emissions estimated at
approximately 30% of the 2000 total, and 2020 emissions at 20%. This is largely due to the
reduction in solid fuel consumption and the increased use of lower sulphur content liquid
fuels.

3.4.2.4 Current and projected emissions of NMVOCs

Historic Emissions

Appendix 1.3 shows that non-industrial SCI emissions of NMVOCs are dominated by the
residential combustion of biomass. The most significant emitters are those countries where
non-industrial biomass consumption is significant such as France, Germany, Poland and
Sweden. A significant fraction of the emissions in Poland comes from solid fuel burning in
the residential sector.

Projected Emissions

Appendix 1.4 shows that annual emissions of NMVOC:s are projected to be lower in future
years; in 2010, they represent 82% of the 2000 emission, a figure that drops to 66% by 2020.
The main reductions are due to lower levels of solid fuel consumption. NMVOC emissions
from non-industrial small-scale combustion installations remain significant as a contributor to
overall totals in future years because they are driven by biomass consumption (particularly in
the residential sector).
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Table 3.3 Total emissions of NOx, SO, and NMVOCs from non-industrial SCIs (tonnes)

Country | PMy, NOx SO, NMVOC

2000 2010 2020 2000 2010 2020 2000 2010 2020 2000 2010 2020
AT 7294 6459 6103 15584 14205 12979 10132 1929 1535 26694 20477 16600
BE 2947 2176 2023 23314 22884 22650 31415 6149 5126 14327 12669 10703
CH 1502%* 765 372 17019* 14251 12176 6236* 4223 2545 5419* 4909 3469
CZ 18523 5639 3413 19879 13057 12703 51165 10444 3370 15681 8962 6505
DE 23288 23511 23562 117921 116671 117918 89775 25975 23798 130092 155722 152121
DK 2915 2600 2439 7430 6054 5792 3260 683 555 12420 11394 10043
EE 3902 2745 1868 2580 2238 1652 3530 1884 1080 6660 4793 3100
ES 21238 12981 10418 30032 30202 30265 41481 10649 8660 39568 22575 17499
FI 20454 18803 18194 8645 7993 7518 3713 1573 1363 29635 30579 25434
FR 110183* 93358 80641 96893* 89311 86145 77461%* 16106 13352 190281%* 156000 113779
GB 32743 9061 7496 103689 99188 98352 61848 13523 8313 35867 15533 14318
GR 6132 6684 6547 8565 7142 7054 13053 4280 4070 16252 20567 18821
HU 7184 3170 1960 13192 13299 13185 29396 6816 3720 10992 7201 4954
1E 6111 2759 2103 9732 9847 9675 19559 8638 6070 5536 6005 5266
IT 11581 7673 5540 68143 70390 70241 34633 10559 8461 38575 25892 15795
LT 8743 4991 3257 4914 5727 6746 20647 10584 6234 8494 5871 4323
LU 203 106 93 605 674 661 274 130 114 559 321 254
LV 5771 5041 3445 2807 2970 2420 2606 1494 837 12453 12498 8503
NL 4699 3051 2770 62867 65172 65283 2623 897 853 16759 14386 13148
NO 42123 26785 18271 2283 838 572 1130 239 162 7998 4813 2811
PL 147398 69433 45026 117222 84758 103661 342800 115426 63304 113841 79722 56859
PT 8217 9097 11157 22833 5507 6802 9110 16 20 20600 19655 22488
SE 21686 15515 12531 6406 4900 4144 4035 1283 1050 72804 48468 32238
SK 5551 1113 270 6965 5301 5115 15250 1943 422 2899 981 519
SL 5886 1471 660 3695 776 693 7713 898 411 1305 498 254
Total 535565 334987 270159 773414 693355 704402 873033 256341 165425 835596 690491 559804

NB. Projected emissions include control technologies, as modelled in RAINS.
* Data provided by country expert.
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3.4.2.5 Greenhouse gas emission estimates

For inventory completeness, estimates have also been made of CO, emissions from non-
industrial SCIs, and are presented in Table 3.4 below.

Table 3.4 Total emissions of CO, from non-industrial SCIs (tonnes)

Country 2000 2010 2020
AT 12826 11460 10292
BE 13793 13566 13449
CH 15590 13531 11553
CZ 14342 10720 9710
DE 110843 103586 104330
DK 6942 5273 5037
EE 997 1009 862

ES 33491 39800 40914
FI 5365 4277 4017
FR 91062 87501 85258
GB 107452 103966 102062
GR 8061 5786 5730
HU 12533 13077 13289
IE 9600 9451 9378
IT 67236 70739 71587
LT 3978 5136 6582
LU 599 685 674
LV 833 977 890
INL 30713 32170 32280
NO 3034 2800 2214
PL 41804 37329 42461
PT 5040 5302 7156
SE 7064 5299 4593
SK 5558 4517 4128
SL 2277 1911 1780
Total 611031 589867 590225

NB. Projected emissions include control technologies, as modelled in RAINS.
3.4.3 Comparison of non-industrial estimates with RAINS estimates

As outlined in section 3.3.2, the non-industrial estimates are based primarily on UNFCCC
reported activity data, and CLRTAP reported data, while RAINS data have been used to try
and understand the technology profiles. Therefore, there are some differences between the
estimates used in this study, and the estimates taken from the RAINS model emission
database. These differences are outlined below in Figure 3.12.

The study estimate (for commercial and residential) has been compared to the most recent
CLRTAP reported estimate, original RAINS emission estimate, and updated RAINS baseline
estimate. RAINS emission values have changed quite significantly in some cases, and are
generally closer to study estimates, with some remaining differences. Most CLRTAP values
have remained similar.
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Table 3.5 Observed differences between emissions from RAINS DOM sector to estimates from
this work

Poll

Country

Study
estimate

®*

CLRTAP
2004 (1)

Original
RAINS
‘DOM’
®

Updated
RAINS
‘DOM’
(®

Comment

SO,

Germany

74419

90416

133687

101054

No CLRTAP data available in 2003 (SNAP
only). Germany increased emission estimate for
this sector in 2004 compared with 2004. The
updated RAINS model estimate is lower than
the original estimate and is now closer to the
original estimate from this work

Poland

299400°

299400
(2001
value)

177224

180032

2000 value gap-fil