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EXECUTIVE SUMMARY

As a Party to the United Nations Economic Commission for Europe (UNECE) ConventiorRambgeng
Transboundary Air Pollution (CLRTAP), Ireland is required to annually report emission data for a wide
range of air pollutants and other substances released the atmosphere. The data are needed to
support the work of the Convention in addressing vk@lbwn environmental problems such as urban
pollution, acidificationand trophospheric ozonéormation arising from classic pollutants, such as
nitrogen oxides (), sulphur dioxide (S§) nhonmethane volatile organic compounds (NMVOCSs),
ammonia (NHK), carbon monoxide (CO) and particulate matter (PM), and for the implementation of
its Protocols on Heavy Metals and Persistent Organic Pollutants.

The UNECE revis@@14 Reporting Guidelines, Guidelines for Reporting Emissions and Projections
Data under the Convention on Longnge Transboundary Air Pollutiprdescribe the scope and
reporting of the emission inventories and projections under the Convention. Thegifispghe
methodologies and procedures to be followed for submitting consistent and comparable data on an
annual basis in a timely, efficient and transparent manner to meet the needs of the Convention. Under
the Guidelines, Parties are strongly encouragedibmit an Informative Inventory Report (IIR) to
support the evaluation of their upp-date annual inventories and projections. The objective of the IIR

is to describe the methodologies, input data, background information and the entire process of
inventory compilation for transboundary air pollutant emissions and to give explanations for any
improvements and recalculations of the inventories reported in previous submissions. The report is
needed by expert review teams to assess the transparency, completeand overall quality of the
inventories as part of the review processubmissions from Parties to the Convention.

Member States of the European Union are required to report an Informative Inventory Report
annually under Article 8(3) of DirectivEEU) 2016/2284 This Directive sets out reduction
commitments of certain atmospheric pollutants and repeals Dire@3@1/81/EC This report to the
European Union fulfils this reporting obligation.

The Environmental Protection Agency (EPA) in Ireland has overall responsibility for national air
emission inventories andrpjections pursuant to the establishment of the National Atmospheric
Inventory System (NAIS) in 2007. The EPA Office of Environmental Sustainability (OES) performs the
role of inventory agency in Ireland and undertakes all aspects of inventory preparatidn
management and is responsible for the submission of the results to CLRTAP. The present report
}vesS]Sus « /@elthVIR submitted under the Convention, covering annual inventories for the
% E&]} 106 ®iFheireport aims to provide a comprelsve description of the procedures,
u sz} }o}P] e« v 31A18C & - (}J& 8Z }u%]o S]}v }( /E o v [+ ]a
%o E}I S]}ve o % E e« vS§ 21ubrhiEsian under CLRTAP and to the European Union under
Directive (EU) 2016/B24. The report shows how Ireland follows the guidelines for estimating and
reporting of emission data to ensure the transparency, accuracy, consistency, comparability and
completeness of the reported emissions. In addition to complying with reporting regents in this

1 Guidelines for Reporting Emissions and Projections Data under the Convention erahged ransboundary Air Pollution
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regard, the 2@1 IIR is intended to inform the Government Departments and institutions involved, as

A oo «}83Z E +31Z}o Ee ]Jv/Eov U} 3Z oAo 1} ul]ee]}ve v §Z
emission inventories and projectiors they address the challenges to comply with commitments

already established for air pollutants and to control emissions in general. An attempt has been made

to give adequate descriptions of all methodological approaches and to provide pertinent informati

to facilitate the assessment of the emission estimates and the understanding of emission trends. The

IR is published on the web site of the EPA
(http://www.epa.ie/pubs/reports/air/airemissions/airpollutantemissionys/ It will be further

developed forfuture submissions and updated annually in accordance with the UNECE Reporting
Guidelines and Directive (EU) 2016/2284.
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Chapter Onéntroduction

1.1 Convention on Lonréange Transboundary Air Pollution

The Convention on Lorfigange Transboundary AiolRition (CLRTAP) came into being in 1979
following the recognition that coperation at international level was necessary to address
environmental problems such as acidification associated with the transboundary transport and
deposition of acidifying gaseemitted into the atmosphere. The Convention was the first international
legally binding instrument to deal with problems of air pollution on a broad regional basis. Besides
laying down the general principles of international-aeration for air pollutim abatement, the
Convention sets up an institutional framework bringing together research and policy. The Executive
Secretary of the United Nations Economic Commission for Europe (UNECE) acts as Secretariat to
CLRTAP, and the Convention entered into fancko83.

The aim of the Convention is that Parties shall endeavour to limit and, as far as possible, gradually
reduce and prevent air pollution, including lerenge transboundary air pollution. This objective is
pursued under eight protocols that idefiti specific measures to be taken by Parties to cut their
emissions of a wide range of air pollutants. The extent to which Parties to the Convention have ratified
the various protocols varies. Of the eight protocols to date, Ireland has ratified the 189Ri1©tcol

on Further Reduction of Sulphur Emissions and the 1988 Sofia Protocol concerning the Control of
Emissions of Nitrogen Oxides.

1.2 Inventory Reporting and Review under the Convention on-Range
Transboundary Air Pollution (CLRTAP)

The Guidehes for Reporting Emissions and Projections Data under the Convention ofiRangg
Transboundary Air Pollution (ECE/EB.AIRPAL2pEcify the scope, methodologies, formats and
deadlines for annual inventory submissions by Parties to the Convention. Thadelines were
adopted by the Executive Body in December 2013 (ECE/EB.AIR/122/Add.1, decisions 2013/3 and
2013/4) and published in 2014. They are a revised version of the 2009 Guidelines for Reporting
Emission data under the Convention (ECE/EB.AIR/9®hwilere approved by the Executive Body in
2008 (ECE/EB.AIR/96, para. 83 (b)). While the Guidelines make it clear that Parties are required to
report only on the substances and for the years set forth in the protocols that they have ratified and
that haveentered into force, Ireland endeavours to estimate and report emissions for the full range

of substances set down in Annex | of the Guidelines. These substances are nitrogen oxifles (NO
sulphur oxides (S nonmethane volatile organic compounds (NMVQGarbon monoxide (CO),
ammonia (Nk), particulate matter (PM), black carbon (BC), heavy metals (HM) and persistent organic
pollutants (POPSs).

2 The Guidelines for Reporting Emissions and Projections Data under the Convention @RangegTransboundary Air
Pollution(ECE/EB.AIR/125)
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The Guidelines state that an Informative Inventory Report (1IR) should be prepared for inclusion in the
annualsubmission and isalsorequired under Article 8(3) of Directive (EU) 2016/2284. The objective
of the IR is to describe the methodologies, input data, background information and the entire process
of inventory compilation for air pollutants, as well asy improvements and recalculations of the
inventories reported in previous submissions. The report is needed to support the evaluation of
emission trends ands used by expert review teams to assess the transparency, completeness and
overall quality of tle inventories as part of the review process established for submissions by the
Parties to CLRTAP and the review process established under the NECD.

dZ % E » vS E %}ES }ve3]suRl: theEwalfthr such/report} fEcontains specific
JV(}Eu 3]1}v }v 8Z v §]}v o JvA v§}(E C9 a3 GibinftedGo CERTAB @i Bdhruary
2021, including descriptions of methods, data sources, quality assurance/quality control (QA/QC)
activities and trend analys The structure of the report follows the structure proposed in Annex Il to
the reporting guidelines.

The IIR focuses on the year 2(dnd the status of the inventories achieved for the time series up to
2019 and is the basis for methodological description for the purposes of facilitating technical review

V PV E o0 e eeuvd }(/E ovVv [* u]ee]}v JVA VEYE] X dZ [//Z ]- *]F
nature of the reporting process and to clarify the anotogy of changes and revisions that are part of
normal inventory development. In this way, the report provides the basis for technical assessment

Vv E% ES E A]A}(/E ov [+ ]E %}oopud v3 JVA VE}E] X Vv 335 u%o
descriptbns of all methodological approaches and to provide all the pertinent inventory information
to facilitate the assessment of the emission estimates and the understanding of emission trends.

The IIR will be further developed and updated annually in accalaiith the UNECE guidelines and
is published on the web site of the EPA
(http://www.epa.ie/pubs/reports/air/airemissions/airpollutantemissions/ Such  updating is
necessary to keep the UNECE Secretariat and other interested parties informed of theostatus
/E oV [+ JE %}oousd vs JvA v3}dgding inpros@ments, wecatcuations and other
developments affecting the estimates of emissions. Ireland is contributing to the Stagdeptin
review process for transboundary emission inventori®s not only providing this IIR, but also
providing expert reviewers to evaluate the submissions from other Parties to the Convention.

1.3 Inventory Reporting and Review under Directive (EU) 2016/2284
Directive (EU) 2016/2284ame into force on the 31of December 2016. This inventory report and

§ epg u]ee]}v (HO(]JO* /E OV [* E %}ES]VP E <pu]E u vSe + ¢« 5§ }us v
inventory submission is fully consistent with the submission under the LRTAP Convention and will be
subject to review in accordance with Article 10(3) of the directive.

/& o v [* v §]}v o §}85 0 u]ec]}ve }Y, aim@jd(Nk e hormetBalke volatile
organic compounds (NMVOCSs) are not in compliance with the ceilings in Article 4(1) andl Amne

3 DIRECTIVE (EU) 2016/2284 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 14 December 2016 on the reduction of national
emissions of certaiatmospheric pollutants, amending Directive 2003/35/EC and repealing Directive 2001/81/EC
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Directive 2001/81/E€ Ireland has established adjusted annual national emission inventories for NO
and NMVOC:s as allowed for under the flexibilities outlined in Articles 21(2) and 5(1) of the Directive
2016/2284. The adjusted inventories are edisitred in accordance with Part 4 of Annex IV of the
directive and are explained in detail in chapter 9 of this report.

1.4 Inventory Reporting by the Environmental Protection Agency

Under Section 52 of the Environmental Protection Agency Act, 1992 (@OE), the Agency is
required to establish and maintain databases of information on the environment and to disseminate
such information to interested parties. Section 55 of the Act states that the Agency must provide, of
its own volition or upon request, farmation and advice to Ministers of the Government in the
performance of their duties. This includes making available such data and materials as are necessary
to comply with Ireland's reporting obligations and commitments within the framework of
international agreements. These requirements are the regulatory basis on which the EPA prepares
annual inventories of air pollutants in Ireland. The activities related to the compilation and reporting

of air pollutant emissions constitute one specificg@uing progct in the Agency's work programme.

The DepartmenE&nvironment, Climate and Communicatiqi¥ECThas designated the EPA as the

agency with responsibility for the submission of emission data to international bodies, including the
Secretariat for CLRTARa §Z YE&E}% Vv hv]}vX dZ Pv C[s K((] }( VAJE}vu v
(OES) currently compiles the national air pollutant emission inventories on behalf af&d&or

submission under CLRTAP and NECD.

1.4.1 National Atmospheric Inventory System

In 2005, UK consultants from the National Environmental Technology Centre (NETCEN) carried out a
scoping study to identify the essential elements and structure of a national inventory system for
Ireland to meet the needs of Decision 280/2004/EC (EP and 2#Ma) and to comply with
obligations under Articles 5 and 7 of the Kyoto Protocol. The report (Thistlethwaite et al., 2005)
describes how institutional arrangements among the EPA, its parent government department and
other stakeholders may be reorganigeextended and legally consolidated across all participating
institutions to strengthen inventory capacity within the EPA and to ensure that more formal and
comprehensive mechanisms of data collection and processing are established feterong
implementtion. The report sets out the extent of institutional participation, resource requirements
and the form of legal arrangements necessary to perform the functions prescribed in the guidelines
for national systems and enable Ireland to meet the objectivexcified in those guidelines. The
scoping study developed a QA/QC system as an integral part of the national system and the report
made recommendations on internal inventory review and proposed a database system to facilitate
more efficient data managemerdnd reporting. Whilst developed to meet the needs of Decision
T6iliiiol v 8§Z <C}8} WE}S} }oU /E o v [* Vv S]}v o *C*S u ]+ o0°}
emission inventories for transboundary gases for submission under CLRTAP and NECD.

4DIRECTIVE 2001/81/EC OF THE EUROPEAN PARLIAMENT AND OF THRZOCtibIgt 26701 on national emission ceilings for
certain atmospheric pollutants
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The National Atraspheric Inventory System (NAIS) for Ireland was adopted by Government decision
in April 2007. It establishes the necessary institutional, legal and procedural arrangements for the
compilation of robust inventories of emissions of greenhouse gases (GHga)rgollutants to the
atmosphere. It sets out formal procedures for the planning, preparation and management of the
national atmospheric inventory and identifies clearly the roles and responsibilities of all the
organisations involved in inventory cortgiion, reporting and review. A schematic overview of the
national system is presented in Figure 1.1.

The principal objective of the NAIS is to ensure that Ireland can compile robust and verifiable annual
inventories of emissions and report its emissiatimates in accordance with relevant international
obligations. The NAIS also facilitates the formal review of information submitted under international
obligations, including the Kyoto Protocol, protocols under CLRTAP and the NECD. Implementation of
the national system ensures the transparency, consistency, comparability, completeness and accuracy
of the national inventory in accordance with the established reporting guidelines, which incorporate
methodological guidance and good practice.

Within the NAIS§Z W [+ K((] }( VA]JE}vu vEOBSK desighated ag @ single

national entity with overall responsibility for the national emission inventory in Ireland. The OES also
performs the role of inventory agency, i.e. the Office compilesahaual inventory and delivers

IE o Vv [+ s u]es]}ve 8} 8Z A E]}ue Jvs Ev 8]}v 0 }EP v]e §]}ve ~ HE} %
Environment Agency (EEA), United Nations Framework Convention on Climate Change (UNFCCC) and
UNECE in accordance with agrekzhdlines and reporting formats. In addition to the primary data

received from the Key Data Providers (KDPs), the inventory team obtains considerable supplementary
information from other teams in the OES, the Office of Evidence and Assessment and ¢keoOffi
Environmental Enforcement within the EPA. These sources include Annual Environmental Reports
(AERs) submitted by licensed facilities and the National Waste Database. The inventory team also
draws on national research related to air pollutant emissi@md special studies undertaken from

time to time to acquire the information needed to improve the estimates for categories and gases.

The approval of the completed annual inventory involves-siijroy the QA/QC manager and the

inventory manager beford is transmitted to the Board of Directors of the EPA via the Programme
DvPEI]}I KA-AX vC Jeep s EJ]*]JvP (E}u 82 } E }( ]1]E S}E-[ A u]
communicated to the inventory experts for resolution before final adoption of the itorgnfor

submission and publication.

1.4.2 Scope of Inventories under the LRTAP Convention and Directive (EU)
2016/2284

dZ e+ }% }(/E o v [+ u]ee]}v JVA vE}E] » pv & >Zd W }VvA vi]}v v
provided inthis report It covers a wide range of air pollutants and other substances, which are
reported in a standard electronic format for a predefined nomenclature of source categories set down

in the UNECE Reporting Guidelines. The air pollutants are referred to in sevenagdalisws:

1. Main pollutants (NQ@ NMVOCs, SONH, CO);
2. Particulate matter (PMs, PMy, total suspended particulates (TSP), black carbon (BC));

3. Priority heavy metals (lead (Pb), cadmium (Cd), mercury (HQ));
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4. Other heavy metals (arsenic (As), chromium),(@pper (Cu), nickel (Ni), selenium (Se), zinc
(Zn));

5. Annex | Persistent Organic Pollutaritse POPs listed in Annex | to the Protocol on POPs
which are substances scheduled for elimination;

6. Annex Il Persistent Organic Pollutaritee POPs listed in Aex Il to the Protocol on POPs
which are substances scheduled for restrictions on use;

7. Annex lll Persistent Organic Pollutaritee POPs listed in Annex Il to the Protocol on POPs
which are substances referred to in Article 3, Para. 5 (a), of the Protdétallycyclic aromatic
hydrocarbons (PAHSs): for the purpose of the emission inventories, the following four
indicator compounds should be used: benzo[b]pyrene, benzo[b]fluoranthene,
benzo[k]fluoranthene and indeno [1,2@l] pyrene. Hexachlorobenzene (HCB also
included in Annex | to the Protocol as a substance for elimination.

The list of source categories for inventory purposes is known as the NFR (Nomenclature for Reporting).
It comprises coded activities across all semtonomic sectors identified as sources of one or more of

the substances listed above and provides for ith@usion of other activities that may be specific to
individual countries. Many of the NFR categories are split into a varying numiseibbcitegories

which are designed to reflect their importance as sources of one or more pollutants and to provide an
adequate level of transparency. In the compilation of annual inventories, significant subdivision of the
given NFR categories is normally applied for the process of calculating the relevant emissions. The NFR
facilitates the comparison of emissions amongading countries and the synthesis and assessment

of submissions at the UNECE level. The current version of the NFR iNBRevision of NFRMhich

was includedn Annex | of the Guidelines for Reporting Emissions and Projections Data under the
Conention on Longange Transboundary Air Pollution (ECE/EB.AIR/125), which were adopted by the
Executive Body in December 20Ihis revised NFR was approved by the Steering Body of the
European Monitoring and Evaluation Programme (EMEP) durind' if®ift Session in September

2019 and should be used for reporting under CLRTAP for 2020 onwards.

The reporting format also includes a number\démo Itementries. These items refer to sources of
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because of their importance in relation to the overall assessment of emissions and for comparisons
among Parties. The notable emission sources excluded from the reported national total for
transboundary gases and inded as Memo Items are emissions from international and domestic
aviation during the cruise phase of a flight, and international shipping.

Environmental Protection Agency 23



SUPPLEMENTARY DA

KEY DATA PROVIDER OTHER EPA OFFICE SOURCES
MoUs II
Input Data Preparation and I(
Pre-processing
N/
ACTIVITY DATA and ETS DATA Rgﬁgf"
COMPILATION Studies
h b b 4

National Emission Factors

ESTIMATION OF
EMISSIONS

h 4
SELECTION OF

and

NFR OUTPUT

EMISSION FACTORS

T

Default Emission Factors,

QA/QC EMEP/EEA emission
External . .
: inventory quidebook
Review and
Consultation
Inventory TimeSeries and Informative Inventory Report
Inventory Manager
Programme Manager QA/QC Manager
'/ EPA Board of Directors \
Dept. of EEvironment,
European Commission Climate and UNECI.E
Communications Secretariat

Figure 1.1. National Atmospheric Inventory System Overview
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A set of notation keys has been adopted for use in completing the NFR templates to provide explanation
and transparency where a numerical value does not appear for a particular pollutatur anadegory
combination. The notation keys are as follows:

(@) NO (not occurring) for activities that do not occur in the country;

(b) NE (not estimated) where emissions do occur but are not estimated, usually because they
are considered negligible or the necegsdata cannot be obtained;

(c) NA (not applicable) for activities that do not generate emissions of a particular pollutant;

(d) IE (included elsewhere) for emissions relating to a subcategory that are reported in another
subcategory, usually at the next highestél,

(e) C (confidential) for emissions that could lead to the disclosure of confidential information;

() NR (not relevant) for emissions that are not required by the ratified protocols.

At four year intervals from 2017 onwards, the inventory submissions u@d€RTAP should include
compilations of emissions for a list of defined large point sources and aggregated sectoral gridded
data for the European Monitoring and Evaluation Programme (EMEP) grid cells overlying the national
territory. This information is useid EMEP models for evaluating lerange transport of air pollutants
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for large point sources and sectoral gridded data of emissions on the EMEP grithfGimation is
provided in chapter 7 of this report.

Parties to the Gothenburg Protocol shall report national projections every four years from 2015
onwards, for the years 2020, 2025 and 2030 and where available, also for 2040 and 2050, by 15th
March for the pollutants: SQ(as S@, NG, NMVOCs, Nf-and PM s, with voluntary reporting for

black carbon. Other Parties are encouraged to provide projections for these pollutants. The Directive
(EU) 2016/2284 requires emission projections every two years from 2017 onwards from European
Member States. Information oemissionprojections is provided in chapter 8 of this report.

1.4.3 Inventory Preparation

The air pollutant emission inventory database normally contains information on measured emission
guantities, activity statistics (populations, fuel consumption, igktikilometres of travel, industrial
production and land areas), emission factors and the associated emission estimates for the NFR list of
source categories. In practice, very few measured emission data are available for the range of gases
covered and, ensequently, the emissions from most activities are estimated by applying emission
factors for each source/gas combination to appropriate activity data for the activity concerned.
Virtually all emissions may be ultimately derived on the basis of the ptaofuactivity data and
emission factor. Even in the case where emission estimates for particular categories are reported
directly to the inventory agency they will normally have been derived in this manner.

The reporting guidelines provide the generaldarice for the preparation and reporting of annual
inventories by Parties. They incorporate the methodologies given in the EMEP/EEA (European
Environment Agency) Emission Inventory Guidebook, hereafter referred to as the Inventory
Guidebook. The inventoryr@paration process involves the acquisition of the required statistical data
for the inventory year concerned and the application of emission factors that characterise the rate of
emission of the gases concerned. Some data analysis and preparatory d@ahsukate generally
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needed to make available suitable combinations of activity data and emission factors at the level of
disaggregation that gives the best estimate of emissions in the individual emission source categories.
In the case of some source/gasndoinations, it may be necessary to apply sophisticated models to
generate the activity data, the emission factors or the emissions. The methods recommended by the
Inventory Guidebook use a tiered system. This provides methodologies at different levetaibadd
sophistication, which take account of these issues and other factors, such as data availability, technical
expertise, inventory capacity and other circumstances, which may vary considerably across countries.

1.4.4 Data Acquisition

In its capady as the inventory agency, the OES of the EPA acquires the principal items of activity data
from identified Key Data Providers (KDP) relevant to each of the NFR sectors. Most KDPs provide data
directly to the OES, but some secondary KDPs provide theit topone of the primary KDPs for
processing and incorporation into the information subsequently transmitted to the OES. Some KDPs
may also deliver estimates of emissions or removals for their particular area of coverage or expertise.
Table 1.1 lists the BPs and the data they supply for use in transboundary air pollutant emission
inventories.

The NAIS provides for a formal Memorandum of Understanding (MoU) between each KDP and the
inventory agency regarding the scope, quality and submission date of thealbe provided for the
purposes of the national emission inventory compilation. In the majority of cases, the data concerned
are already routinely collected and published by the KDPs under existing mandates and established
reporting programmes. Additiad MoUs may be developed under the NAIS in cases where new or
supplementary data sources need to be targeted. Under Section 69 of the EPA Act 1992, formal legal
powers are assigned to the EPA, whereby the Agency may require any public body to provide
information related to environmental quality and may make arrangements with other bodies for the
provision of similar information. This provision can also be invoked by the OES to acquire specific
information for inventory purposes as the need arises.

The Enssions Trading Unit was established under the EPA Office of Licensing and Guidance (OLG) in
late 2003 to implement Directive 2003/87/EC (EP and CEU, 2003) in Ireland. The Emissions Trading
Unit currently forms part of the OES and is another key comporfghemational system. Information
compiled for participants in the Emissions Trading Scheme (ETS) under Directive 2003/87/EC is an
important source of activigpecific and compangpecific data on GHG emissions for approximately

100 installations in Irand. The inventories for transboundary air pollutants draw on relevant
information regarding fuel quantities and fuel properties available under the ETS for these installations
and fuel data are used for reconciliation with the national energy balancen&jor categories and
matching of activity data for GHG emission inventories. The inventory agency in the OES obtains useful
support and activity data from other EPA offices and programme areas, including the Environmental
Licensing Programme, Office of Eommental Enforcement, and the Environmental Research
Programme. These programmes and offices make various contributions that are used to determine or
substantiate the activity data or emission factors for particular categories or individual activities,
which ensures that countrgpecific information is exploited to the maximum extent possible. In all
cases, consistency is maintained with data application for GHG emission inventories and vice versa.
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1.4.5 Quality Assurance and Quality Control (QA/QC)

Quality Assurance (QAactivities include a planned system of review procedures conducted by
personnel not directly involved in the inventory compilation and development process. Reviews,
preferably by independent third parties, should be performed upon aifedlinventory following the
implementation of QC procedures. Reviews verify that data quality objectives were met, ensure that
the inventory represents the best possible estimates of emissions and sinks, given the current state of
scientific knowledge andata available, and support the effectiveness of the QC programme.
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tool consists of several spreadsheets that provide procedures, guidance, forms and tesrgate
required for the general QA/QC functions. The supporting manual (Thistlethwaite et al., 2005)
provides a general overview to the QA/QC system and guidance on the application of the plan and
procedures. The QA/QC plan identifies the specific datatguzbiectives related to the principles of
transparency, consistency, completeness, comparability and accuracy required for Ireland's national
inventory and provides specific guidance and documentation forms and templates for the practical
implementation d QA/QC procedures. The spreadsheets include a brief introduction and a statement
of the data quality objectives (DQGCa)d how they will be met through the QA/QC system with
reference to the relevant spread sheet tool template sheets and forms. The irttioth sheet links
to the QA/QC plan which provides the schedules and procedures for the QA/QC system and lists all of
§Z Y IY §]A]8] » 82 8 /[E]*S8}E E %o vv 3} ul u% /E ov [*Y
consists of tables that contain threeffdrent categories of QA/QC activity:

1. General activities covering the planning and management practices and procedures;

2. Activities that should be undertaken on an annual basis for management and preparation of
the inventory;

3. Periodic activities thashould be undertaken in response to specific events in the inventory
and for periodic peer review or verification.

The inventory agency has implemented this approach to QA/QGfteen annual reporting cycles.

This involved the allocation of responsdiiils linked to the national system and the use of the
template spreadsheet system to record the establishment and maintenance of general inventory
checking and management activities covering the overall compilation process, as well as the
undertaking of pecific annual activities and any necessary periodic activities in response to specific
events or outcomes in inventory reporting and review. The system facilitates record keeping related
to the chain of activities from data capture, through emission dattans and checking, to archiving

and the identification of improvements.
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is designed to facilitate the QA/QC process as well as more efficdet analysis and to ensure ease

of transfer of the outputs to the NFR tables. The inventory compilation is directly linked to the primary
statistical inputs, which facilitates rapid yean-year extension of the time series and efficient

updating and realculation, where appropriate, in the annual reporting cycle. Internal aggregation to

various levels corresponding to the NFR tables provides immediate and complete checks of the results.
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Quiality Control (QCis a system of routine technical activities,heasure and control the quality of
the inventory as it is being developed. The QC system is designed to:

(i) Provide routine and consistent checks to ensure data integrity, correctness, and
completeness;

(i) Identify and address errors and omissions;

(iif) Document ad archive inventory material and record all QC activities.

Quality control activities include general methods such as accuracy checks on data acquisition and
calculations and the use of approved standardised procedures for emission calculations,
measurements, estimating uncertainties, archiving information and reporting. HiggrerQC
activities include technical reviews of source categories, activity and emission factor data, and
methods.

In recent years, the inventory agency has created armdémented a number of Q&C tools. These
spreadsheebased tools are used to better inform the {PC process whilst providing transparent
descriptions of the outcomes of checks. In each spreadshastd tool comments are added to
explain anything highlighd by the checking process. The text from these tools (such as the
recalculations assessment) then helps inform the update of the IIR. The tools used include:

1. Recalculations assessmerttthis spreadsheet tool calculates the percentage change of
emission stimates between the current and previous inventory submissions using conditional
formatting to highlight the significant changes. There is a separate table for each pollutant in
which the entire time series is evaluated for all NFR codes. This checliglitigithe
recalculations that have been made in the inventory so that they can be verified and justified
by the inventory agency.

2. Trend assessmertithis spreadsheet tool calculates the percentage change between the most
recent year and the preceding yeaf the current inventory submission using conditional
formatting to highlight the significant changes. There is a separate table for each pollutant in
which the entire time series is evaluated for all NFR codes. This check helps identify any time
series irconsistency with the newly reported data of the most recent year. Provided this is run
annually and alongside the recalculations check, time series consistency should be
maintained.

3. Pollutant specific assessmentshere are two tools that check the follang rules that should

ulvsd Jv Jv v JVA v3}EK W:Ord FAHY@) = B(a)p + B(b)F + B(K)P +
I(123)cd. These simple checks help maintain the accuracy of the inventory.

4. Data value assessmemntwo tools check the entire time seriesrfall pollutants to ensure that
none of the following are reported: zero values, errors, negative values. These simple checks
help maintain the accuracy and transparency of the inventory.

5. Annex | reporting template assessmenthis tool evaluates whetheall compiled Annex |
reporting template files are comparable in structure and content to the template. This helps
maintain the comparability of the inventory.

6. Notation keys assessmeitthis tool summarises the use of the different notation keys within
the inventory. This tool has been implemented for all NEC pollutants across the entire time
series. The tool helps the inventory agency evaluate, justify and document the use of notation
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keys in the inventory. By increasing the accuracy of the notation ey fansparency of the
inventory is improved and this allows the inventory agency to clearly identify areas where
potential improvements could be made (e.g. the use of IE or NE).

The online tool provided by the Centre on Emissions Inventories and #oag¢CEIP), RepDab, is
used by the inventory agency to check the format, completeness and internal consistency of the Annex
| reporting template submission files. Further details regarding the checks that are carried out can be
found on theCEIRvebsite.

In the 2@1 reporting cyclethe inventory agency updated some of the default emission factors in
accordance with the EMEP/EEA Air Pollutant Emission Inventory Guidebo8k#8@lmplemented
suggested changes/requests for further information as presented in the REB@OReview Report of

the 2@0 Comprehensive Technical Review of National Emission Inventories. These are outlined in the
sectoral chapters of this report.
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Tablel.1 Key Data Providers and Information Covered by Memoranda of Understanding

Key Data Provider Data Supplied Deadline Sector in which Data are
Used
Sustainable Energy National Energy Balance; 30 September Energy, Waste
Authority of Ireland Detailed national energy consumptio|
(SEA) disaggregated by economic sector
and fuel
Department of Nitrogen fertilisersales, cattle 30 September Agriculture
Agriculture Food and | populations from the AIMAnimal
the Marine (DAFM) Identification and Movement)
database, sheep statistics, poultry
statistics
Central Statistics Officg Annual population, livestock 30 September Agriculture, Industrial
(CS0) populations, crop statistics, housing Processes, Waste
survey @ta
Gas Networks Ireland | Analysis results for indigenous and | 30 September Energy
(GNI) imported natural gas
Marine Institute Annual report on discharges, spills | 30 October Energy

and emissions from offshore gas
production installations

Emissions Trading Unif Verified CQestimates and related 30 April Energy, Industrial
(OES, EPA) fuel and production data for Processes
installations covered by the EU ETS

Department of National Oil Balance (as a componer 30 September Energy
Environment, Climate | of the energy balance)
and Communications

(BECE
Road Safety Authority | Road transport statistics from the 30 April Energy
(RSA)* National Car Testing (NCT) Service

*These bodies have MoUs with the SEdther than with the OES.

1.4.6 Inventory Compilation

The source data, calculation workbooks and outputs for all emissions to air are held on EPA servers.
The annual inventory compilation for transboundary gases is undertaken in se@@attd’rocessing
folders for each sector, which are linked to tBeurce Datdolders for the respective sectors at the
same level. Th®utputsfolder and theQA/QColder are also at this level. Ti@utputsfolder contains

the files used for the official submissions to the EU and the UNECE and for preparing summary reports
and relevant media statements at national level. All calculation workbooks for the individual sectors
contain a QA/QC worksheet, whicheazompiled collectively in th© A/QCfolder. Data processing to
compute the emission estimates is carried out at the most detailed level of aggregation possible,
consistent with data availability and the outputs needed to populate the reporting templaiedio

for the category concerned. These outputs are primarily the estimates of emissions and the
corresponding activity data for each category.

Quiality control procedures are an integral part of the inventory preparation and reporting cycle.
Within the inventories team, quality control for each sector is undertaken by an inventory compiler
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who has not produced the emission estimates for that sector. Quality control involves a series of
checks covering the data inputs and any necessanppeessing, the deulation of emissions, and

the generation of the output records that are subsequently compiled in the NFR templates. The checks
cover such items such as the comparison of inputs with those of previous years, the identification of
errors and omissions, vdating internal linking and calculation algorithms, replicating the aggregation

of subcategories and ensuring an adequate level of completeness in NFR files to achieve transparency
for external review purposes. A colour code system is used to distinbgateleen such elements as

data taken from another spread sheet, calculated values, extrapolated or interpolated values, outputs
for the NFR, and checks and annotations.

1.5 Key Category Analysis

Key category analysis for transboundary air emissionsxmained in the Inventory Guidebook
(EMEP/EEA, 20}, and is the same concept as that presented in the Intergovernmental Panel on
Climate Change (IPCC) 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 2006).
This defines a key emissicategory as one that is prioritised within the national inventory system
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absolute level of emissions, the trend in emissions, or both. The Inventadeligok provides several
methods for undertaking the analysis of key categories that can be applied at any appropriate level of
source aggregation, depending on the information available. The simplest approach (Approach 1)
identification based on contrildion to emission levelt is used here for the inventories of all
substances to highlight which sources of emissions are the most important in Ireland.

In level assessment, key categories are those categories whose combined contribution to the total
emission level, determined from the ranking of all categories on the basis of their individual
contributions to the level, is 80 per cent. Information about key categories is considered to be crucial
to the choice of methodology for individual sources andhe management and reduction of overall
inventory uncertainty. The identification of such categories is recommended in order that inventory
agencies can give them priority in the preparation of annual inventories, especially in cases where
resources may bémited. Information on key categories is clearly also vital for the development of
policies and measures for emissions reduction.

It is well established that fuel combustion in a small number of economic sectors is the major source
of most air pollutaits. This is true for classic pollutants such asa®@® NQ, which are reasonably well
guantified in emission inventories and for which emissions have decreased considerably, and also for
other substances (PM, POPs) for which inventories have much hiyleés bf uncertainty. The relative
contributions of key categories are clearly shown by the results of the simple key category analysis
shown in Table 1.2 andnnex A.2, Tables-15, which summarises NFR Level 2 key categories by
pollutant. The dominancefaategories under 1A (Energy: Combustion) highlights the importance of
combustion sources. The four kegtegories (1Ala, 1A2f, 1A3b and 1A4b) dominate the results of the
key category analysis presented in Table 1.2. Agriculture sources (3B, 3D) araithsoorces of
emissions for N\l EDsK [¢ v % ES] po 8§ u s$s E v §Z 15]}v o § P}C
NMVOCs. Waste sector sources are the main driver of emissions for As, Cr, dioxins amabRGRs.
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Pollutant
NO

CO

NMVOC

SQ

Key Categories

1A3Dbiii
12.51%

1A3bi 1A4bi 1Ala

33.82% | 29.33% | 8.93%
1A4bi 1Ala
60.35% | 20.57%

1A4bi
1A4bi

Total (%)

1A3Dbi 1A3bii 1A3dii 80.26%
10.13% | 7.45% 6.71%
1A2f 1A3biii 83.28%
6.39% 4.81%
1A4bi 81.20%
6.76%
80.92%
82.49%
81.95%
1A2f 82.04%

1A3bvi
3.82%

90.48%

1 Energy

Environmental Protection Agency

PMzs 1A4bi 1A2f 1A3bvi | 1A2gviii 1A3bvii 80.84%
54.77% | 5.98% 4.87% 3.59%
Pb 1A4bi 1A3bvi | 1A3aii(i) 80.90%
41.30% | 28.73% | 10.87%
Cd 1A2gviii 1A4bi 1Ala 1A2e 82.98%
26.89% 14.48% | 14.07% 5.26%
Hg 1A4bi 1A2f 1Ala 1A2b 81.70%
26.12% | 23.26% | 16.79% 5.05% | 4.00%
1Ala 1A2f 91.99%
20.14% | 13.93%
1A3bvi 1A2f 1A4bi | 1A2qgviii | 1Ala 82.70%
21.64% | 11.38% | 8.57% 7.10% 6.76%
1A3bvi 89.79%
57.60%
Ni 1Adai | 1A2gviii 1Ala 1A2f 1A2e 81.50%
33.55% | 16.34% | 14.01% | 11.23% | 6.39%
Se 1A4bi 1Ala 91.66%
69.24% | 22.41%
Zn 1A3bvi 1A4bi 1A2gviii 1A2f 85.76%
22.73% | 19.17% 13.10% | 12.90%
PCDD/F | 1A4bi 85.10%
68.69%
1A4bi 90.32%
86.95%
1A4bi 90.48%




1.6 Uncertainty Assessment

Undertaking a quantitative estimate of emissions uncertainty requires a substantial amount of
detailed data on the uncertainty dfoth activity data and emissions factors for a diverse range of
source types. It has not been possible to collect these data in full. However, it has been possible to
characterise the uncertainties associated with sources in a more approximate way.

A semiquantitative uncertainty analysis has been used to determine the overall emissions uncertainty
for a number of pollutants for 2@ data. This uses a Tier 1 propagation of errors to obtain an
uncertainty for the total emission. However, the uncertaintyigsed to the activity data and emission
factor for each individual source is obtained from a combination of expert judgement and ranges of
uncertainty obtained from the EMEP/EEA emission inventory guidebook. The results provide a good
indication as to whie sources are contributing the most to the overall uncertainty, and therefore
where improvement effort should be targeted.

The methodology and results of the Tier 1 uncertainty analysis are presented in detail in Annex G,
tables G.1 to G.6. The resulancbe summarised as follows:

Table 1.3 Emissions Uncertainties

Pollutant ‘ Emission pncertainty Trend Uncertainty
(kilotonnes, 20D) in 2019 (%) 19902019 (%)
NGk 101.03 46.8 15.9
SQ 10.88 12.8 0.6
NMVOC 113.90 72.7 22.2
NHs 125.42 89.7 12.0
CO 68.33 195 1.7
PMz.s 11.90 96.6 15.1

The total uncertainty in the NGemission in 209 is dominated by thecontribution ofinorganic N
fertilisers (3.D.a.1), animal manure applied to soils (3.D.a.2.a) and urine and dung deposited by grazing
animals (3.D.a.3}200 per cent for each sub category of 3.D. These three categories combined
account for 98.2 per cent of the total N®@missions uncertainty. The next largest contributor to
uncertainty for NQemissions is landfill gas used as a fuel in Public elegtdoll Heat Production

with an emission factor uncertainty of over 300 per cent.

Emissions of SQ@re well characterised when compared to NfGr most emissions because they are
combustion related, with emission factors for S0e. the sulphur content afhe fuel) more readily
determined than for N@ Solid fuel combustion, coal, biomass and peat in the residential sector
combined account for 96.5 per cent of the overall uncertainty.

Emissions of NMVOC from noombustion sources are typically high ircertainty because they are
difficult to characterise by measuremenianure management from cattle (3.B.1.a & 3.B.1.b)
contributes to 88.4 per cent of the overall uncertainty because of the magnitude of the emission of
these categories (30.2 per cent in18) and, as with all manure management categories, has poorly
characterised emission factors (+300 per cent). Fugitive NMVOC losses from fuel extraction and

Environmental Protection Agency 33



distribution (1.B.2) and domestic solvent use (2.D.3.a) are large contributors because they tidye po
characterised emission factors and activity data, respectively.

The uncertainty associated in Bémissions are driven by the emission factors, with the activity data;
number of livestock and nitrogen amounts, typically being well characterisezbimparison. The
sources making the largest contributions to the overall uncertainty are ammonia losses from inorganic
N-fertiliser use (3.D.a.l1), animal manure applied to soils (3.D.a.2.a) and urine and dung deposited by
grazing animals (3.D.a.3). The esiis factors for these sources are currently assigned an uncertainty

of £200 per cent, and they contribute 86.9 per cent of the overall uncertainty.

Emissions of Ph are generally high in uncertainty because many combustion sources are either not
well characterised, or are variable in emission, with small changes to combustion conditions having
very large impacts on PMemissionsResidential coal, biomass and peat combustion (1.A.4.b) and
road paving with asphalt (2.D.3.b) are the largest contobsito the overall uncertainty, contributing

98.4 per cent and 0.8 per cent respectivelfiese are relatively large sources with very uncertain
emission factors.

It is interesting to note that electricity generation and industrial combustion do not feature as major

contributors to the overall uncertainty for any pollutants. This is because the use of point specific data
allows the emission estimates to be partialjawvell characterised.
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Chapter Two

Analysis of Key Emission Trends

2.1 Introduction

/& o v 22 siibmission under the CLRTAP and the Directive (EU) 2016/2284 includes emission
*SJu S ¢« (}E SZ % @@]ih respert »f Bl substances listed in Section 1.4.2 above. The
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which record the amounts of fuels sold in the country. In recognition of the significaasborder
movement that occurs with respect to automotive fuels in some parts of Europe, the reporting
guidelines allow for the reporting of emissions from road transport on the basis of fuels used within
the country. This may result in a significaatdease in the national total emissions for some pollutants
and the adjusted total is considered more appropriate for the assessment of performance in relation
to certain protocols. This issue is relevant to Ireland in the case of the Sofia Protoco emid§lons
and, to facilitate the assessment, Ireland has also submitted inventories in which the estimates for
road transport are based on fuels used in the country. Emission inventories based on fuel sold and
fuel used are provided in this submissionfas 0 %o} o0 usS vSe (}E& SZ9Pad fat the yiedd i >T11
1987, the base year for the Sofia Protocol.
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]v op ]v /& 21 submission under the CLRF and NECD. The general analysis of trends is
performed only in respect of emissions estimated on the basis of @iseldin Ireland.

2.2 Main Pollutants
2.2.1 Sulphur Dioxide (S£p

Total sulphur dioxide emissions decrease®#yl per cent, from 183.6kt in 1990 tc10.87kt in 2019

(Figure 2.1). The Commercial/Institutional and Residential (1A4a and 1A4b) sectors combined account
for 62.1per cent of the total in 209, and decreased b§2.2 per cent between 1990 (383 kt) and

2019 (6.75 kt). The Pulit Electricity and Heat Production (1Ala) sector remains one of the main
sources of S©£emissions, contributin@0.6 per cent of the total in 209, and decreased by7®8 per

cent between 1990 (103.04 kt) and Z)XR.24kt). An increase in consumption ofalppeat and oil in

this sector in 1994 followed by decreased peat and oil consumption the following year caused a peak
in emissions in 1994.

In 1998 an increase in consumption of coal followed by a decrease the following year caused another
peak in emisions in 1998. Combustion sources in the Manufacturing Industries and Construction
(1A2) sector largely account for the remainder of the emissions, with contributiéB.4per cent in

2019. Emissions in this sector peaked in 1994 due to an increase; ifidd®oil combustion in the
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installation which is the main contributor to emissions in Nerrous metals (1A2b). Emissions in
Manufacturing Industries and Construction (1A2) have decreased in theZlE9Qime series by5.6

per cent. Combustion in Agtlture/Forestry/Fishing (1A4c) sector accounts fa@ Per cent and
Transport (LA3) combustion sources accoun2i@per cent of national total emissions of 302019.

The remainder of the S@missions arise from combustion sources in the PetroleefinRg (1A1b)

and Manufacture of Solid Fuels and Other Energy Industries (1Alc) sectors, Other Product Use (2G)
Waste Incineration (5C1), which combined account f&r der cent of the total in 209 and are
presented in Other NFR sectors in Figure 2.1980, coal combustion accounted for 51.4 per cent of

SQ emissions and fuel oil contributed 30.3 per cent. By@Qke share of S&emissions from coal

had decreased to210 per cent and that from fuel oil had decreasedd® per cent.
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Figure 2.1 (PLVVLRQ 7UHQG IRU 6XOS&XU 'LR[LGH i

2.2.2Nitrogen Oxides (N

Total nitrogen oxides emissions have decreased4$per cent, from176.63kt in 1990 t098.03kt

in 2019 (Figure 2.2)Road Transport (1A3b) is the principal source of &fiissions, contributin85.5
per cent (and30.43kt) of the total in2019, with the transport sector as a whole accounting 3&:.6
per cent (and37.87kt) of the national total TheManufacturing Industries and Construction (1A2)
sector accounts for amcreasing percentage of the national total. The contribution of the sector in
1990 to the national total was Bper cent 0.11kt), which increased td1.0per cent share in 2007
(and17.34kt) as a result of the increases in cement production for comsitvn during the economic
boom in Ireland over the previous decade then reduced.tfoper cent shareq{.48kt) of the national
total in 2011 due to the economic crisis impacting upon the sector. 19 &84 sector contribution
increased to 8.4 per centshare (andB.24 kt) of the national total largely driven by an increase in
cement production.

The Public Electricity and Heat Production (1Ala) sector is another main source efmi¢Sions,
accounting for6.1 per cent of emissions i2019. Emissions frm this sector have decreased 8y.1

per cent between 1990 (46.37 kt) and 20(6.99kt). Commercial/Institutional and Residential (1A4a
and 1A4b) sectors combined account 018 per cent of the total and combustion sources in
Agriculture/Forestry/Fishing1A4c) sector account fot.1 per cent in 209. The remainder of the
combustion sources of N@rise in the Petroleum Refining (1A1b) and Manufacture of Solid Fuels and
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Other Energy Industries (1A1c) sectors, as well as combustion sources in Other preel(2G) and
the Waste sector (5C1), which are presented in Other NFR sectors that together accoubtpier 0.
cent of the total in 209. Agricultural sources of NCGaccounted for 8.4 per cent of emissions in 201
(33.75kt), havingncrea®d by4.2 per cent since 1990 (328 kt).

The largest sources of Né@nissions within agriculture are associateith Inorganiaitrogenfertilizer
application (3Dal) and Urine and Dung Deposited by grazing animals (3Da3).

Thereductions in N@emissionsarisingfrom the use of catalytic converters in cars and heduty
vehicles have only become apparent in recent yeassthe technology has been offset by large
increases in vehicle numbers in the pdstade This effect is exaggerated in later years bycalied

fuel tourism, whereby a proportion of the automotive fuel sold in Irelante basis for the emission
time series given in Figure 212is used by vehicles in other countries. The estimated level of fuel
tourism is given in Annex A.3, together with tadjusted annual NEemissions based on fuels used

in Ireland, which is relevant to the assessment of obligations in relation to the Sofia Protocokon NO
emissions.
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Figure 2.2Emission Trend forNitrogen Oxides 199@019

2.2.3 Ammonia (NH)

Agriculture accounted for 99.4 per cent otal ammonia emissions 2019. National total emissions
have increased b$4.4per cent, from 10%1 kt in 1990 t0125.40kt in 2019 (Figure 2.3)Livestock
production has historically accounted for the bulknational total ammonia emissions in Ireland and,
in 2019, Manure Management (3B) anthimal manure applied to soil (3Da2a) and nitrogen from
urine and dung deposition by grazing animals combined accounte@Df6éiper cent of the national
total. In 208, Manure Management a9.39kt and47.4per cent share of the total in 2@lshowed

an increase by2.2per cent from48.59kt in 1990. Organitertiliser use covels emissions from the
two sectors: Animal Manure applied to soils (3Da2a) and Sewage Sludgedappsoils (3Da2b),
which combined a#40.57 kt accounted for32.3 per cent of the total ammoniamissions in 204
(indicating an19.2 per cent increase fron34.03kt in 1990). Urine and Dung deposited by grazing
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animals (3Da3) accounted fta0.9per cent of total emissions in 20113.63kt), having increased by

5.0 per cent since 1990. Inorgarsgnthetic N-fertilizers applied to soils (sector 3Dal) decreased by
19.5per cent from 1990 (13.69 kt) and &1.02kt in 2019 accounted for8.8 per cert of the national

total. The small contribution by Transport (1A3) sources peaked in 2005, the main driver of which has
been the increased use of cars with early generation three exdnaustcatalysts in Road Transport
(1A3Db). Transport emissions have gesed from 0.6 kt in 1990 to (64 kt (and 04 per cent share of

the total) in 20DB. The remainder of the ammonia emissions arise from Commercial/Institutional and
Residential (1A4a and 1A4b) sectors combined (0.1 per cent share) and Other NFR sectors
(Conbustion in Manufacturing Industries and Construction (1A2), Combustion in off road Agricultural
machinery (1A4cii), Other Product Use (2G), Biological Treatment of Waste (5B1)) that together
account for OL per cent of the total in 209

Within livestockproduction, Manure Management (3B) 89.39kt in 201 is the largest source of
NH. In Ireland, approximately twthirds of animal manure is excreted at pasture annually, reflecting
the relatively short period that the main livestock categories (cattle simeep) are housed.
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Figure 2.3 Emission Trend for Ammonifrom agriculture i 9

Dairy Cattle (3Bla) and Nduiry Cattle (3B1b) account for the major paB9.@ per cent) of
Agriculture sector ammonia emissions in 20Dther livestock, which includes Sheep (3B2), Swine
(3B3), Goats (3B4d), Horses (3B4e), Mules and asses (3B4f), Poultry (3B4g) and Other animals (3B4h),
combined account for.8 per cent of total ammonia emissions from agriculture in 20&igure 2.3).
Throughout the 1990s, the cattle herd increased to reach a peak in 1998 of 7.6 million head, which
along with associated increases in fertiliser nitrogen consumption increased ammonia emission totals
from the whole agriculture sector, from 1@kt in 1990to 126.24kt in 1998. As a result of reforms

to the Common Agricultural Policy (CAP), animal numbers and associated fertiliser nitrogen use
subsequentlyeduced, and ammonia emissions in agricultural sectors had fall@68®3kt in 2011.
However, in regonse to growth plans for the agriculture sector in Ireland, emissions have increased
in recent years with a total df24.60kt in 2019 largely as a result of increased dairy cattle and other
cattle populations, increased fertilizer use arwhtinueduse of urea as an inorgamdrogenfertilzer.
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2.2.4 NonMethane Volatile Organic Compounds (NMVOCSs)

Total normethane volatile organic compound emissions have decreased2tfyper cent, from
147.05kt in 1990 to113.75kt in 2019 (Figure 2.4). The NMMC emissions are determined largely by
the Agriculture sectors: 3B Manure Management and 3Dal Inorgafédilzers and emissions from
solvents and other product use and the food and beverages industry. The Agriculture categories
combined accounted fo40.0 per cent of the national total and showed an increa$d 0.4 per cent
between 199041.18kt) and 20D (45.46kt). The combined solvents use (2D and 2G) and fugitive
emissions fronth oil sector (1.B.2.a) producddd.7per cent of the 202 total of NMVOC emissions in
Ireland, having decreased tig.2per cent between 1990 (269kt) and 20D (22.45kt). The Food and
Beverage Industry (2H2) contributed 26.7 per cent of total emissions in 20,lhaving increased by
204.3per cent from 9.62 kt in 199®1229.27kt in 2019.

Combustion sources in the Residential (1A4b) and Commercial/Institutional (1A4a) sectors are also
important sources, accounting f@r3per cent of national total NMVOC emissions in2&reduction

of 71.4per cent between 1990 (287%kt) and2019(8.28kt). Technological controls for volatile organic
compounds (VOCs) emitted by motor vehicles have been more successful than in the cagsaraf NO
have contributed to a significant reduction in emissions fieoad Transport (1A3b), with the total

SE Ve%}ES » 3}E[+ }VSE] p3]}8.9peAdenPbetwaEn 1990 (3B7 kt) and 208
(4.01kt). This equates to contributions to the national total df@per cent in 1990, falling t8.5 per

cent in 2A9. A total of five NFR source categories make up the source Other NFR sectors (Figure 2.4)
contributing 06 per cent of national total NMVOC emissions in 20The largest source of emissions
within this categorisation is Solid waste disposal on landos€B®).
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2.2.5 Carbon Monoxide (CO)

Carbon monoxide emissions continue to decline, driven by major reductions due to threxxkayst
catalysts in gasoline vehicles in Road Transport (LA3b), which is the principal source of CO, and a large
decrease in the use of solid fuels for space heating in the Residential (1A4b) sector (Figure 2.5).
National total CO emissions have reduced fri&@820 kt in 1990 to67.60kt in 2019, a reduction of

81.6per cent.

The Transport sector accounted #4.2per cent of national total emissions in 28 major reduction

(89.0 per cent) from 271.28 kt in 1990 to 29.85 kt in 201. Residential (1A4b) and
Canmercial/Institutional (1LA4a) sectors combined are another important source, accountidg ®r

per cent of national total CO emissions in 204 reduction 066.6per cent between 1990 (639 kt)

and 20D (21.17kt). Public Electricity and Heat Produmii (LAla) sector reached its peak in 2001
(23.82 kt) and has decreased B4.4per cent to reacl®.10kt in 2019, a reduction o66.4per cent on

1990 levels (18.14 ktCombustion sources from Manufacturing Industries and Construction (1A2)
account for 2.8 per cent of the national total in 2®land at8.67kt showed &22.2per cent decrease

on their 1990 levels (113 kt). Agriculture/Forestry/Fishing (LA4cpmbustion sourceaccount for

1.9 per cent of the total CO emissions in 20Petroleum refiningd1Alb), Manufacture of soil fuels

and other energy industries (1A1c), Other Product Use (2G), Biological Treatment of waste (5B1) and
Waste incineration (5C) emissions form the Other NFR sectors category and combined account for the
remainder of CO emisgis 0.8 per cent of the total) in 204.

m Public Electricity and Heat Production m Residential & Commercial/Institutional
B Manufacturing Industries and Construction H Agriculture/Forestry/Fishing
m Transport m Other NFR sectors
JLIXUH (PLVVLRQ 7UHQG IRU &BUERQ ORQR[LGH i

2.3 Patrticulate Matter
u 38 & ujee]}v <3]Ju § ¢ Jv op WD A]3Z), PMIWBth(E 0 e+ §7Z
] us & o <+ $Z v b andtotal suspBnded particulates (TSP).
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2.3.1 Particulate Matter <10 em Diameter

ulee]}ve }( % ES] po § u §S €& Dii ..u PBUkSIN@OOUZ aBper §4nti 6 X
reduction from & .52kt in 1990 (Figure 2.6). The main determinant of the trend ingRvhissions is
Agriculture sector with 38.per cent share of the national total, and combustion in the Residential
(1A4b) and Commercial/lnstitutional (1A4a) sectors combined 24tfi per cent share of the total in
2018.

Emissions from Agriculture arise from InorganiteNilizers (3Dal), Fardevel agricultural operations
including storage, handling and transport of agricultural products (3DcYafiff storage, handling

and transport ofbulk agricultural products (3Dd) and Manure Management (3B) categories that
together in 20D at 881kt indicated a4.6 per cent increase on their 1990 levels. Part replacement of
coal and peat in the Residential (1A4b) and Commercial/Institutional (1s&¢#)rs are the second
largest contributor to the total PMemissions, wittv2.6 per cent reduction in emissions from these
sectors, from being the largest contributor to the RMmissions (8.5 per cent of national total
emissions) at 24®kt in 1990,emissions have fallen to &3 kt in 2019 (and 24.7 per cent of the
national total emissions). Emissions from Transport (1A33,Gper cent share of the total in 201
increased throughout the 1990s with increased total vehicle kilometre travel pantigudé diesel
vehicles. However, the effect of the increase in vehicle numbers seen over the last decade has been
offset somewhat by changes in the age structure of the national fleet and developments in diesel fuel
technology resulting in Transport emizssdecreasingy 26.3per cent (from3.00kt in 1990 to 21

kt in 2019).

Manufacturing Industries and the Construction sector (1A2) used to account for an increasing
percentage of the national total Py} until reaching its peak of 28 kt in 2005. Thig also evident

with some other pollutants, and is due to the increase in cement production2@3® following the

entry into the market of two new plants. Emissions for this sector have decreased since 2005, and
accounted fors.3 per cent of the nationbtotal in 200 (1.46 kt), representing a decrease across the
1990-2019time series oR1.0per cent. Public Electricity and Heat Production (1Ala) sector emissions
accounted forl.3 per cent of the national total in 2@land at 036 kt reduced by62.2per cent from

1990 levels (0.96 kt). The decrease was due to the increased use of natural gas and wind for electricity
generation, in proportion to coal and peat which still account for a large share of the fuel mix used.
D}IE & vsSoC /E o edleletvioty gepeoatignEtation has been running at much reduced
capacity levels. Petroleum refining (1Alb), Manufacture of solid fuels and other energy industries
(1Alc), Fugitive emissions from soil fuels: Coal mining and handling (1B1a), Quarryimigiagdf
minerals other than coal (2A5a), Construction and demolition (2A5b), Road paving with asphalt
(2D3b), Other solvent use (2D3i), Other product use (2G), Biological treatment of \sadie waste

(5A), Incineration (5C) and Other waste (5E)imckided under the other NFR sectors heading, which
combined accounted fd28.5per cent of national emission in 281The largest contributors are within

the other NFR grouping are Quarrying and mineral of minerals other than coal (2A5a) and Road paving
with asphalt (2D3Db).
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2.3.2 Particulate Magter <2.5 em Diameter
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per cent reduction on 330 kt in 1990 (Figure 2.7). Emissions from Residential (1A4b) and
Commercial/lnstitutional (1A4a) sectors combined are the main determinant of the trend with their
56.7per cent share of the national total RNemissions in 204 There has, however, been a reduction

of 72.6per cent in emissions from these sectors between 1990 8Kt.and 757 per cent share) and

2019 (6.69 kt). Reduced use of coal and peat, with increased use of gasoil, kerosene and natural gas

in the two sectos has resulted in lower emissions and a reduction in the contribution to the national

total.

Emissions from Agriculture arise from Manure Management (3B), Inorgdeitilkers (3Dal), Farm

level agricultural operations including storage, handling sadsport of agricultural products (3Dc),
Off-farm storage, handling and transport of bulk agricultural products (3Dd) sectors that together in
2019 at 092kt accounted for B per cent of the national total and indicatedrar7 per cent increase

on their1990 levels (0®kt). Transport (LA3) contributedd1 kt (12.8 per cent share) to the national

total in 2019. Emissions from Transport sector (1A3), dominated by Road Transport (1A3b) increased
from 1990 (268 kt) to a peak in 1996 (87 kt), but have been decreasing since 2005, widBa/ per

cent reduction between 1990 and 29ivhich is largely due to technological advances and the age
structure of the national fleet which in turn have been balanced by the increases in vehicle numbers
over the time series (see comments in section 2.3.1 on the trends ef éMMssions). Emissions from
Manufacturing Industries and Construction (1A2) &5kt in 2019are 15.4per cent bdéow those in

1990.

Electricity and Heat Production (1Ala) sectoc@unedfor 2.0 per cent of the national total emissions

in 2019, a reduction 0f62.7 per cent from 0.65 kt in 1990 and23 kt in 2019. Combustion from the
Agriculture/Forestry/Fishing sector accounted fol fier cent of national total Pikkemissionsn 2019

and have reduced by86.4per cent from 1990 when emissions were 0.93 kt, compared t8 kKt 1n
2019. The remainder of the PMemissions arise from Petroleum refining (1Alb), Manufacture of sail
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fuels and other energy industries (1A1c), Fugitivessions from solid fuels: Coal mining and handling
(1B1a), Quarrying and mining of minerals other than coal (2A5a), Construction and demolition (2A5b),
Storage, handling and transport of mineral products (2A5c), Road paving with asphalt (2D3b), Other
sohent use (2D3i), Other product use (2@jplogical treatment of wastet solid waste (5A),
Incineration (5C) and Other waste (5E) are included under the other NFR sectors heading, which
combined accounted fo8.1per cent of national emission in 291
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Figure 2.7Emission Trend for Particulate Matter <2.5 ym in Diameter i 9

2.3.3 Total Suspended Particulates (TSP)

Total suspended particulate emissions have decreas@bper cent, from 85.@kt in 1990 t063.51

kt in 2018 (Figure 2.8). The main driver of the TSP trend is emissions is Other NFR sectors which
includes a wide range of source categories namely Petroleum refining (1Alb), Manufacture of soil
fuels and other energy industries (1A1c), Fugitive emissions fromfgel&d Coal mining and handling
(1B1a), Quarrying and mining of minerals other than coal (2A5a), Construction and demolition (2A5b),
Storage, handling and transport of mineral products (2A5c), Road paving with asphalt (2D3b), Other
solvent use (2D3i), O#n product use (2G)Biological treatment of wastet solid waste (5A),
Incineration (5C) and Other waste (5E) which combined accountegDf@iper cent of the national

total in 2019. Road paving with asphalt (2D3b) accounts for the majority of emissidhi whis
grouping {7.5per cent). Emissions from the Other NFR sectors have reducédliper cent from

39.11 kt in 1990 t@8.69kt in 2019. Emissions from the agriculture (NFR 3) sector w24kt (and
19.0per cent share of the total) in 201a10.1per cent increase from 1990 levels (@Bkt). Combined
emissions from Residential (1A4b) and Commercial/Institutional (LA4a) sectors were the third largest
contributor to the total TSP emission in ZDThere has been, similar to emissions from bBio

and PMs, a reduction of 75 per cent in emissions from these sectors between 1990 @ktyland

2019 (750kt). In the time series, the part replacement of coal and peat with natural gas, gasoil and
kerosene has resulted in the contribution thiese sectors falling from 32per cent of the national

total in 1990 to 118 per cent in 209.
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Emissions from Transport (1A3) decrease®dyper cent to 209 (3.07 kt and4.8 per ent share of
national total) compared to 1990 @ kt and 40 per cent share). Manufacturing Industries and
Construction (1A2) account for an increasing proportion of emissions26@t as a result of the entry
into the market of two new cement productioplants (Normetallic minerals, 1A2f). Emissions from
the 1A2 sector had their peak in 200582 kt) and although have been generally declining since,
emissions increasetl5.2 per cent between 2013 and 201At 161 kt in 2019 (2.5 per cent of the
total) emissions have decreased from 200548y2per cent and by3.1per cent from 1990 (2 Dkt).
Public Electricity and Heat Production sector (1Ala) emissions have decrea&k® pgr cent over
the time series, from 1.23 kt in 1990 tod@ kt (and0.7 per cent share of the total emissions) in ZD1
Emissions from Agriculture/Forestry/Fishing in 2@Q.14 kt, 0.2 per cent of the national total) have
decreased by5.4per cent since 1990 (0.94 kt).

2.3.4 Black Carbon (BC)

Black Carbon emissions have decrease@lb§per cent, from 402kt in 1990 to 159kt in 2019 (Figure

2.9). The main driver of the BC trend is emissions from Transport (1A3). Emissions from the sector
have reduced b$3.3per cent between 1990 (24 kt) and 20P (058 kt). Combined emissions from
Residential (1A4b) and Commercial/Institutional (1A4a) sectors were the second largest contributor
to total BC emissions in 201In 20B, combined emissions from the sectors were3kb (33.6 per

cent share) ad have reduced by0.4 per cent since 1990 (108kt). Manufacturing Industry and
Construction (1A2) emissions accounted fdr.®per cent of the total in 209 (0.33 kt) having
decreased by6.3 per cent since 1990 (0.34 kEmissiongrom Agriculture/ForeBy/Fishing in 209

were 0.@® kt, which equates to aB7.5per cent reduction on 1990 (0.51 kt). Public Electricity and Heat
Production (1Ala) emissions have decreasedhy per cent over the time series, from 0.02 kt in
1990 to 0.01 kt in 204. The remaing 4.5 per cent in 209 accounts for emissions from Petroleum
refining (1Alb), Manufacture of solid fuels and other energy industries (1Alc), Road paving with
asphalt (2D3b), Other product use (2G), and Industrial waste incineration (5C1bi).
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2.4 Priority Metals
2.4.1 Lead (Pb)

KA & 3$Z i®dimeiséries, total national Pb emissions have decrease@it®per cent, from

170.04t in 1990 to4.70t in 2019 (Figure 2.10). The Pb emissions trenldigely determined by Road
Transport (1A3b). Emissions of Pb have decreased considerably since 1990. There was a marked
decrease between 1999 and 2000 when the lead content of petrol was reduced. In addition there was
an increase in the use of unleaded ghise in road transport throughout the 1990s and the
subsequent phasing out of leaded gasoline in 2000/2001. The contribution of Transport (1A3) to the
muchreduced national total emissions has decrease®®Bper cent, from156.21t (91.9per cent

sharg in 1990 to 182t (38.7per cent share) in 2(A

The largest contributors to Pb emissions4&t3 per cent share of national total in 20were the
Residential (1A4b) and Commercial/Institutional (1A4a) sectors combined. The use of coal and peat in
the Residential (1A4b) and Commercial/Institutional (1A4a) sectors is being part replaced with natural
gas, gasoil or kerosene. Emissions froesthsources have fallen from 8.9in 1990 to 213t in 2019,

a reduction of B.2 per cent. Combustion in Manufacturing Industries and Construction (1A2)
accounted for7.9 per cent share of the total in 2@1and emissions from Public Electricity and Heat
Production sector (1Alayere responsible fo6.9 per cent share in 20 Emissions from Metal
Production (2C) have decreased in recent years due to the closure of a number of foundries and were
negligible in 202. Similarly, emissions from Waste Incin@va (5C) have also decreased to almost
zero as a result of an outright ban on the incineration of clinical wastes in th& 98ids. Incineration

in 5C is now solely in relation to the destruction of vapours.
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2.4.2 Cadmium (Cd)

Total national emissions of Cd have decreased frd8 0Oin 1990 to 025t in 2019 (Figure 2.11), a
reduction of 58.0 per cent. Emissions of cadmium are largely determined by the Manufacturing
Industries and Construction (1A2) sector, specifically combustion sources irddaus Metals
(1A2b). Manufacturing Industries and Construction (1LA®)counted for 37.4 per cenof total
emissions in 2019 having increased by 72.4 per cent since 1990 (0.05 t and 9.1 per cenPahlce).
Electricity and Heat Production (1Ala) decreased from 19%Blyper cent and accounted fd7.4

per cent of the national total in 2®@L Emis®ns from this source increased throughout the 1990s as

a result of the combustion of increasing quantities of coal and peat for electricity generation. The use
of coal has reduced across the time series.

Residential (1A4b) and Commercial/InstitutiofiBA4a) combustion is also an important source of Cd
emissions, with combined emissions from these sectors accounting f6p&8 cent of the national

total in 2019 due to the continued use of the fossil fuels (coal, peat and oil); however, emissions from
the sector have fallen b§0.9per cent, from 0.12 tin 1990 to 0.05 t in ZDITransport (1A3) sector
emissions have been increasing in the time serie®&hgper cent) and in 204t accounted for3.1

per cent of the national total cadmium emissionsCombustion sources from
Agriculture/Forestry/Fishing (1A4c) sector accounted f8ip@r cent of the total Cd emissions in Z01

As a result of the closure of the Irish Steel plant in late 2001, emissions from Metal Production (2C)
accounted fora22.4per cent share in 208 compared to a 5B.per cent share (and main contributor

to the total) in 1990.
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Figure 2.11Emission Trend for& DG P L X P 9i

2.4.3 Mercury (HQ)

Total nationalemissions of Hg have decreased from2x&n 1990 to 0.3 t in 2019, a reduction of
60.3per cent(Figure 2.12)Emissions frorRublic Electricity and Heat Production (1Ala) decreased by
48.4per cent in the trend an@ccounted for22.4 pe cent (thethird largest source) of national total
mercury emissions in 2010.07t). Emissions from Residential (LA4b) and Commercial/Institutional
(1A4a) sectors combined account for the second largest share of national total mercury emissions
(27.3per cent in 209), having decreased B§0.9per cent between 1990 and 20%s a resulof an
increase in the use of natural gas, kerosene and gasoil and a decrease in the use of coal and peat.
Combustion sources in Manufacturing Industries and Construction @@2he largest source and
accounted for33.2per cent of total emissions in 20, a38.6per centincreasesince 1990. Emissions

from this sector are largely dependent on the increased use of petroleum coke and coal as a fuel
source in the cement industry after the entry of a number of additional cement producers into the
Irish marlet post2000

Biological treatment of wastet Solid waste disposal on land (5A) and Waste Incineration (5C)
combined accounted for 8.9 per cent share of total emissions in Z2DThe Transport (1A3) sector
accounted for7.1 per cent and combustion sources frofgriculture/Forestry/Fishing (1A4c) sector
accounted for @ per cent of the total Hg emissions in A1Glass Production (2A3) and Metal
Production (2C) are no longer occurring due to plant closures (glass sincarDdt@tal since 2002).
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2.5 Other Metals
2.5.1 Arsenic (As)

Emissions of arsenic have decreasedyl per cent from 1.6 t in 1990 to 114t in 2019 (Figure

2.13). These emissions are largely dominated by incineration of hazardous and clinical wastes and
crematoria in Waste Incineration sector (5C). Waste Incineration accounteB8tOrper cent of
national total arsenic emissions, having increase@®y per cent from 0.55 t in 1990 to (6& in

2019. The absolute and percentage contributions of this sector are increasing largely due to the
increase in the number of cremations undertaken in Ireland which has increased since 1990 and
incineration of wood products historically treated with a preservative containing arsenic. Continued
(but decreasinglise of coal, peat and fuel oil as part of the fuel mix contributes largélgper cent

share of the total in 209) to the trend in emissions from Pubktectricity and Heat Production (1Ala);
however, arsenic emissions from the sector have decreas&d ldper cent over the time series due

to the replacement of lessfficient peat plants with new plant, reductions in the quantities of coal
combusted anduel switching from oil to natural gas and wind energy.

The continued use of fossil fuels in the Residential (1A4b) and Commercial/Institutional (1A4a) sectors
combined results in the sectors accounting b per cent of national total emissions in 201
however, they have decreased B§.0per cent in the trend. Within the Manufacturing Industries and
Construction (1A2) sector, the sslector Nommetallic minerals (1A2f) is responsible for the majority

}( 8}5 0 ¢« S}E[e ulee]}ve un Eeme@Et produdone«and associated fuel use in the
sector, in particular petroleum coke pe2000 with the entry into the market of new cement plants
and reflecting more recent posecession decrease in production and consequential lower emissions
fromthee S}EX dZ < S}E[e -+ u]e<149per ¢ens the] tqiad in 209, an increase of

84.2 per cent on the 1990 level. Metal Production (2C) is no longer an important source of As
emissions, following the closure of the Irish Steel plant in 20@1 areduction in emissions from
Integrated Pollution Prevention and Contr@PPGClicensed facilities. Emissions from this sector
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accounted for 13 per cent in 1990 (third largest contributor) and are reported as not occurring in
2019 due to the closuref the foundry which was a responsible for emissions from this sector between
2001 and 2013.
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2.5.2 Chromium (Cr)

Emissions of Cr have decreaseddBy6 per cent from 4.8t in 1990 to 231t in 2019 (Figure 2.14).
Transport (1A3) and Waste Incineration (5C) sectors are the main two drivers of the chromium trend.
The Transport (1A3) sector accounted 2ar9per cent of estimated national total emissions in 201
Emissions from this source categorywbancreased by 10.2per cent over the time series between
1990 (0.2t) and 20B(0.51t) due to the large increase in vehicle numbers in Ireland. The incineration
of hazardous and clinical wastes and crematoria contribute to emissions from Waste dtiom¢sC).

The sector is the largest source of chromium emissions and account&¥ foper cent of 209
national chromium emissions, an increasel®f9per cent in the trend. The absolute and percentage
contributions of this sector are increasing lalsgdue to an increase in industrial waste incineration
(5C1bi) which includes the incineration of wood that has historically been treated with preservative
containing chromium.

Continued use of coal, peat and fuel oil as part of the fuel mix for PubtitriEity and Heat Production
(1A1a) means that the sector contribut8d per cent to the emissions total in 201However, there

has been a reduction in emission levels58f9 per cent between 1990 and 201s a result of the
replacement of lesefficient peat plants with new plant, reductions in the quantities of coal
combusted and fuel switching from oil to natural gas and wind energy. Emissions from Residential
(1A4b) and Commercial/lnstitutional (1A4a) sectors combined accountedl3f@per cent ofthe
national total in 209, having decreased, 7.8 per cent over the time series, reflecting the part
replacement of coal and peat with natural gas, gasoil and kerosene. Within the Manufacturing
Industries and Construction (1A2) sector, the-selstor Qher (1A2f) is responsible for the majority

of emissions largely due to the cement industry, as is evident with other heavy metal estimates.
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Emissions in 1A2 accounted f@d.2 per cent of national total chromium emissions and have
decreased bg.0per cert in the whole trend Similar to other heavy metals estimates, the closure of

the Irish Steel plant in 2001 has significantly reduced the effect of Iron and Steel Production (2C1) on
emission trends, from 39.per cent share of the total (and the main cadbutor to chromium
emissions) in 1990 ta 6.7per cent share in 2(A
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2.5.3 Copper (Cu)

d}3 0 }% % E u]ee]}ve ]v/E ov A E <5 JoC v E -]vP }A E §Z
steadilydecreasing since (Figure 2.15). Total emissions il @&154t) were 106 per cent lower than

in their peak in 208 (20.72t) but they are76.1 per cent higher than in 199A.0.5t). This trend is
determined mostly by the Transport (1A3) sector that acted for 56.4 per cent of estimated
national total copper emissions in 281Emissions from this source category have increasd®byb

per cent form4.72t in 1990 t010.46t in 2019 due to the increase in vehicle number across the
timeseries.

Continwed use of coal, peat and fuel oil as part of the fuel mix results in a contributibs? pér cent

to the total emissions from Public Electricity and Heat Production (1Ala) if. 20dwever, a
reduction in emission levels &6.3 per cent is evident betwen 1990 and 204 as a result of the
replacement of older lessfficient generation plants, reductions in the quantities of coal combusted
and fuel switching from oil to natural gas and wind enerdjhe Residential (1A4b) and
Commercial/lnstitutional (1A4aectors combined accounted for2per cent of emissions in 201
showing ar2.0per cent decrease in the trend. Waste Incineration (5C) emissions accounte® for 1.
per cent of the national total in 2@ having increased b{1.2 per cent since 1990 (0.32 t).
Combustion sources from Agriculture/Forestry/Fishing (1A4c) sector accounte® fiericent of the

total Cu emissions in 201(18.4 per cent decrease since 1990). The Manufacturing Industries and
Construction (1A2) sectoasincreasedoy 20.5per cent between 1990 and 20%accounting foi2.6

per cent of the total in 209). Emissions from the sector were increasing proportionately since 1990
reaching their peak in 2005 as a result of the entry into the market of new opwsraidhe cement
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production subsector post2000. The use of fossil fuels for combustion decreasing since 2005 as a
result of economic circumstancesd increasing used or waste as a fug&inissions from Industrial
Processes, specifically Other solvent (&e3i) and Other product use (2G) combined accounted for
33.7per cent of the total in 20A. Emissions from 2D3i and 2G combined have increaséd@per

cent across the timeseries. The sources of emissions in these categories are lubricants ie tife cas
category 2D3i and Tobacco and Fireworks in the case of category 2G.
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2.5.4 Nickel (Ni)

E 3]}v o 8}83 0 u]ee]}v 3Ju 3 e« }(Vv]l o AE <5 ]JoC ]Jv E +]vP }A E
have been gemally decreasing from 1999 onwards (Figure 2.16). Total emissions9ri&20&t) were
81.7per cent lower than in their peak in 199%4(30t) and71.3per cent lower than in 199@(.85t).

The main contributor to the trend is Manufacturing Industries and Construction (1A2) w8&Maer

cent share in 209 (2.41kt) having reduced b@5.6 per cent since 1990 (7.02 kt). The second largest
contributor to total Ni emissions in 20lis emssions from the combined Residential (1A4b) and
Commercial/lnstitutional (1A4a) sectors accounting for73ger cent. A switch within these sectors

from solid fuels (coal and peat) to less carbon intensive liquid fuels and natural gas has resulted in a
reduction of65.9per cent in emissions since 19%ublic Electricity and Heat Production (1Ala) sector
accounted for dl4.5per cent share of the total nickel emissions in 20However, a reduction in
emission levels of 7.8 per cent is evident between 19%nd 209 as a result of the replacement of

older lessefficient generation plants, reductions in the quantities of coal combusiad fuel
switching from oil to natural gas and wind energy

Combustion sources frorgriculture/Forestry/Fishing (1A4c) secaccounted for3.6 per centin

2019. Similar to other heavy metals estimates, the closure of the Irish Steel plant in 2001 has
significantly reduced the effect of Metal Production (2C) on emission trends, frdhpéBcent share

of the total (and fourh largest contributor to nickel emissions) in 1990. Emissions i@ &8ie 027t
contributing to a4.2per cent share having reduced 8%.2per centsince 1990
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2.5.5 Selenium (Se)

National total emission estimates of Se have decreasetDBper cent, from 8.7t in 1990 to2.60t

in 2019 (Figure 2.17). The main contributor to the trend has been fuel combustion in the Residential
(1A4b) and Commercial/Institutional (1A4a) sectotsicl combined accounted f@9.4 per cent of
selenium emissions in 201 having decreased by34 per cent since 1990. The second largest
contributor to the trend is the Public Electricity and Heat Production (1.A.1.a) sector and9rit201
accounted for22.7 per cent share of total selenium emissions. Emissions from this sector have
decreased bg7.2per cent from their 1990 level of 1.80 t @59t in 2019 due to the replacement of
older lessefficient generation plants, reductions in the quantities afat combustedand fuel
switching from oil to natural gas and wind energy

Transport (1A3) sector has been increasing in the time series and witts ipgi0cent share of the
national totd in 201, it has increased b96.2 per cent since 1990. Emissiofilem Manufacturing
Industries and Construction accounted &0 per cent of the total, havinmcreased byL81.8per cent

from 1990. The remainder of the selenium emissions arise froembastion in
Agriculture/Forestry/Fishing (1A4c) sector with itd Per cent share of the national total in 291

Glass production (2A3) under Industrial Processes and Product Use (IPPU) sector used to be an
important contributor to the selenium emissions trend throughout the 1990s and up to 2002,
accounting for an averagof 1.4 per cent of the national totah that period In 2019 Industrial
Processes accounted for 1.4 per cent of national total emissions.

Environmental Protection Agency 52



)
N ~
m Public Electricity and Heat Production m Residential & Commercial/Institutional
m Manufacturing Industries and Construction m Agriculture/Forestry/Fishing
m Industrial Processes m Transport
JLIXUH (PLVVLRQ 7UHQG IRU 6HOHQLXP i

2.5.6 Zinc (Zn)

National total emissions of Zn amounted to 38t in 1990 and have fallen 2.7 per cent to 1984

tin209X /v §Z i66i>711ii % E]} U $Z u]v & Eulv vs }(8Z SE v v I]
Production (2C), accounting on average36rOper cent of national total emissions throughout that

peE]} ~&]PHE iXideX ,}JA A EU (}oo}AJvP 8Z o0}*puE }( /E o v [+ }V
from this source sector are now almost negligible and limited to relatively smaltlic&P€ed

foundries and galvanising plants. The main determinant far trend since 2002 has been the

Transport (1A3) sector2B8.4 per cent of national total zinc emissions in 2Ispecifically Road

Transport (1A3b) subector has increased significantly since 1990 as a result of the increase in the
number of vehicles onrish roads. As a result, emissions from Transport sector have increased
substantially (12.9 per cent), from 28t in 1990 to 465t in 2019.

The largest sourd@ 2019is emissions from combustion in Manufacturing Industries and Construction
(1A2) whichaccounts for29.1 per cent share of emissions in ZDhaving increased from 36t (6.1

per cent share)in 1990 to 577 t in 2019 (77.1 per cent increase). Residential (1A4b) and
Commercial/lnstitutional (1A4a) combined accounted 2ar4 per cent of the national total in 2@L
However, reduced use of coal and peat through part replacement with natural gas and gasoil has
resulted in the reduction of zinc emissions from these sector8%¥per cent, from 13.8t in 1990

to 4251t in 2019. Emissions from combustion in. Public Electricity and Heat Production (1Ala)
emissions have decreased b{.2 per cent since 1990 and accounted fo6#® per cent share of
national total in 209. Similar to other pollutants the reduction is due the repiment of older less
efficient generation plants, reductions in the quantities of coal combuatatifuel switching from oil

to natural gas and wind energyrhe remainder of the zinc emissions arise frommbustion in
Agriculture/Forestry/Fishing (1A4c) sectwith its 0.9 per cent share of the national total in 291
Waste Incineration (5C) accounted for 0.1 per cent of the national total in 1990 however, following an
outright ban on incineration of clinical waste in hospitals in 1997, emission €bnical\Waste
Incineration5Chiii are no longer a source.
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2.6 Persistent Organic Pollutants (POPS)

* % ES }(/E o v [+ u]ee]}v ]JVA VE}EC Ju% E}A u v3 % E}PE uu U §Z
project in 2007 to dvelop an inventory of persistent organic pollutants in Ireland. The project report
(AEA/CTC, 2008) provides detailed information in relation to the methodological choice and activity
data for the diverse range of sources that give rise to emissions of R@Rin Ireland. For the
purposes of identifying the major contributors to the trendRCDD/FPCBs, HCB and PAHs, some of
this information is provided in the following sectioffe approachhas beerupdated subsequently
as new versions of EMEP/EEA Inventory Guidebook have been published.

2.6.1 Dioxins and Furans (PCDD/F)

Dioxin and furan emission levels decreased f&grb4g FTEQ in 1990 t&8.50g FTEQ in 209 (68.9

per cent reduction on 199@Vels). The main contributors to the trend are the Residential (1A4b) and
Commercial/lnstitutional (1A4a) sectors combined witl®@5 per cent share of total emissions in
2019; however, emissions from these sectors have reduced/ghy per cent) from 46/8 g FTEQ(

and 78.6 per cent shar@) 1990 to 12869 FTEQ in 204 (Figure 2.19).

The second largest contributor to the trend is the Waste sector which is dominated by emissions from
the Other Waste (5E) sector, where building and vehicle fires and residential burning of waste are the
emission sources. Total emissions from the wastéosexcounted for23.2per cent 4.29g FTEQ) of
national total emissions in 2@1a reduction ob61.5per cent on 1990 levels @ g FTEQ). Emissions

from the sector peaked in 2003 (8.92 -GHQ) due to an increase in the assumed combustion of
househotl waste that remains unaccounted for in national statistics. The introduction of unleaded
petrol and technological improvements in road vehicles has offset increased numbers of vehicles in
the national fleet, with 8.7 per centshare of national total emssions foemissions in Transport (1A3)

in 2019 Process emissions from the manufacture of cement (2A1) in Industrial Processes and Product
Use sector, accounting f@.1 per cent of national emissions in 2810.02g FTEQ), #8.8 per cent
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reduction on1990 levels 1.45 g FTEQ).Combustion in Agriculture/Forestry/Fishing (1A4c) sector
accounted forl.9 per cent of emissions in 2010.35g FTEQR decrease of0.2per centon the 1990
emissions (1.7 g FTEQ). Public Electricity and Heat Productiorié)Aemissions have decreased by
50.1per cent from their 1990 level of 0.59 FEQ to B0 g FTEQ and are responsible fol& per
cent share of national total in 2@1due to the replacement of older lesdficient generation plants,
reduction in the gantities of coal combustednd fuel switching from oil to natural gas and wind

energy.
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2.6.2 Hexachlorobenzene (HCB)

Figure 2.20 outlines the trend in hexachlorobenzene emissions in Ireland ecéoZ i 6 6 D*ifniel

series. The graph indicates that HCB emissions from Secondary Aluminium Processing (2C) which, for

the period up to and including 1996, dominated the inventory with a contribution of 40 kg per year
and is no longer a source of HCB ssmns within Ireland due to the banning of hexachloroethane

(HCEbased cover gas use (HCB was present as a contaminant in such cover gases). Emissions since

1997 are more relevant to trend analysis up to 201

There is very limited information on thelease of HCB to air for most source sectors in Ireland. The
main source is the use of pesticides in agricultural practices significantly increasing upH@.2d0
kg), reaching its peak in 2008.¢3kg) and decreasing t.03kg in 206 following a baron the use

of certain pesticides Subsequently emission have increasagn to 2012, before subsequently
decreasingand in 201 were2.04 kg representing m87.0 per cent share. The Public Electricity and
Heat Production (1Ala) sector was the second largmsice in 202 accounting for 4 kg and &0.0

per cent share of the national total, having decrease®byper cent between 1990 and 201

Incineration of hazardous and clinical wastes and crematoria included in the waste incineration (5C)
accountedor 0.2 per cent share of national emissions in 2. decrease of@®8per cent since 1990.

The remainder of the HCB emissions arise mainly from combustion in the Residential (LA4b) and
Commercial/lnstitutional (1A4a), Manufacturing Industries and Caonstn (1A2) and

Agriculture/Forestry/Fishing (1A4c) secttds AZ] Z }u ]v E % E ¢ vS§ « "KS§Z CE _
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Figure 2.20 and account for®per cent of the total in 209. Transport (1A3) accounted for 0.3 per
cent of national emissions in 291
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2.6.3 Polychlorinated Biphenyls (PCBS)

Estimated national total emissions of polychlorinated biphenyls have decreag&ilyer cent from
39.10kg in 1990 to7.80kg in 20B. Emissions peaked 2003 67.69kg) Figure 2.21)Other Waste

(5E) is the largest contributor to the trend in PCB emissions in Irelecwlinting for 3.09 kg in 2019

In 2019, the emissions from the Waste sectamwholewere 4.55kg 68.3 per cent of national total
emissiors), a decrease 10.9per cent compared to 19905.62kg). Emissionsdm the Waste sector
peaked in 2003 (59.93 kg) due to an estimated increase in the quantity of household waste that
remains unaccounted for in national statistics and which is assutoebe burned Combined
emissions from the Residential (1LA4b) and Commercial/Institutional (LA4a) sectors accourd2® for

per cent of the national total in 2®1(2.56 kg), a 4.0 per cent decrease from those estimated for
1990 (9.85 kg).

Of particularnote for PCB emissions is the contribution of the NFR Sector 2L (Other Production,
}Vepu% S]tvU ¢S}1E P U SE ve% }ES S]}v }& Z v o]JvP }( pol % E} pu §

covers PCB use as dielectric fluid in electrical equipment such as trapsfoand capacitors.

However, through the introduction of Hazardous Waste Management Plans and the Waste Electrical

and Electronic Equipment (WEEE) Regulations, emissions since 2006 have been decreasing in general.

Public Electricity and Heat ProductiorA(la) emissions wer@.01 kg in 2019 and contributed 0.2 per

cent of the total.Increases in cement production have led to increases in fuel combustion based
emissions in Manufacturing Industries and Construction (1A2) up until 2005 ThisE S PYEC]-
emissionshave decreased bg5.7 per cent between 1990 (@6 kg) and 202 (0.68 kg), with a
contribution of8.7 per cent to the national total in 2@
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2.6.4 Polycyclic Aromati¢tiydrocarbons (PAHS)

For the purposes of this report, total PAHs in the form of the sum of emissions of benzo[a]pyrene,
benzo[b]fluoranthene, benzo[k]fluoranthene, and indeno[1;2§ pyrene are presented in Figure
2.22. All together the emissions from & combined four pollutants decreased B%.9 per cent
between 1990 (422t) and 20D (1355t). For all four PAHs, the main source sectors are the same.
The inventories are dominated by emissions from combustion in the Residential (1A4b) and
Commercialfhstitutional (1A4a) sectors. In the Residential (1A4b) sector (main driver of the trend),
the lack of combustion controls or abatement, together with relatively-temperature combustion
conditions, leads to high emissions of PAHs. Even though natiotahleimissions of PAHs have
generally declined across the time series, the Residential (1A4b) and Commercial/Institutional (1A4a)
sectors combined accounted f82.9per cent of the national total in 2®] having decreased by80

per cent from 468t in 1990 to 12.58t in 2019. The decline in emission levels is due primarily to the
decline in the use of coal and sod peat for residential space heating, as reported in the National Energy
Balance.

Combustion emissions Manufacturing Industries and Consttion (1A2) sector accounted fdr4

per cent of the total in 202 (0.60t), a decrease d68.1per cent since 19901(43t). Emissions from
Transport (1A3) have increasby 157.7 per cent) to 028t representing a 2. per cent share of the
national totalin 2019 for all four PAHs as compared to 0.2 per cent 1990L(1). Dther Waste (5E) is

the main driver in the Waste sector resulting in the Waste sector accounting for 0.3 per cent in the
total PAHs emissions in 281a19.7per cent reduction since 1990.
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Chapter Three
Energy

3.1 Overview of the Energy (NFR 1) Sector

The Energy sector covers combustion and fugitive sources of emissions assauithtethe
production, transport, conversion and use of fossil fuels. Emissions from combustion in this sector
account for the bulk of total national emissions for the majority of substances covered in this IIR.
Estimates of the various pollutants are irdhd for all emission sources that occur in the country and
the required level of disaggregation is achieved for sufficiently detailed completion of the NFR tables.

Annual energy balance sheets published by Sustainable Energy Authority Ireland (SEBAd) are t

% E]V ]% 0 *}uE }(  3]A]3C § (& }u%opsS]vP 8z ulee]}ve Jv 8§Z
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energy balances have undergone major improvement over tegears to take account of emission

inventory requirements and more harmonised reporting to Eurostat and the International Energy

Agency (IEA). The annual submission effoigate energy balances from SEAI to the inventory agency

is one of the primary datdv %o pus+ }A & ¢ D}h]Jv /& ov [*vV S]}voOo*CeS u~ Z
}vel]eS vs ¢« § }( v EPC o0 Vv <Z 3. (9dadéles @e tidesefiedaestimates

of emissions foEnergyin this submission. The 20&nergy balance is provided Annex B.

Substantial plantevel fueluse data are also available for many important categories in the Energy

e+ 3JEU +% ] 00C (}JE ulE E Vv3 C E-U AZ] Z o00}As }533}u>u% -
pollutants using Tier 3 methods. These dat@ obtained through direct arrangements with the

operators of certain plants through their returns under Chapter Ill the Large Combustion Plant (LCP)

of the Industrial Emissions Directive and the EU ETS and under environmental reporting related to

their IPPC permits.

The emissions of S@rom fuel combustion are determined from the fuel properties, and fully
representative emission factors are readily obtained for the fossil fuels used in most emission
categories in Ireland. In general, other pollutantsitted from combustion sources are heavily reliant

on emission factors from nenational sourcesand are taken from thelnventory guidebook
(EMEP/EEA, 2002019. The Ceordinated European Programme on Particulate Matter Emission
Inventories, Projectionand Guidance (CEPMEIP), which is aimed at supporting national experts in
reporting PM emission inventories, serves as the reference for emission factors in the category 1A3a
for the different forms of Particulate Matter (PM)aRiculate Matter emission factors for other
sectors are derived from the Inventory Guidebook (EMEP/EEA). In the past, emission inventories

for heavy metals and POPs received little attention in Ireland and special studies were necessary to
compile national emissiorestimates for reporting purposes. The separate detailed studies on
emissions of heavy metals and POPs in Ireland were undertaken by consultants (AEA/CTC, 2008;
Netcen/CTC, 2006) and they made use of the best available emission factors for many emission
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sources, with strong dependence on UK information sources. The results from these studies were the
basis for developing timeeries emissions of heavy metals and POPs in the Energy sector in previous
submissions. In this submission, many of the EFs for heatgls and POPs are from the Inventory
Guidebook (EMEP/EE2Q19).

3.2 Public Electricity and Heat Production (NFR 1A1la)

The production of electricity and heat from fossil fuels has traditionally been the most important
source of key pollutants such as ;Sahd NQ in most countries. Approximatelyl per cent of
electricity production in Ireland (SEAILL2ZD) is dependent on fossil fuels and Category 1Ala therefore
remains one of the major emission categories. Emissions §fN8® CO, three particulate miesr
pollutants, BC, all nine heavy metals and POPs have decreased more or less significantly since 1990.
NMVOCs were the only emissions that have increased in the time series due to the increase use of
natural gas. The level of emissions in Sector 1Alamtdp heavily on the mix of fossil fuels and
renewables used for electricity production. In 1990, heavy fuel oil (HFO), coal, peat and natural gas
were the principal fuels used. The use of HFO, coal andheesateclined as natural gas became the
preferredfossilfuel during latter yearsk-or example, in 2019 coal used for electricity generation fell

by 69 percent year on year following a 44 per cent decrease in 20&Beration emissions from

/E o v [e-td-ensdrgy plants, however small, have been @asing sincéhe first such installation

came intooperation in 2011 and second in 2017.

3.2.1 Emissions of Sulphur Dioxide and Nitrogen Oxides

Until 2000, the Electricity Supply Board (ESB) operated all public electricity power plants in Ireland.

After 2000, several new gdsed plants and one pedtred plant were built by other operators, while

the ESB replaced old pehtirning stations with new stations also burning peat and has been engaged

in a major retrofit and improvement programme for plamsgeneral. The shift to natural gas and the

use of lowsulphur coal, combined with a decline in the sulphur content of fuel oil, have reduced SO
emissions b@7.8per cent from 103.04 kt in 1990 @24ktin 200X dZ « S}&E[e }vSE&E] usS]}v §]
overallSQ emissions in 20@was20.6per cent as opposed to 56.1 per cent share in 1990. Incineration

of nonrenewable waste in MSW accounted fhd per cent of SEemissions from power generation

in 2019.

At the same time, the changed fuel mix, together wille application of extensive N@mission
control technology and the more modern plants, has decreaseddi@ssions by7.1per cent from

46.37 kt (and 8.3 per cent share of total N(missions) in 1990 t6.99kt (and5.9per cent share of

the total) in2019. In comparison to the year 281NQ emissions decreased Wyl per cent in 209,

and S@emissionglecreased in 209 by 21.2per cent. The ESB has supplied estimates oBSONQ

on a plantby-plant basis to the inventory agency for all years sib@80, mainly for the purpose of
compiling S@and NQ inventories under Chapter Il of the IED Directive. The emissions for power
plants operated by other companies are obtained either directly from their LCP, AER or PRTR
submissions or they can be estited by the inventory agency from fuel data made available under
the ETS. Ireland sought clarification from these power plants regarding the reporting of emission using
validated average figures (after subtracting the value of the confidence interval)e phaets were
discovered to be underreporting their emissions as a result of this exercise and corrected figures were
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supplied without subtraction of the confidence intenaaid reported in the 2020 submission. In this
submission all relevant plants haveported correctly to the inventory agencincineration of non
renewable waste in MSW accounted &6 per cent of NQemissions from power generation in 201
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Figure 3.1 Nitrogen Oxide Implied Emission Factors for Category 1Ala

The weighted averagemission factors of SGand NQ per fuel type (coal, peat, oil, natural gas,
biomass and waste (MSW)) in Category 1Ala are given in Figures 3.1 and 3.2 as implied emission
factors (IEFs) to illustrate the level of decrease due to the factors mentionagkalbbe S@emission

factors reflect the sulphur content and net calorific value of the fuels used in the particular year and
they account for sulphur retention levels in the fuel ash of 5 per cent and 10 per cent for coal and
peat, respectively. The N@mission factors (apart from landfill gas) are compiled from planél
estimates that are determined from measurement, unit load factor and plant performance. Emission
factors for landfill gas are default values as per the revieedntory Guidebook (EMEEEA2019).
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Figure 3.2 Sulphur Dioxide Implied Emission Factors for Category 1Ala

3.2.2 Emissions of Other Substances

The emissions of all substances other than 8@l NQ in Category 1Ala are estimated by the
inventory agency using the fuake energy data given by the national energy balance and appropriate
emission factors taken from tHaventory Guidebook (EMEP/ERA]19 and plantspecific factors for
non-renewable wates from waste incineratiorkor the pollutants Cd, Hg, Pb, Dioxins, PCB, PAH and
HCB Irelanditilises the emission factors presented in tH2019 EMEP/EEA Inventory Guidebook.
Specifically, the emission factors for coal and peat are taken from Tdl8gf3el oil from table 311,

natural gas and landfill gas from tablel3These emission factors are presented@ble C.1 Annex C.

The activity data for 1Ala follows the format of that presented in Table B.1 Annex B for all years.
Dioxins emissions for Pegower plants are estimated with plant specific emission factors.
Furthermore, for Oil, there are no emission factors available for BaP, PCB and HCBR Wi 3he
EMEP/EEA Inventory guidebook. For natural gas and landfill gas there are no emissionvai#die a

for PCB and HCB in tB819EMEP/EEA Inventory guidebook. Ireland uses the same activity data for
all air pollutant and greenhouse gas emission calculations to maintain consistency in approaches
across inventories (see section 3.1heTemissiorfactors for 208 (split by pollutants and fuel type)

and their sources are listed Trable C.1 oAnnex C.

3.3 Petroleum Refining (NFR 1Alb)

Emissions from fuel combustion at one small oil refinery in Ireland are estimated in this source
category. Detailednformation on the fuels used in different parts of the refinery in recent years is

AlJo o S$ZE}uPZzZ 82 Ju% vC[e ZU WZdZ v d™ ey u]ee]}veX dZ]-
appropriate emission factors from national data and from internationatdiigre sources recognised
as being fit for purpose by the emissions inventory community. In the case of heavy metals and POPs,
the estimates are based on emission factors from the Inventory Guidebook (EMER{HBA The
emission factorsisedand their sairces are listed in Table C.2 of Annex C.
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3.4 Manufacture of Solid Fuels and Other Energy Industries (NFR 1Alc)

Emissions from this source category refer to combustion emissions from the production of peat
briquettes from milled peat at two plant®ne naural gas production platform and one new natural

gas refineryin Ireland. As in the case of the oil refinery, the energy balanceuieldata are
supplemented by information reported by the plants under the ETS, which again allows for the
selection of appopriate emission factors using national data and kagiality international sources.

The estimates for heavy metals and POPs are based on emission factors from the Inventory Guidebook
(EMEP/EER019. The emission factorssedand their sources are listiein Table C.3 of Annex C.

3.5 Manufacturing Industries and Construction (NFR 1A2)

This category covers emissions from combustion in manufacturing industries and construction
activities. Category 1A2 is split into the following seven subcategories:

1.A.2.alron and Steel

1.A.2.bNon-Ferrous Metals

1.A.2.c Chemicals

1.A.2.dPulp, Paper and Print

1.A.2.eFood Processing, Beverages and Tobacco
1.A.2.f Nonmetallic minerals

1.A.2.gOther Industry

Where it is possible to separate process emissions fthose associated with fuel use, the process
emissions associated with these industrial groups are reported in the Industrial Processes (NFR 2)
sector (Chapter Four). The relevant process emissions in Ireland are those related some metal
industries.

Camparison of the Sustainable Energy Authority of Ireland\(SEnergy Balance data with ETS fuel
use data indicates that the combustion activities within the 1.A.2 category are dominated by a limited
number of large industrial processing plants. It is assdithat all biomass reported as fuel use within
the SEAI Energy Balance is clean untreated wood and-wmméssing waste. The ETS data for major
wood-processing facilities indicate the use of laiggale biomass boilers, fired using wood biomass,
chippirgs, pulp and wood dusknowledge of these installationsdicates that none of these wood
based fuels are prreated and hence emission factors applicable to clean wood use in-$aaje
boilers have been used to estimate POP emissions from theseesourc

The Iron and Steel (1A2a) sector was dominated in the 1990s by fuel use and emissions from one
electric arc furnace but, since its closure in 2001, the fuel use reported in 2002 in this sector related
to a small number of iron foundries, which in tbtzsed only a very small amount of gasoil and LPG
and since 2003 combustion emissions are not occurtiig. 1A2a 1990 was the only year in the
timeseries for which coal was combusted as a fuel in the category (29 ktoe). The emission factors used
are thosepresented in Table 3.2 of the Inventory GuidebdBMEP/EEA, 2019Jhe emission factor

for coal is significantly higher than the emission factors associated with the other fuels combusted in
the category, thus the combustion of coal in the category lieryear 1990 has a significant influence
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on emissions for that yeaFhe process emissions from this industrial activity are described in chapter
4, section 4.4.1.

The NonFerrous Metal (1A2b) subcategory is dominated by the very significant fuel usely(ma
natural gas replacing fuel oil) reported at a single large alumina plant, whilst the Chemicals (1A2c)
subcategory includes natural gas, kerosene, fuel oil, gasoil and LPG use at large chemical plants. The
Food Processing, Beverages and Tobacco (1g€2&)r covers a diverse range of industrial plants,
much of which is related to agriculture, with justder 30 installations reporting to the EU ETS and
using predominantly natural gas and liquid fuels. The bulk of the fuel use reported in the energy
balance under the 1A2f subcategory is accounted for by major cement works, lime producers, a small
number of brickworks and fuel use at boiler plant within industries such as the pharmaceutical, glass
and tile manufacturing sector$here are at present four cement plants in Ireland, all of which use the
dry kiln process, and they are currently fuelled by coal, petroleum coke and fushddmeat and
bone-meal, solid recovered fuels (SRF) and tyre derived fuels airaioeratedat three of the four

plants The InventoryGuidebook EMEP/EEA, 20}, 9rovide some POP emission factors on an overall
grams of pollutant per tonne of clinker produced basis. The guidebook states that these emissions
should be allocated to combustion irrment manufactureThese emission factors have been used to
determine the total emissions from cement plants. Fusé data are available from plant operators

as part of their reporting requirements under the EU ETS (Directive 2003/8RESIlual fuel nio

used in the cement manufacture sector but used in other manufacturing industries in 1A2f is
calculated and missions from fuel use are calculated using combustion emission factb2f, while

the fuel use data from cement manufacture is removed touraghere is no double counting.he

same method is used for heavy metals in 1A2f. Emissions for individual cement plants were collected
for all available years for Cadmium, Mercury and Lead and a plant specific g/t emission factor was
determined using atiker production. This was then used to calculate emissions for years where plant
emissions data was not available. For other metals As, Cr, Cu, Ni, Se, Zn the Tier 2 emission factors
from Table 24 Chapter 1A2 of the Inventory guidebook (EMEP/EEA, 204r@) wged with plant
clinker production to estimate emissiornResidual fuel not used in the cement manufacture sector
but used in other manufacturing industries in 1A2f is calculated and emissions from fuel use are
calculated using combustion emission farstin 1A2f The fuel use data from cement manufacture is
removed to ensure there is no double countimyl other industrial fuel use is reported under
subcategory 1A2g. This sector covers a diverse range of manufacturing branches ranging from textile
andleather, through machinery, transport equipment, wood products, mining (excluding fuel mining)
and quarrying to other manufacturing businesses. Ireland's national Energy statistics do not provide
an estimate of fuel used in mobile construction. All ensissiassociated with the category 1A2g are

E % }ES Jv i TPA]]JU v u} ]o ulee]}veU i TPAJJU E E %} ES
1A2gviii Currently all fuel is assumed to be stationary as the energy balance does not provide an
estimate for fues used in mobile machinery. The inventory agency has tendered research to be
undertaken to quantify the extent and amounts of fuel used by mobile combustion on construction
sites and when available will include the results of this research in the natgmeagy balance in
consultation with the energy balance provider and estimate emissions accordingly.

The revised and expanded energy balance sheets developed Alyir8Brporate a mapping of

industrial fuel use in combustion into the NFR subcategories i#®agh 1A2g under sector 1A2
Manufacturing Industries and Construction. This facilitates the complete disaggregation of emissions
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at subcategory level. In addition, information on fuel consumption was obtained in respect of a small
number of energyintensive industries (e.g. alumina production and cement manufacture) from their
ETS returns, allowing their respective energy use amounts to be reconciled with the breakdown given
in the national energy balance. Emissions in subcategories 1A2a through 1A@stiarated on a
§}% > }Av e]e pe]vP ]+ PPE P 3§ (p o pe (E}u 8Z v &pecific o v v
and default emission factors as shown in Tables C.4 through C.10 of Annex C. The estimates for heavy
metals and POPs are based on emissamiofrs from the Inventory Guidebook (EMEP/EEAL9).

ulee]}v ( 3}E+ (}E Z AC u 3 0 v WKWe ~Jvopu]JvP E ( E v e« (}E
Table C.11 of Annex C.

Ireland used the emission factors from theventory Guidebook(EMEP/EEA, 2019)r liquid fuels

The Tier 1 EFs for liquid fuels are an average of Tier 2 EFs and are not considered representative
considering one of the liquid fuel values for NOx is 9429/GJ based on reciprocating engines which are

not presentin Ireland. The Tier 1 tge of 100 g/GJ used by Ireland is still valid, as all the guidebook

editions reference Chapter B2b6 older editions of guidebookA generic emission factor of 100 g/GJ

A e %%0] (}E o0 o]cpu] (p o (}JE « 3}E- i 1(U-4ATdr Zerhission 5 Jv (G
( S}E- (}J& iX X7 }u pes]}v ]v ]v peSEC pe]vP oJcpu] (K 0o°*_U (}E& "ZKS
Manufacturing industries and construction (combustion), EMEP/EEA emission inventory guidebook

2009. Reference EMEP/CORINAIR B2lfle -1 of the GuideboolR019refers to the appropriate

chapters for EFs, either 1A1, 1A2 or 1A4. Very few EFs were used from Chapter 1A2 as Ireland does

not have these types of industry. EFs were again mainly sourced from the small combustion chapter

(1A4) for boilers, asheseare the most appropriate for the boiler typ@ised in Ireland. The average

of Tier 2 EFs are not applicable as Ireland has no reciprocating engines or turbines.

Regarding NMVOC emissions in 1A2qviii, the fuel used for 3 large fdaall years where data is
available (2002019, EU ETS), was subtracted from the total fuel use and a Tier 2 EF was used, 12kg/TJ
for NMVOC and all other pollutants, EMEP/RBE9, 1.A.4 Small Combustion, Tabid&, 'wood'. The
residual amount obiomass fuel uses the Tier 1 EF.

3.6 Transport (NFR 1A3)

As abatement measures continue to reduce emissions of key pollutants from major stationary
combustion sources, transport in general, and road transport in particular, has become more
important as a surce of atmospheric emissions in many countries. The effects of technological
emission controls for passenger cars and other vehicles in Ireland have, to a large extent, been offset
by the substantial increases in vehicle numbers, with the result thabmmeguctions in the emissions

of pollutants such as N@lid not occur until 2007 when the economic situation caused an overall
decrease in most emissions evident from 2008. IN920@x emissions from this sector reachd.86

kt (40.4per cent share of t@l) reflecting a decrease I84.3per cent on62.23kt emissions (an86.5

per cent share) in 1990.

Road transport in Ireland is a larger source ofxl@an electricity production, and road traffic also

continues to be the major source of CO, BC, Bz Cand Zn, although BC, Pb, Cr, Cu and Zn emissions
are very small in absolute terms.
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3.6.1 Domestic and International LTOs (NFRs 1A3aii(i) and 1A3ai(i))

As a relatively small island state, aviation emissions are dominated by the internat@mnpbnent.

Under the LRTAP Convention, only the landing and-adiké_TO) component of emissions for both
domestic and international flights is reported in the national total. The cruise component, domestic
and international, is reported as a memo itenftek the motorway network to Dublin from Galway

and Cork was completed around 2008/09 and the upgrades of the Cork to Dublin rail line, domestic
air travel was no longer competitive, leading to cessation of specific routes. Almost all flights ceased
from Galway airport post 2011.

The fuel consumption associatedth domestic and international LTOs is estimated using a Tier 3b
approach (Table 3.6.2, 2006 IPCC guidelines) based on origin and destination data for domestic air
travel provided by EUROCONTRQ@ico@®ntrol, 2016), using an Advanced Emission Model (AEM) to
estimate fuel burned and emissions for the full trajectory of each flight segment using aircraft and
engine specific information. This new approach is used for all years from 2005 owZ&te
BUROCONTROL data is available. For the years20@d0 the number of flights for each airport was
estimated based on domestic passenger and aircraft movement statistics as well as the relationship
between all Irish airports and Dublin airport which is grencipal destination of all domestic flights.
Domestic LTO and Cruise fuel consumption rates for -2@@d are based on an average (2005 to
2011) for each departure airport using EUROCONTROL consumption rates.

Figures 3.3 and 3.4 and Table C.12 of Ahpresent the number of LTOs, domestic and international,
from Irish airports for all years from 1990 to ZD1
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Figure 3.3 Number of Domestic LTOs from Irish airports 199019

For data handling purposes, the inventory agency aggregated approximatebmab regional

JE%}IESI E} E}0Othdbo 2] & » Juvs (JE %% E}LEJu 8 0C iXi % E
flights along with nine Irish airports which account for the remaining 99.0 per cent of all domestic
flights in 20P. Emission factors associdtavith aviation emissions are presented in Annex C tables
C.13to C.18.
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Figure 3.4 Number of International LTOs from Irish airports 1992019

3.6.2 Road Transport (NFR 1A3b)

The emissions of nine weélhown pollutants (S& NG, NMVOCs, NiHCO, TSP, RMPMs, BC) as

well as seven heavy metals (Pb, Cd, Cu, Cr, Ni, Se, Zn) and POPs (Dioxins and Furans, PAHSs) reported
under subcategory 1.A.3.b Road Transport aestimated directly from the COPERT 5 model
(Pastramas N. et al., 201dgveloped within the CORINAIR programme for estimating a range of
emissions from this important source.

The national total emissions in all cases are determined by the quantity of fuel sold in the country, as
given by the energy balance. Approximately85petajoule (PJ) equivalent fuel energy from petrol,
diesel, liguefied petroleum gas (LPG) and biofuels was consumed by road transport in Ireland in 1990.
Consumption went up to 190.86 PJ in 2007 followed by a sharp decline to 145.88 PJ in 2012 and
subseuently increasing to %71 PJ in 202. The energy share in biofuel has continued to increase
since its introduction in 2005 and increasedt@8PJ in 20Q. It is known that significant proportions,
e.g.0.4per cent of petrol and.1per cent of diesein 2019 sold in Ireland are consumed outside the
country (referred to as fuel tourism) and therefore separate estimates of emissions are produced
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based on fuel amounts used within Ireland. The use of compressed natural gas (CNG) in road transport
is recoded in national energy statistics for 2012019 however, the emissions were not estimated

as the fuel amounts were considered negligible. For some countries, including Ireland, the national
totals determined by fuels used are the basis for assessmettiaif performance in relation to
relevant Protocols under CLRTAP. Annex A.3 outlines the methodology used to estimate the quantities
of automotive fuels used in Ireland and includes the adjusted annual emissions for 1987 and the years
i601>19.0

The emssions of SgXfor road transportation are computed from the amounts of petrol and diesel
used by motor vehicles, as reported in the energy balance, and the sulphur content of the fuels. For
the other substances, the COPERT 5 model estimates emissionsdmedeiance travelled using a

S ]o }1S8IUu>U% %o%o E} Z ~d] E T S§Z § }uvsSe (}JE ep Z ( S}E-
engine capacity, driving speed and a wide range of applicable technological emission controls that
may be applied across tltifferent vehicle categories according to the age of vehicles.

A total of225vehicle categories are determined by these variables in COPERT 5. Annexs@eahow
trend in emission factors for NOSQ, NH; and NMVOGSCO and Particulate Mattger vehide type
(1& &} SE ve%k}ES $]}v }A E9 dedernfwedbly} thei EOPER variables for the
vehicle fleet in IrelandForPM.s, PMp and TSPnon-exhaust emission that includes brake and tyre
wear emissions and road abrasion emissions fos £MMic and TSRre alsopresented as estimated
using the COPERT model

The primary model inputs for each year are the populations of vehicles in the relevant categories, their
annual kilometres of travel in three selected speed classes, total fuel amounutstte fuel
specifications. The numbers of vehicles are taken from annual bulletins of vehicle and driver statistics
(e.g.DTTAS, 2M) and these are allocated to the different control technologies (Euro I, Euro Il, etc.)
based on their age and the applimn dates of the controls in Ireland. Information to assign values of
annual kilometres of travel for the three speed classes (corresponding to urban, rural and highway
driving) used for the individual vehicle categories is taken from the National Roglasrity (NRA)

and odometer records from the National Car Testing (NCT) ttwed Commercial Vehicle
Roadworthiness Test (CVRT) Service. Before the emissions are estimated in COPERT 5, fuel balancing
is undertaken in the model using inbuilt consumption ratesthe different vehicle categories to
ensure that the total fuel amounts calculated from annual kilometres and consumption rates for all
vehicle categories match the input fuel quantities (the fuel sold as given in the energy balance or the
fuel used agletermined by Annex A.3) and therefore that emissions relate to the relevant total fuel
amount. This fuel balancing may involve some adjustment to kilometres travelled or to the shares of
total kilometres in the different road classes.

3.6.2.1 Trends iemissions in Road Transport

For NH, COPERT generated Nemission factors (g/km) for gasoline passenger car in 2005 for
emission technology Euro 1 & Euro 2 are 30 percent and 52 per cent higher, respectively than those
for 2004. This can be explaineddghange in sulphur content from 2004 (150ppm) to 2005 (109 ppm)
for gasoline and from 208ppm to 37ppm for diesel in 2004 and 2005, respectively. In addition, gasoline
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use increased by 5.3 per cent between 2004 and 2005. This causes a resultant incBéaserease
in emissions of NHn 2005.

There was an increase in emissions of,PAhd PM, from diesel passenger cars between 2006 and
2013 which can be explained by a combination of an increase in diesel passenger cars between the
years 2006 and 2@l in part due to the indirect effect of motor taxation policy and economic growth
leading to increased number of diesel cars less than 2L in the vehicle population, which more than
offset reductions associated with the introduction of Eurarl Stechnobgyin the fleet

The fluctuations in NHemissions for Light duty vehicles occurs because both gasoline fueled and
diesel fueled light duty vehicles exist in Ireland. Thel®R (g/km) for gasoline and diesel fueled LDVs

is between 0.001 and 0.@@/km for the entire time series using the Tier 3 COPERT 5 model. These
are similar to the Tier 2 diesel exhaust emission factors presented in the EMERYEEAventory
guidebook. Furthermore, it should be noted that in 198@.2 per cent of the total mileager LDVs

was from diesel fueled vehicles with the remainder being petrol fueled. This has growrBtped9.

cent in 20B. The introduction of Euro 6 LDV vehicles in 2015 which have an increased emission factor
(g/km) above Euro 1, 2, 3 and 4 associated with @er cent increase in total mileage for diesel
powered LDVs between 28-nd 20D explains the increase in emissaf NH.

Fluctuations in Nkemissions for Heavy Duty Vehicle (HDV) isaducrease in mileage by stock from
19962000 of 20 per cent on average over these four years. This level of activity was maintained at
this level from 20022007 after which thex was a decrease from 20@®812 of 12 per cent on average

for these four years due to the economic recession in Ireland. As a result, emissions fluctuated with
the increasing and decreasing HDV activity. A recovery can be rs@8&132014, 2015 and 2016
wherethere wasanincreasen HDV mileage stock(5 per cent,2oer cent,8 per cent andL3 per cent
respectively) Despite this increase in activity in HDN®x emissions from HDVs have decreased in
2015-2019, and this is mainly due to the move from atjiin older technologies into the newer Euro
IV-VI classes for HDV which have improved emissions standards and hence lower enfisgions
example37 per cenbf HDV activity was in the Conventional, Euro I, Il and Il classes in 2012, whereas
in 2019 8 per centof HDV activity is in thes@der Euro classes ar@R per cents in Euro IMEuro VI.

Lubricant emissions from the road transport sector were estimated using COPERT 5 where the
lubricant used was considered as an input in the model. Thus, ensds@mn lubricant for all engines
including 2 and 4 stroke engines were included in COPERT output and reported under relevant
categories in the NFR.

3.6.3 Railways (NFR 1A3c), National Navigation (NFR 1A3dii) and Other
Transportation (NFR 1A3e)

Theemissions under subategories 1A3c Railways and 1A3d National Navigation are calculated from
the amounts of fuel used by these activities and the couspgcific S@emission factors and default
Inventory Guidebook (EMEP/EE®19 emission factors forib No solid fuels have been used in
railways since 1970. All emission factors for railways and navigation are given in Table C.20 of Annex
C. These are minor sources of emissions in Ireland. Emissions from military shipping are allocated to
1A3d, nationahavigation. or 1A3di(i), international maritime navigation, as appropriate.
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The emissions reported in sudategory 1A3e Other Transportation refer to the use of natural gas in
pipeline compressor stations and emission factors (couspgcific and defativalues) for this sub
category are given in Table C.21 of Annex C. The fuel use is estimated as the difference between the
value given for natural gas under own use/losses in the energy balance sheets (Annex B) and the
amount of gas estimated to be losbim the distribution network.

3.7 Other Sectors (NFR 1A4)

The NFR Subcategory 1A4 Other Sectors covers combustion sources in the Commercial/Institutional
(1A4a), the Residential (1A4b), and Agriculture/Forestry/Fishing (1A4c) sectors. The Residéntial se
remains the most important source of emissions for most substances in this subcategory in Ireland,
while Agriculture/Forestry/Fishing is a major contributor to s\gDnissions, largely because of the
influence of agricultural (offoad) machinery. Thecévity data for all 1A4 subcategories are taken
directly from the energy balance. As there are no fuels allocated to the sector 1A4aii
Commercial/lnstitutional: Mobile or 1A4bii Residential: Household and Gardening (Mobile) in national
energy statisticsjt is accounted for in category 1A3b Road Transport were gasoline fuel is fully
accounted. Sector Residential (1A4b Tier 1 emission factors from the Inventory guidebook
(EMEP/EEA, 2019) are used for all fuels with the exception of Biomass. A Tier 2 imeiholied to
emissions from Woody Biomass using emission factors from Chapter 1A4 #abferdvood pellets

and Table 313 for logs/wood briquettesThe emission factors for stdategory 1A4 Other Sectors are
given in Tables C.22 through C.28 of AnBex

3.7.1Commercial / Institutional (NFR 1A4a) aitksidential (1LA4b)

Combustion in the residential sector is one of the principal sourcesnigsions, contributin§0 per

cent of SQ emissions, 29 per cent of CO emissions and 55 per cent gfiRI4019. This sector also
contributes 41 per cent of Pb and 26 per cent of Hg emissions in 2019. This sector is also one of the
principal sources of emissions of Dioxins and PAHs contributing 69 per cent and 90 per cent
respectively in 2019. Coal burning irettesidential sector is also an important but declining source of
NMVOC emissions as coal consumption decreases. Significant fuel switching has been seen in the
residential sector since 199Beduced use of coal (72 per cent) and peat (75 per cent), ndthased

use of liquid fuels gasoil and kerosene (200 per cent) and natural gas (404 per cent) and renewables
(62 per cent) in these sectors has resulted in significant decreases in emissions since 1990. Between
1990 and 2019 decreases have been seeBGremissions (82 per cent), NMVOC emissions (71 per
cent), CO (67 per cent), BM73 per cent), Pb (73 per cent), Hg (71 per cent), Dioxins (73 per cent)
and PAHs (73 per cent) in the commercial/institutional and residential sectors.

3.7.2Agriculture/Faestry/Fishing (NFR 1A4ci and ii)

This subcategory covers both stationary combustion (1A4ci) and mobile combustion (1A4cii) in
Agriculture. The energy balance does not currently provide information on the end use of gasoil in
agriculture. However, based danformation received from agricultural experts, 90 per cent of total

gasoil in the sector is assigned to mobile machinery with the remainder assigned to stationary
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combustion. For both stationary and mobile combustion, the emission factors used are fa$en
Table C.26 of Annex C.

Ireland utilises the Tier 2 approach outlined in the Inventory Guidebook (EMEREE0 estimate
emissions of NQNMVOC, CO, RMPM sand TSP from mobile combustion in this sector. The Tier 2
emission factors are based on data from the Danish Inventory (Winther and Nielsen, 2006). The
emission factors are grouped according to the EU emission legislation stages, and three additional
layers are added to cover the emissions from engines prior to the first EU legislation stéges.
country-specific SQemission factors and default Inventory Guidebook (EMEP/E&¥) emission
factors forNH; and BC are used for this sghtegory. The implig emission factors are presented in
Table C.27 of Annex C. Emission Factors for Heavy Metals and P@Bsear®n emission factors

from the |Inventory Guidebook (EMEP/EEA, 2002019. The category 1A4ci
Agriculture/Forestry/Fishing: Stationary, the NGer 1 liquid fuel emission factors from the Inventory
Guidebook (EMEP/EEZ)19 are an average of Tier 2 EFs and are not considered representative for
Ireland for the same reasons as described in section 3.5.

3.74 Agriculture/Forestry/Fishing: Nation&lishing (NFR 1A4ciii)

Emissions from this sutategory were reported for the first time in the 2013 submission. The national
energy balance now includes marine diesel used in national fishing for the all years from 1999.to 201
The emission factors usedrfthis subcategory are countrgpecific (SQ and Inventory Guidebook
(EMEP/EER019 default values for all other pollutants and are presented in Table C.28 of Annex C.

3.8 Other Stationary and Mobile (including military) (NFR 1A5)

Ireland does not rport any emissions under category 1A5. For NFR categories 1A5a and 1A5b notation
key IE is used to indicate that military emissions (mobile and stationary) are included elsewhere as
emissions are allocated in 1A4a and 1A3 (aviation and road). All statieméssions from military are
reported in sector 1A4a and all mobile military emission are reported under 1A3 (aviation and road).

3.9 Fugitive emissionsom Solid Fuels (NFR 1B1)
3.9.1 Coal mining and handling (1B1a)

Emissions from the NFR subcategoBAid Coal miningre reported in this submission. The national
energy balance includes coal mined in the years 1990 to 1995 when the last commercial coal mine
was closed in Ireland. The emission factors used and the resulting time series of NMVOC,:d SP, PM
and PMsemissions are based on the Inventory Guidebook (EMEPZEES), default values and are
presented in Table 3.1.

Emissions of Pp4 PMigand TSRrom the handling and storage of coal other than the domestic
production has been estimated usiragn estimate of the area of coal storage and tonnes of coal
Zvo ]JvIEov][s}voC } o uEemidionhdtoE réndnwehtory Guidebook
(EMEP/EER019.
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Table 3.1. Fugitive Emissions from Coal mining and handling

Activity Data 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Coal mining kt 25.00 1.00 NO NO NO NO NO NO NO NO NO NO NO NO
Area of coal storage ha 3120 3120 3120 3120 3120 3120 3120 3120 3120 3120 3120 3120 3120 3120
Coal handling kt 1,867 2,248 2,145 2,130 1,305 1,373 1,745 1,459 1417 1,695 1,656 1,305 735 228
Emission Factors
Coal mining kg NMVOCIt 0.80 0.80 NA NA NA NA NA NA NA NA NA NA NA NA
Coal mining kg TSPHt 0.09 0.09 NA NA NA NA NA NA NA NA NA NA NA NA
Coal mining kg PMot 0.04 0.04 NA NA NA NA NA NA NA NA NA NA NA NA
Coal mining kg PMlt 0.01 0.01 NA NA NA NA NA NA NA NA NA NA NA NA
Coal storage t PMestha 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41
Coal storage t PMiwha 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10
Coal storage t TSP/ha 1025 1025 1025 1025 1025 1025 1025  10.25 1025 1025  10.25 1025 1025 = 10.25
Coal handling g PMsit 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Coal handling g PM10/t 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Coal handling g TSPt 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50
Emissions
Coal mining kt NMVOC 0.020  0.001 NO NO NO NO NO NO NO NO NO NO NO NO
Coal mining kt TSP 0.002  0.000 NO NO NO NO NO NO NO NO NO NO NO NO
Coal mining kt PMio 0.001  0.000 NO NO NO NO NO NO NO NO NO NO NO NO
Coal mining kt PMes 0.000  0.000 NO NO NO NO NO NO NO NO NO NO NO NO
Coal storage kt PMes 0.013 0013 0013 0013 0013 0013 0013 0013 0013 0013 0013 0013 0013 0013
Coal storage kt PMo 0.128 0128 0128 0128 0128 0.128 0128 0.128 0128 0128 0128 0128 0128  0.128
Coal storage kt TSP 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320 0320
Coal handling kt PMes 0.001 0001 0001 0001 0000 0000 0001 0000 0000 0001 0000 0.000 0.000  0.000
Coal handling kt PM10 0.006  0.007 0006 0006 0004 0004 0005 0004 0004 0005 0.005 0004 0.002  0.001
Coal handling kt TSP 0.014 0017 0016 0016 0010 0010 0013 0011 0011 0013 0012  0.010  0.006  0.002
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3.10Fugitive emissions from Oil and Natural Gas (NFR 1B2)
3.10.1 Oil (NFR 1B2a)

The NFR subcategory 1B2a is an important source of fugitive NMVOC emissions. Emissions of NMVOCs
are estimated from two sources, Refining/Storage (1B2aiv) and Distribution Bfd@ilicts (1B2av).

Emissions from Refining/Storage are estimated using a Tier 3 methodology using plant specific data

for years 20072019 (E}u /€& o v [* }voC E (Jv ECX V Ju%o] ulee]}v ( S}CE
for years before 2007 using an averagie2007%2016 implied emission factors and the crude oil
throughput for the refinery.

The emissions from 1B2av, which is a key category, were estimated using a Tier 2 approach using
emission factors and abatement efficiencies from the Inventory Guidell@MEP/EEA019. The

Stage | and Stage Il abatement controls were applied as appropriate to the implementation of
legislation in Ireland. The resulting time series of NMVOC emissions are presented in Table 3.2.
Emissions of NMVOCs from these subcategomnigarly doubled in the period from 1990 to 2007 in

line with the increases in crude oil throughput for the refinery and petrol distribution for the transport
sector but have since decreased due to the economic situation and the implementation of abatement
controls in petrol distribution causing an overall decrease in most emissions. A slight increase in
emissions in the Refining/Storage source can be seen from 2014 to 2017 due to increased crude oil
throughput. The 2019 emissions have decreased in lind witlecrease in crude oil throughput.

The refinery responded to a previous query from the inventory agency that the only fugitive emissions

to air are for NMVOCs (emissions that occur through leakage, evaporation or other uncontrolled
losse$. The estimat is based on throughput, mass balance and industry (e.g. API) guideline emissions
factors at the plant, tankage, jetty, roddading and Waste Water Treatment Plant. Emissions from

flaring are included in the totals for the other pollutants, as site eimissare calculated based on

total metered fuel use. Therefore, reporting under 1Alb is complete for the plant and there should be

no additional reporting under 1B2aiv except for NMV@Z v}s$ S]}v I C ~/ _ ]Jv oM o Az
used for 1B2aiv for Cd, lagd PCDD/F adl emissions from refineries including flaring are reported

under category 1A1lNo heavy metal or dioxins to air are reported under LCP/PRTR/IPPC returns to

the EPA in Ireland.

3.102 Natural GagNFR 1B2)

Fugitive losses of NMVOC fropipelines and distribution systenae nowestimated and repoed

for this the2021submissionThese emissions are based on activity data of fugitive methane releases
and gas analysis reports which give gas composition supplied by Gas Networks Irelgrid (&N
greenhouse gas emission inventory. The description of this methodology is in section 3.3.2.2.3 of
Irelands NIR (EPA 202Ireland has used existing information about leakage from greenhouse gas
fugitive reporting to UNFCCC to estimate NMVOC ®ams under this source category.
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Table 3.2. Fugitive Nbtethane Volatile Organic Compolndssions

Activity Data 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Crude to refineries | kt 1,804 2,229 3,278 3,309 2,905 2,949 3,068 2,838 2,752 3,366 3,200 3,181 3,024 2531
Petrol distribution | kt 885 1,037 1,493 1,711 1,387 1,314 1,195 1,124 1,064 1,009 942 849 771 727
Emission Factors

Crude to refineries | kg NMVOCHt 0.88 0.88 0.88 0.88 0.92 0.84 0.81 0.86 0.95 0.83 0.85 0.85 0.90 0.89
Petrol distribution | kg NMVOC/t 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Emissions

Crude to refineries | kt NMVOC 1.59 1.96 2.89 2.92 2.66 2.49 2.48 2.45 2.62 2.80 2.73 2.72 2.73 2.25
Petrol distribution | kt NMVOC 1.79 2.10 3.30 3.81 3.15 2.97 2.60 2.22 2.12 1.95 1.76 1.77 1.37 1.30
Total emissions kt NMVOC 3.37 4.06 6.18 6.72 5.80 5.46 5.08 4.67 4.74 4.75 4.50 4.49 4.10 3.55
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3.10.2 Venting and flaring (oil, gas, combined oil and gas) (NFR1B2c)

Regarding the flares at refineries, all emissions have been included within the category 1Alb
Petroleum Refining, as site emissions were calculated based on total metered fuel use.

3.11 Recalculations in the Energy Sector

The results of recalculationsrfthe combustion categories 1A1, 1A2, 1A3 and 1A4 are given in Tables
3.3 through 3.7 belowreland carried out a review of emission factors and updated all air pollutant,
heavy metals and POPs to the most recent version of Inventory guidebook (EMERYEBAyvhere
appropriate.

1A1b Petroleum refininghere were recalculations to heavy metals Pb, Cd and Hg emissions in this
category due to updates to refinery gas and natural gas emission factors in taldedif60of the
Inventoryguidebook(EMEP/EEA, 2019)

1A2 Manufacturing Industry and Construction sector and Qéér sectors

In this submission, there are extensive recalculation changes based on significant revisions to the
historical energy balances going back as far as 1990. Thegasidethe national energy balance
provided bySEAhowincorporatesa major new data set on business energy use. This Business Energy
Use Survey (BEUSasfirst published by the Central Statistics Office (CSO) in December 2018. This
valuable new data soce provides a new basis for the breakdown of energy use in the commercial
services, public services and industrial sectors, at a level of detail not prevawagibble SEAI have
revised the National Energy Balances from 1990 to 2018 incorporatingahismproved data. In

some cases, the revisions to estimates of business energy use have had knock on effects in other
sectors, particularlyhe residential, leading to revisions there also.

The national energy balance was previously based on a top dgproach whereas the new
Business Energy use survey compiles aggregated data based on a bottom up approach with individual
businesses grossed to national level. The revised bottom up approach now draws onrsooressy

of data using the emissions tradisghemeand various energy efficiency measures such asattoye

industry energy network, public sector energy programme, census of industrial production and
others. The revised approach (BEUS) has focused on data from 2009 to 20€nevii data for

2018 and 201%ased on the2017breakdowns between sectors

In the Manufacturing Industry and Construction sector 1.A.2, there has been an extensive
redistribution of oil and natural gas between the energy-sebtors. From1990-1996, oil use in this
sectorincreased as a result of reallocating oil use within the commenasitutional sector 1.A.4.a

to 1.A.2.From 1997-2018, there was a significant redistribution of oil from 1.A.2 to 1.A.4.a and
1.A.4.b. In turn, there was a significant redistribution afural gas from 1.A.4.a to 1.A.2 from 2001

to 2018(with the exception of 2004nd2006, where the quantities in these two years were allocated

to 1.A.4.a).

The disaggregated trend differences revolves around the redistribution of oil and natural gas.
Gererally, there is now less oil allocated to 1A2b, 1A2c, 1A2d, 1A2e and 1A2f across the timeseries
with more attributed to 1A2g from 1990004 and less thereafter. In terms of Natural gas, the
significant changes occur where there is less allocated to 14b 2011 and 1A2g from 2009
onwards. Increases in gas allocation is now attributed to 1A2c and 1A2e fror2R007
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The changes to the energy balance resulted in a reduction in emissions in 1A2 for NOx (3.5 per cent
on average), S{J1.6 per cent on avage)for each year of the entire time series 192018.

In addition,for category 1A2f Stationary Combustion in Manufacturing Industries and Construction;
Nonrmetallic minerals a review recommendati@ii=1A2f20180002 was made to calculate the Cd
and Hgemissions using Tier 2 or Tier 3 methdtlsvasnot possible to implement a Tier 2 approach
for the entire sector 1A2f as fuel data is not available for every operation within this category.
However, for the cement sector with 4 plants, fuel dai@savalable for the years 2005 to 20%rom

the EU Emissions Trading Scheme. Irelzam now implementedn approach foPOPs and heavy
metals inthe cement sector for these years using EFs based on clinker production from -Pabté 3

the Inventory gidebook (EMEP/EEA2019). The results of thisare discussed in section 3.5
Manufacturing industries and Construction (NFR 1ABg methodology for estimating emissions
from cement manufacture in 1A2f was updated using plant specific emissions for Pb, Cd aimd Hg. T
resulted in recalculations for RP41.1%, Cd8.5%, Hg +18.7% on average for the entire time series
1990-2018.For other metals As, Cr, Cu, Ni, Se, Zn the Tier 2 emission factors from-Zalia&pter

1A2 were used with plant clinker production tatiesate emissions.

1A3 Transport

Thissubmission includ® vpu @& }( Ju% E}A u v3e Jv Jv% s § % ](] ooC
vehicle fleet and km travel distribution. The passenger diesel cars now contain a medium category

which is a significant impwement in representation given the high proportion of diesel cars that fall

into this category in Ireland. The distribution of HGVs is now better aligned to their relevant COPERT

laden categories which also provides more credible data in terms of outpisséons. The result of

this change means we now have a greater number of HGVs in the heavier categories.

As a result of the above changes, there are numerous recalculations at a disaggregated level for air
pollutant emissionswithin this submission usgh COPERT 5.4.36 compared to the previous
submission.

NOx Overall,NOxemissions havéncreasedby on average 7.9 per cent per year across the time
series 1992018. The redistribution has meant thaD/ and HG\émissionshave both increased.
LDV dieselncreased by T. per centper annum and HGV diesel increased bypéi7centeach year
on averageacrosshe time series19902018

NHs emissions: Overadmmoniaemissions have increased on averdgye3.2 per cent per year over
the 19932018 timeseriesDiesel cars and buses both declined on averaggdr4entand 0.8per
cent, respectivelyach year whilstV diesel increased by Opér centand HGV diesel increased by
6.2 per cent, respectivelgach yeaon average acrogbe time series1990-2018

Heavy metal emissions: Pb, Cd and Hg all decreased slightly across the time series and there are
reductions in Pb (1.9 per cent on average), Cd (3.5 per cent on average) and Hg (2.4 per cent on
average) across the timeseries 1980118 as a result of imprements and changes to the input data.

1B2b Fugitive emissions from Natural gas

For wgitive emissions fronmatural gas(exploration, production, processing, transmission, storage,
distribution and othey (NFR 1B2bh review of the reporting under this categowas undertakenn
conjunction with the operator of the natural gas refinehy.response to a question raised during the
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d Eu]v o[ % E}A] 33 uvsS]vAZ] Z 18] 88 38Z 8 Zv} *]PVv](] Vv§
when using a LIDAR system for measuring ambient NMVOC emidsadaisd has used existing

information about leakage from greenhouse gas fugitive eimisseporting to the UNFCCC to estimate

NMVOC emissionsugitive losses of NMVOC from pipelines and distribution systeasstimatedin

this submission.

Overall recalculations are presented in Ta3e33.7 below
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Table 3.Recalculations in Energy NFR 1A1

NFR Category Pollutant Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Submission 2020

1A1a Public Electricity and Heat Production ~ NOx kt 46.37 41.39 39.72 32.38 13.78 11.92 8.37 10.53 9.09 7.81 9.82 8.31 8.12 6.74
S02 kt 103.04 91.63 79.87 42.50 16.11 9.78 9.73 9.84 8.95 6.20 5,51 3.96 3.98 2.84
NMVOC kt 0.19 0.25 0.36 0.37 0.35 0.37 0.31 0.30 0.27 0.26 0.26 0.30 0.30 0.29
Pb t 0.63 0.75 0.78 0.73 0.45 0.44 0.44 0.54 0.47 0.48 0.54 0.52 0.45 0.35
Cd t 0.09 0.11 0.12 0.11 0.06 0.06 0.06 0.07 0.06 0.06 0.07 0.07 0.06 0.04
Hg t 0.12 0.13 0.13 0.13 0.09 0.09 0.09 0.11 0.09 0.10 0.11 0.11 0.10 0.07

1A1b Petroleum Refining NOx kt 0.47 0.52 0.77 0.94 0.75 0.80 0.63 0.68 0.58 0.54 0.38 0.32 0.26 0.33
S02 kt 0.48 0.51 0.78 0.91 0.88 0.67 0.90 0.43 0.57 0.01 0.03 0.02 0.03 0.03
NMVOC kt 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01
Pb t 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Cd t 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hg t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1Al1c Manufacture of Solid Fuels and Other  NOx kt 0.16 0.12 0.15 0.29 0.25 0.32 0.21 0.18 0.22 0.22 0.24 0.32 0.11 0.20

Energy Industries
SO2 kt 0.13 0.10 0.12 0.16 0.14 0.21 0.25 0.24 0.19 0.03 0.09 0.25 0.11 0.10
NMVOC kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Pb t 0.02 0.02 0.02 0.03 0.04 0.03 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02
Cd t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hg t 0.02 0.02 0.02 0.03 0.04 0.03 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.02
Submission 2021
1A1a Public Electricity and Héatoduction NOXx kt 46.37 41.39 39.72 32.38 13.78 11.92 8.37 10.53 9.09 7.81 9.82 8.31 8.12 6.74
S0O2 kt 103.04 91.63 79.87 4250 16.11  9.78 9.73 9.84 8.95 6.20 5.51 3.96 3.98 2.84
NMVOC kt 0.19 0.25 0.36 0.37 0.35 0.37 0.31 0.30 0.27 0.26 0.26 0.30 0.30 0.29
Pb t 0.63 0.75 0.78 0.73 0.46 0.45 0.46 0.57 0.51 0.52 0.57 0.59 0.52 0.41
Cd t 0.09 0.11 0.12 0.11 0.06 0.06 0.06 0.07 0.06 0.06 0.07 0.07 0.06 0.05
Hg t 0.12 0.13 0.13 0.13 0.09 0.10 0.09 0.11 0.10 0.10 0.11 0.12 0.11 0.07
1A1b PetroleunRefining NOx kt 0.47 0.52 0.77 0.94 0.75 0.80 0.63 0.68 0.58 0.54 0.38 0.32 0.26 0.33
S0O2 kt 0.48 0.51 0.78 0.91 0.88 0.67 0.90 0.43 0.57 0.01 0.03 0.02 0.03 0.03
NMVOC kt 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01
Pb t 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01
Cd t 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Hg t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1A1c Manufacture of Solid Fuelad Other NOXx kt 0.16 0.12 0.15 0.29 0.25 0.32 0.21 0.18 0.22 0.22 0.24 0.32 0.11 0.53
Energy Industries
S0O2 kt 0.13 0.10 0.12 0.16 0.14 0.21 0.25 0.24 0.19 0.03 0.09 0.25 0.11 0.37
NMVOC kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pb t 0.02 0.02 0.02 0.03 0.04 0.03 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02
Cd t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hg t 0.02 0.02 0.02 0.03 0.04 0.03 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.02

Environmental Protection Agency



Table 3.Recalculations in Energy NFR 1A1 (continued)

% Change in Emissions
1Ala Public Electricity and Heat Production

1A1b Petroleum Refining

1A1c Manufacture of Solid Fuels and Other
Energy Industries

Pollutant
NOx
S0O2
NMVOC
Pb

Cd

Hg
NOx
S0O2
NMVOC
Pb

Cd

Hg
NOx

S02
NMVOC
Pb

Cd

Hg

%
%
%
%
%
%
%
%
%
%
%
%
%

%
%
%
%
%

1990
0.0%
0.0%
0.0%
0.0%
-0.1%
0.0%
0.0%
0.0%
0.0%
-5.1%
124.2%
88.4%
0.0%

0.0%
0.0%
0%
0%
0%

1995
0.0%
0.0%
0.0%
0.0%
-0.1%
0.0%
0.0%
0.0%
0.0%
-6.0%
140.9%
105.9%
0.0%

0.0%
0.0%
0%
0%
0%

2000
0.0%
0.0%
0.0%
0.0%
-0.1%
0.0%
0.0%
0.0%
0.0%
-4.9%
120.7%
96.9%
0.0%

0.0%
0.0%
0%
0%
0%

2005
0.0%
0.0%
0.0%
0.0%
-0.2%
0.0%
0.0%
0.0%
-0.1%
-5.5%
132.5%
109.2%
0.0%

0.0%
0.0%
0%
0%
0%

2009
0.0%
0.0%
0.0%
1.9%
0.8%
0.7%
0.0%
0.0%
-0.2%
-6.0%
143.5%
145.7%
0.0%

0.0%
0.0%
0%
0%
0%

2010
0.0%
0.0%
0.0%
4.0%
2.1%
1.4%
0.0%
0.0%
0.3%
-7.1%
174.3%
168.3%
0.0%

0.0%
0.0%
0%
0%
0%

2011
0.0%
0.0%
0.0%
5.3%
3.2%
1.9%
0.0%
0.0%
30.1%
56.5%
422.4%
203.7%
0.0%

0.0%
0.0%
0%
0%
0%

2012
0.0%
0.0%
0.0%
5.8%
3.6%
2.1%
0.0%
0.0%
38.4%
85.8%
531.3%
254.1%
0.0%

0.0%
0.0%
0%
0%
0%

2013
0.0%
0.0%
0.0%
8.6%
5.6%
3.1%
0.0%
0.0%
3.1%
-2.2%
227.1%
187.1%
0.0%

0.0%
0.0%
0%
0%
0%

2014
0.0%
0.0%
0.0%
9.9%
6.5%
3.6%
0.0%
0.0%
-6.3%
-18.5%
169.7%
133.4%
0.0%

0.0%
0.0%
0%
0%
0%

2015
0.0%
0.0%
0.0%
6.5%
4.1%
2.3%
0.0%
0.0%
0.9%
-8.4%
212.1%
224.7%
0.0%

0.0%
0.0%
0%
0%
0%

2016
0.0%
0.0%
0.0%
14.1%
9.3%
4.8%
0.0%
0.0%
-5.8%
-17.7%
180.1%
170.2%
0.0%

0.0%
0.0%
0%
0%
0%

2017
0.0%
0.0%
0.0%
15.8%
10.6%
5.0%
0.0%
0.0%
1.0%
-1.7%
207.1%
181.2%
0.0%

0.0%
0.0%
0%
0%
0%

2018
0.0%
0.0%
-0.4%
18.0%
12.3%
6.7%
0.0%
0.0%
3.5%
-4.4%
211.7%
172.0%
164.7%

257.0%
0.0%
0%

0%

0%
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Table 3.4. Recalculations in Energy NFR 1A2

NFR Category
Submission 2020
1A2 Manufacturing Industries and Constructic

Submission 2021
1A2 Manufacturing Industries and Constructic

% Change in Emissions
1A2 Manufacturing Industries and Constructic

Pollutant

NOx
SO2
NMVOC
Pb

Cd

Hg

NOx
S02
NMVOC
Pb

Cd

Hg

NOx
S02
NMVOC
Pb

Cd

Hg

Unit

kt
kt
kt

1990

8.93
32.79
1.67
1.73
0.06
0.09

9.11
33.04
1.69
1.20
0.05
0.08

2.1%
0.8%
1.1%
-30.4%
-6.0%
-10.0%

1995

8.05
40.18
1.27
1.10
0.05
0.04

8.03
40.22
1.26
0.85
0.05
0.05

-0.2%
0.1%
-0.8%
-22.6%
0.3%
18.6%

2000

10.53
42.03
1.77
1.51
0.08
0.06

10.32
42.02
1.72
1.08
0.07
0.08

-2.0%
0.0%
-2.4%
-28.1%
-0.8%
30.8%

2005

17.31
13.13
2.78
2.09
0.12
0.09

16.48
12.74
2.69
1.16
0.11
0.10

-4.8%
-3.0%
-3.0%
-44.6%
-5.2%
9.2%

2009

10.35
511
2.34
1.24
0.09
0.06

9.63
4.86
2.32
0.61
0.08
0.06

-6.9%
-4.9%
-0.9%
-51.1%
-13.3%
6.8%

2010

9.93
5.87
2.46
1.24
0.10
0.06

9.07
5.81
2.48
0.65
0.09
0.06

-8.7%
-1.0%
0.6%
-47.4%
-11.1%
-0.2%

2011

8.46
5.24
2.25
1.03
0.09
0.06

7.48
4.92
2.20
0.52
0.08
0.06

-11.5%
-6.1%
-2.4%
-48.9%
-12.2%
-3.1%

2012

10.46
4.49
2.23
0.97
0.08
0.06

9.31
4.20
214
0.48
0.07
0.06

-11.0%
-6.3%
-3.7%
-50.7%
-16.4%
8.4%

2013

10.53
4.87
2.28
0.90
0.09
0.05

9.50
4.63
2.22
0.49
0.07
0.06

-9.8%
-5.0%
-2.5%
-45.5%
-15.5%
19.3%

2014

10.98
3.34
2.76
1.04
0.10
0.06

10.35
3.22
2.74
0.50
0.08
0.06

-5.7%
-3.7%
-0.5%
-51.9%
-19.3%
-2.8%

2015

10.96
2.46
2.88
1.03
0.11
0.07

10.34
2.37
2.85
0.52
0.09
0.12

-5.7%
-3.4%
-0.9%
-50.0%
-18.7%
85.7%

2016

11.18
2.57
2.90
1.04
0.11
0.07

10.64
2.45
2.90
0.48
0.08
0.11

-4.8%
-4.6%
-0.1%
-53.7%
-21.2%
67.5%

2017

10.16
2.63
3.07
1.03
0.12
0.07

9.79
2.53
3.09
0.49
0.09
0.14

-3.6%
-3.7%
0.6%
-52.4%
-20.9%
115.0%

2018

9.42
2.67
3.12
1.07
0.12
0.07

9.20
2.67
3.14
0.50
0.09
0.11

-2.4%
0.0%
0.9%
-53.9%
-21.7%
65.5%
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Table 3.5. Recalculations in Energy NFR 1.A.3 (a & b)*

NFR Category
Submission 2020
1A3a(i) & (iiynternational and Domestic Aviation

1A3b Road Transportation

Submission 2021
1A3a(i) & (i) International andomestic Aviation

1A3b Road Transportation

% Change in Emissions
1A3a(i) & (i) International and DomesAwiation

1A3b Roadransportation

Pollutant

NOx
SO2
NMVOC
NOx
SO2
NMVOC
NH3
PM2.5
Pb

Cd

Hg

NOx
SO2
NMVOC
NOx
SO2
NMVOC
NH3
PM2.5
Pb

Cd

Hg

NOx
SO2
NMVOC
NOx
SO2
NMVOC
NH3
PM2.5
Pb

Cd

Hg

Unit

kt
kt
kt
kt
kt
kt
kt
kt

kt
kt
kt
kt
kt
kt
kt

— - -+

%
%
%
%
%
%
%
%
%
%
%

1990

4.80
0.30
0.24
55.09
5.37
33.55
0.04
2.29
143.97
0.00
0.01

4.80
0.30
0.24
56.88
5.37
33.15
0.05
2.20
143.94
0.00
0.01

0.0%
0.0%
0.0%
3.2%
0.0%
-1.2%
23.2%
-4.0%
0.0%
-4.2%
0.0%

1995

5.15
0.32
0.24
55.54
5.13
31.32
0.42
2.61
87.50
0.00
0.01

5.15
0.32
0.24
57.80
5.13
31.00
0.42
2.52
87.46
0.00
0.01

0.0%
0.0%
0.0%
4.1%
0.0%
-1.0%
2.0%
-3.6%
0.0%
-4.8%
0.0%

2000

8.10
0.50
0.37
61.81
1.66
23.08
1.70
3.47
5.76
0.01
0.02

8.10
0.50
0.37
67.84
1.66
2311
1.72
3.56
5.68
0.01
0.02

0.0%
0.0%
0.0%
9.8%
0.0%
0.2%
1.3%
2.5%
-1.4%
-4.4%
0.0%

2005

11.08
0.68
0.43
56.79
0.54
15.60
2.50
3.10
1.57
0.01
0.03

11.08
0.68
0.43
63.67
0.54
15.99
2.51
3.21
1.50
0.01
0.03

0.0%
0.0%
0.0%
12.1%
0.0%
2.5%
0.6%
3.5%
-4.8%
-3.4%
0.0%

2009

9.90
0.61
0.44
43.18
0.05
10.40
1.80
2.56
1.46
0.01
0.03

9.90
0.61
0.44
48.55
0.05
10.75
1.82
2.52
1.44
0.01
0.02

0.0%
0.0%
0.0%
12.4%
-2.0%
3.4%
1.1%
-1.7%
-1.8%
-1.3%
-4.2%

2010

10.00
0.63
0.48
38.50
0.04
9.05
1.53
2.35
1.34
0.01
0.02

10.00
0.63
0.48
43.38
0.04
9.30
154
2.28
1.33
0.01
0.02

0.0%
0.0%
0.0%
12.7%
-2.6%
2.8%
1.0%
-3.0%
-1.4%
-1.1%
-5.6%

2011

8.80
0.56
0.42
37.22
0.04
8.19
1.35
2.19
1.32
0.01
0.02

8.80
0.56
0.42
41.34
0.04
8.43
1.38
2.14
1.30
0.01
0.02

0.0%
0.0%
0.0%
11.1%
-2.8%
2.9%
1.8%
-2.3%
-1.8%
-1.5%
-5.9%

2012

7.44
0.47
0.38
35.44
0.04
7.33
117
2.04
1.27
0.01
0.02

7.44
0.47
0.38
39.28
0.04
7.52
1.19
1.99
1.24
0.01
0.02

0.0%
0.0%
0.0%
10.8%
-2.5%
2.6%
1.2%
-2.1%
-1.8%
-1.5%
-5.5%

2013

8.74
0.54
0.41
37.00
0.04
6.88
1.06
2.06
1.32
0.01
0.02

8.74
0.54
0.41
40.70
0.04
7.00
1.08
2.02
1.27
0.01
0.02

0.0%
0.0%
0.0%
10.0%
-3.0%
1.7%
1.5%
-2.1%
-3.3%
-2.9%
-6.3%

2014

9.81
0.60
0.42
38.63
0.04
6.42
0.96
2.05
1.35
0.01
0.02

9.81
0.60
0.42
41.95
0.04
6.53
0.98
2.01
131
0.01
0.02

0.0%
0.0%
0.0%
8.6%
-3.4%
1.7%
1.5%
-2.0%
-3.5%
-3.1%
-6.8%

2015

11.17
0.68
0.44
39.48
0.05
5.95
0.89
2.03
1.42
0.01
0.02

11.17
0.68
0.44
42.36
0.05
6.05
0.90
1.98
1.37
0.01
0.02

0.0%
0.0%
0.0%
7.3%
-3.4%
1.7%
1.5%
-2.4%
-3.7%
-3.3%
-7.3%

2016

11.46
0.69
0.45
39.28
0.05
5.27
0.80
191
1.45
0.01
0.02

11.46
0.69
0.45
41.57
0.05
5.36
0.81
1.85
1.38
0.01
0.02

0.0%
0.0%
0.0%
5.8%
-3.0%
1.6%
1.1%
-3.0%
-4.3%
-3.8%
-6.8%

2017

13.63
0.81
0.47
37.24
0.05
4.41
0.68
1.65
1.43
0.01
0.02

13.63
0.81
0.47
37.68
0.04
4.48
0.68
1.62
1.37
0.01
0.02

0.0%
0.0%
0.0%
1.2%
-4.1%
1.7%
0.5%
-1.7%
-4.5%
-3.9%
-8.7%

2018

14.56
0.88
0.48
35.97
0.05
3.86
0.61
1.57
1.45
0.01
0.02

14.56
0.88
0.48
34.76
0.04
3.92
0.61
1.53
1.38
0.01
0.02

0.0%
0.0%
0.0%
-3.4%
-3.9%
1.6%
0.1%
-2.1%
-4.8%
-4.1%
-8.4%

* Emissions from both LTO and cruise are included here to capture all possible recalculations. However, the cruise component is reported as a memo item under the LRTAP Convention.
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Table 3.6. Recalculations in Energy NFR 1A3 (c, d & e)

NFR Category
Submission 2020
1A3c Railways

1A3d(ii) National Navigation

1A3e(i) Pipeline Compressors
Submission 2021
1A3c Railways

1A3d(ii) National Navigation

1A3e(i) Pipeline Compressors
% Change in Emissions
1A3cRailways

1A3d(ii)National Navigation

1A3e(i) Pipeline Compressors

Pollutant

NO

SQ
NMVOC
PMe.s
Pb

Cd

Hg

NO

SQ
NMVOC
PMe.s
Pb

Cd

Hg

NG

NO

SQ
NMVOC
PMes
Pb

Cd

Hg

NO

SQ
NMVOC
PMes
Pb

Cd

Hg

NO

NO

SQ
NMVOC
PMes
Pb

Cd

Hg

NO

SQ
NMVOC
PMes
Pb

Cd

Hg

NO

Unit

kt
kt
kt
kt
t
t
t
kt
kt
kt
kt
t
t
t
kt

kt
kt
kt
kt
t
t
t
kt
kt
kt
kt
t
t
t
kt

%
%
%
%
%
%
%
%
%

1990

2.20
0.25
0.20
0.06

NE
0.00

NE
2.14
1.16
0.07
0.12
0.00
0.00
0.00
0.06

2.20
0.25
0.20
0.06

NE
0.00

NE
214
1.16
0.07
0.12
0.00
0.00
0.00
0.06

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-1.0%

1995

1.84
0.14
0.16
0.05
NE
0.00
NE
2.29
1.26
0.08
0.13
0.00
0.00
0.00
0.11

1.84
0.14
0.16
0.05
NE
0.00
NE
2.29
1.26
0.08
0.13
0.00
0.00
0.00
0.11

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-0.5%

2000

2.03
0.12
0.18
0.05
NE
0.00
NE
3.78
1.22
0.13
0.17
0.01
0.00
0.00
0.05

2.03
0.12
0.18
0.05
NE
0.00
NE
3.78
1.22
0.13
0.17
0.01
0.00
0.00
0.05

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-1.0%

2005

2.02
0.11
0.18
0.05
NE
0.00
NE
5.20
0.67
0.18
0.17
0.01
0.00
0.00
0.13

2.02
0.11
0.18
0.05
NE
0.00
NE
5.20
0.67
0.18
0.17
0.01
0.00
0.00
0.13

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-0.4%

2009

2.03
0.06
0.18
0.05
NE
0.00
NE
4.88
0.10
0.17
0.09
0.01
0.00
0.00
0.13

2.03
0.06
0.18
0.05
NE
0.00
NE
4.88
0.10
0.17
0.09
0.01
0.00
0.00
0.12

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-1.1%

2010

2.01
0.06
0.18
0.05

NE
0.00

NE
4.90
0.10
0.17
0.09
0.01
0.00
0.00
0.14

2.01
0.06
0.18
0.05
NE
0.00
NE
4.90
0.10
0.17
0.09
0.01
0.00
0.00
0.14

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-1.3%

2011

2.03
0.06
0.18
0.05

NE
0.00

NE
4.25
0.08
0.15
0.08
0.01
0.00
0.00
0.13

2.03
0.06
0.18
0.05

NE
0.00

NE
4.25
0.08
0.15
0.08
0.01
0.00
0.00
0.13

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-1.0%

2012

1.95
0.06
0.17
0.05
NE
0.00
NE
4.49
0.09
0.16
0.08
0.01
0.00
0.00
0.12

1.95
0.06
0.17
0.05
NE
0.00
NE
4.49
0.09
0.16
0.08
0.01
0.00
0.00
0.12

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-0.6%

2013

1.94
0.05
0.17
0.05
NE
0.00
NE
4.39
0.08
0.16
0.08
0.01
0.00
0.00
0.12

1.94
0.05
0.17
0.05
NE
0.00
NE
4.39
0.08
0.16
0.08
0.01
0.00
0.00
0.12

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-0.4%

2014

1.78
0.02
0.16
0.05
NE
0.00
NE
5.50
0.05
0.20
0.10
0.01
0.00
0.00
0.12

1.78
0.02
0.16
0.05
NE
0.00
NE
5.50
0.05
0.20
0.10
0.01
0.00
0.00
0.12

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-0.1%

2015

181
0.02
0.16
0.05

NE
0.00

NE
5.43
0.03
0.19
0.10
0.01
0.00
0.00
0.12

181
0.02
0.16
0.05

NE
0.00

NE
5.43
0.03
0.19
0.10
0.01
0.00
0.00
0.12

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2016

1.85
0.01
0.16
0.05

NE
0.00

NE
6.52
0.03
0.23
0.12
0.01
0.00
0.00
0.12

1.85
0.01
0.16
0.05

NE
0.00

NE
6.52
0.03
0.23
0.12
0.01
0.00
0.00
0.12

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.2%

2017

191
0.01
0.17
0.05
NE
0.00
NE
5.76
0.09
0.21
0.10
0.01
0.00
0.00
0.11

191
0.01
0.17
0.05
NE
0.00
NE
5.76
0.09
0.21
0.10
0.01
0.00
0.00
0.11

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.2%

2018

1.93
0.00
0.17
0.05
NE
0.00
NE
6.37
0.11
0.23
0.11
0.01
0.00
0.00
0.12

1.93
0.00
0.17
0.05
NE
0.00
NE
6.37
0.11
0.23
0.11
0.01
0.00
0.00
0.12

0.0%
0.0%
0.0%
0.0%
NE
0.0%
NE
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.3%
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Table 3.7. Recalculations in Energy NFR 1A4

NFR Category
Submission 2020
1A4a Commercial/Institutional

1A4bResidential

1A4c Agriculture/Forestry/Fishing

Submission 2021
1A4a Commercial/lnstitutional

1A4b Residential

1A4c Agriculture/Forestry/Fishing

Pollutant

NOXx
S02
NMVOC
NH3
PM2.5
Pb

Cd

Hg

NOx
S02
NMVOC
NH3
PM2.5
Pb

Cd

Hg

NOx
S02
NMVOC
NH3
PM2.5
Pb

Cd

Hg

NOXx
SO2
NMVOC
NH3
PM2.5
Pb

Cd

Hg

NOXx
SO2
NMVOC
NH3
PM2.5
Pb

Cd

Hg

NOx
S02
NMVOC
NH3
PM2.5
Pb

Cd

Hg

Unit

kt
kt
kt
kt
kt

kt
kt
kt
kt
kt

kt
kt
kt
kt

—.

1990

3.06
11.52
0.47
0.00
0.56
0.58
0.01
0.01
7.33
26.76
28.52
0.15
23.91
7.40
0.11
0.29
8.76
141
1.38
0.00
0.93
0.02
0.00
0.00

2.88
11.27
0.46
0.00
0.53
0.55
0.01
0.01
7.32
26.76
28.52
0.15
23.91
7.40
0.11
0.29
8.76
1.41
1.38
0.00
0.93
0.02
0.00
0.00

1995

2.84
5.54
0.42
0.00
0.40
0.38
0.01
0.00
5.79
17.32
18.05
0.10
15.16
4.67
0.07
0.19
14.31
1.34
1.71
0.00
1.05
0.03
0.00
0.00

2.70
5.37
0.42
0.00
0.37
0.36
0.01
0.00
5.86
17.46
18.05
0.10
15.16
4.67
0.07
0.19
14.31
1.34
1.71
0.00
1.05
0.03
0.00
0.00

2000

3.16
2.38
0.53
0.00
0.39
0.37
0.01
0.00
5.43
15.07
12.35
0.06
10.34
3.20
0.05
0.13
12.91
0.94
1.35
0.00
0.76
0.02
0.00
0.00

2.58
1.84
0.49
0.00
0.27
0.26
0.00
0.00
5.84
15.62
12.35
0.06
10.35
3.20
0.05
0.13
12.91
0.94
1.35
0.00
0.76
0.02
0.00
0.00

2005

3.31
1.93
0.63
0.00
0.48
0.49
0.01
0.01
5.92
12.22
10.99
0.05
9.21
2.84
0.04
0.12
12.76
0.86
1.09
0.00
0.60
0.02
0.00
0.00

2.56
1.33
0.58
0.00
0.34
0.35
0.01
0.01
6.56
12.95
11.00
0.05
9.23
2.84
0.04
0.12
12.76
0.86
1.09
0.00
0.60
0.02
0.00
0.00

2009

3.12
0.71
0.60
0.02
0.31
0.29
0.01
0.00
6.14
9.15
11.38
0.06
9.55
2.96
0.05
0.12
8.57
0.42
0.69
0.00
0.37
0.02
0.00
0.00

2.15
0.34
0.48
0.02
0.18
0.16
0.01
0.00
6.87
9.60
11.39
0.06
9.57
2.96
0.05
0.13
8.57
0.42
0.69
0.00
0.37
0.02
0.00
0.00

2010

3.12
0.67
0.62
0.02
0.30
0.27
0.01
0.00
6.34
8.80
10.75
0.06
9.03
2.79
0.05
0.12
7.43
0.37
0.60
0.00
0.32
0.02
0.00
0.00

2.26
0.35
0.51
0.02
0.17
0.15
0.01
0.00
7.02
9.23
10.76
0.06
9.04
2.79
0.05
0.12
7.43
0.37
0.60
0.00
0.32
0.02
0.00
0.00

2011

2.86
0.61
0.55
0.02
0.29
0.27
0.01
0.00
5.43
8.05
9.97
0.05
8.37
2.59
0.04
0.11
6.56
0.06
0.53
0.00
0.28
0.02
0.00
0.00

2.16
0.31
0.50
0.02
0.16
0.14
0.01
0.00
6.10
8.47
9.97
0.05
8.38
2.59
0.04
0.11
6.56
0.06
0.53
0.00
0.28
0.02
0.00
0.00

2012

2.87
0.59
0.57
0.03
0.28
0.25
0.01
0.00
5.16
7.62
9.73
0.06
8.19
2.52
0.04
0.11
6.19
0.09
0.48
0.00
0.25
0.02
0.00
0.00

2.26
0.27
0.54
0.03
0.16
0.14
0.01
0.00
5.78
8.18
9.88
0.06
8.33
2.55
0.04
0.11
6.19
0.09
0.48
0.00
0.25
0.02
0.00
0.00

2013

2.67
0.46
0.56
0.04
0.25
0.22
0.02
0.00
5.35
8.29
10.46
0.07
8.81
2.70
0.05
0.11
5.55
0.08
0.40
0.00
0.21
0.01
0.00
0.00

2.36
0.28
0.54
0.04
0.19
0.16
0.02
0.00
5.76
8.83
10.73
0.07
9.04
2.78
0.05
0.12
5.55
0.08
0.40
0.00
0.21
0.01
0.00
0.00

2014

244
0.20
0.53
0.04
0.22
0.19
0.02
0.00
4.76
7.00
8.93
0.06
7.53
231
0.04
0.10
4.84
0.05
0.34
0.00
0.17
0.01
0.00
0.00

2.24
0.16
0.51
0.04
0.19
0.16
0.02
0.00
5.08
7.74
9.53
0.06
8.03
2.47
0.04
0.10
4.84
0.05
0.34
0.00
0.17
0.01
0.00
0.00

2015

2.46
0.16
0.55
0.03
0.20
0.17
0.01
0.00
4.97
6.69
8.68
0.06
7.33
2.25
0.04
0.09
4.27
0.04
0.30
0.00
0.15
0.01
0.00
0.00

2.32
0.14
0.54
0.03
0.18
0.15
0.01
0.00
5.33
7.54
9.38
0.06
7.92
2.43
0.05
0.10
4.27
0.04
0.30
0.00
0.15
0.01
0.00
0.00

2016

2.60
0.12
0.59
0.04
0.21
0.18
0.02
0.00
4.94
6.66
8.05
0.06
6.82
2.08
0.04
0.09
4.05
0.04
0.29
0.00
0.14
0.01
0.00
0.00

2.37
0.16
0.54
0.04
0.19
0.17
0.02
0.00
5.30
7.41
8.67
0.06
7.33
2.24
0.04
0.10
4.05
0.04
0.29
0.00
0.14
0.01
0.00
0.00

2017

2.75
0.33
0.62
0.03
0.22
0.19
0.01
0.00
4.66
6.16
7.24
0.06
6.13
1.87
0.04
0.08
4.21
0.05
0.29
0.00
0.14
0.01
0.00
0.00

2.29
0.24
0.54
0.03
0.17
0.15
0.01
0.00
5.23
7.80
8.54
0.06
7.22
2.20
0.04
0.09
4.21
0.05
0.29
0.00
0.14
0.01
0.00
0.00

2018

2.92
0.37
0.67
0.03
0.22
0.19
0.01
0.00
5.01
5.97
7.55
0.06
6.39
1.95
0.04
0.08
4.50
0.03
0.30
0.00
0.14
0.02
0.00
0.00

2.40
0.21
0.56
0.03
0.18
0.15
0.01
0.00
5.73
8.23
9.46
0.07
7.99
2.44
0.04
0.10
4.50
0.03
0.30
0.00
0.14
0.02
0.00
0.00
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% Change in Emissions Pollutant 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
1A4a Commercial/lnstitutional NO % -5.9% 49%  -185% -22.7% -31.0% -27.7% -24.6% -21.1% -115% -8.4% -5.8% -8.6% -16.7%  -17.7%
SQ % -2.2% -3.1% -22.6% -31.3% -51.3% -47.0% -49.6% -54.6% -39.9% -209% -12.1% 33.4% -28.1%  -42.9%
NMVOC % -3.9% -1.2% -71.1% 1.4%  -209% -17.7% -7.8% -5.8% -2.5% -4.5% -2.9% -8.0% -13.8%  -15.5%
NHs % 0.0% 0.0% 0.1% -10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.5%
PMos % -5.3% -1.4%  -29.0% -30.3% -43.5% -41.8% -45.9% -42.0% -24.4% -135% -10.5% -7.4% -20.2%  -20.2%
Pb % -5% -7% -30% -29% -45% -44% -49% -45% -27% -15% -11% -7% -21% -21%
Cd % -5% -8% -30% -31% -19% -20% -25% -15% -6% -3% -3% -2% -5% -6%
Hg % -1% -3% -12% -4% -23% -22% -15% -11% -4% -3% -1% -2% -10% -11%
1A4b Residential NO % 0.0% 1.4% 7.5% 10.9% 11.8% 10.6% 12.5% 11.9% 7.8% 6.7% 7.2% 7.1% 12.3% 14.5%
SQ % 0.0% 0.8% 3.6% 6.0% 4.9% 4.8% 5.2% 7.4% 6.5% 10.6% 12.7% 11.1% 26.6% 37.9%
NMVOC % 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 1.5% 2.6% 6.7% 8.1% 7.6% 17.9% 25.3%
NH: % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.1% 2.0% 5.0% 5.8% 4.8% 11.2% 18.2%
PMos % 0.0% 0.0% 0.1% 0.2% 0.2% 0.2% 0.2% 1.6% 2.7% 6.7% 8.1% 7.6% 17.8% 25.2%
Pb % 0.0% 0.0% 0.0% 0.0% -0.1% 0.0% -0.1% 1.5% 2.6% 6.7% 8.1% 7.6% 18.1% 25.4%
Cd % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 2.2% 5.6% 6.1% 5.6% 13.7% 19.2%
Hg % 0.0% 0.1% 0.7% 1.3% 1.3% 1.3% 1.4% 2.7% 3.2% 6.8% 8.0% 7.6% 17.4% 24.0%
1A4cAgriculture/Forestry/Fishing NO % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
SQ % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
NMVOC % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
NHs % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
PMos % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Pb % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Cd % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Hg % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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3.12 Quality Assurance/Quality Control

The time series spreadsheet system developed for individual categories, together with direct linking

to the energy balance, allows for simple and efficient checking of activity data, emission factors,
annual emissions and aggregated totals. Yaayear ctanges immediately highlight any omissions,
anomalies or internal errors. Initial checks are conducted by the inventory compiler as part of the
calculation process, which is followed by a second check and completion of the QA/QC sheets which

are integral tothe calculation workbooks by another member of the inventories team. @rossks

are performed for fuel data against the available supplementary sources for categories, such as 1Ala
Public Electricity and Heat Production and some industrial processds, maintaining consistency

with fueluse application in the estimation of GHG emissions. When new versions of the COPERT

u} o & Jv3SE} p (JE o0 po 8]}ve Jvii USZ %E Al}pue C E[+ S3]A
to compare with the currenty EU v §Z HEE v3 C E[+ S]A]3C & ]* Eupuv v
model to compare with the previous year. This allows firstly for identification of changes due to the

model, and secondly for identification of changes due to the activity data.

3.13 Planned Improvements

The nature of the substances covered in transboundary emission inventories and the diverse range of
sources involved, many of which are unintentional or uncontrolled releases, inevitably result in
estimates that can be highly untain. There is heavy reliance on default emission factors made
available through the Inventory Guidebook or other references, which are often based on limited
information or which can only be applied in a limited or aggregated way because the necessary
detailed activity data are not available. For some substances and categories, the emissions must be
estimated in an indirect way, such as on a-papita basis, which adds further to level of uncertainty.

This submission includethecks oremission factorbased on the latest Inventory Guidebook and this

work will continue in future submissiomgth changes made where appropriatéhe inventory agency

plans toaccount more completely for technological improvements over thigettempting to apply

Tier 2 emision factors that refer to different types of stationary combustion appliance for the fuels in
common usage, especially snb-categorieslA4a Commercial/Institutional combustion and 1A4b(i)
Residential combustion. Ireland has investigated the use of Zierethod for 1A4bi Residential

emissions of PAHs, PCBs, Cd, Hg, Pb and PCDD/F following a review recomn(¢&dAddi2018

0002. The EU 28 average fuel use and technology type is not reflective of Irish conditions and

§ Zv}o}P] e v 3Z (M O He I8 ZV}O}PC 3C% *%o0]35 E v}3 A Jo o <}
inventory for this category.

All emissions associated Wwithe category 1A2g are reported in 1A2gviii, and mobile emissions,
i TPAJJU E E %}ES e AV op 0« Quizeddy all fukl ¥s hgsumicd Ao bp
stationary as the energy balance does not provide an estimate for fuels used in mabhéery. The
inventory agency has tendered research to be undertaken to quantify the extent and amounts of fuel
used by mobile combustioim mobile machinerandthis researchs currently beingarried out and

was due tofinish by the end of 2020Due to unprecedented circumstances surrounding remote
working and subsequent issues collecting dagautcomes of tis projectwill not now be ready until
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August 2021. The outcomesay be implemented for the inventory submission in 262 19902020
data or f delayed in 202.

For category 1A3dii National navigation (shipping) Ireland uses a Tier 1 method to estimate NOx
emissions. Ireland will investigate the feasibility of using a higher Tier approach for this category in its
next submission.

For lgitive anissions fromnatural gagiexploration, production, processing, transmission, storage,
distribution and othey (NFR 1B2H)aring has occurred at offshore gas facilities in the years 1999 and
2001 only, during commissioning of new wells. Only GHG emissi@seported in Ireland's
inventories. It is planned to review information on fugitive emissions from natural gas flaring and
report emissions of air pollutants where appropriate in the next submission. Ireland hasHoom

gas refinery (offshore wellre on the seabed) which commenced operation in late December 2015,
which had flaring episodgn 2015 and irR017. The emissions associated with these flaring episodes
will be included in the next submission.

Ireland carried out a review of emission tais and updated all air pollutant, heavy metals and POPs

to those in the latest version of the Inventory guidebook (EMEP/EEA, 2019) where possible. This

review of emission factors highlighted some changes which Ireland plans to make to align emission

factors for the next submissiolhe inventory agency will also endeavour to reduce the remaining

Jved v e }( 83Z pe }( Vv}S 8]}V I C A"E _ C %E}A] JvP v +3Ju § }E
S PYEC } = v}sS} pE "EK_ Jv (USUE -<p uJec]}veX

Reviewecommendations and responses are included in this report as Annex H

3.14 Memo ltems

The memo items of the NFR reporting format refer to activities for which the emissions are excluded
from national totals. The use of fuels in domestic and internatiowiatin (cruise phase) and marine
bunkers are the most important of these activities. Some of the associated emissions, particularly from
international aviation, are increasing very rapidly and it is therefore important that they are closely
monitored forcomparison with other sources and for the benefit of the international organisations
that will have to develop control strategies for them in the future. The estimation of emissions for
memo items is described here because they are calculated as parteofydheral estimation
procedures for the Energy sector.

The national energy balance sheets include marine bunkers as a specific item and the emissions may
be calculated directly. The approach used to for the cruise element of aviation is explained in Sectio
3.6.1 and this data is provided to SEAI for inclusion in the national energy balance.

Emission factors for international cruise aviation and navigation are documented in Tables C.19 and
C.29 of Annex C.
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Chapter Four

Industrial Processes and ProdUse

4.1 Overview of the Industrial Processes and Product Use (NFR 2) Sector

The Industrial Processes sector has historically not been a large source of emissions in Ireland. Indeed,
major industrial processes within the chemical sector and n@tadiuction that are common to many
other developed countries have never been part of the economy in Ireland. Hence, many of the
production processes within this sector are not relevant to the inventories of air pollutants in Ireland.
Also, of note is thedltt that for a number of pollutants, it has not been possible to separate emissions
from the combustion of fuel within industry and those associated with production processes. For all
industries, fuelbased estimates of emissions have been collated andegrerted under NFR Sector

1A2 (Manufacturing Industries and Construction). Where specific information is available in relation
to process emissions as distinct from those associated with fuel combustion, they are reported under
NFR Sector 2 (Industrialdeesses and Product Use) and are discussed in this chapter. |ofrtieeste

cases, processpecific information is sourced from Annual Environmental Reports, which form part
of the reporting obligations under IPRED permits in Ireland. In some cases,ofduction data
(estimated and/or calculated) are also used where available.

Relevant subcategories under Mineral Products (2A), Chemical Industry (2B), Metal Production (2C),
Solvent and other product use (ZIH) and Other Production Processes (2L) forclviprocess
emissions of various pollutants are reported under Industrial Processes and Product Use in Ireland are
described in the following sections.

4.2 Mineral Products (NFR 2A)

dZ Jv UeSE] 0 % E} e+ « (JE AZ] Z +3]u § e poliatio nveptoryupder/ E o v [
NFR 2.A are as follows:

2.A.1 Cement Production

2.A.2 Lime Production

2.A.3 Glass Production

2.A.5.a Quarrying and mining of minerals other than coal
2.A.5.b Construction and demolition

2.A.5.c Storage, handling and transpofimineral products
2.A.6 Other mineral products

4.2.1 Cement Production (NFR 2A1)

Cement manufacture is a major mineral industry. During cement manufacture, raw materials, such as
limestone, are finely ground and then transformed in a kiln at high temperatures (calcination) to
produce clinker. Gypsum is then blended with clinker to pilcement. The combustion process in

the cement kiln is an integral part of the production process, where the fuel ash becomes part of the
cement clinker. It is therefore not possible in most cases to distinguish the process and combustion
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emissions fronone another. As a result, because most of the pollutants originate from the fuels used,
emissions are generally reported under NFR Category 1A2fr(iétailic minerals) and notation key
IE and\NAarereported under 2A1 for these pollutants.

There are apresent four cement plants in Ireland, all of which use the dry kiln process, and they are
currently fuelled by coal, petroleum coke and fuel with meat and bonemeal solid recovered fuels
(SRF) and tyre derived fuelsioainerated at three of the for plants Literature sources, in particular,

the EMEP/EEA Guidebook (2D 1provide some POP emission factors on an ovegraihs of pollutant

per tonne of clinker produced basis. The guidebook states that these emissions are allocated to
combustion in ceent manufacture and so emissions of POPs are reported as NA for category 2A1
These emission factors have been used to determine the total emissions from cement plantsd-uel
data are available from plant operators as part of their reporting requiresemder the EU ETS
(Directive 2003/87/ECQyince 2005Residual fuel not used in the cement manufacture sector but in
other manufacturing industry in 1A2f is calculated amdigsions from fuel use are calculated using
combustion emission factora 1A2f, wile the fuel use data from cement manufacture is removed to
ensure there is no double counting.

4.2.2 Lime Production (NFR 2A2)

dZ oJu % @E} p 8]}V % E} e+ JVA}OA « 3Z PE]v JVvP3) to produc€EV]vP _ }(
AZ § ]+ }uu}voC § ®Ju "<H] KeX /& v 8Z v (LESZ & SE 5§ C sz
a process called slaking, to produce slaked lime (CaOH), which generates large amounts of heat and
steam. The finished product can then be packaged and distributed for use. Currbatly,are two

lime plants in Ireland and a third that operated until 1999. It is understood that all three utilised
limestone quarries and kilns to burn the limestone raw material. The nature of the fuel used and the
abatement in place varies from plant pdant.

Process emissions from lime production are obtained as the difference between total emissions on a

N%o E UV]S %o E&} M S]Iv_ e]e v §Z}e e8Ju S (E}uU (H O }u peSJIvX /v
fuel combustion estimates of emissions weRe v E 00C 0o EP (E SZ v §Z}- *S]Ju 8§ v
% E} L S]}v_ ] v §Z E (}&E 00 U]e*]}ve (E}u oJu % E} u S]}v CE
those reported within Sector 1A2ind the notation key IE (Include elsewhere) is used for 2A2

4.2.3 Glas Production (NFR 2A3)

The manufacture of glass was not a predominant industry in Ireland, being limited to shiee

sectors: lead crystal, container glass, and glass wool. The only container glass plant closed in 2002,
one of the lead crystal plants ded in early 2006, the glass wool plant closed in 2008 and the last one,
(second of the two) lead crystal plant closed in 2009. Therefore, after this petioidsions of all
pollutantsare & %0} E 3 e« ZEK[ ~v}3 } HWEE]VP+X dZ eispimo pstimedes (}E AZ]
have been made are particulate matter (TSP MM s, BC) priority metals (Pb, Cd and Hg), other

metals (As, Cr, Cu, Ni, Se and Zn), and PCDD/F. In additietierfuetl emissions from the glass

industry for 19962009 are already a@ounted for within the Manufacturing Industries and
Construction (1A2) sector.
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Metal emissions can occur from glass processes from the metals contained in fossil fuels burnt to melt
the glass and from metal additives to the glass. Metal emissions frdusiry fossil fuel use are
accounted for within NFR Sector 1A2g (Other Manufacturing Industries). The metals emitted from
glass production processes depend on the type of glass produced. Lead oxide and sometimes arsenic
trioxide are used in the productiasf lead crystal glass and both metals can be emitted to air. Selenium
and chromium compounds are used as colouring agents for container glass. Metal compounds are not
believed to be used to any great extent in the production of glass wool. Of the glasspes outlined,

all the plants were regulated under Integrated Pollution Prevention Control IPPC licences. Therefore,
there is some information available from their AERs until they closed. Other licence information
includes some details of plant designdaaperation, including capacities, fuel types and operating
hours. In addition, confidential information in relation to production statistics has also been supplied
to the inventory team.

Emission data for individual metals reported in AERs are limitétbtemissions from the two lead
crystal installations. These data have been used to estimate emissions of Pb from lead crystal
production, while emission factors are used for the other glass processes. Literature emission factors
are used from the Inventoruidebook (EMEP/EEA, 20-and, where deemed more appropriate,
emission factors from the UK National Atmospheric Emissions Inventory (NAEI) database. The
emission factors used are presented in Table D.1, Annex D. Total emissions for each metal from glass
production are presented in Table 4.2.

Ireland includes process emissions for-BiMom 2A3 Glass production usingnfidential production
dataandthe Tier 2 emission factors presented in Tables 3.3, 3.5 and 3.6 from Chapter 2A3 of the 2019
EMEP/EEAnventory guidebooKEMEP/EEA 20) However, the Guidebook (chapter 1.A.2) notes
that, Tier 1 emission factors from combustion in the industrial sector (NFR 1A2) would overlap at least
partly with the estimate from process emissions in NFR 2A3. Thereimland estimates the
emissions from category NFR 2A3 and subtracts those estimates from the total emissions calculated
for category NFR 1A2f to avoid double counting of these emissidres emission factors used are
presented in Table D.1, Annex D.

The mtential for PCDD/F emissions from glass production is generally low because of the long
residence times in higtemperature conditions, although chlorine can be introduced via fuels and raw
materials, and therefore there is some potential for PCDD/F éomss However, in the plants in
Ireland, the main energy sources used were gas and electricity, and therefore PCDD/F emissions from
fuel combustion were likely to be low. The information on abatement technology is uncertain for the
glass manufacturing plas in Ireland. The URS Dames & Moore (2000) PCixéRtory report

implies that one furnace would be fitted with abatement by 2005, but it is assumed that this is the
large facility that closed in 2002. IPPC licence information implies that the enviréalpenformance

at the glass wool plant was improved in 1999, but the nature of the improvements is not clear.

Emission factors for PCDDéFe provided in the UNEP Toolkit (2013) for two different classes of

( ]0]3C W-TEQit of glags produced for@t Jo]3C A]SZ v} upes }vSETEQrofv 1Xiif

glass produced for a facility with abatement. However, there have been improvements in
VA]JE}vu v3 0 % E(}EuU v V §Z E (}E U 3ZTEQit]is-(ded to eStrdate} ( i X1

emissions in 1990 A]§Z o]v & E -FEQ#JNi2R00 (URS Dames & Moore, 2000) and
Al3Z ep ¢ <p v3 & -+ -SEQ/Xhyi A003 @vhen the container plant had closed) and
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remaining at this level up to 2009 when the last plant ceased its operddiorin and furan emission

estimates for glass production are presented in Talle 4.

Table 4L. Emission Time Series from Glass Production

Year 1990 1994 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2019
TSP (1) 2256 2256 2256 21.88 2220 14.04 5.62 5.44 6.01 6.21 6.07 5.08 0.01 NO NO
PMo(t) 20.08 20.08 20.08 19.48 19.76 1247 495 479 5.30 547 535 447 0.01 NO NO
PMs(t) 1768 17.68 1768 17.15 1740 1098 437 423 467 482 471 394 001 NO NO
BC (1) 0.10 0.10 0.10 0.09  0.09 0.09  0.09 0.08  0.09 0.10 0.09 0.08 0.00 NO NO
As (kg) 17.57 1757 1757 1755 1756 8.87 0.17 0.16 0.18 0.18 0.18 0.15 NA NO NO
Cd (kg) 7.44 7.44 7.44 741 7.42 3.83 0.23 0.22 0.25 0.26 0.25 0.21 NA NO NO
Cr (kg) 23.90 2390 2390 23.69 23.79 1276 1.65 1.60 1.77 1.85 1.80 1.50 NA NO NO
Cu (kg) 1.70 1.70 1.70 1.49 1.59 1.66 1.65 1.60 1.77 1.85 1.80 1.50 NA NO NO
Pb (Mg) 31 31 3n 3n 3n 22 137 137 10 8852 96.78 96.46 791 NO NO
Hg (kg) 0.58 0.58 0.58 051 054 057 0.56 055 060 0.63 0.61 0.51 NA NO NO
Ni (kg) 18.46 18.46 18.46 18.25 1835 11.22 4.02 396 400 3.36 346 316 014 NO NO
Se (kg) 90.11 90.11 90.11 90.10 90.11 4511 0.11 0.11  0.12 0.12 0.12 0.10 NA NO NO
Zn (kg) 33.47 3347 33.47 31.07 3221 33.03 3297 3234 3357 3032 3063 2713 0.80 NO NO
PCDD/F (4gTEQ) 0.54 0.46 0.39 026 0.17 0.11  0.01 0.02  0.01 0.01 0.01 0.01 0.00 NO NO

4.2.4 Quarrying and Mining of Minerals Other than Coal (NFR 2A5a)

Emissions of PpM TSP and PMhave been estimated for all years of thieme series 19902019.
Activity data was taken from national statistics from t@&0and emission factors from Chapter
2.A.5.a, Table 3.of the Inventory Giidebook (EMEP/EEA, )1 Activity data and emissions are

presented in Table 2.

Table £ Quarrying and mining of minerals other than coal (2.A.5.a)

Activity Data 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Metallic

minerals Mt 2.68 2.60 3.49 4.65 4.28 4.18 421 3.82 3.66 3.40 2.60 2.31 2.20 2.27
Nonmetallic

minerals Mt 28.82 26.81 63.10 9446 37.96 2585 3041 29.03 29.47 33.63 42.08 45.09 45.09 46.58
Emissions

factors

TSP g/t | 102.00 102.00 102.00 102.00 102.00 102.00 102.00 102.00 102.00 102.00 102.00 102.00 102.00 102.00
PM10 glt 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
PM2.5 glt 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Emissions

TSP kt 3.21 3.000 6.792 10.110 4.309 3.063 3531 3.350 3.379 3.777 4558 4835 4824 4983
PM10 kt 1.58 1.470 3.330 4.956 2.112 1.501 1.731 1.642 1.656 1.852 2234 2370 2.365 2.443
PM2.5 kt 0.158 0.147 0.333 0.496 0.211 0.150 0.173 0.164 0.166 0.185 0.223  0.237 0.236  0.244

4.2.5 Construction and Demolition (NFRA5b)

Emissions of Pp4, TSP and PMhave been estimated for all years of the time series 124119.
Activity data was taken from national statistics from 88Cand the US EPA Tier 1 methodology and
emission factors from Chapter 2.A.5.b section 3efgyuidebook (EMEP/EEA, 2)drelandchecked

for sources of required data to implement a Tier 2 method and determined it is not possisertce

any of the required dataThe methodologies provided by US EPA witkdARequire very detailed
localdata as mentioned e.g. material silt content, road surface silt content, material moisture content,
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medium wind speed, mean vehicle weight, mean vehicle speed, vehicle kilometre travelled (VKT)etc.
The 2019 EEA/EMEP guidebook states that collection of datehis likely to be possible only for
individual large point sources. Ireland does not have this data available for any construction and
demolition sites and will continue to use the Tier 1 method to estimate emissions from this source.
The emissions angresented in Table 8.

Table 8 Construction and Demolition (2.A.5.b)

Emissions 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TSP kt 1.74 1.93 1.55 6.25 12.49 0.53 0.74 1.85 1.17 1.38 1.15 3.27 0.97 2.94
PMo kt 0.52 0.58 0.47 1.87 3.73 0.16 0.22 0.55 0.35 0.41 0.34 0.98 0.29 0.88
PMs kt | 0.052 0.058 0.047 0.187 0.373 0.016 0.022 0.055 0.035 0.041 0.034 0.098 0.029 0.088

4.2.6Storage, Handling and Transport of Mineral Products (NFR 2A5c)

Emissions of PMhave been estimated for all years of the time series 12819. Activity data was
taken from national statistics from the Central statistics office and emission factorsTednhe 3.4
Chapter 2.A.5.a of the guidebook (EMEP/EEA9RMctivity data and emissions are presented in
Table 4.

Table 4 Storage, handling and transport of mineral products (2.A.5.c)

Activity Data 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Metallic minerals Mt 2.68 2.60 349 465 428 418 4.21 3.82 3.66 3.40 2.60 231 2.20 2.27
Nonmetallic minerals| M 28.82 26.81 63.10 9446 37.96 25.85 30.41 29.03 29.47 33.63 42.08 45.09 45.09 46.57

-

Emissions factors

PM2.5handling gt 0.60 060 060 060 060 060 060 060 0.60 060 0.60 0.60 0.60 0.60
Emissions
PM2.5handling kg | 0.019 0.018 0.040 0.059 0.025 0.018 0.021 0.020 0.020 0.022 0.027 0.028 0.028 0.029

4.2.7 Other (NFR 2A6)

The industrial processes included within NFR Sector 2A6 are Bricks and Ceramics Production and
Asphalt Production. Each of these subcategories is described in the following sections in terms of the
pollutants for which emission estimates are made.

4.2.7.1 Bricks and Ceramics Production

The production of bricks and ceramics is a small sector in Ireland with a total of foulid&&d
facilities in operation. Emission estimates are only made for PC&tfiere are no data available in
relation to process emissions of other pollutants and, furthermore, they are expected to be negligible
(AEA/CTC, 2008). Direct production information in relation to the bricks and ceramics sector is not
available; however, raw material input data are provided bydbmpanies under the EU ETS. For the
purposes of inventory estimates, as a wetaise scenario it is assumed that raw material input equals
product output. Emission factors are sourced from the UNEP Toolkit (2013) in which two classes of
facility are suggeS W iX4d.YPS/}( E] | % E} p (}&E ( ]o0]8C A]S8Z v} pues
I-TEQ/t of brick produced for a facility with abatement. The URS Dames & Moore (2000) report
*UPP ¢S v u]ee]}v ( S}TEQM whichiis.th® average of th@d emission factors, and
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this value, has been used across the time series. The UNEP Toolkit (2013) does not include emission
factors for ceramics production and therefore the emission factor for bricks is also applied to ceramics
production. Dioxin and fan emission estimates for bricks and ceramics production are presented in
Table 45.

Table 4 Dioxin and Furan Emission Time Series from Bricks and Ceramics Production

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Bricksproduction

PCDD/F (MgrEQ)| 12.14 13.02 1538 1534 174 248 0.08 0.07 NO 162 284 332 355 334
Ceramics
production

PCDD/F (mMg'EQ) NO NO NO 0.032 NO NO NO NO NO NO NO NO NO NO

4.2.7.2 Asphalt Production

Inthe }vs £ }( §Z]* JVA vE}ECU 8Z & EuU " *%Z 035_ ]* ue 3} =« E]
}vd Jv A EC]vP u}pvse }( PPE P 8 U pe 8} plo v u]vs]v E} .U

to be a heavy oil tar product which is used at elevated terapures particularly in roofing materials

(}E& -<}u pl]o JvPeX HEE vSoCU }voC W & u]ee]}lv +SJu S o (E}u o

air pollution inventory.

Information in relation to the production of asphalt in Ireland is sourced from thegaan Asphalt
Pavement Association (EAPA, 2001,2007, 2012,,2P088, which generates an annual report
outlining the quantity and end use of asphalt produced in European countries. Production data are
available from 1994 onwards, with pf@94 productionestimates assumed to be equal to those in
1994. The production levels until 2006 show an upward yeayear trend due to increased road
building in Ireland, from 2007 to 2014 the trend was decreasing but a slight increase is seen from 2015
to 2019

In reland, bag filters were fitted to most asphalt production facilities prior to 2000 and it was

suggested that all facilities would have bag filters by 2001 (URS Dames & Moore, 2000). The UNEP

Toolkit (2013) gives a range in emission factors of 0.007 t6 0.0-FEQ/t asphalt produced. Given

the above information, the emission factor for PCDDME} U *%cZ 0S5 % &} pu STER/t)ig i1 Xi6 ...P
} %o § (}J& iddiX olJv & E +« ]Jv 8Z UlJee]lv ( SIEEQtBYZ v eepu

2000, and a further]v & E + ] eepu STEQKDbydhe el d¢f 2002. The emission

( S}E J* eepu S} -TERAMDM.2003and onwards. Dioxin and furan emission estimates

for asphalt production are presented in Tablé.4.

Table 4 Dioxin and FuraEmission Time Series from Asphalt Production

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
PCDD/F (mg'EQ) 154 922 112 238 16.1 126 133 16.1 126 133 133 147 144 140
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4.3 Chemical Industry (NFR 2B)

The chemicaindustry is not a dominant industry in Ireland in relation to industrial processes and is
not an important source of emissions. The only source of emissions for which estimates are collated
are NQ emissions from Nitric Acid Production for the years 12002

4.3.1 Nitric Acid Production (NFR 2B2)

Nitric acid is used as a raw material mainly in the manufacture of nitrbgsed fertiliser. It may also

be used in the production of adipic acid and explosives, for metal etching, and in the processing of
ferrous metals. In the manufacture of nitrogenous fertilisers, the Haber Bosch process is utilised in
which NH is made by combining nitrogen from the air with hydrogen from natural gas and water,
using the energy from the gas and a catalyst. Nitric acjgréduced by burning (oxidising) the NH
over a catalyst. The nitric acid is combined with more dHoroduce ammonium nitrate, which is
solidified into granules or bealike prills for application to land using a fertiliser spreader. Up to its
closure m 2002, there was one such plant in Ireland, which utilised the above process to produce
calcium ammonium nitrate and other nitrogenous fertiliser blends. The inventory agency received
direct correspondence from the plant in relation to the quantities dfio acid produced and the
measured emissions of NCEmission estimates and associated activity data fof éssions from

nitric acid production are presented in Tabl@ 4Abatement measures were installed at the plant in
the mid-1990s and they are flected in emission estimates from 1995

Table 4 Nitrogen Oxides Emission Time Series from Nitric Acid Production

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2007
Nitric acid (kt) 338.8 260 260 260 260 260 260 260 260 260 260 260 130]
NG (kt) 1680 1672 1823 0960 0.280 0.28C 0.28C 0.28¢ 0.28C 0.28C 0.303 0.374 0.1871

4.4 Metal Production (NFR 2C)

This category includes a wide range of processes such as primary and secondary istaeand
production, aluminium production and other ndarrous production. In this category, emissions are
estimated for the following subcategories and pollutants:

2C1 Iron and Steel ProductiomnAs, Cd, Cr, Cu, Hg, Ni, Pb, Se, Zn, PCDD/F;
2C2 Ferroalloy€roductiont As, Cd, Cr, Ni, Pb, Zn, HCB,;

2C3 Aluminium Productiont Zn;

2C5 Lead productiont Pb;

2C7 Other metal productiont Cd, Cr, Cu, Ni, Pb, Zn;

Ireland is a major European producer of Zn and Pb ores. The preparation of Pb and Zn concentrates
does not produce emissions and the concentrates are exported for further processing.

4.4.1 Iron and Steel Production (NFR 2C1)

This sector covers the manufacture of iron and steel, an eretgysive process likely to generate

high emissions to air from the use of furnaces and sintering processes, as well as the manual handling
of the raw material to finished goods, which canluge hot and cold rolling, and turning, temping

and cutting of metal to reach a desired end product. Steel production in Ireland has been limited to a
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single large electric arc furnace installation, which closed in 2001 but was operational throughout the

p &]} i06i>711iX Kv eu 00 (}pv EC & u ]Jv Jandfgie dhpunt pSE] pns]\
ulJee]tve (S E SZ 0 EP %0 VS[* O}epE X dZ u ]Jv %0 VS % E} M M

mainly from recycled scrap steel. It received an IPPC liceraqgetate just months before its closure,

therefore no AERs were filed by the plant. However, some emission testing was carried out with

respect to heavy metal emissions as part of its licence application.

Heavy metal emission estimates have been calcdlatsing the aforementioned emission testing

results for Cd, Cr, Pb, Ni and Zn, whilst for the remaining pollutants (i.e. As, Cu, Hg, and Se) Inventory
Guidebook (EMEP/EEA, 2)Emission factors have been used, assuming no abatement at the plant.
Theemisg}v ( S} E-e* p- E %E& *«vS Jvd o XiU vv £ X u]ee]}v *35]L
time series are shown in Table84Metal production data are available from the site for the period
i660>1T11iU AlEB4 ¥safuction assumed to be equal to that1994. Emission estimates are

calculated by multiplying the production data by the relevant pollutant emission factor and assume
that no abatement was in place at the plant.

Table 8 Emission Time Series from Iron and Steel Production

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
As (Mg) 013 012 010 013 011 012 014 013 014 013 0.14 006 NO
Cd (Mg) 022 019 017 022 018 021 023 022 024 022 024 010 NO
Cr (Mg) 143 128 113 143 117 136 149 148 157 147 158 066 NO
Cu (Mg) 002 002 002 002 002 002 002 002 003 002 003 001l NO
Pb (Mg) 175 158 138 175 143 167 1.83 181 193 1.80 194 081 NO
Hg (kg) 3260 2930 2570 32.60 2660 31.00 3410 3370 3580 3350 36.00 1500 NO
Ni (Mg) 269 242 212 269 220 256 282 278 296 277 298 124 NO
Se (Mg) 0.007 0.006 0.005 0.007 0.005 0.006 0.007 0.007 0.007 0.007 0.007 0.003 NO
Zn (Mg) 2775 2494 2187 2775 22.64 2638 29.02 2868 3047 2851 30.64 1277 NO

PCDD/F (g |

TEQ) 0743 0891 0.783 0.990 0810 00942 1.035 1023 1086 1.017 1.092 0.462 0.012
PCBs (kg) 0.619 IE IE IE IE IE IE IE IE IE IE IE IE

Blalp (Mg) 0.009 IE IE IE IE IE IE IE IE IE IE IE IE

Electric arc furnaces are significant sources of POPs. The overall apjorogobrt emissions of POPs

from the iron and steel category has been to account for emissions from fuel combustion within Sector
1A2a, with the process emissions reported (where possible) under Sector 2C1, which have been
estimated using the approach dgibed with respect to Cement Production (2A1). Emission factors
based on per unit production were used to calculate initial estimates of total emissions. These factors
are sourced from the Inventory Guidebook (EMEP/EEA9)20he difference between estates
determined on this basis and those reported for fuel combustion sector 1A2a is then reported in sector
2C. Emission estimates for the sector are presented in TaBld WE W 1&X dZ v}S§ S]}iv | C -
(included elsewhere) is used for HCB emissiongdars 1992002 andthe notation keyNO is used

for the years 20032019. Emissions of HCB are reported and accounted for under NFR 1A2a as it has
not been possible to separate process and fuel combustion related HCB emissions for the period 1990
2002 forwhich there was an iron and steel industry in Ireland.
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4.4.2 Ferroalloys Production (NFR 2C2)

This sector covers several secondary sites engaged in iron and steel manufacture. Two types of
installation are distinguished. The first type covers instalieimvolved in the manufacture of ductile

iron for use in street furniture, public benches, waste bins and manhole covers, and the second is the
manufacture of cast iron for appliances. The process of creating ductile iron utilises electric arc
furnaces tosmelt the raw materials, iron and magnesium. In the manufacture of cast iron, ferrous and
non-ferrous metals, including scrap metal, are used within the process. Since 1990, there have been
three relevant facilities in Ireland. Due to a change in operatioone of these plants reported
negligible emission estimates from 2003 onwards; one facility closed in 2014 leaving a single operating
facility from 2014 onwards.

A number of the larger metal processing sites are regulated under IPPC. Some metalnemissio
estimates and particulate emission estimates have been reported in AERs; however, not all
installations report emissions in all years. In some cases, only production data and emissions of TSP
are available. Where production data only were provided byglant operator, they were used to
calculate emissions of TSP using USEPA factors for dust emissions from abated/unabated iron foundry
cupola processes. Estimates for metal emissions were then obtained from the TSP estimates based on
Inventory Guidebook (EEP/EEA, 2®) dust composition data for foundry dust. Abatement
techniques are also taken into account in emission calculations at a-gecific level, where this
applies. Emission estimates of HCB for the time series-1996 are presented in Table34 The only

source of HCB is the secondary manufacture of aluminium, for which the Inventory Guidebook
(EMEP/EEA, 20}indicates a factor of 5 g/t of aluminium. This factor has been used to estimate HCB
emissions across the time series until use of tHéEbased cover gas was banned in 1996 and
emissions are reportedsing the notation key N@r years after 1996.

Estimates for TSP, R§yIPM:sand BC have also been made for this categatal Particulate Matter
data reported in AERs were useddstimate emissions from TSP. Fractionation profiles based on the
emission factors within the Inventory Guidebook (EMEP/EE®) 20dre used to estimate PN PM s

and BC emissions.

Where production data are not available, TSP estimates have been usstin@te metal production
across the time series using the BiPRO waste report (200&Y, POPs like PCDD/F, PCB and PAHSs are

reported under fuel combustion sector 1A2b. The HCB emission factor used is presented in Table D.3,
Annex D, and process emigsiestimates for the 1990996 time series are presented in Tabl8.4.

Table 2 Emission Time Series from Ferroalloys Production
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Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
TSP (Mg) 7057 7057 557 132 128 066 029 064 NO  NO 0.0002 0.0002 0.0002 0.0002
PMo(Mg) 59099 59.99 474 112 109 056 024 054 NO  NO 0.0002 0.0002 0.0001 0.0001
PM s(Mg) 4234 4234 334 079 077 039 017 038 NO NO 0.0001 0.0001 0.0001 0.0001
Cr (Mg) 0.252 0.252 0.019 0.005 0004 0002 0001 0002 NO NO NO NO NO NO
As (Mg) 0.069 0.069 0.005 0.001 0001 0001 0000 0001 NO NO NO NO NO NO
cd (Mg) 0.0325 0.0325 0.0028 0.0006 0.0076 0.0004 0.0002 0.0004 0.0001 0.0001 NO 0.0001 0.0001 0.0001
Ni (Mg) 0.115 0.115 0.008 0.002 0.002 0.001 0.000 0001 NO NO NO NO NO NO
Pb (Mg) 1712 1712 0183 0.031 0.035 0016 0007 0.015 0.0001 0.0001 NO 0.0001 0.0000 0.0001
Zn (Mg) 1407 1.407 0345 0022 0041 0011 0005 0.011 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000
'FFES)D/F @] IE IE IE IE IE IE IE IE IE IE IE IE IE IE
HCB (kg) 40.000 40000 NO NO NO NO NO NO NO NO NO NO NO NO
PCBs (kg) NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Blalp (Mg) IE IE IE IE IE IE IE IE IE IE IE IE IE IE

4.4.3 Aluminium Production (NFR 2C3)

Ireland isan important producer of alumina at one large plant using the Bayer process (extraction of

AlG; using NaOH). The production of alumina using the Bayer prooessnot giveise to significant

metal emissions and therefore process emissions are not estimated for this source. Ireland has some
secondary aluminium processing for which estimates of Zn have been made following reports from

the plant involved. The plant closed late 2006 and therefore estimates are only provided for the
i6061>17T110 SJu *» E] » ¢ %E& » vS ]Jvd o OXiiX WE} u S]}v § (}& sz
therefore estimates were made using PM as an indicator. The UK NAEI emission factor oft2s725 g

then applied (Table D.3, Annex D).

Table 4AEmission Time Series for Zinc from Aluminium Production

Year 1990 1995 2000 2001 2002 2003 2004 2005 2006
Zn (t) 0.029 0.029 0.029 0.029 0.043 0.019 0.026 0.011 0.011

4.4.4 Lead Production (NFR 2C5)

A significant quantity of Lead is mined in Ireland, but such mining is assumed not to be a significant
source of emissions to air. Estimates at facility level of Lead emissions have been obtained from AERs.
Emission estimates for the time series are presenin Table 4.1and are reported as not occurring

since 2009.

Table 4.1Emission Time Series for Lead Production

Pollutant (unit) 1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Pb (kg) 7.845 7.845 7.845 7.845 0.01& 0.008 0.013 0.006 0.025 0.034 0.030 NO

4.4.5 Other Metal Production (NFR 2C7)

This category covers all other metal manufacture and manipulation, including any emissions from the
mining of raw materials. A significant quantity of Zn is mined in Ireland, but such mirisguimied

not to be a significant source of emissions to air. Ireland has a number of small aluminium casting
companies in addition to facilities for wire manufacture and the manufacture of refined or secondary
Pb and Cu products, as well as a number ofadvagising plants.
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Estimates at facility level of the heavy metals Cd, Cr, Cu, Ni, Pb and Zn have been obtained from AERs
with respect to these secondary metal operations. Emission estimates for the time series are
presented in Table 421 Emissions arise frol plants in the latter parts of the time series and are
therefore very sensitive to changes in activity of individual plants.

Table 42Emission Time Series for Neerrous Metal Production

Pollutant | Units | 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Cd (kg) kg 0.02 0.02 0.02 0.02 NO 020 020 0.20 0.20 O0.10 NO 0.10 0.10 0.10
Cr (kg) kg 150 211.0 211.0 256.3 NO NO NO NO NO NO NO NO NO NO
Cu (kg) kg 3.18 3.18 3.18 2227 NO NO NO NO NO NO NO NO NO NO
Pb (kg) kg 0.15 0.5 0.15 9.85 NO 030 030 040 041 030 020 030 0.17 0.30
Ni (kg) kg 82.00 82.00 82.00 4.97 NO NO NO NO NO NO NO NO NO NO
Zn (kg) kg 233.0 233.0 233.0 121.3 3.10 030 030 2235 150 030 030 030 021 0.21

Process emissions of POPs (where applicable) are included in combustion emissions and reported as
included elsewhere (IE) for category 2C7.

4.5O0verview of NMVOC emissions from Solvent and Other Product Use (NFR
2D-2L) Sector

The emission estimates presented in Solvent and Other Product Use (NBR 2izlude Domestic
solvent use including fungicides (2D3a), Road Paving with asphalt (2D3)g@gutiications (2D3d),
Degreasing and surface cleaning (2D3e), Dry Cleaning (2D3f), Chemical Products, Manufacture and
Processing (2D3g), Printing (2D3h), Other Solvent Use (Fat, Edible agdilmleroil extractioh(2D3i),

Other Product uséUse of Tobeco products and Firework§2G) and Food and Beverages industry
(2H2). Emissions are the result of continuing improvement of NMVOC emission estimates for Ireland
through the outsourcing of tendered projects by the EIFAr 2D3c Asphalt roofingt has been
determined that the production of asphalt roofing materials does not occur in Ireland. This category

is reported as NO.

In 2012, the inventory agency commissioned a research project to update the NMVOC emission
inventory for 20062013. This was follow-on project to CTC/AEA (2005) and Finn et al. (2001) and
resulted in a revised dataset where new data and methodologies had become available. This approach
was taken in accordance with the Inventory Guidebook (EMEP/EEA 2016) methodology for NMVOC
emissions for Solvent and Other Product Use (NFRLIDThe results of this project were provided in

the 2016 submission. This project continued into 2016 and resulted in further improvements to the
NMVOC emission inventory from Solvent Usage.

Emissions dat were gathered using a similar methodology to previous approaches. Bafpodata

was mainly obtained from submissions of Annual Environmental reports (AERs) which detail emissions
in a variety of reporting formats ranging from the Solvent Mass Balancem3uwy, Solvent
Management Plan (SMP), Pollution Release and Transfer Register (PRTR), or the Annual Environmental
Report returns Workbook. In addition, new data sources were used from legislation designed to limit
and report solvent usage (Solvent Direeti999/13/EC). In conjunction with these data, the number

of operators within each category was estimated using NACE codes provided by the Central Statistics
Office (CSO) or from expert opinion.

Environnental Protection Agency 97



d}% > }Av u §Z} « A E pe (}JE 3]A]3)PPG/IceNnsing s§tem 1r §idder the
Solvent Directive (1999/13/EC). The most significant included the use aehdostrial paints, metal
degreasing and the use of domestic solvents. Input in the form of activity data, solvent usage or VOC
emissions datad each individual activity were collated into spreadsheets. Emissions were estimated
by applying the Inventory Guidebook (EMEP/EEA 2016) methods, default emission factors and general
guidance as appropriate. Scaling up to national level was applied wiesressaryThe emission
factors used are presented in Table D.4, Annex D

Emissions reported in NFR 20format are aggregated from the Selected Nomenclature for Air
Pollutants (SNAP) categories. SNAP codes are used in the Inventory Guidebook (EMEP)EEA 2016
where sectoral emission sources and emission factors are provided in this system. Therefore, SNAP
codes are adopted in these categories as it ensures that reporting of emissions is consistent with the
guidebook and therefore other Parties submissionsdifinally, the use of SNAP codes facilitates a
sub-sectoral analysis of drivers and trends.

For a number of sources, it was not possible to obtain reliable cowpegific data (SNAP 060107:

Paint Application: Wood, SNAP 060109: Niadfustrial Paint Apjdation, SNAP 060408: Domestic

A1O0A VS he oX }ve <p v }( §Z]*U h< v }S8Z E W ES] [ ule<]}v (
activity data (scaled by surrogate data), were used in the estimation methodology.

Obtaining countryspecific data has beenadtified as an important issue in the past (Barry, S. and
Regan, B., 2014). While new activity data were obtained for sectors that previously relied upon proxy
sources, a number of sectors are still estimated using proxy information sources. Furthenggtthaci
dependence of these would require substantial investment, and the improvement that this would
bring over using proxpased data is thought to be relatively small due to the similarity in lifestyle
behaviour between the countries operating within tB&J(an in particular the United Kingdorahd
therefore a common market place.

The main drivers associated with trends in implied emission factors relate to reduced solvent content
of products, and paints. The trends in activity data reflect the fact tredand experienced rapid
economic growth from the late 1990s to 2007. As a result, there was a substantial increase in the
number of vehicles, growth in the number of individual households, and generally a higher per capita
consumption of paints, cosmes, toiletries, and other solvent containing products. Since 2007, there
has been a rapid economic downturn, which has had a marked impact on consumption, and therefore
emissions of NMVOC. As economic conditions began to improve emissions have alsednitoras

2012 to 208.

Figure 4.1 illustrates the overall trend and show&6ger cent increase in total emissions between
1990 (33.0 kt of NMVOC) and Z08.2kt of NMVOC). The main contributor to the trend is sector
2H2 Food and Beverages industwith 204 per cent increase between 1990 and 204nd was
responsible for60.7 per cent share of emissions from solvent and other product use i19.20ke
second largest contributor is sector 2D3a (Domestic Solvent Use including fungicides) with a
contribution of 231 per cent of emissions from solvent and other product use (having increased by
40.4 per cent since 1990). Sector 2D3d (Coating Applications) accountédOfper cent in 209
showing a decrease 6#.0per cent between 1990 and 20.
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1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

m Domestic solvent use including fungicides: M Road paving with asphalt

m Coating applications; paint application: m Degreasing

m Dry cleaning m Chemical products

m Printing Other product use (please specify in the IIR)

Food and beverages industry

Figure 4.1 NMVOC Emission Trend for2b + 2WKHU 6ROYHQW DQG 3URGXFW i

Sector2D3a,(Domestic Solvent Use including fungicidissthe second largest contributor to NMVOC

emissions (Table 43). A Tier 2 method was implementadichuses population datalgained from

the C.S.0 and per capita emission factors for product use from the Inventory guidebook (EMEP/EEA,

2019). This approach was used as the statistics required for the use of Tier 2b approach were not

complete in terms of the product types coverbyg domestic solvent use. For Hg no Tier 2 emission

estimate is available for fluorescent tubeBhe 2019 Inventory Guidebook does not contain an
uleellv ( S}E (}E SZ]+ -}pu&Eto therunedrtdingy dround these releases, this source

is currerly not considered in the Guidebook. dZ & (}E& U S§Z]e u]ee]}Vv ]* v}S %% 0] o0

Sector 2D3b (Road paving with asphalt) emissions contribute less than 0.1 per cerfl efriédions.
Emissions from the sector have decrease®lyper cent since 1990.

Emissions from Coating applications (2D3d) decreased between 2007 and 2012 before increasing in
2013 and 2014 and decreasing agmom 2015to 2018 and reaching their lowest level in 20124.3

kt). The main driver of NMVOC emissions from this emissia@ygoayf is the application of decorative

paint (SNAP codes:060103/060104). A number of factors contributed to the ongoing decrease in
emissions including; the substantial reduction in the solvent content of paint in recent years to comply
with the DecePains Directive (EP and CEU, 2004b), a greater awareness of environmental issues from
the general public in addition to the economic downturn in Ireland. From discussions with industry,
pressure from some of the larger retailers is noted to be one of the kieerd for the decrease in
solvent use in architectural paint. The sales of wdiased paints have decreased »§.0 per cent
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between 1990 and 2@whereas solvenbased paint sales have decreased Byper cent over the
same period.

Emissions fron2D3e Degreasingjlecreased bys.92 per cent between 1990 and 201 Emissions
peaked in 1996 at 2.5 kt. The methodology is basedaircansumption of solvents (imports minus
exports) provided by the CSO. The analysis showed that the main solvent uged isector is
DichloromethaneThe reductions are assumed to be driven by improved management practices and
abatement technologies (opetop tanks have been phased out in the European Union as a result of
the Solvents Emissions Directive 1999/13/EC). gtams from this emission source accounted3d

per cent of the total emissions from solvent and other product use 9201

Data obtained under the reporting requirementstok Solvent Directive (1999/13/EC) was used to
estimate emissions from 2D3f @DCleaning). Solvent usage, emissions data and national statistics
were used to estimate emissions from this emission source. Emissions decre&@$e@@sr cent over

the 19962019 period. Emissions from 2D3f accounted forDpkr cent of the total emissions from
solvent and other product use in 281

2D3g (Chemical products) accounts Tor per cent of emissions in solvent and other product use in
2019. In 1990, this sector accounted for 9.2 per cent. This emission categaosysts of fourteen
emission sources, however, the majority of the emissions sources contribute very little to the overall
emissions from the Chemical products sector. The diversity within these sectors is very large in terms
of the type of process, therpducts made and the scale involved. The main driver of emissions from
this emission source is Pharmaceutical Production (SNAP code 060306). Emissions from
pharmaceutical production accounted f68.0per cent of emissions in the 2D3g in B0Emissions

from 2D3g decreased B9.3per cent between 1990 and 201Emissions decreased as a result of the
introduction of new management practices or through the use of abatement technology (CTC/AEA,
Tl v EEC "X v K[Z P v XU iiioe-xndpliey tralegiés aré Haing jaliE E
impact on solvent use and emissions. In addition, large reductions in emissions were found in several
emission sources between 1990 and 20For instance, emissions reduced significantly from SNAP
code 060303 (Polyurelaane Processing), SNAP code 060305 (Rubber Processing). This was mainly a
result of plant closures with the last rubber processing facility closing in 2016. 2D3h (Printing)
emissions decreasefb.1per cent over the 1990 to 2@1 In 20D, the sector accoued for 2.1 per

cent of total emissions from solvent and other product use. Emissions from this skect@ased by

28 per cent in 209. It is important to note that the print industry is included under the Solvent
Directive (1999/13/EC) and is subject BBPC licencing where applicabMhich is most likely
responsible for the decrease in emissions

2D3i (Other Solvent use) emissions incredbs&@l 3per cent over the 1990 to 2@ltimeseriesin 20D,

the sector accounted for 8.per cent of total emissionfom solvent and other product use. This
emission category consists of 8 sources which include SNAP codes; 060401 (Glass Wool Enduction),
060402 (Mineral Wool Induction), 060404 (Fat, edible and-edible oil extraction), 060405
(Application of Adhesiveand Glues), 060406 (Preservation of Wood), 060407 (Underseal Treatment
and Conservation of Vehicles), 060409 (Vehicle Dewaxing) and 060412 (Other). Application of Glues
and Adhesives contributet87 percent of total emissions from solvent and other protluse in 209.
Emissions from thisub-category have increaseti80.5 per cent between 1990 and 201due to
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increased consumption of glue products. The methodology for reporting 060404 (Fat, edible and non
edible oil extraction) includes emissions from 198@019, the methodology is a Tier 2 method based

on Oilseed rape crop yield data provided by the CSO and emission factor from the Inventory guidebook
(EMEP/EEA 20}

Emission sources from 2G4 include 060602 (Use of tobacco) and 060303 (Use of shissg)ng

from SNAP code 060602 (Use of tobacco) has been included in this submission using Tier 2 emission
factor from Inventory guidebook (EMEP/EEA @0and excise volumes data obtained frohhe
RevenueCommissionersEmissions from category 2G4 accouhter 0.G4 per cent of emissions from

solvent and other product use in 28and have decreased 9.1 per cent between 1990 and 201

as a large decrease in tobacco consumption was noted in 2018 with a recovery in consumption seen
in 2019

Sector 2H2 (Faxd and Beverage industry) is the largest contribuGf). {6per cent in 209) to NMVOC
emissions (Table 39-4.44). Tier 2 methodologies were applied to SNAP codes 040605 Bread, 040607
Production of Beer and 040608 Production of spirits, 040627 Meat fayidgneat rendering, coffee
roasting and feedstock, using activity data from C.S.O and Eurostat.

4.5.1 Domestic Solvent Use including fungicides (NFR 2D3a)

This subcategory covers SNAP sector 060408. This category addresses NMVOC emissions from the
general use of products containing solvents by members of the public in their homes but does not
include the use of decorative paints. Many domestic products Bew@sed in industry and commerce

and in many cases, it is difficult or impossible to separate total sales into domestic and industrial
components. Products that contain VOCs can be divided into a number of categories such as Cosmetic
and Personal Care Riocts, Household Products, DIY products, Car Care Products, Varnish remover,
Sealant and fillinggents, Pharmaceutical Products Use and Pesticides. In this submission, a Tier 2
methodology was used with perapita emission factors. This is the recommendggroach to use

where product statistics for the use of the Tier 2b approach are not complete in terms of the product
types covered by domestic solvent use. Further study is planned to source appropriate product
statistics. Estimates of NMVOC emissionsifidomestic solvent use are provided in Table34.1

Table 4.3NonMethane Volatile Organic Compound Emissions from Domestic Solvent Use

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
kt 7.93 8.14 8.57 9.35 1030 10.34 1037 10.38 1042 1048 10.77 10.82 10.87 11.13

4.5.2Road Paving with asphalt (NFR 2D3b)

This sector covers the use of asphalt for road paving and covers SNAP sector 040611. This source is
estimated using a Tier 2 methodology using annual weight of warnmainehix asphalt used in Ireland

for years 19932019 and the Tier 2 emission factor from the Inventory guidebook (EMEP/EE)\ 201

PMx5 PM10, TSP and BC are estimated for all years-2090 Estimates of NMVOC, RMTSP, Pbs

and BC emissions from RoRdving with asphalt are provided in Table44.1

Table 4 4Emissions from Road Paving with Asphalt (NFR 2D3b)

|Year| 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019|
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|kt | 7.93 8.14 8.57 9.35 10.30 10.34 10.37 10.38 1042 10.48 10.77 10.82 10.87 11.13

4.5.3Coating Application (NFR 2D3d)

This sector covers the use of paints within the industrial, trade and domestic sectors. The term paint
includes pigmented coatings and clear coatings such as lacquers and varnishes, with the exception of
glues, adhesives and inks. Unless captured on relaad either recovered or destroyed, the solvent
content of paint can be considered to be emitted to the atmosphere. Sihi®ategoriesovered in

this source category are presented below, with the relevant SNAP code in parenthesesdaNs\P

not includedbelow are deemed not to occur in Ireland.

Paint Applicationt Car Repairing (060102)

Paint Applicationt Construction and Buildings (060103)

Paint Applicationt Domestic Use (060104)

Paint Applicationt Boat Building (060106)

Paint Applicationt Wood (060107)

Paint Applicationt Other Industrial Paint Application (060108)
Paint Applicationt Other Nonlndustrial Paint Applicatio(060109)

Dependent on the SNAFddeof interest, both bottomup and topxdlown approaches have been used

in emission estimate Where there is an absence of courspecific data, pecapita emission factors
derived from a number of EU member states national inventories were used to estimate emissions in
Ireland using population statisti@s a proxy Further details of the methdological choices for this
‘JUCE § PYEC E % E}A] Jv. EEC v K[Z P vX ~TiidgsU d |

4.5.3.1 Paint Application: Car Repairing (SNAP 060102)

Activity data was obtained from a number of sources. From ZIi®, sales data was obtained from

a large supplier and data was scaled up based on market share and expert opinion. Data used in 1998

was calculated by Finn et al. (2001), data for 2000 and 2001 was provided by the British Coating

Federation. Data was extrapédal and interpolated for the intervening years using passenger car

numbers reported by the Department of Transport, Tourism and Sport each year (DTRAS, 20
ulee]}v ( 8}E+* A E } §]v pe]vP cpEA C § (E}u Il d ~fiifie Vv

default emission factors provided by the Inventory Guidebook (EMEP/EEA 2016) and where necessary,

emission factors were calculated based on the average decrease in VOC content in known coating

applications. The emission estimate includes thinners (EB-88Bg/L), body fillers (EF 2495g/L),

top coat (726420g/L) and primers (72840g/L). This is considered a Tier 2 method. Emission

estimates are provided in Table 5.1
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Table 43NonMethane Volatile Organic Compound Emissions from Paint Appl@atiBepairing

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC
(kt) 019 021 031 043 038 036 026 024 025 022 019 0.16 0.16 0.16

4.5.3.2 Paint Application: Construction and Building (SNAP 060103) and Domestic Use
(SNAP 060104)

Activity data was obtained from the Irish Decorative Surface Coating Association (IDSCA) for the period
2006209X dzZ /E]*Z pe]v e VvV U%O}C Ee*[ }v( & S]}v ~/ '« }oo §
both waterbased and solverbasedpaints and provided the information to the inventory agency for

the period 20062004. Following the experience in the UK (CTC/AEA, 2005), total product sales are
proportioned between trade (Construction and Buildings) and retail (Domestic Use) use, r@agsumi
44:56 split in 1998, reaching 40:60 in 2003, and 30:70 in 2013. The split9ms2skumed to be the

same as 2013. Estimates of paint sales prior to 1998 were extrapolated using GDP (R=0.70).

A number of emission factors were used to calculstdVOC emissions from decorative coating
applications. A survey of products found in popular retail chain stores was completed to establish a
realistic emission factor for decorative surface coating products for recent years:
X Interior matt walls and ceilingaint was found to be 30g of VOC/I for solvent based paints and
22.5g of VOCI/I for water based paints.
X Interior glossy walls and ceilings were found to have 76g of VOC/I for solvent based paint and
509 of VOCI/I for water based paints.
X Exterior walls of nmieral substrate were found to have 126g of VOC/I of solvent based paints
and 9g of VOC/I for water based paints.
X Interior/exterior trim and cladding paints for wood and metal have an average solvent content
of 324g of VOC/I of solvent based paints and d@f3gOC/| of water based paints.
X Primers were found to have an average solvent based paints of 201g of VOC/l and 45¢g of VOC/I
for water based paints.

These emission factors were used for 221019 while emission factors prior to this were assumed to
be sinilar to 2007 limits outlined in the decorative paints directiVhisis considered a Tier 2 method
Emission estimates for this category are provided in Tablg 4.1

Table 4.8NonMethane Volatile Organic Compound Emissions from Paint Applicationc@amsind Building (060103) and
Domestic use (060904

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
060104 kt| 1.510 1.572 1.577 1.440 0.590 0.562 0.500 0.509 0.556 0.403 0.286 0.248 0.232 0.229
060103 kt| 1.922 2.000 2.090 2.350 1.197 1.195 1.114 1.188 1.298 0.939 0.668 0.579 0.542 0.535

4.5.3.3 Paint Application: Boat Building (SNAP 060106)

Paint application in the Marine Sector includes a diverse range of products designed to prevent
corrosion and protect ships huliggainst damage from fouling. The formulation varies depending on
the area being coated and application techniques also vary ranging from spraying to brushing and
application by roller.
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Activity data were obtained from a major marine coating supplier f&h0-2019 and was upscaled

* H%}V SZ Ju% VC[s u EI § «Z E X WE AJ}ues vvu o u]es]lve A E
2010. The supplier also provided an estimated industry product breakdown. Emission factors between
products are relatively similar with Top ats, primers and anttorrosion products having an
estimated VOC content of 400g of VOC per kg of product whildauriiing products are estimated to
contain 440g of VOC per kg of product.

Paint Application in the Marine Sector in Ireland can be dividexldomestic sector, cargo or freight
sector andhe fishery sector. Larger vessels which require more product application are unable to dry
dock in Ireland due to a lack of facilities to handle larger vessels. Therefore, sales data are adjusted
based upn expert opinion to account for this (50 per cent of paint sales are applied elsewhere). This
sector is a minor emission source for this reason. The methodology is considered a Tier 1 method.
Estimates of NMVOC emissions from this source category araptbin Table 4.1

Table 4. 1NonMethane Volatile Organic Compound Emissions from Paint Application: Boat Building

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kt] 0.090 0.090 0.090 0.090 0.090 0.102 0.089 0.103 0.111 0.115 0.144 0.132 0.146 0.146

4.5.3.4 Paint Application: Wood (SNAP 060107)

This subcategory refers to all paints used for the wood and wooden products sector but excludes the
use of wood preservatives and creosote. Some activity data eweaitable; however, no indication of

the number of operators or market size was obtainable. Therefore, the emissions estimate was
downscaled from UK data where consumption patterns and product range were considered to be
comparable to Ireland. This involvausing UK emissions data from the UK National Atmospheric
Emissions Inventory (NAEI) and calculating per capita emissions (kg/per person) and applying this to
Ireland using national population statistics. The methodology is considered a Tier 1 methhodiést

of NMVOC emissions from this source sector are provided in Taldle 4.1

Table 48NonMethane Volatile Organic Compound Emissions from Paint Application: Wood

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kty 1.11 097 0.76 0.60 042 043 041 037 032 024 025 024 024 0.24

4.5.3.5 Paint Application: Other Industrial Sources (SNAP 060108)

The methodology for this source category involves the use of IPPC emissions data and scaling up to
account foremissions in the no#PPC sector based on information obtained from reporting under the
Solvent Directive 1999/13/EC. This category covers paints applied in industrial activities other than
those already described in previous sections. Products paintéad@@gricultural, construction and
earth-moving equipment, aircraft, cans and drums, domestic appliances, electrical components,
freight containers, machine tools, military vehicles, megehicle components, office equipment,

paper and plastics, and toys

The scale of operation varies considerably from large operations employing automated roller coating

to smaltscale spraying painting. Processes may be enclosed or open air, and kdrileciiand stove
coatings are used. The emission estimate wasaegledbased on information obtained as a result of
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Solvents Directive 1999/13/EC. Estimates of NMVOC emissions from this source category are provided
in Table 419. This methodology is considered a Tier 3 method

Table 4.9NonMethane Volatile Organic Compound Emissions from Paint Application: Other Industrial Sources

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kt] 1.425 1.321 1.019 0.996 0.461 0.483 0.587 0.671 0.828 0.950 0.771 0.789 0.729 0.567

4.5.3.6 Paint Application: Other Ndndustrial Sources (SNAP 060109)

This category refers to the use of high performance protective and/or anti corrosive paints applied to
structural steel, concrete and other substrates and any othen-industrial coatings. The sector
includes coatings for offshore drilling rigs, production platforms and similar structures as well as road
marking paints and nedecorative floor paints. Finn et al. (2001) obtained the activity data for this
category aghe difference between total paint sales in Ireland according to CSO data on paint sales
and that used in other SNAP sectors under SNAP 0601. However, as no other data are available,
emissions have been calculated following the advice of CTC/AEA (20@Hexsapolation from UK

per capita estimates.

In order to establish whether the use of UK data is appropriate, per capita emissions were compared

to other reporting parties. It was found that per capita emissions from this category range from 0.08

to iIXOA IPI% Ee*}vX dZ h<[e % E %]S *S]Ju S ]¢ o0 po § § iXio IP
to be a realistic estimate for Irish emissions and was used to estimate emissions. This involved
calculating UK per capita emissions (kg/per person) arlyaq this to Ireland using national
population statistics Estimates of NMVOC emissions from this source category are provided in Table
4.20. The methodology is considered a Tier 1 method

Table 4@NonMethane Volatile Organic Compound Emissions from Paint Application: Ctheu$toal Sources

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kt] 0.490 0.401 0.466 0.337 0.234 0.268 0.298 0.317 0.443 0.502 0.507 0.511 0.533 0.542

4.5.4 Degreasing and Dry Cleaning (NFR 2D3e and 2D3f)

Degreasing and Dry Cleaning (2D3e and 2D3f) covers thestibaoategorieghat constitute SNAP
Sector 0602. The subcategories for which emission estimates have been made are as follows with the
relevant SNAP code in parentheses:

Metal Degreasing (060201)

Dry Cleaning (060202)

Electronic Components (060203)
Other IndustrialCleaning (060204)

Activity data were obtained in the form of net consumption statistics (import minus exports) supplied
by the CSO. Solvents included in the emissions estimate include perchloroethylene, dichloromethane,
trichloroethylene and hydrocarborfsom 19922019 before which time data are not available. The
methodologies outlined in the Inventory Guidebook (EMEP/EEA)Zidemissions data collected
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under the Solvents Directive 1999/13/EC are used to derive emission estimates. Further details of the
usz} }o}P] o Z}]  (}E& 8Z]e «}uCE § PYEC E % E}A] lv EEC

4.5.4.1 Metal Degreasing (SNA®0201), Electronics Manufacture (SNAP 060203) and

Other Industrial Cleaning (SNAP 060204)

Degreasing is a process for cleaning waepluble substances, such as grease, fats, oils, waxes,
carbon deposits, fluxes and tars, primarily from various matadipcts, but plastic, fibreglass, printed
circuit boards and other products may also be treated by the same process. Therefore, a wide range
of activities is covered.

The metalworking industries are the major users of solvent degreasing. Many manufactfrer
electronic components also employ degreasing, but it is difficult to differentiate between the
emissions emanating from degreasing and those from other sources. As a result, for the purposes of
inventory estimates, emissions from Other Industrial @ieg (060204) and Electronic Manufacture
(060203) are included with Metal Degreasing (060201) as national statistics do not facilitate
disaggregation of individual sectors.

The Inventory Guidebook (EMEP/EEAQ(lier 1 methodology is used for inventorstienates, and
solvent consumption statistics (import minus exports) are used as the activity data. The default
emission factor of 460g of VOC per kg of cleaning product is used. As data are not available-for 1990
1991, the annual emission estimates for feeyears are assumed to be the same as 1992. Estimates
of NMVOC emissions from this source category are provided in Tallle 4.2

Table 4. 2NonMethane Volatile Organic Compound Emissions from Metal Degreasing, Electronics Manufacture and Other
IndustrialCleaning

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kt] 1.743 2.388 0.847 0.953 0.885 0.925 1.004 0.795 0.885 0.686 0.885 1.189 1.708 1.675

4.5.4.2 Dry Cleaning (SNAP 060202)

Dry cleaning refers to any process#move contamination from furs, leather, down leathers, textiles

or other objects made of fibres, using organic solvents. Dry cleaning can be defined as the use of
chlorinated organic solvents, principally perchloroethylene, to clean clothes and othédesext

Emissions and usage data were obtained from the Solvents Directive 1999/13/EC for the years 2008
2010. In addition, the CSO provides information directly to the inventory agency in relation to
perchloroethylene imports and exports. It is assuntbdt the net consumption (imports minus
exports) in any year are used in that year for inventory estimates, even if there is some carryover of
stock between years. Data are availabbe the years1992to 2019. Based on the percentage of
perchloroethyleneused in Dry Cleaning compared to national consumption in -200% and 2012,
emissions were calculated for 192007, 2011 and for 2013019. Estimates of NMVOC emissions
from this source sector are provided in Table 24.Zhe methodology is considered &efT 3
methodology.

Table 4.2NonMethane Volatile Organic Compound Emissions from Dry Cleaning
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Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kt] 0.282 0.270 0.090 0.085 0.053 0.058 0.075 0.057 0.069 0.044 0.062 0.064 0.072 0.058

4.5.5 Chemical Products, Manufacture and Processing (NFR 2D3g)

The mapping ofChemical Products, Manufacture and Processing (2D3g) to SNAP covers 14
subcategoriesn SNAP Code 0603. Thesdcategoriesare all industrial applications and, similar to

Coating Application (2D3d), emission sources not included including Asphalt blowing and Leather
tanning activities do not occur in Irelaedd thev}s S]}v | C "EK_ ]e pe (}E u]ee]}ve (E
categories. The 9subcategoriedor which emission estimates are made are as follows with the

relevant SNAP code in parentheses:

PVC Processing (060302)

Polyurethane Processing (060303)

Rubber Processing (060305)

Pharmaceutical Products Manufacturing (060306)

Paints Manufacturing (060307)

Inks Manufacturing (060308)

Adhesives Manufacturing (060309)

Adhesive and Magnetic Tapes, Films and Photographs Manufacturing (060311)
Textile Finishing (060312)

Information pertaining to these sectors has been obtained fi®RC licenced companies with the
exclusion of PVC processing (060302) which is based upon expert opinion from Finn et al. (2001).
Estimates were wscaled to reflect national emissions using the number of companies for each sector
classified under Europeaimdustrial activity classifications (NACE Rev.2) provided by the CSO.
Emissions fronAdhesive and Magnetic Tapes, Films and Photographs Manufacturing (060311) are
included under SNAP code (060405) Industrial adhesive usage in gebtibB Other Use @olvents

and Related Activities (2D3(G).Further details as to the exact methodological choices and the use of
Inventory Guidebook (EMEP/EEA 2Dihethodologies applied in estimating emissions can be found

]Jv &]vv § oX ~TiiieU d | ~TiifAeU v EEC v K[Z P v ~7iidX

4.5.5.1 Polyvinyl Chloride (PVC) Processing (SNAP 060302)

The manufacture of polyvinyl chloride plastic involves an enclosadtion or polymerisation step

using the basic monomer to produce the resin, a drying step, and a final treating and forming step.
Plastics are polymerised in completely enclosed vessels. Treatment of the resin after polymerisation
varies with the proposd use. The major sources of air emission in plastics manufacture are the raw
materials or monomers, solvents, or other volatile liquids emitted during the reaction, sublimed solids
such as phthalic anhydride emitted in alkyd production, and solventsliogig storage and handling

of thinned resins. Processing of PVC is not significant in Ireland. Emission data have been sourced from
the installations involved which suggest an emission of 5 t/annum (Finn et al., 2001). The methodology
is considered a Tidr method.
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4.5.5.2 Polyurethane Processing (SNAP 060303)

This category deals with the application and subsequent discharge of organic compounds as blowing
agents for creating polyurethane foams. Emissions are from the release of these blowing agents during
foaming, or subsequently by the lotgrm release over several years. Polyurethane is used in building
construction, for heat insulation, and for packaging material. For soft polyurethane foams, water may
be used. Hard polyurethane foams utilise orgaigjuitls as blowing agents.

Emission data have been sourced from HiB&hsed companies involved in the manufacture of
polyurethane and other foams. Estimates of NMVOC emissions from this category are provided in
Table 4.3. The methodology is considered’ar 1 method.

Table 4.2NonMethane Volatile Organic Compound Emissions from Polyurethane Processing

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kt| 0.162 0.162 0.080 0.044 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004

4.5.5.3 Rubber Processing (SNAP 060305)

No detailed information for rubber processing is available within the Inventory Guidebook (EMEP/EEA
2019). Therefore, it is assumed in inventory estimates that this category inclugegsses such as
moulding and mixing of natural and synthetic rubbers. Operations involving trimming and cutting are
ignored since NMVOC emissions would not be associated with such operations.

Emission data have been sourced from HiE&hsed companiegvolved in rubber processing that
utilise organic solvents. Estimates of NMVOC emissions from this category sector are provided in Table
4.24. Emissions from this sector were dominated by the manufacture of tennis balls from two
companies both of which @& ceased operation and account for the steep decline in emissions. The
last rubber processing facility closed in 2016 and emissf@reafterare reportedusing the notation
keyNO. The methodologi considered a Tier 2 method.

Table £4NonMethane dlatile Organic Compound Emissions from Rubber Processing

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC
(kt) 0.423 0.424 0.422 0.199 0.001 0.001 0.001 0.001 0.001 0.001 NO NO NO NO

4.5.5.4 Pharmaceutical Produtanufacturing (SNAP 060306)

Depending on the nature of the pharmaceutical manufacturing facility, organic chemicals are used in
the synthesis, extraction, fermentation and purification of Active Pharmaceutical Ingredients. Solvents
are also used in the difion of liquids, granulation, packaging and film coatiFigousands of individual
products are categorised as pharmaceuticals. These products are usually produced in modest
quantities in relatively small plants using batch processes. A typical pharneadeuént will use the

same equipment to make several different products at different times.

The pharmaceutical industry is well established in Ireland and subject to IPPC licence requirements.
Emission estimates have been made for 1998 and 2004 usingiasien factor of 2 per cent of usage
data (Finn et al. 2001, CTC/AEA, 2005) and for-20@8 using reported fugitive emissions data
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supplied by IPPC licenced facilities to the EPA. Other years19990and 2005 emissions estimates)
are interpolated orextrapolated from these estimates. The methodology is considered a Tier 3
method. Estimates of NMVOC emissions from this source category are provided in Table 4.2

Table £5NonMethane Volatile Organic Compound Emissions from Pharmaceutical Proudfattuviag

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (ki) | 2.124 2.124 2.072 0.769 0.873 1.029 1.129 1.121 0.969 0.767 0.802 0.757 0.637 0.572

4.5.5.5 Coating Manufacture: Paint (SNAP 060307)

The manufacture opaint involves the dispersion of coloured oil or pigments in a vehicle, usually an
oil or resin, followed by the addition of an organic solvent for viscosity adjustment. Only the physical
processes of weighing, mixing, grinding, tinting, thinning and Eackatake place. No chemical
reactions are involved.

Input and usage data have been sourced from a number of installations for 1998 and 2004 and from

2007 to 20B emissions data was obtained from AERs. Emissions data were upscaled based on national
statigics to reflect national emissions. Emissions were assumed to remain at 1998 levels for the period

19901997 as no emissions data was available. Other years in the time series are estimated by

interpolation and extrapolation. This methodology is consideaélder 3 method. Emission estimates

for NMVOC are provided in Table @.2

Table £6NonMethane Volatile Organic Compound Emissions from Paint Manufacture

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (ki 0.162 0.162 0.117 0.083 0.043 0.027 0.039 0.051 0.052 0.152 0.300 0.415 0.534 0.218

4.5.5.6 Inks Manufacturing (SNAP 060308)

There are four major classes of printing ink: letterpress and lithographic inks, commonly called oil or
paste inks, and flexographic amdtogravure inks, which are referred to as solvent inks. These inks
vary considerably in physical appearance, composition, method of application, and drying mechanism.
Flexographic and rotogravure inks have many elements in common with the paste inkifdxuind

that they are of very low viscosity, and they almost always dry by evaporation of highly volatile
solvents.

Emissions data were obtained from IPPC licensed facilities for2®8 Where emissions estimates

are based on usage data they are chdted based on an assumed emission factor of 2.5 per cent,
which is the UK NAEI emission factor for this category (CTC/AEA, 2005). Emissions were assumed to
remain at 1998 levels for the period 199097 as no emissions data were available. Gaps in the tim
series were then filled by interpolation and extrapolation. The methodology is considered a Tier 2
method. Estimates of NMVOC emissions from this source category are provided in Téble 4.2
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Table 4.2NonMethane Volatile Organic Compound Emissiomslfrks Manufacturing

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (t)| 1.844 1.844 0.630 0.436 0.131 0.141 0.136 0.073 0.021 0.005 0.005 0.002 0.006 0.006

4.5.5.7 Adhesives Manufacturing (SNAP 060309)
This category includes the manufacture of glues and adhesives as it was difficult to derive separate
activity data for glues and adhesives from those obtained from-lRBxsed installations.

Emissions and usage data were supplied for a number of yedne time series (1998, 20a8019).
Emissions were assumed to remain at 1998 levels for the period 199D as no emissions data were
availablefor that period The methodology is considered a Tier 3 methgdtimates of NMVOC
emissions from this souraategory are provided in Table 8.2

Table £8 NonMethane Volatile Organic Compound Emissions from Adhesives Manufacturing

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kf 0.051 0.051 0.034 0.051 0.041 0.051 0.016 0.036 0.022 0.027 0.057 0.062 0.050 0.030

4.5.5.8 Textile Finishing (SNAP 060312)

Textile fabric finishing is part of the textile finishing industry. In fabric printing, a decorative pattern or
design is applied to constructed fabric fler, flatscreen or rotaryscreen methods. Pollutants of
interest in fabric printing are VOCs from mineral spirit solvents in print pastes or inks. Solvent use in
this sector is usually associated with dry processing rather than wet processing efstextil

Very little information is available for this activity. Two IRP@ulated companies provided
information to allow estimates to be made for a limited number of years (1998, 2004 ane2B0@.
Emissions were assumed to remain at 1998 levels fopémd 19901997 as no emissions data were
available.The remaining years were extrapolated. Thisconsidered a Tier 1 method. The last
company closed in 2016 and emissions are repousihg the notation keyNO for 2016-2019
Estimates of NMVOC emissfrom textile finishing are provided in Tabl@4l.

Table £9NonMethane Volatile Organic Compound Emissions from Textile Finishing

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC
(kt) 0.078 0.078 0.049 0.083 0.030 0.030 0.028 0.028 0.028 0.028 NO NO NO NO

4.5.6 Printing (2D3h)

Printing involves the use of various types of inks, which may contain a proportion of organic solvents
which may be diluted before use. Different inks have different proportions of orgatients and
require dilution to different extents. Printing can also require the use of cleaning solvents and organic
dampeners. The main printing techniques identified include offset,-setdveb offset, heaset web

offset, sheetfed offset, rotogravue, flexography, letterpress, and screprinting.

Usage and emission data are sourced from lRigUlated companies and scaled for those not
regulated by IPPC based on national statistics and average emissions. Estimates of NMVOC emissions
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from printing ae provided in Table 48 The large decrease in emissions is due to abatement
measures introduced by the companies operating in Ireland due to the Solvent Directive (1999/13/EC)
and a general greater awareness of environmental issues by the print indigiwe the printing
industry was affected by the economic recession from 2008 in Ireland and resulted in a decreasing
emission trend, emissions increased in 2CG0% 2010due to emissions from two IPPC licenced
facilities.An overall decrease in emissiomas been seen since thehhe methodology is considered

a Tier 3 method.

Table 43NonMethane Volatile Organic Compound Emissions from Printing

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kif 2.912 2912 1.946 2.126 2.474 1.788 1.217 1.283 1.400 1.462 1.468 1.206 1.368 0.986

4.5.7 Other Use of Solvents and Related Activities (22%3)

This sector consists of Slibcategorieswhich are a mixture of industrial and nardustrial activities,

only 8 of which are applicable to Ireland. In NFR 2D3i (Other solvent use) the categories; Mineral wool
enduction (060402) and Other (060412) are not considered to occur in Ireland. 12G¥Rther
product use the category Use of shoes (060602) is not estimated for Ireland.sCive&egoriegor

which emission estimates are made are as follows with the relevant SNAP code in parentheses:

NFR 2D3;;

Glass Wool Blowing/Enduction (060401)

Fat edible and noredible oil extraction060404)

Application of Glues and Adhesives (060405)

Preservation of Wood (060406)

Underseal Treatment and Conservation of Vehicles (060407)
Vehicle Dewaxing (060409)

4-stroke engine oil burning

X X X X X X X

NFR 2G4;
x Use of Firewrks (060601)
X Use of Tobacco (060602)

Both bottom=p and topxlown approaches are used in the estimation of emissions from the
subcategoriesutlined, depending on the availability of data for eatitocategory Similar to the other
categories, further infomation in relation tosubcategoryestimation methodologies can be found in
&Jvv § oX ~TiiieU d | ~Tiifie v EEC v K[Z P v ~1iidX

4.5.7.1 Glass Wool Blowing/Enduction (SNAP 060401)

Glass fibre manufacturing is the hitggmperature conversion of various raw materials into a
homogeneous melt, followed by the fabrication of this melt into glass fibres. The two basic types of
glass fibre products, textile and wool, are manufactured kyilar processes. Within the category in
Ireland, formaldehyde and phenol are used. Usage and emission data have been sourced from one
IPP@egulated company which ceased operation in 2009. Estimates of NMVOC emissions from this
source category are provided Table 4.3.
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Table 4. BNonMethane Volatile Organic Compound Emissions from Glass Wool Blowing/Enduction

Year 1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008
NMVOC (kt) 0.003 0.003 0.003 0.003 0.003 0.003 0.005 0.005 0.005 0.005 0.001

4.5.7.2Fat, edible and neadible oil extraction (SNAP 060404)

This sector covers solvent extraction of edible oils from oilseeds and drying of leftover seeds before
resale as animal feed. The extraction of oil from oil seeds is performed either mechanitiattyugh

the use of solvents, or both. Where solvent is used, it is generally recovered and cleaned for reuse.
The seed may be subjected to solvent treatment many times before all the oil is extracted. The
remaining seed residue is then dried and may beduse an animal feed. Emissions of NMVOC, TSP,
PMoand PMsfor this sector were estimated using statistics obtained from the C.S.O on the national
yield of oilseedThe Inventory Guidebook (EMEP/EEA,R0ier 2 emission factors from Tablet3

were appied. Estimates of NMVOC, TSP;Fvid PM sare given in Table 423

Table 4 3Emissions from Fat, edible and +ediible oil extraction

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kt| 0.031 0.020 0.014 0.022 0.044 0.088 0.092 0.077 0.054 0.063 0.054 0.065 0.064 0.060
TSP (kt) 0.022 0.014 0.009 0.016 0.031 0.061 0.065 0.054 0.038 0.044 0.038 0.046 0.045 0.042
PM10 (kt) | 0.018 0.012 0.008 0.013 0.025 0.050 0.053 0.044 0.031 0.036 0.031 0.038 0.037 0.035
PM2.5 (kt) | 0.012 0.008 0.005 0.009 0.017 0.034 0.035 0.030 0.021 0.024 0.020 0.025 0.025 0.023

4.5.7.3 Application of Glues and Adhesives (SNAP 060405)

This sector covers the use of all adhesives excluding domestic adhesive usage and includes adhesive
and magneti¢ape production (SNAP 060311). These data include adhesives used for publications and
packaging, footwear, construction, transport equipment, rubber and plastic products, abrasives,
engineering, laminating and other sectors.

This estimate is based upontrmnsumption statistics (import minus export data) and the Inventory
Guidebook (EMEP/EEA, 2)default emission factor of 522 g/kg of adhesive. The methodology is
considered a Tier 2 method. Estimates of NMVOC emissions from the application of glues and
adhesives are provided in Table 3.3

Table 4.3NonMethane Volatile Organic Compound Emissions from Application of Glues and Adhesives

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kff 0.540 0.313 0.755 2.986 1.121 1.293 0.872 0.701 0.972 1.123 1.064 1.122 1.388 1.516

4.5.7.4Preservation of Wood (SNAP 060406)

This section refers to emissions from the industrial use of wood preservatives. It does not include
emissions from the surface coating of timber with paints, varnishes or lacquer (which are covered
under SNAP 060107), and it does not cover the use of \woEgkrvatives by the public at large (which

is covered under SNAP 060408). Wood preservation is carried out using dmdgexlt preservatives,
water-based preservatives or creosote. Creosote is an oil product, prepared from coal tar distillation,
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and contans a high proportion of aromatic compounds such as PAHs. Regulations banning the sale of
creosote took effect from June 2003. However, creosote may still be used for industrial applications,
e.g. railway sleepers, telegraph poles and fencing, but witgheurestrictions on its composition and

how it is applied. Creosote is gradually being replaced by wWaiare preservatives. Preservatives
based on organic solvents have a widaging content of organic solvent, usually white spirit or other
petroleumbased hydrocarbons. Watdrorne preservatives consist of solutions of inorganic salts in
water, with Cu, Cr and As (Céxped preservatives being the most widely used. Whtane
preservatives are not of concern to this inventory, as they do not contaigs/

In addition to bottomxp IPPdicensed data, usage data was provided by the sole Creosote using
company in Ireland. The Inventory Guidebook (EMEP/EEA) 2bission factor of 105 g/litre
creosote applied is used. The methodology is considered a3Timethod. Estimates of NMVOC
emissions from wood preservation are provided in Tabld.4.3

Table 4 8NonMethane Volatile Organic Compound Emissions from Preservation of Wood

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kff 0.092 0.122 0.216 0.090 0.292 0.239 0.536_ 0.342 0.354 0.236 0.252 0.241 0.254 0.172

4.5.7.5 Underseal Treatment and Conservation of Vehicles (SNAP 060407)

The application of coatings to the underside of car bodies is conducted for protéatinrstone chips

and for sound deadening. In the aftermarket sector, coatings are applied to the underside of cars only
during repair of damaged bodywork. Finn et al. (2001) stated that sources within the trade suggested
that application of underseal indland was zero or minimal. However, further contact with suppliers
revealed that a market of 650 I/annum existed at the time (1998). It is assumed that this market
existed for all years prior to 1998. However, CTC/AEA (2005) suggested that this makagero |
exists in Ireland and that emissions decreased in a linear fashion up to 2003, after which emissions
from the activity no longer occur. The approach uses an average solvent content of 20 per cent, a
density of 1,000 kg/f) and assumes that 100 pernteof the solvent is emitted. Estimates of NMVOC
emissions from this source category are provided in Table 4.3

Table 43NonMethane Volatile Organic Compound Emissions from Underseal Treatment and Conservation of Vehicles

Year 1990 1995 2000 2001 2002 2003
NMVOC (Kg) 130 130 87 65 43 22

4.5.7.6 Vehicle Dewaxing (SNAP 060409)

In the past, some manufacturers of new cars applied a protective covering to parts of the car body
after painting to provide protection during transport. Removal of this coating was carried out at the
import centres using solvents. However, car manufaatimow invariably use either wataoluble

wax that can be removed using hot water or sathesive film instead of wax. Consequently, it is
assumed that emissions from this activity are now zero. Discussion with car distributors suggested
that, historicaly, 20 per cent of new cars in Ireland were dewaxed and that the practice was
discontinued after 2003. An emission factor of 1 kg/car is applied to estimate emissions using vehicle
statistics provided by the CSO (Finn et al., 2001). Estimates of NMVOsioamisom vehicle
dewaxing are provided in Table 6.3
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Table 48NonMethane Volatile Organic Compound Emissions from Vehicle Dewaxing

Year 1990 1995 2000 2001 2002 2003
NMVOC (kt) 0.035 0.035 0.023 0.017 0.012 0.006

4.5.7.7 Use of Tobacco (SNAB0602)

This category comprises NMVOC, ,NOO, Ng TSP, PN, PMs and BC emissions from the
combustion (smoking) of tobacco products. Activity data was obtained fron®OTfflee of theRevenue
Commissioners regarding the excise volumes of tobacco ahetizs an estimation of lllegal tobacco
imported to Ireland from an illegal products research report produced by the Office of the Revenue
Commissioners (Office of the Revenue Commissioners, 281 8jgnificant decrease in tobacco
products was noted in 28 and an increase was seen in 20I8e Inventory guidebook (EMEP/EEA,
2019) Tier 2 emission factors in tablelS are applied. Estimates of emissions from Use of Tobacco
are provided in Table 473

Table 4. BEmissions from Use of Tobacco

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kt| 0.034 0.037 0.039 0.032 0.024 0.025 0.023 0.020 0.019 0.020 0.017 0.022 0.011 0.017
NOXx (kt) 0.013 0.014 0.015 0.012 0.009 0.009 0.008 0.007 0.007 0.008 0.006 0.008 0.004 0.006
CO(kt) 0.386 0.419 0.449 0.360 0.278 0.280 0.257 0.224 0.213 0.230 0.194 0.250 0.127 0.196
NH3 (kt) 0.029 0.032 0.034 0.027 0.021 0.021 0.019 0.017 0.016 0.017 0.015 0.019 0.010 0.015
TSP (kt) 0.189 0.205 0.220 0.176 0.136 0.137 0.126 0.110 0.104 0.113 0.095 0.123 0.062 0.096
PM10 (kt) | 0.189 0.205 0.220 0.176 0.136 0.137 0.126 0.110 0.104 0.113 0.095 0.123 0.062 0.096
PM2.5 (kt) | 0.189 0.205 0.220 0.176 0.136 0.137 0.126 0.110 0.104 0.113 0.095 0.123 0.062 0.096
BC (kt) 0.076 0.082 0.088 0.070 0.054 0.055 0.050 0.044 0.042 0.045 0.038 0.049 0.025 0.038

4.5.7.8 Use of Fireworks (SNAP 060601)

This category comprises NGCO, S§& TSP, PM and PMsemissions from the use of fireworks.
Activity data was obtained from The Department of JusticeEguhlity and relates to the professional
use of fireworks in displays. The Inventory guidebook (EMEP/EE®), Pt 2 emission factors in
Table 314 are applied. Estimates of emissions from Use of Fireworks are provided in Table 4.3

Table 4 8Emissiondrom Use of Fireworks

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NOx (t) 0.011 0.012 0.012 0.012 0.012 0.011 0.011 0.010 0.010 0.008 0.007 0.009 0.009 0.010
CO (1) 0.315 0.331 0.340 0.335 0.326 0.307 0.293 0.283 0.262 0.208 0.199 0.240 0.252 0.272

SO2 () 0.133 0.140 0.143 0.141 0.138 0.130 0.124 0.119 0.111 0.088 0.084 0.101 0.106 0.115
TSP () 4835 5.091 5.218 5.145 5011 4.717 4505 4.340 4.021 3.193 3.059 3.687 3.865 4.174
PM10 (t) 4399 4.632 4.747 4.681 4559 4291 4.098 3949 3.659 2.905 2.783 3.354 3.516 3.798
PM2.5(t) | 2.287 2.408 2.468 2433 2370 2.231 2130 2.053 1.902 1510 1.447 1.744 1.828 1.974

4.5.7.94-stroke engine lubricant consumption

The COPERT model used for estimating emissionspafllitants from road transport includes heavy
metal emissions from lubricamtl. These metals ar@ssumed to be emitted to the atmosphere when
oil burning occurs in thenginecombustion chamberLubricant consumption in-&troke engines is
considered inéntional, therefore emissions must be reported under 1A3b. On the other hatichlie
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engine lubricant consumption is undesirable and should not take place. However small amounts are
consumed in the combustion chamber and their emissimmesreported in D3i. Emissions of heavy
metals are shown in Table 4.51.

Table 4£1Emissions frord-stroke oil combustion in road transport

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Pb () 0.0001 0.0001 0.0002 0.0003 0.0002 0.0002 0.0002 0.0002 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
Cd (1) 0.0147 0.0178 0.0299 0.0364 0.0341 0.0338 0.0328 0.0337 0.0346 0.0358 0.0363 0.0357 0.0359 0.0364
Cr(t) 0.0617 0.0751 0.1261 0.1531 0.1438 0.1421 0.1380 0.1417 0.1458 0.1506 0.1527 0.1503 0.1510 0.1534
Cu () 24995 3.0436 5.1088 6.2031 5.8255 5.7585 55933 5.7420 5.9078 6.1015 6.1895 6.0896 6.1170 6.2177
Ni (t) 0.1025 0.1248 0.2094 0.2543 0.2388 0.2360 0.2293 0.2354 0.2422 0.2501 0.2537 0.2496 0.2507 0.2549
Se (1) 0.0146 0.0178 0.0298 0.0362 0.0340 0.0336 0.0326 0.0335 0.0345 0.0356 0.0361 0.0355 0.0357 0.0363
Zn () 14464 1.7612 29563 3.5895 3.3710 3.3322 3.2366 3.3227 3.4186_ 3.5307 3.5816 3.5238 3.5397 3.5980

4.5.8 Food and Beverage Industry (NFR 2H2)

According to the EMEP/EE2uidebook (EMEP/EEA, 20%his sector includes emissions from all
processes in the food production chain which occur after the slaughtering of animals and the
harvesting of crops as well as drink manufacturing including production of alcoholic bevefages.
Ireland, Wine production (040606) is not occurring, Sugar production (0408625)jot occurred since
2005, when the last sugar factory was closed (no activity data available), and Flour production
(040626) does not occur on a large scale (no activty dvailable), margarine and fats production is
not thought to occur (no activity data available). Emissions include Spirit production, Animal feed
production and Bread production which are the most significant source of emissions in the Food and
Beverageandustry in Ireland. The 6 subcategories for which emission estimates are made for Ireland
are as follows with the relevant SNAP code in parentheses, where applicable:

Bread (SNAP 040605)

Beer (SNAP 040607)

Spirits (SNAP 040608)

Meat fish etc. frying/curig (SNAP 040627)

Coffee Roasting

Feedstock

4.5.8.1 Bread (SNAP 040605)

This sector includes bread, cakes and baking products. Activity data on white bread and bread
products production was obtained from EUROSTAT for years 1995 %0 TH data for years9b0-

1994 was taken to be the same as 1995 as no data was available for these years. Emissions from cakes
are not included in this estimate as no activity dataavailable. Tier 2 emission factors from the

Inventory guidebook (EMEP/EEA, 2DWere used fobread and cakes, biscuits and breakfast cereals
i.e. baking goods. The NMVOC emissions from Bread is given in &ble 4.

Table 89NonMethane Volatile Organic Compound Emissions from Food and Beverage Industry; Bread

Year | 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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NMVOC (kt)| 1.707 1.707 1.006 1.374 2577 1.707 1593 1.838 1.714 1.696 1.643 1.749 2.848 1.922

4.5.8.2 Beer (SNAP 040607)

This includes mainstream beer production and craft beer production which has seen aistzadge

since 2005 and a significant increase in Ireland since 2010. Activity data was obtained from a variety
of sources including the Irish Brewers Association reports (ABFI,2013, 20142@07%2018 and
Independent Craft Brewers of Ireland and 8@ia Report (Feeney, 2015). The Inventory Guidebook
(EMEP/EEA, 201 Tier 2 emission factor of 0.035 kg/hL was used. The NMVOC emissions from Beer
production is given in table 404

Table 4@NonMethane Volatile Organic Compound Emissions from Food and Beverage Industry; Beer

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kt)] 0.194 0.207 0.225 0.250 0.274 0.274 0.288 0.282 0.258 0.276 0.274 0.286 0.297 0.294

4.5.8.3 Spirits (SNAP 040608)

Spirit production is a significant source of NMVOC emissions within the Food and Beverage industry
due to the growth of the Whiskey production industry in Ireland. In the current submission activity
data is based onational statistics for the years 192919. Other years were extrapolated using this
data. A Tier 2 emission factor of 15kg/hl alcohol was used from the Inventory Guidebook (EMEP/EEA,
2019). NMVOC emissions from Spirit production in Ireland in givéabie 4.41.

Table 4. 4NonMethane Volatile Organic Compound Emissions from Food and Beverage Industry; Spirits

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kt)] 3.97 4.68 490 853 1229 1331 14.69 16.29 1356 14.38 1550 20.44 19.28 22.29

4.5.8.4 Meat, fish etc., frying/curing (SNAP 040627)

Emissions mainly occur from the cooking of meat, fish and poultry, releasing fats and oils and their
degradation products. Emissions from fish frying and curing wereesiimated due to absence of
accurate activity data. divity datafor fish frying is under investigation and included in the planned
improvement section 4.10. Activity data was obtained from the CSO on tonnes of animal slaughterings
in Irelandwhich istaken to be the equivalent of meat rendered in Ireland the Inventory guidebook
(EMEP/EEA, 201 emission factor of 0.33 kg/Mg of meat rendered was used. Activity data on human
consumption of meat from the CSO was taken to equate to meat frying and usingvietdry
Guidebook (EMEP/EEA, 2)Emission factor of 0.3 kg/Mg product was used this is considered a Tier

2 method. The NMVOC emissions from meat frying/curing is given in tal2le 4.4
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Table 4 2NonMethane Volatile Organic Compound Emissions from Food and Beverage Industry; Meat, fish etc. frying/curing

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kt)] 0.398 0.402 0.450 0.438 0.425 0.426 0.415 0.424 0.457 0.457 0.481 0.500 0.510 0.515

4.5.8.5 Coffee Roasting

The roasting of coffee beans is a source of NMVOC emissions. This activity does not have a relevant
SNAP code. Activity data for unroasted coffee imports was obtained from the UN Comtrade Database
andthe Tier 2emission factor from the Inventory Guidebook (EMEP/EEAQ)204s used to estimate
emissions as can be seen in table34.4

Table 4.2NonMethane Volatile Organic Compound Emissions from Food and Beverage Industry; Coffee roasting

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kt)| 0.001 0.001 0.002 0.003 0.001 0.003 0.003 0.003 0.003 0.005 0.006 0.007 0.007 0.006

4.5.8.6 Feedstock

The processing of byroducts to produce animal feeds is a source of NMVOC emissidredand.

The tonnage of animal feed produced was sourced from the CSO and the Inventory Guidebook
(EMEP/EEA, 201 emission factor of 1 kg/Mg feed was used to estimatdssions from this source

as can be seen in table 4.4

Table 4 4NonMethane Volatile Organic Compound Emissions from Food and Beverage Industry; Feedstock

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NMVOC (kt)] 3.351 3.291 3.168 3.090 2.636 2.563 3.801 3.621 3.142 3.529 3.611 3.856 4.070 4.246

4.6 Other production, consumption, storage, transportation or handling of bulk
product (NFR 2L)

The Other production, consumption, storage, transportation or handling of fmalduct category in

/E oV [+ ]E %}oopud vs JVA vE}EC ]vamiPCBs fro tdgkage Jfforivelectréal
equipment and emissions of PCBs from fragmentisers and shredders. The main use of PCBs since the
1970s, when open uses were banned, baen as dielectric fluids in electrical equipment such as
transformers and capacitors. However, the production and use of dielectric fluid containing PCBs has
been highly regulated since 1986. Releases to the environment have decreased since 1990 as older
PCBcontaining equipment is taken out of service and is replaced byfRR€Bquipment, which

reduces the stocks that may lead to PCB emissions. It is also taken into consideration that, in some
cases, trace PCDD#tay be present in PCB dielectric flulthese arise from the original PCB synthesis
process and from oxidation during dielectric breakdown events.

Electrical equipment, including white goods and electronic equipment, is partly recycled by breaking
down the products in fragmentisers and shredsleFragments are separated into ferrous scrap, a
fraction containing no#ferrous scrap (which would then be processed separately), and a waste
fraction that is typically disposed to landfill. Polychlorinated biphenyls are present in the capacitors of
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old dectrical equipment. Hence, there is potential for PCBs to be released to air during fragmentiser
operations.

4.6.1 Leakage from Electrical EquipméNtFR 2L)

The release of PCBs to the environment from electrical equipment is very difficult to estimate with
any accuracy due to the large number of components potentially containing PCBs, the range of lifetime
and replacement rates for PCB components, and thecdiffes for users in identifying such
components. Polychlorinated biphenyls have never been manufactured in Ireland. Production ceased
in the UK in 1977 and in the rest of Europe and North America in 1986. Manufacturers of electrical
equipment were then gpplied with alternative dielectric media and replacement products entered
the market. However, some countries outside the EU and North America continued to produce these
substances until recently. Hence, products from those countries may have contingedtein PCBs

until the mid1990s. Current releases to the environment arise principally from the closed electrical
appliances that still exist, as their useful life could be up to 40 years.

Activity data are very difficult to obtain on quantities ofB¥0n existing transformers and associated
leakage rates. A National Inventory of PCB Holdings for Ireland was originally prepared in 2001. This
inventory has been updated a number of times, the most recent data corresponding b 2bé

report for this nventory provides an estimate of the total volume of PCB oil (confirmed and suspected)

for 2019 of 12.98 mi. This estimate includes both inventoried (confirmed) large and small holdings
and estimated nosinventoried (suspected) holdingkdications are tht this is an overestimate and

that many of the suspected holdings do not contain any PTBs.estimate of holdings for 201
represents a substantial decrease on the peak value in 2009 (522)d6llowing a large decrease in

2008 (114.29 ). This is pdly due to methodological changes in the inventory compilation, which

has given rise to a step change in the emission estimates. This issue requires further investigation to
determine the level of inconsistency that may have been introduced across thenttime series.

dz HE}% v hv]}v[e Z u] o > PJeo §]}v HE}% Vv V(}E u vsd E SA]
project to compare inventories of PCBs in Member States of the EU. The CLEEN project documents
summarise a large amount of information held withie EU offices (on PCB stocks) that have been
reported by Member States to the EC but have not to date been published or synthesised by the
Commission itself. Analysis of the CLEEN data indicates that Ireland has a lower than average PCB per
capita stock wen compared with other Member States. All of this qualitative information points
towards a lower than average prevalence of ROBtaining materials within electrical equipment in
Ireland and this has been taken into consideration in the estimation metised for category 2L.

The derivation of activity data outlined above provides a time series of estimates efdd@ihing

oil stocks in Ireland, based on a wocstse assumption that all of the as yet unreported transformer

stocks do contain PCBs. Tésimates range from 417,620 drof oil in 1990 to 12,983 d#of oil (as

reported by the EPA) in 201Data from the UK NAEI indicate that annual emissions of PCBs derived

from dielectric fluid stocks can be estimated as 0.5 g PCBs/kg fluid, of whidicersi air comprise

0.06 g PCBs/kg emitted, with the remainder emitted to land. In the absence of source activity and
Uulv]3}EJvP S U 3Z « ( 3}E- Z A v ue 8} ¢SJu s /E o v [+ W u]
series of PCB emissions from leakay electrical equipment is presented in Table54.As noted

above, the current data gives rise to a sharp increase in emissions for 2009 to decrease again in 2010
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and further in each consecutive year, caused by a change in the methodology used fatiagtitme
volume of dielectric fluid containing PCBs. Total quantity of PCB containing oil contained in equipment
in-situ at start of year for 28 is substantially lower than previous years, resulting in decreased
emissions.

The data on PCDD/F concentaats in dielectric PCB fluid from Dyke (1997) give a concentration in
PCB dielectric fluid of 83.5 p@EQ/kg of PCBs. It is assumed that the evaporation rate is the same for
PCBs and PCDDI/F so that for every kilogram of PCBs that is emitted to aig BEBES) of PCDDé&fe

emitted. Using this factor, estimates for PCDD/F emissions to air from dielectric fluid stocks in Ireland
have been made. The time series of PCDD/F emissions from leakage from electrical equipment is
presented in Table 451

Tabled4.% Time Series of Polychlorinated Biphenyls and Dioxin and Furan Emissions from Leakage from Electrical Equipment

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 _ 2019
PCDD/RAQ F

TEQ) 1.034 1.034 0842 0790 0.625 0546 0172 0.061 0.055 0.036 0.032 0032 0032 0.032
PCBs (kg) 0.0124 0.0124 0.0101 0.0095 0.0075 0.0065 0.0021 0.0007 0.0007 0.0004 0.0004 0.0004 0.0004 _0.0004

4.6.2 Fragmentisers and Shredders (NFIR 2L

The practice of fragmenting or shredding electriegliipment currently occurs in a small number of
IPPdicensed facilities, where any suspected R©Rtaining components (e.g. capacitors) are

removed and the residual material is then exported. White goods are also exported for recovery or
treatment. The ecycling of electrical and electronic goods has also been improved since the
introduction of the WEEE Regulations in 2005. However, prior to the commencement of the WEEE
Regulations and the All Island Fridge & Freezer Collection and Export Scheme i i20@gssible

that white goods may have been shredded within Ireland, although there is little evidence that such
practice was widespread. To provide a werate estimate for this potential emission, the UK NAEI

activity data have been scaled on a foar%. | § *]e 8} % E % E +SJu § ¢ (}&E /& 0o Vv (

The shredding of Erdf-Life Vehicles (ELVs) is another operation that may result in the possible
emissions of POPs, and it has been found to be a relatively significant source in other European
countries. Currently, two companies operate ELV shreddetlraé locations. The larger company
operates two shredders but undertakes no monitoring of POPs on incoming vehicles or auto residue
posteZE JvPX ,JA A EGU p 38} 8Z >s E Ppokdldopsoo ApFoE JvE »
prior to receipt fromdismantlers, with all suspected contaminated materials being removed. In
addition, the depolluting process is expected to further improve in future years. Approximately
30,000 tonnes of auto residue (gmlluted vehicles) are shredded annually. Prior toet
implementation of the ELV regulations the entire intact vehicle was shredded. Therefore, it can be
assumed that for earlier years the shredding of ELVs would have resulted in larger quantities of
shredded auto residue, with a higher potential for releas POPs.

Very limited data are available on emissions of POPs to air from fragmentisers, especially for the early
part of the time series. Emission estimates for POPs are based on the Inventory Guidebook (2000)
factor of 0.004 g/capita/year for PCB esions from fragmentisers, which is considered to apply in

the early part of the time series, around the time of the banning of PCBs (1985). The starting point for
the time series of estimates of emissions from fragmentisers in Ireland is the estimatesi@msiin
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1986 using population data and the factor of 0.004 g/capita/year, and this leads to an initial estimate

of 14 kg PCBs emitted to air in Ireland in 1986. Assumingya&0lifespan of electronic equipment,

it is reasonable to assume that 5 pemt®f the 1986 emissions are removed each year, as old PCB
containing equipment is disposenf and new PCHBee equipment is used as replacements. This
assumption leads to an estimated time series of PCB emissions to air of 11.9 kg in 1990, falling to zero
emissions by 2006 and are reportesing the notation keyNO _for the period 2006 to 204. Although

§Z]* ]+ A EC E} "8}%> }AV_ %% E} Z v Je epi § 8} «]PVv](] v u
additional data available to inform more accusatstimates. Emission estimates for the time series

are presented in Table %464

Table 4 @Emission Time Series for Polychlorinated Biphenyls from Fragmentisers and Shredders

Year 1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2018 2019
PCBs (kg) | 11.920 8.643 5.305 4.617 3.917 3.184 2.427 1.654 NO NO NO NO

4.7 Recalculations in the Industrial Processes Sector
4.7.1 Heavy Metals recalculations

There wereminor E 0 po S]}ve 8§} u]ee]}v <3]u 8SinesectdE2D8idthdri solvent
use.This was a result of emissions calculated in CORERIp(ter programme to calculate emissions

from road transpor} from lubricantoil whichcontains a number of heavy metals which is assumed to

be emitted to the atmosphere when oil burning occurs in thembustion chamber These
recalculations were as a result of improvements to the stock inputs to the COPERT model.
Recalculations averaged 6 to 9 per cent across the time series. In 2C metal production there was a
recalculation for Pb and Cd for 2017 and.2@lue to an omission in the 2020 submission which was
corrected in this submission Recalculations aseshown in Table 434

4.7.2 Particulate matter recalculations

There was a recalculation for 2011 in 2.A.5.a Quarrying and mining of minerdlsfabd Storage
and transport of mineral products due to an update to activity data on domestic extraction ef non
metallic minerals by the nationatatistics provider C.S.0O. This resulted in a reduction of 22.4 per
cent for TSP, PMsand PMofor 2011.

4.7.3 Nitrogen Oxides (NOx) recalculations

There were no recalculations to emission estimates for 32@1B as can be seen in table 4.50.

4.7.4 Non Methane Volatile Organic Compounds (NMVOC) recalculations

Recalculationgccurred in this reporting roundue to updates to activity data in catega2yi2 Food

and Beverages industriRevisions were made to activity data by the CSO which resul@dliange

in the emissions estimates as can be seen in Table. 2I52d Coating applications also had a
recalculaton of 44.5 per cent in 2018 due to correction in reported emissions which were omitted in
the 2020 submission.
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4.8 Quality Assurance/Quality Control

Section 4.7 outlines the recalculations which were undertaken in the Industrial Processes sector in this
reporting round. The inventory agency will continue to implement QA/QC procedures with respect to
the estimates from the Industrial Processes sector in future submissions. The time series spreadsheet
system developed for individual categories as descrine8ection 1.3.5 now allows for simple and
efficient checking of activity data, emission factors, annual emissions and aggregated totatm-Year
year changes immediately highlight any omissions, anomalies or internal errors. Initial checks are
conducted ly the inventory compiler as part of the calculation process, which is followed by a second
check by another member of the inventories team and completion of the QA/QC sheets in calculation
workbooks.

4.9 Overview of Notation Keys

Table 4.7 describes the atation keys used in the 2BINMVOC emission inventory for Other Solvent
and Product Use (2BL).

Table 4. 4Notation keys used in ZNMVOC inventory

NFR Snap Description Notation Key | Reason

2D3a 060411 Domestic use of pharmaceutical produ| IE Included in 060408

2D3e 060203 Electronic components manufacturing| IE Included under meta
degreasing

2D3e 060204 Other industrial cleaning IE Included under meta
degreasing

2D3g 060311 Adhesive, magnetic tapes, films ar IE Included under 060405

photographs manufacturing

4.10 Planned Improvements

The inventory team will continue to review emission estimates for this sector in light of any new
information that may become available for future submissions. In addition, the inventory team also
plans tocontinue to outsource contracts on a periodic basis texamine and extend the inventory
time series with respect to emissions of heavy metals and POPs.

Ireland is aware of the EFs for Hg in the 2016 Guidebook for NFR sector 2D3c Asphalt roofing. Data
was requested from the Irish Asphalt Producers association (IAPA), the PRODCOM data was requested
from the national statistics agency (CSO) however, neither of these organizations could provide a
suitable data sourcdt has been determined that the prodtion of asphalt roofing materials does not

occur in Ireland. Thicategory]s S$Zpue & %} ES pe]vP S$Z Ivigatbhite dm@sioisK X
of Hg from NFRK, Ireland notes that a Tier 1 approach is available in th® EMEP/EEA Inventory
Guidebookand continue to investigate whether mercury containing button cell batteridata is
available inreland Latest efforts to source activity data on button cell batteries included contacting

the national statistics agency (CSO), Producer Register Iretah#Vaste Electrical and Electronic
Equipment Ireland (WEEE) as well as metal recyclers in Ireland, however a reliable source of this data
has not yet been foundreland is attempting to find suitable activity data on mercury containing
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batteries sold andecovered in the country. To date we have received limited information on the
amount of all batteries placed on the market and waste batteries collected for recycling (exported)
however, we do not have information on what proportion of these batteries amnimercury. As we

do not have suitable activity data we cannot determine whether this category is above or below the
threshold of significance. As stated in the 20h9entory guidebook(EMEP/EEA, 201¥)e Tier 1
emission factors need to be used wgbme caution as they are based on old studies with a very large
uncertainty and may overestimate this sector. Current estimates of Hg are approximately 300 kg per
annum in 2018. Ireland does not consider adding another 49 kg of Hg emissions (0.01gfodpéa)
national total without an explanation of the source to the inventory as good practice.

The levels of solvent use and the emissions from solvents are changing substantially in response to
product replacement and reformulation and emission conthmg implemented under IPPC and the
Solvents Directive (1999/13/EC). The reduction of solvent content has been captured in the
methodologies, but this has relied on a number of assumptions, and the collection of real data is
required to determine emissianwith improved confidence.

In addition, liaison with industry will allow refinement of the estimates for activities subject to licensed
controls and to reflect abatement measures in the time series. However, the per capita approach to
estimating NMVOC eissions will remain the only option in several important categories, such as
SNAP code 060107 (Paint Application: Woéay. ategory 2D3aDomestic Solvent Use including
fungicide$ The 2019 Guidebook (EMEP/EEA, 2019) does not have an emission fadiis $mutce

v +§ 3SDwue”to the uncertainty around these releases, this source is currently not considered in
the Guidebook. v ¢} ]S ]J¢ (E % }ES « E X

Review recommendations and responses are included in this report as Annex H.
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Table 48 5SHFDOFXODWLRQV IRU , Q GeNedrWNM&aB) 3URFHVVHV i

NFR Category Pollutant  Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020

2A3 Glass Production Pb t 0.311 0.311 0.311 0.129 0.008 NO NO NO NO NO NO NO NO NO
2A3 Glass Production Cd t 0.007 0.007 0.007 0.000 NA NO NO NO NO NO NO NO NO NO
2A3 Glass Production Hg t 0.001 0.001 0.001 0.001 NA NO NO NO NO NO NO NO NO NO
2C Metal Production Pb t 3.473 3.387 2127 0.041 0.047 0.035 0.016 0.007 0.016 0.001 0.000 0.000 0.000 0.000
2C Metal Production Cd t 0.249 0.238 0.241 0.001 0.001 0.008 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000
2C Metal Production Hg t 0.033 0.031 0.036 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Submission 2021

2A3 Glass Production Pb t 0.311 0.311 0.311 0.129 0.008 NO NO NO NO NO NO NO NO NO
2A3 Glass Production Cd t 0.007 0.007 0.007 0.000 NA NO NO NO NO NO NO NO NO NO
2A3 Glass Production Hg t 0.001 0.001 0.001 0.001 NA NO NO NO NO NO NO NO NO NO
2C Metal Production Pb t 3473 3387 2127 0.041 0.047 0.035 0.016 0.007 0.016 0.001 0.000 0.000 0.000 0.000
2C Metal Production Cd t 0.249 0.238 0.241 0.001 0.001 0.008 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000
2C Metal Production Hg t 0.033 0.031 0.036 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
% Change in Emissions

2A3 Glass Production Pb % 0.0% 0.0% 0.0% 0.0% 0.0% - - - - - - - - -

2A3 Glass Production Cd % 0.0% 0.0% 0.0% 0.0% - - - - - - - - - -

2A3 Glass Production Hg % 0.0% 0.0% 0.0% 0.0% - - - - - - - - - -

2C Metal Production Pb % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 25.0% 11.8%
2C Metal Production Cd % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% - 0.0% 100.0%
2C Metal Production Hg % 0.0% 0.0% 0.0% - - - - - - - - - - - -
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Table A95HFDOFXODWLRQV IRU ,Q G3(RawdulatBs@n8 N®F HV VHV

NFR Category Pollutant  Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020
2A3 Glass Production TSP kt 0.023 0.023 0.022 0.006 0.000 NO NO NO NO NO NO NO NO NO
2A3 Glass Production PMuo kt 0.020 0.020 0.019 0.005 0.000 NO NO NO NO NO NO NO NO NO
2A3 Glass Production PMs kt 0.018 0.018 0.017 0.005 0.000 NO NO NO NO NO NO NO NO NO
2A5a Quarrying and mining of minerals other than cc TSP kt 3.213 3.000 6.792 10.110 6.344 4310 3947 3569 3.704 3.605 3.777 4.558 4.835 4.835
2A5a Quarrying and mining of minerals other than cc ~ PMho kt 1575 1470 3.330 495 3.110 2113 1935 1.749 1.816 1.767 1.852 2.234 2.370 2.370
2A5a Quarrying and mining of minerals other thancc ~ PMes kt 0.158 0.147 0.333 049 0.311 0.211 0.193 0.175 0.182 0.177 0.185 0.223 0.237 0.237
2A5b Construction and Demolition TSP kt 1739 1928 1552 6.247 7.968 12493 0527 0.744 1852 1171 1377 1.145 3.270 0.968
2A5b Construction and Demolition PMuo kt 0522 0578 0465 1871 2384 3733 0159 0.224 0555 0.351 0414 0.345 0.979 0.292
2A5b Construction and Demolition PMs kt 0.052 0.058 0.047 0.187 0.238 0.373 0.016 0.022 0.055 0.035 0.041 0.034 0.098 0.029
2A5c Storage and Handling of mineral products PMs kt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2B10b Storage, handling and transport of chemical
products TSP kt NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2B10b Storage, handling and transport of chemical
products PMuo kt NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2B10b Storage, handling and transport of chemical
products PMes kt NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2C Metal Production TSP kt 0.071 0.071 0.006 0.001 0.002 0.001 0.001 0.000 0.001 NO NO  0.000 0.000 0.000
2C Metal Production PMo kt 0.060 0.060 0.005 0.001 0.002 0.001 0.001 0.000 0.001 NO NO  0.000 0.000 0.000
2C Metal Production PMes kt 0.042 0.042 0.003 0.001 0.001 0.001 0.000 0.000 0.000 NO NO  0.000 0.000 0.000
2D3b Road Paving TSP kt 33.000 25.500 43.500 51.000 49.500 34.500 27.000 28.500 27.000 27.000 28.500 28.500 31.500 30.750
2D3b Road Paving PMo kt 4400 3.400 5800 6.800 6.600 4.600 3.600 3.800 3.600 3.600 3.800 3.800 4.200 4.100
2D3b Road Paving PMes kt 0.220 0.170 0.290 0.340 0330 0.230 0.180 0.190 0.180 0.180 0.190 0.190 0.210 0.205
2D3i Other solvent use TSP kt 0.022 0.014 0.009 0.016 0.026 0.031 0.061 0.065 0.054 0.038 0.044 0.038 0.046 0.045
2D3i Other solvent use P Mo kt 0.018 0.012 0.008 0.013 0.021 0.025 0.050 0.053 0.044 0.031 0.036 0.031 0.038 0.037
2D3i Other solvent use PMes kt 0.012 0.008 0.005 0.009 0.014 0.017 0.034 0.035 0.030 0.021 0.024 0.020 0.025 0.025
Submission 2021
2A3 Glass Production TSP kt 0.023 0.023 0.022 0.006 0.000 NO NO NO NO NO NO NO NO NO
2A3 Glass Production PMuo kt 0.020 0.020 0.019 0.005 0.000 NO NO NO NO NO NO NO NO NO
2A3 Glass Production PMes kt 0.018 0.018 0.017 0.005 0.000 NO NO NO NO NO NO NO NO NO
2A5a Quarrying and mining ofinerals other than coal TSP kt 3.213 3.000 6.792 10.110 6.284 4309 3.063 3531 3.350 3.379 3.777 4.558 4.835 4.824
2A5a Quarrying and mining of minerals other thancc ~ PMpo kt 1575 1470 3330 4956 3.080 2112 1501 1.731 1642 1656 1.852 2.234 2.370 2.365
2A5a Quarrying and mining of minerals other thancc ~ PMs kt 0.158 0.147 0.333 049 0308 0.211 0.150 0.173 0.164 0.166 0.185 0.223 0.237 0.236
2A5b Construction and Demolition TSP kt 1739 1928 1552 6.247 7.968 12493 0527 0.744 1852 1171 1377 1.145 3.269 0.967
2A5b Construction and Demolition PMuo kt 0.522 0578 0465 1871 2384 3.733 0.159 0.224 0555 0.351 0414 0.345 0.979 0.291
2A5b Construction and Demolition PMes kt 0.052 0.058 0.047 0.187 0.238 0.373 0.016 0.022 0.055 0.035 0.041 0.034 0.098 0.029
2A5c Storage and Handling of mineral products PMs kt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2B10b Storage, handling and transport of chemical
products TSP kt NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2B10b Storage, handling and transport of chemical
products PMo kt NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2B10b Storage, handling and transport of chemical
products PMe.s kt NO NO NO NO NO NO NO NO NO NO NO NO NO NO
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NFR Category Pollutant ~ Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
2C MetalProduction TSP kt 0.071 0.071 0.006 0.001 0.002 0.001 0.001 0.000 0.001 NO NO  0.000 0.000 0.000
2C Metal Production PMuo kt 0.060 0.060 0.005 0.001 0.002 0.001 0.001 0.000 0.001 NO NO 0.000 0.000 0.000
2C Metal Production PMes kt 0.042 0.042 0.003 0.001 0.001 0.001 0.000 0.000 0.000 NO NO  0.000 0.000 0.000
2D3b Road Paving TSP kt 33.000 25.500 43.500 51.000 49.500 34.500 27.000 28.500 27.000 27.000 28.500 28.500 31.500 30.750
2D3b Road Paving PMuo kt 4400 3.400 5.800 6.800 6.600 4.600 3.600 3.800 3.600 3.600 3.800 3.800 4.200 4.100
2D3b Road Paving PMes kt 0.220 0.170 0.290 0.340 0.330 0.230 0.180 0.190 0.180 0.180 0.190 0.190 0.210 0.205
2D3i Other solvent use TSP kt 0.022 0.014 0.009 0.016 0.026 0.031 0.061 0.065 0.054 0.038 0.044 0.038 0.046 0.045
2D3i Other solvent use PMuo kt 0.018 0.012 0.008 0.013 0.021 0.025 0.050 0.053 0.044 0.031 0.036 0.031 0.038 0.037
2D3i Other solvent use PMs kt 0.012 0.008 0.005 0.009 0.014 0.017 0.034 0.035 0.030 0.021 0.024 0.020 0.025 0.025
% Change in Emissions
2A3 Glass Production TSP % 00% 0.0% 0.0% 0.0% 0.0% - - - - - - - -
2A3 Glass Production PMo % 0.0% 0.0% 0.0% 0.0% 0.0% - - - - - - - -
2A3 Glass Production PMes % 0.0% 0.0% 0.0% 0.0% 0.0% - - - - - - - -
2A5a Quarrying and mining of minerals other than cc TSP % 0.0% 0.0% 0.0% 0.0% -1.0% 0.0% -224% -11% -95% -6.3% 0.0% 0.0% 0.0% -0.2%
2A5a Quarrying and mining of minerals other thancc ~ PMpo % 0.0% 0.0% 0.0% 0.0% -1.0% 0.0% -224% -11% -95% -6.3% 0.0% 0.0% 0.0% -0.2%
2A5a Quarrying and mining of minerals other thancc ~ PMes % 0.0% 0.0% 0.0% 0.0% -1.0% 0.0% -224% -1.1% -95% -6.3% 0.0% 0.0% 0.0% -0.2%
2A5b Construction and Demolition TSP % 0.0% 0.0%  0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.1%
2A5b Construction and Demolition PMuo % 0.0% 0.0% 0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.1%
2A5b Construction and Demolition PMes % 0.0% 0.0%  0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.1%
2A5cStorage and Handling of mineral products PMe.s % 0.0% 0.0% 0.0% 0.0% -1.0% 0.0% -224% -1.1% -95% -6.3% 0.0% 0.0% 0.0% -0.2%
2B10b Storage, handling and transport of chemical
products TSP % - - - - - - - - - - - -
2B10b Storage, handling atrdnsport of chemical
products PMuo % - - - - - - - - - - - -
2B10b Storage, handling and transport of chemical
products PMes % - - - - - - - - - - - -
2C Metal Production TSP % 0.0% 0.0%  0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% - - 0.0% 0.0% 0.0%
2CMetal Production PMuo % 0.0% 0.0%  0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% - - 0.0% 0.0% 0.0%
2C Metal Production PMes % 0.0% 0.0% 0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% - - 0.0% 0.0% 0.0%
2D3b Road Paving TSP % 0.0% 0.0% 0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2D3b Road Paving PMuo % 0.0% 0.0%  0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2D3b Road Paving PMes % 0.0% 0.0%  0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2D3i Other solvent use TSP % 0.0% 0.0% 0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.7% 0.0%
2D3i Other solvent use PMuo % 0.0% 0.0%  0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.7% 0.0%
2D3i Other solvent use PMe.s % 0.0% 0.0% 0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.7% 0.0%
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NFR Category Pollutant  Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020
2B2 Nitric Acid Production NOx kt 0.960 0.280 0.302 NO NO NO NO NO NO NO NO NO NO NO NO
Submission 2021
2B2 Nitric Acid Production NOx kt 0.960 0.280 0.302 NO NO NO NO NO NO NO NO NO NO NO NO
% Change in Emissions
2B2 Nitric AcidProduction NOXx % 0.0% 0.0% 0.0% - - - - - - - - - - - -
Table 465 HFDOFXODWLRQV IRU ,QGNWOQDO 3URFHVVHV
NFR Category Pollutant  Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020
2D3a Domestic solvent use including fungicides NMVOC  kt 7.927 8143 8.568 9.347 10.250 10.298 10.344 10.368 10.385 10.422 10.481 10.767 10.818 10.869
2D3b Road Paving NMVOC  kt 0.035 0.027 0.046 0.054 0.053 0.037 0.029 0.030 0.029 0.029 0.030 0.030 0.034 0.033
2D3c Asphalt Roofing NMVOC kt NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2D3d Coating Applications NMVOC  kt 6.742 6.560 6.315 6.238 4259 3373 3.394 3259 3402 3.800 3.369 2811 2.661 1.787
2D3e Degreasing NMVOC  kt 1743 2388 0.847 0953 0.789 0.885 0.925 1.004 0.795 0.885 0.686 0.885 1.187 1.707
2D3f Dry Cleaning NMVOC  kt 0.282 0.270 0.090 0.085 0.063 0.053 0.058 0.075 0.057 0.069 0.044 0.062 0.064 0.071
2D3g Chemical products manufacturing or
processing NMVOC  kt 3.023 3.024 2.786 1.189 1.888 0.999 1.149 1224 1.248 1.082 0.986 1.168 1.243 1.230
2D3h Printing NMVOC kt 2912 2912 1946 2126 2.360 2.474 1.788 1.217 1.283 1.400 1.462 1.468 1.206 1.368
2D3i Other solvent use NMVOC kt 0.701 0.493 1.011 3.103 2.198 1.457 1.620 1.501 1.121 1.379 1.422 1.370 1.423 1.714
2G Other product use NMVOC  kt 0.034 0.037 0.039 0.032 0.027 0.024 0.025 0.023 0.020 0.019 0.020 0.017 0.022 0.011
2H2 Food and Beverages Indsutry NMVOC kt 9.617 10.216 9.683 13.296 15540 18.052 18.184 20.412 22.492 19.031 20.041 21.241 26.575 26.802
Submission 2021
2D3a Domestic solvent use including fungicides NMVOC kt 7.927 8.143 8568 9.347 10.250 10.298 10.344 10.368 10.385 10.422 10.481 10.767 10.818 10.869
2D3b Road Paving NMVOC  kt 0.035 0.027 0.046 0.054 0.053 0.037 0.029 0.030 0.029 0.029 0.030 0.030 0.034 0.033
2D3c Asphalt Roofing NMVOC kt NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2D3d Coating Applications NMVOC  kt 6.742 6560 6.315 6.238 4.259 3.373 3.394 3259 3.402 3800 3.369 2811 2.663 2.583
2D3e Degreasing NMVOC  kt 1743 2388 0.847 0953 0.789 0.885 0.925 1.004 0.795 0.885 0.686 0.885 1.189 1.708
2D3f Dry Cleaning NMVOC  kt 0.282 0.270 0.090 0.085 0.063 0.053 0.058 0.075 0.057 0.069 0.044 0.062 0.064 0.072
2D3g Chemical products manufacturing or
processing NMVOC  kt 3.023 3.024 2.786 1.189 1.888 0.999 1.149 1.224 1.248 1.082 0.986 1.168 1.243 1.230
2D3h Printing NMVOC  kt 2912 2912 1946 2126 2.360 2.474 1.788 1217 1.283 1.400 1.462 1.468 1.206 1.368
2D3i Other solvent use NMVOC kt 0.701 0.493 1.011 3.103 2.198 1.457 1.620 1.501 1.120 1.379 1.422 1.370 1.428 1.706
2G Other product use NMVOC  kt 0.034 0.037 0.039 0.032 0.027 0.024 0.025 0.023 0.020 0.019 0.020 0.017 0.022 0.011
2H2 Food and Beverages Indsutry NMVOC  kt 9.617 10.285 9.751 13.686 15.646 18.198 18.281 20.788 22.457 19.133 20.342 21.514 26.836 27.017
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% Change in Emissions

2D3a Domestic solvent use including fungicides NMVOC % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2D3b Road Paving NMVOC % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2D3c Asphalt Roofing NMVOC % -

2D3d Coating Applications NMVOC % 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 0.0% 0.1% 44.5%
2D3e Degreasing NMVOC % 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 0.0% 0.1% 0.1%
2D3f Dry Cleaning NMVOC % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4%
2D3g Chemical products manufacturing or

processing NMVOC % 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 0.0% 0.0% 0.0%
2D3h Printing NMVOC % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2D3i Other solvent use NMVOC % 00% 00% 00% 00% 00% 00% 00% 00% -01% 0.0% 00% 0.0% 0.4% -0.5%
2G Other product use NMVOC % 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 0.0% 0.0% 0.0%
2H2 Food an@everages Industry NMVOC % 0.0% 0.7% 0.7% 2.9% 0.7% 0.8% 0.5% 1.8% -0.2% 0.5% 1.5% 1.3% 1.0% 0.8%
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Chapter Five

Agriculture

5.1 Overview of the Agriculture (NFR 3) Sector

The Agriculture sector is the largest source ot MHreland and afi24.6kt accounted for99.4 per

cent of national total Nkkemissions (125.4 kt) in 2019. The majority of the remairaf national total
emissions is attributable to Road Transport (1A3b) and smaller fractions to combustion in the
Manufacturing Industry and Construction (1A2), Commercial (1A4a) and Residential (1A4b),
Agriculture/Forestry/Fishing: Ofbad vehicles and other machinery (1A4cii) sectors, Other product
Use (2G) and Biological treatment of wagt€omposting (5B1).

Emissionsof N, (E}u P@E] poSuE Jv /E o v [+ JVAVE}IEC &E 0O po §
developed by a member of the inventory team. The methodologies employed follow those utilised by
Misselbrook et al. (2004, 2010, 2Q18isselbrrok and Gilhespy (2028hd the Inventory Guidebook
(EMEP/EEA, 2019) and are described in the following sections. The methodology is based largely on
the UK National Ammonia Reduction Strategy Evaluation System (NARSES) model for emissions from
livestock and where required thevantory Guidebook (EMEP/EEA, 2019) is also used (poultry and
minor livestock species). For the calculation o ERissions from nitrogen fertilizer application the

Tier 2 approach provided in the Inventory Guidebook (EMEP/EEA, 2019) is adopted.

The trendin emissions of NbHrom agricultural sources is shown in Figure 5.1. Management of animal
manures (3B) produced 477per cent of NHemissions from agriculture in 201with the application

of inorganic fertiliser, sewage sludge and animal manures degmbsind applied to soils (526)
accounting for the remainder. The Aemission trend is largely determined by the cattle population
and shows a steady increase up @612kt in 1998 (an increase b.5per cent from 1990). There

has been some decline the populations of cattle and sheep since 1999, as well as a decrease in
fertiliser use, which contributed to a downturn in llHuJs<]}ve Jv §Z p@boelEmissions

for the period 2015 onwards are on an upward trajectory in response to growth ptanthe
agricultural sector in Ireland and the removal of milk quotas in 2005. Emissions peaked in 2018 at
134.3 kt.The NH emissions from the agriculture sector in Z)dere 14.0 per cent higher than the
emission levels in 1990 (13@kt) and7.2 per cat lower than the peak levels 2018 and 1.3 per cent
lower than the previous peak in emission levels in 1998

NMVOCs from agriculture are estimattibe 45.46 kt in 2019, accounting for 39.9 per cent of the
NMVOC inventory total (113.81 kt). Emissiaesf manure management (3B) make up 89.7 per cent

of agriculture related NMVOC in 2019, with the remaining 10.3 per cent ¢udtivated crops (3De).

For the calculation of NMVOC emissioa3,ier 2 methodologys adoptedfor cultivated crops3De
included Chapter3D Table 3.4f the 2019 Inventory Guidebook(EMEP/EEA, 2019)hich exist in
Ireland(namely Wheat, Rape and GraS$e Inventory Guidebook (EMEP/EEA,90lier 1 approach

is adopted for cultivated crops (3Dedt included in Table 3.4 Tier 2approach is utilised fakMVOC
emissions froomanure management (3B). The trend in NMVOC emissions from agriculture is shown
in Figure 5.2.
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NOcemissions form agriculture are estimated to 88.75kt in 2019, accountingor 41.7 percent of

the nationaltotal (98.03 kt) Emissions from manure management (3B) make @p@r cent of the
agriculture related NOwith Inorganic Nertilizers (3Dal), Animal manure applied to soils (3Da2a),
Sewage sludge applied to soils (3Da2b), and Urine and dung deposigradiyg animals (3Da3)
accounting for 4.7 per cent,21.1 per cent, 03 per cent and 8.0 per cent of total agriculture
emissions, respectively. Emissions in@2@&re4.2per cent above those in 1990 (38kt). Estimates

from manure management (3B) aderived from the Tier 2 mass flow approach to estimate; NH
emissions, whilst emissions from agricultural soils (3D) utilise the Tier 1 emission factor presented in
the Inventory Guidebook. The trend in Nénissions from agriculture is shown in Figure 5.3.

Estimatedor agriculture emissions of TSP, Bléind PM s contribute significantly to national totals
for these pollutants, accounting fdr9.0per cent, 3.8 per cent and B per cent of national totals
respectively. For these calculations, Tier 1 arap@roaches provided in the Inventory Guidebook
(EMEP/EEA, 20} are adopted. For PM Dairy cattle (3B1a) and Natairy cattle (3B1b) are the main
drivers of the trend accounting fol954 per cent of emissions in 2018. For Bikthe main driver of the
trend in emissions from agriculture is Inorganiféertilizers (3Dal) which accounted for 8@er cent
of emissions in 20 The second and third largest sources are{dainy cattle (3B1b) and Dairy cattle
(3Bla) accounting fds.4 per cent and3.9 per cent, respectively of the agricultural total in 20A
similar trend is evident for TSP with InorganieNilizers (3Dal), Nodairy cattle (3B1b) and Dairy
cattle (3B1a) accounting f&8.6per cent, 87 per cent ands.3per cent respectively of the agriculture
sector total in 209. The trend in PMsis presented in Figure 5.4.

The use of some pesticides for arable farming can be a source of POP emissions, notably due to the
trace content of HCB within some pesticides as a comant from the manufacturing process.
Emissions of HCB from NFR Sector 3Df (Use of pesticides) are a key categdyanc2hting for
87.0per cent of national total HCB emissions.
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Figure 5.1.Emission Trend for PPRQLD IURP $JULZEXDWXUH
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Figure 5.3.Emission Trend foNOx IURP $JULF X O2018 U H 1
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5.2 Manure Management (NFR 3B)

The following sections outlinthe activity data, assumptions and calculations utilise@$timating

NH;, NMVOC, NQ TSP, PM and PM s emissions from agriculture in Ireland. For \td NQ, the

Tier 2 methodology uses a mass flow approach based on the concept of the flow dAiatahiacal

Nitrogen (TAN) through the manure management system. Emissions are calculated for the same
animalsub 8§ P}@&] » <« §Z}s psS]o]le Jv /& o v [*Vv S]}voPE vZ}iue P < ]\
E). The first step in the mass flow approach eedhtimation of total annual nitrogen excretion by the

animals. For dairy cows and other cattle, Ireland utilises the method described in IPCC (2006), chapter

10, further enhanced by country %o ] (] § }v( ]JvP %E& 8] * v u]loOOBE} p S]}v
Duffy et al., 2@1) to estimate N excretion. For all other categories of livestock, national values are
utilised. Total nitrogen excretion is then apportioned to that which is deposited in buildings, collection

yards (only applicable to dairy cows thg lactation) and grazing. See Table E.3 Annex E for animal
nitrogen excretion.

The method used to estimate NMVOC emissions is the tier 2 approach based on emission factors from
Table 3.11 and Table 3.12 of the Inventory Guidebook (EMEP/EE) f@0alllivestock categories.

The tier 2 approach considers NMVOC emissions from the following; silage stores, silage for feeding,
housing, outdoor manure stores, manure application and from grazing animals as outlined in section
3.4 of the Inventory Guidebook NEEP/EEA, 2(®).
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For TSP, PMand PM semissions are estimated based upon animal numbers using the Tier 1 method
and emission factors from the Inventory Guidebook (EMEP/EEA).2Bde Table Eof Annex E for
additional information of the EFs used foHNNMVOC, TSP, Rind PM s emission estimation.

5.2.1 Cattle (NFR 3B1)

A Farm Facilities Survey conducted in 2003 (Hyde et al., 2888gcent analysis by Teagasc (Teagasc,
2020)provides the basis for the calculation of the number of days housedf@dumber of days
spent grazing by cattle on farms in Irelaactoss the timeseriedNational averages are used for the
purpose of inventory calculations. Data for the number of days hoasédoroportion of manure and
therefore nitrogen deposited in thenanure in housing systenere presented in Table E.2.1. The
number of days spent graziagd the proportion of nitrogen excreted at pastusethen calculated by
subtracting these values frothe total number of days in the year and the total nitrogenrexed.

dA} Z}pue]vP 8C% « E ]e3]vPul*Zz (}JE 330 % E} p 3ppsed)Ce3 ues v
and solidnanurebased housing. As a result of differing management practices on farms, a proportion

of each of the cattle subdivisions is not hodgeut-wintered) and therefore graze pasture for the full

year, however this proportion has reduced across the timeseiiée proportion of each sutategory

of cattle that is managed in this manner is accounted for in Table E.2.1. For liquid niaseck

housing an emission factor of 27.7 per cent of the TAN available in-basied housing is applied
(Misselbrookand Gilhespy2020). The TAN in cattle manure is assumed to be 60 per cent. For solid
manurebased housing, emission factors of 16.8 per @t 4.2 per cent of the TAN available in solid
manurebased housing are applied to cattle housed on straw and calves housed on straw, respectively
(Misselbrookand Gilhespy2020.

In addition to animal housing, emissions are estimated for cow collegands used during milking
utilising an emission factor of 22.5 per cent of the TAN available (Misselanobilhespy2020).

The storage of both liquid and solid manure is considered. Liquid manure is stored either below the
animals in slatted floor hoirsg or removed from the house to outdoor storage. Emissions are
calculated separately for indoor and outdoor storage. It is assumed that a crust will form in the indoor
under slat storage. In addition, a fraction of the organic nitrogen in liquid manurgnisralised to

TAN before emissions are calculated. A value of 0.1 (Dammgen et al., 2007) is applied as suggested in
the Inventory Guidebook (EMEP/EEA, 20T o fully account for all losses of N from liquid manure
during storageestimates are made of Z0, NO and Nlosses during storage utilising the emission
factors provided in the Inventory Guidebook (EMEP/EEA9)2@h emission factor of 5 per cent of

the TAN available in liquid manure stores is applied to estimateeitissions from liquid manure
storage in covered stores and 10 per cent of the TAN available in liquid manure stored in uncovered
stores (Misselbroolknd Gilhespy2020).

Solid manure is generally stored in the shed or outside in heaps. The contribution of the nitrogen
content of strawused for bedding is accounted for based on national data on straw used for bedding
and the length of the housing period (Hyde et al., 20Déagasc, 2020Where manures are managed

as solid, a fraction of the TAN is immobilised in organic matter. Immsatidn of nitrogen reduces the
potential for NH emissions from solid manures during storage and after landspreading. The value
proposed in the Inventory Guidebook (EMEP/EEA9R610.0067 kg kg (Kirchmann and Winter,
1989) is applied. To fully accduor all losses of N from solid manure during storaggimates are
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made of NO, NO and Nosses during storage utilising the emission factors provided in the Inventory
Guidebook (EMEP/EEA, 2)1An emission factor @&6.3per cent of the TAN availahle solid manure
stores is utilised (Misselbroand Gilhespy2020).

Landspreading emissions are calculated by estimating the quantity of TAN available post storage of
the manure (both liquid and solid) and accounting for the period of the year in \ithkpread (i.e.

spring, summer, autumn and winter) as outlined in Table E.5 Anndéx this submission new
information on the use of low emission spreading techniques (Teagasc, 2020) is included in emission
estimates for the first time. Data on broaditaspreading (splashplate), trailing hose application,
trailing shoe application and injection are includédr liquid manure, a dry matter value of 6 per cent

is assumed and two emission factors are appi@dhe proportion that is broadcast spread84 per

cent of the TAN available for the proportion applied in summer and 26.1 per cent for proportion
applied in spring, autumn and winter (Misselbraakd Gilhespy2020. With respect to low emission
spreading techniques the values presented in the UREBGidance document on preventing and
abating ammonia emissions from agricultural sources (UNECE, 2014) with a 30 per cent, 60 per cent
and 70 per cent reduction in emission levels with the use of trailing hose, trailing shoe and injection,
respectively.For solid manurean emission factor of 68.3 per cent of the TAN available is applied
regardless of the period of the year in which it is spread (Misselbesuk Gilhespy2020. The
emission factor presented in the Inventory Guidebook (EMEP/EEA) 20D.04 kg NO per kg of
nitrogen is applied to calculate N@missions from manure (solid and liquid) application to soil.

For cattle(both dairy and nofdairy catte)grazing an emission factor of 6 per cent of the TAN available
at grazing is applied for athttle categories (Misselbroaknd Gilhespy2020. The emission factor
presented in the Inventory Guidebook (EMEP/EEA9RO10.04 kg NO per kg of nitrogen is applied
to calculate NQemissions from excreta deposited during grazing.

NMVOC emissions arestimated using Tier 2 emission factors from the Inventory Guidebook
(EMEP/EEA, 20). Estimates are made for housed cattle, silage feeding, silage store, manure storage,
manure application and grazing. The emission factors for silage feeding and silesge shousing

v PE IJvP & }u]v A]8Z 387 ( Jvi 1l A op e ~D: ( Jvd | « (E}u .
to the estimation of ClHemissions from enteric fermentation and manure management. The feed
intake values for silage and grass are presénteTable B, Annex E with the emission factors used
presented in Tabl&.7 Emissions of NMVOC from manure storage and manure application use the
Inventory Guidebook (EMEP/EEA, 20approach whereby the NMVOC emissions from livestock
buildings are coued with the ratio of Nkl emissions from storage and application with those in
livestock buildings, respectively.

Emissions of TSP, RMnd PM ;s are estimated using Tier 1 emission factors split by cattle type and
housing category (slurry/solid housinghe emission factors used are presented in Table E.7, Annex
E.

5.2.2 Sheep (3B2)

Sheep in Ireland are categorised into those on upland and those on lowland areas. Four subcategories
exist within both upland and lowland areas, namely ewes, rams, lambsthed sheep more than 1

year old. The CSO publishes sheep population statistics on an annual basis and, to derive the number
of headson both lowland and upland areas, several assumptions are made as follows based on expert
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opinion. Total ewe and ram nurabs are taken as the mean of the June and December CSO censuses.
On this basis, the number of ewes and rams are subdivided using the ratio 55:45 (lowland/upland) for
years up to and including 1997. For 1998 to 2004 inclusive, a ratio of 70:30 is usadjngflhe
destocking of upland areas. For 2005 onwards, a ratio of 80:20 is used. The total number of lambs
slaughtered in any-Year period is used as the activity data for lambs. Monthly lamb slaughtering
figures are available from the CSO. From 200&avds, these numbers are adjusted for the number

of lambs that originate in Northern Ireland and that are slaughtered in the Republic of Ireland and for
the number of lambs that are reared in the Republic but slaughtered in Northern Ireland. National
totals are then subdivided similarly to the other categories of sheep. The numbers of other sheep over
1 year old are calculated from unpublished CSO data. Population statistics for each subcategory of
sheep are presented in Table E.1, Annex E. Input datar@sfiect to manure management practices

are presented in Table E2.2 Annex E. Nitrogen excretion coefficients for all sub categories of sheep are
provided in Table E.3 Annex E.

Similar to cattle, the proportion of TAN in the nitrogen excreted by sheepsiaveed to be 60 per

cent. An emission factoof 21.6 per cent of the TAN available in sheep housing (Missellzndk
Gilhespy2020 is applied Information on the number of days that sheep are housed during the winter
period is derived from the Farm Fati@s Survey (Hyde et al., 2008), which suggestscatdgory

specific housing period lengths (Table E.2.2 Annex E). More specifically, lowland and upland ewes are
assumed to be housed f@4 and 85 days/year. No differentiation is made for upland and ladla

rams, lambs and other sheep >1 year oliking housed fob6, 28 and & days/year respectively. In
Ireland, sheep are generally housed in sotidnurebased housing systems.

The NHemission factors used for the storage and landspreading of solid rearsed for Cattle (3B1)

are also considered appropriate for sheep manure (Misselberuk Gilhespy2020). For storage of

solid manure and subsequent landspreading the emission faétorsoid manure from cattleare

used @6.3 per cent of TAN availabie the manure store an®8.3 per cent of TAN available at
landspreading). Account is also taken of the nitrogen added from straw used for bedding and the
immobilisation of TAN in organic matter when solid manures are managed following the approach
adoptedfor solid manure from cattle. The emission factors presented in the Inventory Guidebook
(EMEP/EEA, 20) are used to estimate N®&O and N emissions from manure management. The
emission factor presenteth the Inventory Guidebook (EMEP/EEA, @04f 0.04kg NO per kg of
nitrogen is applied to calculate N@missions from excreta deposited during grazing and the
application of solid manure to soil. For sheep grazing, the emission factor applied for cattle of 6 per
cent of the TAN available at grazing is utilised to estimatg @&issions from grazing sheep
(Misselbrookand Gilhespy2020.

NMVOC emissions are estimated using Tier 2 emission factors from the Inventory Guidebook
(EMEP/EEA, 201 based on volatile solid (VS) excretion data as estimated in the national greenhouse
gas inventory for agriculture. #mates are made for housed sheep, manure storage, manure
application and grazing sheep. The emission factors used are presented in Tablenex E.

Emissions of TSP, Rjvand PM:; are estimated using Tier 1 emission factors in the Inventory
Guidebook EMEP/EEA, 20} The emission factors used are presented in Table E.7, Annex E.
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5.2.3 Swine (NFR 3B3)

Detailed population statistics are available for seven subcategories of pigs in Ireland using national
statistics published by the CSO as follows: soypgimilts in pig, other breeding sows, boars, gilts not

yet served and two categories of fattening pigs (<20 kg and >20 kg live weight). The CSO undertakes
and publishes two censuses per year, one in June and one in December. The average of the svo censu
values is used in deriving the pig populations in the seven subcategories, thus providing an appropriate
measure of the number of pigs on farms for the purposes of the annuaéiidsion inventory.

For the NH inventory, it is assumed that all pigs are housed and that the housing systems are
liquid/slurry-based. Furthermore, it is assumed that the proportion of TAN in nitrogen excreted is 70
per cent. An emission factor @0.4per cent of the TAN in slurry pilaced by gilts in pig, gilts not yet
served and pigs greater than 20 kgs is applied. For sows in pig, other sows for breeding and boars, an
emission factor 080.8per cent of the TAN produced in the slurry of these pigcatiegories is used

and an emissin factor of7.9per cent of the TAN in slurry produced by pigs under 20 kg (Misselbrook
and Gilhespy2020.

For slurry storage, emissions of Niie calculated separately for covered and uncovered stores based

on the proportion of slurry stored in coved and uncovered storage (Hyde et al., 2008). Emission
factors of 13.0 per cent of the TAN available in covered storage and 52.0 per cent of the TAN available
in uncovered slurry stores are applied (Misselbraokl Gilhespy2020. As is the case with cédt

slurry, account is taken of the losses ofON NO and Nusing the emission factors presented in the
Inventory Guidebook (EMEP/EEA, 20aAnd the mineralisation of organic nitrogen in the liquid
manure is also accounted for (Dammgen et al., 2007)akssmed that all pig slurry is applied using

the splashplate methods no information is currently available on the use of low emission spreading
techniques for pig slurtyAn emission factor of 1®per cent (Misselbrooknd Gilhespy2020 of the

TAN awilable post storage is applied on the basis that pig slurry contains less than 4 per cent DM.

The emission factor presented in the Inventory Guidebook (EMEP/EE®,df@L04 kg NO per kg of
nitrogen is applied to calculate NO emissions from the apydicaf liquid manure to soil.

NMVOC emissions are estimated using Tier 2 emission factors from the Inventory Guidebook
(EMEP/EEA, 201 based on volatile solid (VS) excretion data as estimated in the national greenhouse
gas inventory for agriculture. Estates are made for housed pigs, manure storage and manure
application. The emission factors used are presented in Tahlé&\Bnex E.

Emissions of TSP, RMind PMs are estimated using Tier 1 emission factfnam the Inventory
Guidebook (EMEP/EEA, 20IThe emission factors used are presented in Table E.7, Annex E.

5.2.4 Poultry (NFR 3B4Q)

Detailed population statistics are available for eight subcategories of poultry in Ireland using national
statistics collated by the Department of Agriculture and B8O as follows: layers, broilers, layer
breeders, broiler breeders, turkeys, turkey breeders, geese and ducks. The population statistics are
provided in Table E.1, Annex E. The estimation afditissions from poultry production utilises bird
places as gposed to bird numbers so that production cycles are considered. The number of bird
places is estimated from the annual bird population assuming that all bird places are full throughout
the year after rest periods have been taken into account (rest peravdsthose periods after a
production cycle in which the housing systems are emptied of all manure and bedding, thoroughly
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washed and prepared for the next batch of birds). In the case of broilers, there are 5.5 production
cycles per year, with a-30 4-week rest period between production cycles. In the case of turkeys,
there are 2.5 production cycles per year of approximately 120 days in length, witlo 4-8eek rest
period also applied. All other poultry subcategories have production cycles of ovearl and
therefore no adjustments to population statistics are made.

It is assumed that all poultry are housed in some form of solid manure housing system and that the
proportion of TAN in nitrogen excreted by poultry is 70 per cent. For a proporti@ayiobl birds, free

range systems are in use, which consist of an area of grassland beside the bird house which the birds
are allowed onto for a period of hours during the day. The percentage of laying birds that are housed
in this type of system is based atatistics supplied by the Department of Agriculture, Food and
Marine. An emission factor of 35 per cent of TAN is applied to the quantity of TAN which is deposited
outdoors. Emission factofer housingof 20.0per cent,21.0per cent, and 35.0 per cerfiy.O per cent

and 24.0 per cent of TAN are applied to layer, broiler, turkey, geese and duck housing, respectively
(EMEP/EEA, 201 The storage of poultry manure is separated into two classes, litter and layer
manure. An emission factor 80.0per centof TAN is applied to broiler manui&p per centfor layer
manure, 24.0 per cent for turkey manure, 16.0 per cent for geese manure and 24.0 per cent for duck
manure (EMEP/EEA, Z0)1To account for the loss of other nitrogen compounds, account is taken of
the losses of PO, NO and Nusing the emission factors presented in the Inventory Guidebook
(EMEP/EEA, 201 It is assumed that all poultry manure is broadcast spread and emission factors of
45.0 per cent,38.0 per cent, 54.0 per cent, 45 per cent artl® per cent of the TAN available post
storage, are adopted for layers, broilers, turkeys, geese and ducks respectively (EMEP/BEAN201
emission factor presented in the Inventory Guidebook (EMEP/EEAR) 20D.04 kg NO per kg of
nitrogen is appliedto calculate NO emissions from excreta deposited during grazing and the
application of manure to soil.

NMVOC, TSP, Rdnd PM semissions are estimated using Tier 1 emission factors from the Inventory
Guidebook (EMEP/EEA, 20IThe emission factors usedle presented in Table E.Annex E.

5.2.5 Other livestock Goats (NFR 3B4d), Horses (3B4e), Mules and Asses (NFR
3B4f) and Other Animals (3B4h)

The remaining livestock categories include goats, horses, mules and asses, deer, mink and foxes and
estimatesare made for emissions of NHNO, NMVOC, TSP, Blshd PMs.

For NH emissions the emission factors used are the default Tier 2 factors presented in the Inventory
guidebook (EMEP/EEA, ®)ior each step in the manure management chain. As part ofhihss

flow approach inventory guidebook emission factors for NGONand N emissions from manure
management are also estimated. The emission factor presetimethe Inventory Guidebook
(EMEP/EEA, 20)10f 0.04 kg NO per kg of nitrogen is applied to cateuNQ emissions from excreta
deposited during grazing and the application of manure to soil.

NMVOC emissions are estimated for goats (3B4d), Horses (3B4e) and Mules and asses (3B4f) using the
Tier 2 emission factors from the Inventory Guidebook (EMER/EED). In the case of other animals

(3B4h) the Tier 1 emission factors presented in the inventory guidebook (EMEP/E&¥ar2Qdsed.

The emission factors applied are presented in TaeAnnex E.
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Tier 1 emission factors from the Inventory Guidebd&MEP/EEA, 201 are applied to estimate
emissions of TSP, Rind PM sfrom the livestock categories described except for deer for which no
emission factor is supplied in the Inventory Guidebook (EMEP/EE$), 201

In the period 2010 to 2011 there washange in the Agricultural Waste Management System (AWMS)
for mink (3B4h) production from 100% solid manutmased in the period 1992010 to 52%
liquid/slurry-based and 48% solid manubased AWMSesulting in a decrease in associateds;NH
emissions for dazgory 3B4h

5.2.6 Uncertainties
There is extensive and tp-date statistical data on all aspects of the agriculture sector in Ireland.
Most of this data is compiled and published by the Central Statistics Office and is the official source of
the basic dta for inventory purposes. The exception is for statistics on synthetic fertiliser use and the
poultry population which are obtained from the Department of Agriculture Food and the Marine
(DAFM). The CSO and DAFM are key data providers whose atatisfital inputs to the inventory
PvC G }AGE C DUuU}E vV pu }( hv E+8 v JvP ~DKhe Jv /E 0 Vv [+ vV
As a result, the uncertainty associated with animal population statistics is low, at 1 per cent. The
emission factor uncertainty asciated with Nklemission factors for dairy and other cattle is 50 per
cent, and for all other livestock categories 100 per cent. Much ofddhission research is aimed at
dairy cattle and other cattle therefore emissions from these categories are relatively well quantified
in comparison to the other livestock categories. In comparison, the uncertainties associated with
NMVOC and PMemissionsn agriculture are largely due to the uncertainty (300 pent) associated
with the emission factors for both pollutants as discussed in the Inventory Guidebook (EMEP/EEA,
2019).

5.3 Agricultural Soils (NFR 3D)

5.3.1 Direct Soil Emissionsinorganic Nfertilizers (NFR 3Dal)

The calculation of NdHemissions from nitrogen fertilizer application to agricultural soils utilises the
Tier 2 approach outlined in the Inventory Guidebook (EMEP/EE).Z0atal fertilizer sales and
emission estimates for each geof the time series 1992019 (Table E.4, Annex E) are apportioned

into the categories, Ammonium sulphate, CAN, NK mixtures, NPK mixtures, NP mixtures, Other
straight N compounds, Urea, and protected urea produatsording to the known sales of these
compounds in each year as supplied to the inventory agency by the DAFM. TalleAfanex E
includes additional information on the methodological approach, quantities of individual fertilizer
types, the emission factors used and resultant emissions. Thiesam factor presentedn the
Inventory Guidebook (EMEP/EEA, 20a&f 0.04 kg NO per kg of nitrogen is applied to calculate NO
emissions from the application of inorganicfédtilizers to soil. Irelandin previous submissions
reported emissions of PM PMs and TSP from fardevel agricultural operations under 3Dab
separate these emissions from those previously reported under 2B10b. These are now reported under
i (}Joo}A]JvP & }uu v 3§]}v]v §Z E /E %0 FsBbid@EssiopTAe Hefd@E o v [« Ti
emission factors presented in the Inventory Guidebook (EMEP/EEAR) 364 applied (Table &.

Annex E) coupled with the total utilisable agricultural area (TaBleAAnex E).
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5.3.2 Direct Soil EmissiorisLivestock manure applied to soilsfER 3Da2a)

The calculation of Nd€missions from livestock manure applied to soil is discussed in sections 5.2.1 to
5.2.5 inclusive. Emissions for each of the livestock species are summed and reported under 3Da2a.
The default emission factor of 0.04 kg N€ kg of nitrogen is applied to calculate MNnissions from

the application of livestock manure to soils.

5.3.3 Direct Soil Emissioris Sewage sludge applied to soils (NFR 3Da2b)

Estimates of Nkwere estimated from the application of sewage sludge @b)dor the first time in

IE o v [+ 11ifi e u]es]}vX dZ «<p v3]E3C }( * AP sopu P %%o0] &} 0V
calculations for emissions of Cehd NK (E}u A «3 A 8§ E Jv /E o v [* '"E VvZ}pe ' o
The fraction of nitrogen volatfled is 0.13 kg Nhber kg N applied (EMEP/EEA, 20With respect to

NO emissionghe default Tier 1 emission factor of 0.04 kg NO per kg of nitrogen is applied to calculate

NQO emissions from the application of sewage sludge to soils.

5.3.4 Direct SdiEmissions Other organic fertilizers applied to soils (NFR 3Da2c)
Emissions of Nd-and NO from this source category are currently reported as NE. Information on the
guantities of other organic fertilizers applied to agricultural soils does not exist in Ireland and is
considered negligibleomparedto the total quantity of nitrogen appdid in manures or deposited
during grazing.

5.3.5 Direct Soil EmissiorisUrine and dung deposited during grazing (NFR 3Da3)

The calculation of N&missions from urine and dung deposited on soil during grazing is discussed in

sections 5.2.1 to 5.2.5 indive. Emissions for each of the livestock species are summed and reported

under 3Da3. The default emission factor of 0.04 kg NO per kg of nitrogen is applied to calculate NO
emissions from urine and dung deposited on soil during grazing.

5.3.6 Farmevel agricultural operations (NFR 3Dc)

Emissions of PM, PMysand TSP are reported under NFR 3Dc. Previously the emission reported in this
category were reported under 2B10b, however in response to the 2017 NECD expert review, these
emissions have now been reallocated to 3Dc. Emissions are estimated using thequinttty of
fertilizers (by weight) applied to soils in Ireland. The emission factors applied are those provided in
CEPMEIP (2001) and are presented in TaBl&fhex E. The total quantity of fertilizers (by weight)
applied to agricultural soils is preded in Table B, Annex E. In addition, Ireland also reports
emissions of PM, PM.sand TSP from farm level agricultural operations under 3Dc in this submission
following a recommendation from the NECD review in 2018. These emissions were reported in
previous submissions under 3Dal to separate these emissions from those previously reported under
2B10b.

5.3.7 Oftfarm storage, handling and transport (NFR 3Dd)

In this category, fugitive PM emissions in the form of TSRy &M PM sare estimated from théulk

handling of cereal grains. The general method for estimating fugitive PM emissions involves
multiplying the amount of material, which in this case is cereal grain (barley, wheat and oats), by an
emission factor. Given the importance of agriculturet@ o v [¢ }VIUCU % E} H S]}v 8 §]e
freely available (Table &.Annex E). Data in relation to the production of cereal grains are collated

and provided by the Central Statistics Office (CSO). Emission factors of 100 g/t, 25 g/t and 4 g/t from
CEMEIP (2001) are utilised in the calculation of emissions of TSlkaRMPM s, respectively.
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5.3.8 Cultivated crops (NFR 3De)

Emissions of NMVOCs are estimated using the default emission factor of 0.8&dgthase crops
not listed in Table 3.3 Chapt8.D of the inventory guidebook (EMEP/EEA, 2@b@)thecrop aress
presented in Table &. Annex EFor wheat, rape and grass (03, the Tier 2 emission factors
presented in Table 3.4 Chapter 3.D of the inventory guidebook (EMEP/EEA, 2019) are uaezhshe
of these crops and grassland area are presented in Table E.9, Annex E.

5.3.9 Use of Pesticides (NFR 3Df)

The main source of POPs from pesticides is HCB contamination of currently used pesticides. Where
available, annual pesticides usage data havenhgsed Pesticide usage surveys are available for 2003,
2004, 2011, 2012, 2013 and 2014, 2015, 2016 and 2017 from the DAFM. Interpolation and
extrapolation are used for the remaining years up to the date at which usage stopped for particular
pesticides aslescribed in Table 4 annex to chapter 3:BIfof the inventory guidebook (EMEP/EEA,
2019). Both the activity data used and impurity factors for each active ingredient are presented in
Table E.10 of Annex E

Table 5.1 Emission Estimates for Hexadtdoizene Emissions from Pesticide Use

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

HCB (kg)| 7.163 7.247 7.299 2.030 2.151 2.175 2.200 2.172 2.152 2.124 2.090 2.089 2.041 2.039

5.4 Field burning of agricultural residues (NBR)

Field burning of agricultural residues is the practice whereby crop residues are burnt as a means of
clearing land to allow tillage operations to proceed. As stated in chapter 3F of the EMEP/EEA
Guidebook 202the practice is largely outlawed. Preseibburning of agricultural residues in Ireland

may only be allowed in the case of disease or maintenance of soil organic matter as detailed in GAEC
6 page 52 of the crossompliance handbook (DAFM, 2015). In addition, the inventory agency has
undertaken sme analysis on this issue (Zimmerman, 2014) which suggests that fires on agricultural
land are in general fires that have occurred due to fires in adjoining forestry or peditareckample

and are not the anthropogenic burning of agricultural residudse inventory agency continues to
discuss with relevant agencies with respect to the identification of fires due to its importance in the
estimation of norRCQ gases within the Land Use, Land Use Change and Forestry sector.

5.5 Uncertainties associatedth Synthetic Fertilizer (3Dal), Organic fertilizers
(3Da2c) and urine and dung deposited by grazing animals (3Da3).

Although losses of NHrom NHertilisers applied to grass grazed by livestock are difficult to distinguish
from subsequent Nkemissions from urine patches produced by grazing animals, those two emissions
are calculated separately with emissions from grazing reported in 3D@S.sources making the
largest contributions to the overalincertainty are ammonia losses from synthdgctiliser use and

animal manures deposited to pasture, range and paddock. The emission factors for these sources are
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currently assigned an uncertainty of +200%, and they contribute to 95.6 per cent of the overall
uncertainty.

5.6 Recalculations in the Agulture Sector

In this submission the inventory agency has undertaken a major revisionserhisision estimates
based on the publication in 2020 of updated information on the crude protein of concentrate feeds
to livestock and new data on manure managarhpractices. In conjunction with the aforementioned
publications the inventory agency also undertook a revision to the Tiern21@idsion factor models
used for the cattle which are used to derive nitrogen excretion values for the national cattle herd.
Finally minor revisions to emission factors used in NARSES mwidstlprookand Gilhespy2020)

have also been taken on board. Emissions aftidide increased by 5.2 per cent on average per annum
across the timeseries. The largest recalculations folecaite evident in the categor§B1lb Manure
managementt Nortdairy cattlewith a 7.3 per cent on average annual increase in emissions levels and
in 3Da2a Animal manure applied to soighere a 12.9 per cent annual average increase in emission
is evident. Rvised emission factors for Nidmissions from solid manure (deep bedding) and litter
based housing systems in the NARSES mbtissélbrookand Gilhespy2020) result in substantial
recalculations for categori€23B2 Sheep, 3B4gi Laying Hens, 3mBtgilersand3B4h Other animalas
shown in Table 5.2. Activity data for the population of mink reporte8Bdh Other animalbas also
been revised in this submission. There is also minor recalculations t8BBeSwines a result of
updated emissions tdors for pig housing in the NARSES maddégelbrookand Gilhespy2020).

The above mentioned changes in nationalsMkhission estimates are partially responsible for the
recalculations in emissions of NMVOC emissions from manure management from EtieryNa

dairy cattle, whereby the emission factors presented in the Inventory Guidebook (EMEP/EEA, 2019)
are presented in terms of ratios of emissions ofsNddtween the different stages of the manure
management chain are used to derive NMVOC emissioraddition feed intake has been revised as

% ES }( E Als]}ve 8} /E o v [+ d] E 1,eWiskicRS fram &dttle @fuhilalsd |
contributes to the recalculations presented in Table 5.3.

For the calculation of NMVOC emissiam$jer 2 mehodologywas adoptedor cultivated crops3De

included in 2092 EMEP/EEA Guidebook 3D Table 3.4 which exist in Irédantkly Wheat, Rape and
Grass)The Inventory Guidebook (EMEP/EEA,90lier 1 approacivas adopted for cultivated crops
(3De)not included in Table 3.4. However during the 2020 NECD review it became evident that the
guidance provided in the 2019 Inventory Guidebook (EMEP/EEA, 2019) was erroneous with respect to
the units used in Table 3.3 and Table 3.4 (kg NMVOC per kg dm per hour MRYIC per dm per

ha). This has led a large recalculation in emissions from this category of 592.4 per cent on average per
annum across the timeseries. Activity data for the population of mink report8&84#4h Other animals

has also been revised in thistsaission and is responsible for the recalculations evident in the years
2016, 2017 and 2018 for that category.

With respect to emission of particulate matter (RM PMo and TSP), revisions to manure
management practices for the national cattle herd asaéed for NElemission estimates result in
revised emissions estimates for all three pollutants as shown in Tables 5.4, 5.5 and 5.6 for categories
3Blaand3B1h Activity data for the population of mink reported3®4h Other animalsas also been

revisal in this submission and is responsible for the recalculations evident in the years 2016, 2017 and
2018 for that category evident in Tables 5.4, 5.5 and 5.6.
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5.7 Quality Assurance/Quality Control

dZ Pv E o YIY %E} HE « « § }Aypldwvhd&E been ndevtakah for the
Agriculture sector. The spreadsheets incorporate transparent linking between input data statistics and
calculations, as well as internal checks on the calculations and the outputs. The inventory experts are
actively involed in assessing the outcomes of \dhission research in Ireland and continually re
examine the underlying assumptions in inventory estimates with sespecific experts in the
Department of Agriculture and other related bodi€bhis is evident in the ratculations that are
present in this chapter for Nb¢missions whereby new information on manure management practices
was recently published and is now used inslhission estimates

5.8 Planned Improvements

A large number of input variables determine ssions in the Agriculture sector and the final results

are very sensitive to changes in many of these variables. Assumptions relating to some parameters
have an important bearing on the outcome. Whilst methodologies for the agricultural emission
sources hat are relevant in Ireland are now very comprehensive, they remain generalised and
necessarily simplified considering the complex systems and processes involved. The key to developing
better estimates and reducing uncertainty is to take full account ¢cibnal circumstances of climate,

soil types, livestockand cropproduction practices, manure management systems and other
influencing factors in a robust and justifiable manner when applying these methodologies. This
requires detailed data from researcihggrammes, and large amounts of statistical data. Nevertheless,
the inventory agency is continually developing emission estimates so that they fully reflect national
circumstances within the availability of reliable statistics and research studies.

The irventory agency will consider revising the ammonia emission factors, if necessary, based on any
updates in the Inventory Guideboand the NARSES modeid following the publication of any
relevant countryspecific research for the next annual submission.

Review recommendations and responses are included in this report as Annex H
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Table 5.2. H5HFDOFXODWLRQV IRB $JULFXOWXUH i

NFR Category Pollutant Unit 1990 1995 2000 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020

3Bla Manure managemenDairy cattle NH3 kt 12.70 11.95 11.45 10.38 10.57 10.45 10.50 10.90 10.97 11.20 11.68 12.71 13.44 14.10 | 14.54
3B1b Manure managementNon-dairy cattle NH3 kt 27.41 29.46 29.80 31.61 30.57 30.16 28.73 28.15 30.04 30.49 29.91 29.86 31.02 31.26 | 30.68
3B2 Manure managementSheep NH3 kt 1.72 1.75 1.75 1.51 1.18 1.11 1.09 1.11 1.16 1.16 1.14 1.13 1.13 1.21 1.18
3B3 Manure managementSwine NH3 kt 3.85 4.79 5.20 5.03 4.57 4.47 4.65 4.70 4.64 4.53 4.60 4.54 4.72 4.83 4.82
3B4d Manure managemen{Goats NH3 kt 0.03 0.03 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
3B4e Manure managemenHorses NH3 kt 0.53 0.58 0.60 0.68 0.82 0.84 0.91 0.91 0.95 0.87 0.81 0.80 0.79 0.73 0.72
3B4f Manure managementMules and asses NH3 kt 0.05 0.04 0.03 0.03 0.05 0.05 0.04 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.05
3B4gi Manure managementLaying hens NH3 kt 0.64 0.45 0.43 0.49 0.46 0.54 0.54 0.54 0.66 0.72 0.74 0.83 0.84 0.88 0.91
3B4gii Manure managementBroilers NH3 kt 0.97 1.35 1.51 1.55 1.18 1.44 1.44 1.40 1.40 1.31 1.47 1.48 1.49 1.48 1.46
3B4giii Manure managementTurkeys NH3 kt 1.00 1.07 0.87 0.84 0.88 0.58 0.58 0.71 0.81 0.74 0.79 0.81 0.84 0.84 0.91
3B4giv Manure managementOther poultry NH3 kt 0.11 0.11 0.11 0.16 0.12 0.10 0.08 0.08 0.08 0.08 0.09 0.09 0.10 0.10 0.10
3B4h Manure managementOther animals (please

specify in lIR) NH3 kt 0.46 0.27 0.30 0.29 0.28 0.35 0.33 0.27 0.29 0.29 0.29 0.29 0.29 0.29 0.29
3Dal Inorganic Kertilizers (includes also urea

application) NH3 kt 13.69 | 13.01 | 13.17 9.76 9.75 11.58 | 13.16 9.96 7.84 8.69 9.03 9.68 11.23 11.46 | 12.57
3Da2a Animal manure applied to soils NH3 kt 32.38| 3349 | 3341 | 3379 | 3280 | 3250| 3044 | 3046 | 31.89| 3224 | 3233| 3315| 3458| 3529 | 3527
3Da2b Sewage sludge applied to soils NH3 kt 0.02 0.02 0.10 0.39 0.41 0.43 0.54 0.38 0.44 0.34 0.28 0.30 0.29 0.30 | 0.29
3Da3 Urine and dung deposited by grazing animg NH3 kt 13.92 14.34 14.44 13.96 13.56 13.43 13.15 12.99 13.43 13.63 13.69 13.70 14.14 14.51 | 14.50
Total NH3 kt 109.48 | 112.71 | 113.17 | 110.49 | 107.21 | 108.07 | 106.21 | 102.62 | 104.68 | 106.34 | 106.91 | 109.44 | 114.97 | 117.33 | 118.31
Submission 2021

3BlaManure managementDairy cattle NH; kt 14.20 13.08 12.26 10.74 10.73 10.60 10.46 10.76 10.85 10.98 11.32 12.23 12.90 13.47 | 14.10
3B1b Manure managemeniNon-dairy cattle NH3 kt 2568 | 29.19 | 31.10| 3441 | 3419| 3375| 3206 | 31.16| 3554 | 3556 | 3281 | 3428 | 3525| 36.51| 38.92
3B2 Manure managementSheep NH3 kt 1.48 151 1.51 1.30 1.02 0.95 0.94 0.96 1.00 1.00 0.98 0.97 0.97 1.04 1.01
3B3 Manure managementSwine NH3 kt 3.80 4.70 5.10 4.92 4.47 4.37 4.55 4.58 4.51 4.41 4.48 4.42 4.59 4.69 4.68
3B4d Manure managemeniGoats NH3 kt 0.03 0.03 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
3B4e Manure managemenHorses NH3 kt 0.53 0.58 0.60 0.68 0.82 0.84 0.91 0.91 0.95 0.87 0.81 0.80 0.79 0.73 0.72
3B4f Manure managementMules and asses NH3 kt 0.05 0.04 0.03 0.03 0.05 0.05 0.04 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.05
3B4gi Manure managementaying hens NH3 kt 0.34 0.24 0.23 0.26 0.25 0.29 0.29 0.29 0.35 0.38 0.40 0.44 0.45 0.47 0.49
3B4gii Manure managemenBroilers NH3 kt 1.08 1.49 1.67 1.73 1.31 1.60 1.60 1.55 1.55 1.45 1.63 1.65 1.66 1.64 1.62
3B4giii Manure managemenfTurkeys NH3 kt 1.00 1.07 0.87 0.84 0.88 0.58 0.58 0.71 0.81 0.74 0.79 0.81 0.84 0.84 0.91
3B4giv Manure managemenOther poultry NH3 kt 0.11 0.11 0.11 0.16 0.12 0.10 0.08 0.08 0.08 0.08 0.09 0.09 0.10 0.10 0.10
3B4h Manure managementOther animals (please

specify in IIR) NH3 kt 0.30 0.18 0.19 0.19 0.18 0.23 0.21 0.21 0.23 0.23 0.23 0.20 0.18 0.16 0.14
3Dal Inorganic Nertilizers (includes also urea

application) NH3 kt 13.69 13.01 13.17 9.76 9.75 11.58 13.16 9.96 7.84 8.69 9.03 9.68 11.23 11.46 | 12.57
3Da2a Animal manure applied to soils NH3 kt 34.01 35.97 36.88 37.95 37.17 36.61 35.18 35.05 38.86 39.10 37.53 39.77 41.38 42.69 | 44.90
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3Da2b Sewage sludge applied to soils NH3 kt 0.02 0.02 0.10 0.39 0.41 0.43 0.54 0.38 0.44 0.34 0.28 0.30 0.29 0.30 0.29

3Da3 Urine and dung deposited by grazing animg NH3 kt 12.98 13.71 14.09 13.56 12.93 12.71 12.42 12.16 12.55 12.68 12.58 12.68 13.07 13.51 | 13.82

Total NH3 kt 109.30 | 114.93 | 117.92 | 116.95 | 114.29 | 114.71 | 113.05 | 108.83 | 115.64 | 116.58 | 113.01 | 118.40 | 123.77 | 127.68 | 134.33

% Clange in Emissions

3B1aManure managementDairy cattle N | % 118% | 95% | 7.1% | 35%| 16% | 14% | -0.4% | -1.2% | -11% | -2.0% | -31% | -3.8% | -4.0% | -4.4% | -31%

3B1bManure management Non-dairy cattle N | % 6.3% | -0.9% | 4.4% | 89%| 11.8% | 11.9%| 11.6% | 10.7% | 18.3% | 16.6% | 9.7% | 14.8% | 13.6% | 16.8% | 26.9%

-13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -13.9% | -14.1%

3B2Manure management Sheep NH; %

3B3Manure management Swine NH, % 12% | -18% | -20%| -22%| -23%| -22%| -22%| -25%| -2.8%| -26%| -26% | -27%| -27%| -29%| -2.9%

3B4dManure managementGoats NH, % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%

3B4eManure management Horses NH, % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%

3B4fManure managementMules and asses NH, % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%

3B4g Manure managementLaying hens NH, % -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4% | -46.4%
3B4gi Manure managementBroilers NH; % 11.1% | 11.1% | 11.1% | 11.1%| 11.1% | 11.1%| 11.1%| 11.1% | 11.1%| 11.1% | 11.1%| 11.1%| 11.1%| 11.1%| 11.1%
3B4giii Manure managementrurkeys NH; % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%

3B4gv Manure managementOther poultry NH; % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%

3B4hManure management Other animals NH; % -35.0% | -33.7% | -34.4% | -34.6% | -34.6% | -34.9% | -35.4% | -20.9% | -21.0% | -21.0% | -21.0% | -28.7% | -36.4% | -44.1% | -51.8%
3Dallnorganic Nfertilizers (includes urea 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%

application) NH, %

3Daz Animal manure applied to soils NH, % 5.0% 74% | 10.4% | 12.3%| 13.3% | 12.6%| 15.6% | 15.1% | 21.8% | 21.3% | 16.1%| 20.0% | 19.7% | 21.0% | 27.3%
3Da2b Sewage sludge applied to soils NH, % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%

3Da3Urine and dung deposited by grazing animal NH, % -6.8% | -44%| -25%| -28%| -46%| -54%| -56%| -64%| -65%| -7.0%| -81% | -7.4%| -7.6%| -6.9%| -4.7%

Tota NH3 % -0.2% 2.0% 4.2% 5.8% 6.6% 6.1% 6.4% 6.1% | 10.5% 9.6% 5.7% 8.2% 7.6% 8.8% | 13.5%
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7DEOH 1092& 5HFDOFXODWL&RQV IRU $JULFXOWXUH i

NFR Category Pollutant Unit 1990 1995 2000 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020

3Bla Manure managemenDairy cattle NMVOC kt 9.23 8.45 7.87 7.01 7.18 7.14 7.16 7.43 7.48 7.69 8.05 8.80 9.31 9.75 10.06
3B1b Manure managementNon-dairy cattle NMVOC kt 22.56 24.81 25.39 26.67 26.09 26.15 25.04 24.46 25.59 26.41 25.87 25.41 26.46 26.65 26.30
3B2 Manure managementSheep NMVOC kt 0.59 0.62 0.59 0.48 0.38 0.35 0.32 0.33 0.36 0.36 0.37 0.36 0.36 0.39 0.38
3B3 Manure managementSwine NMVOC kt 1.02 2.50 2.74 2.66 2.39 2.33 2.43 2.47 2.44 2.39 2.43 2.39 2.48 2.54 2.54
3B4d Manure managemeniGoats NMVOC kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4e Manure managemenHorses NMVOC kt 0.11 0.13 0.13 0.15 0.18 0.18 0.20 0.20 0.20 0.19 0.18 0.17 0.17 0.16 0.16
3B4f Manure managementMules and asses NMVOC kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4gi Manure managementaying hens NMVOC kt 0.31 0.23 0.26 0.32 0.30 0.35 0.35 0.35 0.43 0.47 0.48 0.54 0.55 0.57 0.59
3B4gii Manure managemenBroilers NMVOC kt 0.87 1.20 1.34 1.38 1.05 1.29 1.29 1.24 1.24 1.16 1.31 1.32 1.33 1.31 1.30
3B4giii Manure managemenfTurkeys NMVOC kt 0.74 0.79 0.65 0.62 0.65 0.43 0.43 0.53 0.60 0.55 0.58 0.60 0.62 0.62 0.67
3B4giv Manure managemenOther poultry NMVOC kt 0.18 0.18 0.18 0.26 0.21 0.17 0.14 0.14 0.14 0.13 0.14 0.15 0.16 0.16 0.16
3B4h Manure managemeniOther animals NMVOC kt 0.41 0.25 0.29 0.29 0.29 0.37 0.36 0.36 0.38 0.38 0.38 0.38 0.38 0.38 0.38
3Dallnorganic Nfertilizers (includes urea application) NMVOC kt NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
3De Cultivated crops NMVOC kt 0.73 0.60 0.71 0.67 0.66 0.66 0.61 0.61 0.64 0.67 0.67 0.68 0.71 0.70 0.70
Total NMVOC kt 36.76 39.76 40.16 40.52 39.38 39.43 38.33 38.12 39.53 40.42 40.47 40.82 42.54 43.23 | 43.25
Submission 2021

3Bla Manure managemenDairy cattle NMVOC kt 10.32 9.63 9.16 8.16 8.12 8.00 7.92 8.38 8.16 8.13 8.85 9.75 10.20 10.49 10.22
3B1b Manuremanagement Non-dairy cattle NMVOC kt 21.96 23.48 23.76 25.08 24.52 24.66 23.67 22.95 23.79 24.59 24.38 23.98 24,91 24.95 24.26
3B2 Manure managementSheep NMVOC kt 0.57 0.60 0.57 0.46 0.37 0.34 0.31 0.32 0.35 0.35 0.36 0.35 0.35 0.37 0.37
3B3 Manuremanagement Swine NMVOC kt 1.11 2.77 3.07 2.99 2.66 2.59 2.71 2.77 2.74 2.69 2.73 2.69 2.79 2.84 2.85
3B4d Manure managemeniGoats NMVOC kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4e Manure managementorses NMVOC kt 0.11 0.13 0.13 0.15 0.18 0.18 0.20 0.20 0.20 0.19 0.18 0.17 0.17 0.16 0.16
3B4f Manure managementMules and asses NMVOC kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4gi Manure management.aying hens NMVOC kt 0.31 0.23 0.26 0.32 0.30 0.35 0.35 0.35 0.43 0.47 0.48 0.54 0.55 0.57 0.59
3B4gii Manure managemenBroilers NMVOC kt 0.87 1.20 1.34 1.38 1.05 1.29 1.29 1.24 1.24 1.16 1.31 1.32 1.33 1.31 1.30
3B4giii Manure managemenfTurkeys NMVOC kt 0.74 0.79 0.65 0.62 0.65 0.43 0.43 0.53 0.60 0.55 0.58 0.60 0.62 0.62 0.67
3B4giv Manure managemenOther poultry NMVOC kt 0.18 0.18 0.18 0.26 0.21 0.17 0.14 0.14 0.14 0.13 0.14 0.15 0.16 0.16 0.16
3B4h Manure managementOther animals NMVOC kt 0.41 0.25 0.29 0.29 0.29 0.37 0.36 0.36 0.38 0.38 0.38 0.35 0.31 0.27 0.23
3Dal Inorganic Nertilizers (includes urea application)) NMVOC kt NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
3De Cultivated crops NMVOC kt 4.58 4.56 4.59 4.43 4.78 4.76 4.75 4.74 4.69 4.65 4.63 4.60 4.62 4.66 4.68
Total NMVOC kt 41.18 43.82 43.99 44,15 43.13 43.15 42.13 41.99 42.72 43.31 44.03 44.50 46.01 46.42 45.50
% Change in Emissions

3B1a Manure managemenDairy cattle NMVOC % 11.8% 14.0% 16.3% 16.3% 13.0% 12.2% 10.6% 12.9% 9.0% 5.6% 10.0% 10.7% 9.6% 7.6% 1.6%
3B1b Manure managemenriNon-dairy cattle NMVOC % -2.7% -5.4% -6.4% -6.0% -6.0% 5.7% -5.5% -6.2% -7.1% -6.9% -5.8% -5.6% -5.8% -6.4% -7.8%

Environmental Protection Agency 144




3B2 Manure managementSheep avoe | % 31% | 31%| -31%| -31%| -31%| -31%| -31%| -31%| -31%| -31%| -31%| -31%| -31%| -3.1%| -32%
3B3 Manure managementSwine NMVOC | % 9.2% | 11.0% | 12.0%| 12.3% | 115%| 11.2% | 11.3%| 12.1% | 12.3% | 125%| 12.4% | 12.4%| 12.3% | 12.1%| 12.4%
3B4d Manure managemenGoats NMVOC | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 0.0%]| 0.0%
3B4e Manure managementorses NMVOC | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 0.0%]| 0.0%
3B4f Manure managemenMules and asses NMVOC | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 0.0%]| 0.0%
3B4gj Manure managementaying hens NMVOC | % 0.0%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 0.0%]| 0.0%
3BAgii Manure managemenBroilers NMVOC | % 0.0%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 0.0%]| 0.0%
3BAgiii Manure managemenfTurkeys NMVOC | % 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 0.0%
3BAgiv Manure managemenDther poultry NMVOC | % 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 0.0%
3B4h Manure managemenOther animals NMVOC | % 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| -9.8%| -19.6% | -29.4%| -39.2%
3Dal Inorganic Nertilizers (includes urea application)) NMVOC % NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
3De Cultivated crops NMVOC | % 524.9% | 660.0% | 544.7% | 565.8% | 622.9% | 617.3% | 682.6%| 680.3% | 628.2%| 596.1% | 589.4% | 577.8% | 554.2% | 569.4%| 570.0%
Total NMVOC | % 120% | 102%| 9.6% | 9.0%| 95%| 9.4%| 9.9%| 101%| 81%| 7.2%| 88%| 9.0%| 82%| 7.4%| 52%
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7DEOH 763 SHFDOFXODWLRQV IRU $JULFXOWXUH i
NFR Category Pollutant | Unit 1990 1995 2000 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020
3Bla Manure managemenDairy cattle TSP kt 0.59 0.59 0.55 0.49 0.50 0.50 0.50 0.52 0.53 0.54 0.57 0.61 0.65 0.66 0.68
3B1b Manure managementNon-dairy cattle TSP kt 0.95 0.97 0.99 1.06 1.03 1.02 0.97 0.94 1.00 1.01 0.98 0.99 1.03 1.03 1.01
3B2 Manure managementSheep TSP kt 0.10 0.11 0.10 0.08 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.06
3B3 Manure managementSwine TSP kt 0.98 1.24 1.36 1.32 1.20 1.17 1.22 1.24 1.23 1.20 1.22 1.20 1.25 1.28 1.28
3B4d Manure managemen{Goats TSP kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4e Manure managemenHorses TSP kt 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02
3B4f Manure managementMules and asses TSP kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4gi Manure managementaying hens TSP kt 0.35 0.26 0.30 0.37 0.34 0.41 0.41 0.41 0.49 0.54 0.55 0.62 0.63 0.66 0.68
3B4gii Manure managemenBroilers TSP kt 0.32 0.44 0.50 0.51 0.39 0.48 0.48 0.46 0.46 0.43 0.49 0.49 0.49 0.49 0.48
3B4giii Manure managemenfTurkeys TSP kt 0.17 0.18 0.15 0.14 0.15 0.10 0.10 0.12 0.13 0.12 0.13 0.14 0.14 0.14 0.15
3B4giv Manure managemenOther poultry TSP kt 0.05 0.05 0.05 0.08 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
3B4h Manuremanagement Other animals TSP kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3Dal Inorganic Xertilizers (includes urea application) TSP kt 6.93 6.85 6.93 6.71 7.22 7.17 7.13 7.11 7.07 6.99 6.97 6.91 6.96 7.00 7.05
3DcFarmilevel agricultural operations including storage,
handling and transport of agricultural products TSP kt 0.18 0.19 0.17 0.15 0.12 0.12 0.14 0.12 0.12 0.15 0.14 0.14 0.14 0.16 0.17
3Dd Offfarm storage, handling and transport of bulk
agriculturalproducts TSP kt 0.20 0.18 0.22 0.19 0.25 0.21 0.20 0.25 0.21 0.24 0.26 0.26 0.23 0.24 0.19
Submission 2021
3Bla Manure managemenDairy cattle TSP kt 0.64 0.64 0.60 0.54 0.55 0.55 0.54 0.56 0.58 0.59 0.62 0.66 0.69 0.71 0.73
3B1b Manure managementNon-dairy cattle TSP kt 0.99 0.98 1.00 1.02 1.02 1.04 0.99 0.96 1.00 1.05 1.04 1.04 1.08 1.10 1.09
3B2 Manure managemeniSheep TSP kt 0.10 0.11 0.10 0.08 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.06
3B3 Manure managementSwine TSP kt 0.98 1.24 1.36 1.32 1.20 1.17 1.22 1.24 1.23 1.20 1.22 1.20 1.25 1.28 1.28
3B4d Manure managemeniGoats TSP kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4e Manure managemenHorses TSP kt 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02
3B4f Manure managementMules and asses TSP kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4gi Manurananagement Laying hens TSP kt 0.35 0.26 0.30 0.37 0.34 0.41 0.41 0.41 0.49 0.54 0.55 0.62 0.63 0.66 0.68
3B4gii Manure managemenBroilers TSP kt 0.32 0.44 0.50 0.51 0.39 0.48 0.48 0.46 0.46 0.43 0.49 0.49 0.49 0.49 0.48
3B4giii Manure managemenfTurkeys TSP kt 0.17 0.18 0.15 0.14 0.15 0.10 0.10 0.12 0.13 0.12 0.13 0.14 0.14 0.14 0.15
3B4giv Manure managemenOther poultry TSP kt 0.05 0.05 0.05 0.08 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
3B4h Manure managementOther animals TSP kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3Dal Inorganic Nertilizers (includes urea application) TSP kt 6.93 6.85 6.93 6.71 7.22 7.17 7.13 7.11 7.07 6.99 6.97 6.91 6.96 7.00 7.05
3Dc Farrvevel agriculturabperations including storage,
handling and transport of agricultural products TSP kt 0.18 0.19 0.17 0.15 0.12 0.12 0.14 0.12 0.12 0.15 0.14 0.14 0.14 0.16 0.17
3Dd Offfarm storage, handling and transport of bulk
agricultural products TSP kt 0.20 0.18 0.22 0.19 0.25 0.21 0.20 0.25 0.21 0.24 0.26 0.26 0.23 0.24 0.19
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% Change in Emissions
3B1la Manure managemenDairy cattle TSP % 9.9% | 10.1% | 10.0% 9.9% 9.2% 8.9% 8.9% 8.8% 8.2% 8.0% 8.0% 7.5% 6.8% 6.9% | 6.9%
3B1b Manure managemeniNon-dairy cattle TSP % 3.5% 1.3% 11% | -34%| -0.7% 1.3% 2.6% 2.7% 0.9% 3.3% 6.1% 4.9% 4.8% 6.8% | 7.6%
3B2 Manure managementSheep TSP % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | -0.1%
3B3 Manure managementSwine TSP % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4d Manure managemenGoats TSP % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4e Manurananagement Horses P | % 0.0% | 0.0%| 00%| 00%| 00%| 00%| 00%| 00%| O00%| 00%| O00%| 00%| O00%| 00%| 0.0%
3B4f Manure managementMules and asses P | % 0.0%| 0.0%| 00%| 00%| 00%| 00%| 00%| 00%| O00%| 00%| 00%| 00%| O00%| 00%| 0.0%
3B4gi Manure management aying hens P | % 0.0% | 0.0%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| O00%| 00%| O00%| 00%| 0.0%
3B4gii Manure managemenBroilers P | % 0.0% | 0.0%| 00%| 00%| 00%| 00%| 00%| 00%| O00%| 00%| 00%| 00%| O00%| 00%| 0.0%
3B4giii Manure managementrurkeys TSP % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4giv Manure managemenOther poultry TSP % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4h Manure managemenOther animals TP | % 0.0% | 0.0%| 00%| 00%| 00%| 00%| 00%| 00%| O00%| O00%| 00%| -9.8%| -19.6% | -29.4% | -39.2%
3Dal Inorganic Xertilizers (includes urea application) TSP % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3Dc Farrdevel agricultural operationscluding storage, 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
handling and transport of agricultural products TSP %
3Dd Offfarm storage, handling and transport of bulk 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
agricultural products TSP %
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Table 5.5.PM5HFDOFXODWLRQV IRB $JULFXOWXUH i

NFR Category Pollutant | Unit 1990 1995 2000 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020

3Bla Manure managemenDairy cattle PMyo kt 0.27 0.27 0.25 0.22 0.23 0.23 0.23 0.24 0.24 0.25 0.26 0.28 0.29 0.30 0.31
3B1b Manure managementNon-dairy cattle PMo kt 0.43 0.44 0.45 0.48 0.47 0.46 0.44 0.43 0.45 0.46 0.45 0.45 0.47 0.47 0.46
3B2 Manure managementSheep PMo kt 0.04 0.05 0.04 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03
3B3 Manure managementSwine PMo kt 0.15 0.18 0.20 0.19 0.18 0.17 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.19 0.19
3B4d Manure managemen{Goats PMyo kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4e Manure managemenHorses PMyo kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4f Manure managementMules and asses PMo kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4gi Manure management.aying hens PMio kt 0.07 0.05 0.06 0.08 0.07 0.09 0.09 0.09 0.10 0.11 0.12 0.13 0.13 0.14 0.14
3B4gii Manure managemenBroilers PMuo kt 0.16 0.22 0.25 0.26 0.19 0.24 0.24 0.23 0.23 0.22 0.24 0.24 0.25 0.24 0.24
3B4giii Manure managemenfTurkeys PMuo kt 0.17 0.18 0.15 0.14 0.15 0.10 0.10 0.12 0.13 0.12 0.13 0.14 0.14 0.14 0.15
3B4giv Manure managemenOther poultry PMuo kt 0.05 0.05 0.05 0.08 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
3B4h Manure managemenriOther animals PMuo kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3Dal Inorganic Xertilizers (includes urea application) PMuo kt 6.93 6.85 6.93 6.71 7.22 7.17 7.13 7.11 7.07 6.99 6.97 6.91 6.96 7.00 7.05
3Dc Farrvevel agricultural operations including storage, handli

and transport of agricultural products PMyo kt 0.06 0.06 0.06 0.05 0.04 0.04 0.05 0.04 0.04 0.05 0.04 0.04 0.05 0.05 0.05
3DdOff-farm storage, handling and transport of bulk agriculturg

products PMyg kt 0.05 0.04 0.05 0.05 0.06 0.05 0.05 0.06 0.05 0.06 0.06 0.07 0.06 0.06 0.05

Submission 2021

3Bla Manurenanagement Dairy cattle PMyo kt 0.29 0.29 0.27 0.24 0.25 0.25 0.25 0.26 0.26 0.27 0.28 0.30 0.31 0.32 0.33
3B1b Manure managemeniNon-dairy cattle PMuo kt 0.44 0.44 0.45 0.46 0.46 0.47 0.45 0.44 0.46 0.47 0.47 0.47 0.49 0.50 0.50
3B2 Manuremanagement Sheep PMyo kt 0.04 0.05 0.04 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03
3B3 Manure managementSwine PMuo kt 0.15 0.18 0.20 0.19 0.18 0.17 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.19 0.19
3B4d Manure managemeniGoats PMyo kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
3B4e Manure managemenHorses PMo kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4f Manure managementMules and asses PMo kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4gi Manure management.aying hens PMo kt 0.07 0.05 0.06 0.08 0.07 0.09 0.09 0.09 0.10 0.11 0.12 0.13 0.13 0.14 0.14
3B4gii Manure managemenBroilers PMuo kt 0.16 0.22 0.25 0.26 0.19 0.24 0.24 0.23 0.23 0.22 0.24 0.24 0.25 0.24 0.24
3B4giii Manure managemenfTurkeys PMuo kt 0.17 0.18 0.15 0.14 0.15 0.10 0.10 0.12 0.13 0.12 0.13 0.14 0.14 0.14 0.15
3B4giv Manure managemenOther poultry PMuo kt 0.05 0.05 0.05 0.08 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
3B4h Manure managementOther animals PMyo kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
3Dal Inorganic Xertilizers (includes urea application) PMio kt 6.93 6.85 6.93 6.71 7.22 7.17 7.13 7.11 7.07 6.99 6.97 6.91 6.96 7.00 7.05
3Dc Farrvevel agricultural operations including storage, handli

and transport of agricultural products PMio kt 0.06 0.06 0.06 0.05 0.04 0.04 0.05 0.04 0.04 0.05 0.04 0.04 0.05 0.05 0.05
3Dd Offfarm storage, handling and transport of bulk agricultura

products PMo kt 0.05 0.04 0.05 0.05 0.06 0.05 0.05 0.06 0.05 0.06 0.06 0.07 0.06 0.06 0.05
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% Change in Emissions

9.9% 9.8% 9.8% 9.7% 9.1% 8.8% 8.8% 8.7% 8.2% 8.0% 8.0% 7.6% 6.9% 6.9% | 7.0%

3Bla Manurenanagement Dairy cattle PMyg %

3B1b Manure managemeniNon-dairy cattle PMuo % 2.2% 0.2% 0.0% | -42% | -1.4% 0.8% 2.1% 2.2% 0.5% 3.0% 5.8% 4.7% 4.7% 6.6% | 7.5%
3B2 Manuremanagement Sheep PMuo % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | -0.1%
3B3 Manure managementSwine PMuo % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4d Manure managemenGoats PMuo % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4e Manure managementorses PMoy | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 00%| 0.0%]| 0.0%
3B4f Manure managementMules and asses PMoy | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 0.0%]| 0.0%
3B4gi Manure management aying hens PMoy | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 00%| 0.0%]| 0.0%
3B4gii Manure managemenBroilers PMoy | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 00%| 0.0%]| 0.0%
3B4giii Manure managementrurkeys PMuo % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4giv Manure managemenDther poultry PMuo % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4h Manure managemenOther animals PMo | % 0.0%| 0.0%| 00%| 00%| 00%| 00%]| 00%| O00%| O00%| 00%| 00%| -9.8%| -19.6% | -29.4% | -39.2%
3Dal Inorganic Mertilizers (includes urea application) PMo % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3Dc Farrdevel agricultural operations including storage, handli 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
and transport of agricultural products PMio %

3Dd Offfarm storage, handling and transport of bulk agricultura 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
products PMo %
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Table 5.6. PMSGHFDOFXODWLRQV IRB $JULFXOWXUH

NFR Category Pollutant | Unit 1990 1995 2000 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 2020
3Bla Manure managemenDairy cattle PMs kt 0.17 0.17 0.16 0.15 0.15 0.15 0.15 0.15 0.16 0.16 0.17 0.18 0.19 0.20 0.20
3B1b Manure managementNon-dairy cattle PM; s kt 0.29 0.29 0.30 0.32 0.31 0.31 0.29 0.28 0.30 0.30 0.30 0.30 0.31 0.31 0.30
3B2 Manure managementSheep PM; s kt 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B3 Manure managementSwine PM; s kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4d Manure managemen{Goats PM; s kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4e Manure managemenHorses PM; s kt 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4f Manure managementMules and asses PM; s kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4gi Manure management.aying hens PM; s kt 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4gii Manure managemenBroilers PM; s kt 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
3B4giii Manure managemenfTurkeys PM, 5 kt 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03
3B4giv Manure managemenOther poultry PM, 5 kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4h Manure managemenriOther animals PM, 5 kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3Dal Inorganic Hertilizers (includes urea application) PM; s kt 0.27 0.26 0.27 0.26 0.28 0.28 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
3Dc Farrvevel agricultural operations including storage,
handling and transport adigricultural products PM, 5 kt 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
3Dd Offfarm storage, handling and transport of bulk
agricultural products PMs kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Submission 2021
3Bla Manure managemenDairy cattle PM; s kt 0.19 0.19 0.18 0.16 0.16 0.16 0.16 0.17 0.17 0.17 0.19 0.20 0.21 0.21 0.22
3B1b Manure managemeniNon-dairy cattle PM; 5 kt 0.30 0.30 0.30 0.31 0.31 0.31 0.30 0.29 0.30 0.32 0.32 0.31 0.33 0.33 0.33
3B2 Manure managementSheep PM, 5 kt 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B3 Manure managemeniSwine PM; s kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4d Manure managemeniGoats PM, 5 kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
3B4e Manure managemenHorses PMs kt 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4f Manure managementMules and asses PM s kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3B4gi Manure management.aying hens PM, 5 kt 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4gii Manure managemenBroilers PM, 5 kt 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
3B4giii Manure managemenfTurkeys PM, 5 kt 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03
3B4giv Manure managemenOther poultry PM, 5 kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3B4h Manure managementOther animals PMs kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
3Dal Inorganic Nertilizers (includes urea application) PM 5 kt 0.27 0.26 0.27 0.26 0.28 0.28 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
3Dc Farrvevel agricultural operations including storage,
handling and transport adigricultural products PM 5 kt 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
3Dd Offfarm storage, handling and transport of bulk
agricultural products PM, s kt 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
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% Change in Emissions

9.9% | 10.1% | 10.0% 9.9% 9.2% 8.9% 8.9% 8.8% 8.2% 8.0% 8.0% 7.6% 6.9% 6.9% | 7.0%

3Bla Manure managemenDairy cattle PMys %

3B1b Manure managemeniNon-dairy cattle PMps % 4.0% 1.8% 15% | -3.0%| -0.3% 1.8% 3.1% 3.2% 1.4% 3.8% 6.6% 5.5% 5.3% 73% | 82%
3B2 Manure managementSheep PMbs % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | -0.1%
3B3 Manure managementSwine PMbs % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4d Manure managemenGoats PMbs % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
3B4e Manure managementorses PMs | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 0.0%
3B4f Manure managementMules and asses PMs | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 0.0%
3B4gi Manure management aying hens PMs | % 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 0.0%
3B4gii Manure managemenBroilers PMs | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 0.0%
3B4giii Manure managemenTurkeys PMs | % 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%
3B4giv Manure managemenDther poultry PMs | % 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%
3B4h Manure managemenOther animals PMos | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| -9.8%| -19.6% | -29.4% | -39.2%
3Da1 Inorganic Nertilizers (includes urea application) PMos | % 0.0% | 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%| 00%]| 0.0%
3Dc Farrdevel agricultural operations including storage, 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
handling and transport adigricultural products PM, 5 %

3Dd Offfarm storage, handling and transport of bulk 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
agricultural products PMs %
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Chapter Six
Waste

6.1 Overview of the Waste (NFR 5) Sector

Emissions from the Waste sector cover a number of different source categorigobuiznts. These
are detailed below in Table 6.1. All sources are considered in detail in this chapter.

Table 6.1 Pollutant Emissions by Waste Source Category

NFR Source Category

Pollutants

5A Biological treatment of w&stkd waste disposal
on land

NMVOC, Hg, PCDD/F, PCB, TSR FRi4

5B1 Biological treatment of wasieposting NH, CO
5B2 Biological treatment of wAsterobic digestio

at biogas facilities NO, NA, NE
5Cla Municipal waste incineration NO

5C1bi Industrial wast@neration

NOX, SQ NMVOC, CO, TSPQQMMQ BCY Pb' Cd' Hg' AS, Cr, CU, NI, PCDD/
B[a]P, B[b]F, B[k]F, HCB, PCB

5C1bii Hazardous waste incineration

IE (5C1bi)

5C1biii Clinical waste incineration

NOx, S& NMVOC, CO, TSP,R®MMo, BC, PiCd, Hg, As, Cr, Cu, Ni, PCDD/F,
B[a]P, B[b]F, B[K]F, HCB, PCB

5C1biv Sewage sludge incineration

NO, NA, IE

NOx, S©) NMVOC, CO, TSP2PMM, BC, Pb, Cd, Hg, As, Cr, Cu, Ni, PCDD/

5C1bv Cremation B[a]P, Bb]F, B[k]F, HCB, PCB
5C1bvi Other wastgrieration NO, NA, NE

5C2 Open burning of waste PCDD/F, B[a]P, B[b]F, BI[k]F, PCB
5D Wastavater handling NA, NE

5E Other waste

PMs PMs, TSP, PCDDIF, Bla]P, B[b]F, B[KIFd[E28CB

The Waste sector contaifsur key categories fosixpollutants Category Industrial waste incineration

(5C1bi) is a key category for two pollutants: As and Cr, accountis@ foper cent and27.7 per cent

of national total emissions, respectively. This category is the largest source of As and Cwin[lrela
2019 inventory. The second key category in the waste sector is Other waste (5E) for two pollutants:

PCDD/F and PCBs. The category accoung8®f6r%. &

vEI( v §]}v o §}8 o W

2019inventory. The category also accounts 16r4 per cent of national total PCDD/F emissicther
waste (5E) is also a key category for.BEccounting for 2.1 per cent of emissions. Open burning of
waste (5C2) is a key category for PCBs accounting for 18.0 per cent of em&siionsaste disped
on land (5A)s a key categorfor Mercury (Hg) accounting for 6.5 per cent of the national total in

20109.
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6.2 Biological treatment of wastesSolid waste disposal on land (NFR 5A)
6.2.1 Main Pollutants

Landfill gas generated at solid waste dispas@s is a source of NMVOC emissions. In Ireland sector

5A has been responsible on average for 0.5 per cent of national total emissions across the time series
19902019, showing a decrease d@B.6 per cent from 0.83 kt in 1990 to B4t in 2019. Emission

factors for NMVOC were sourced from the Inventory Guidebook (EMEP/EE) a2@lare listed in

Table F1 of Annex F. The activity data used is the net fugitive methane emissions from SWDS (kt) as
calculated in the national greenhouse gas inventory, whiehcanverted to landfill gas data (Gm
usingstandard temperature and pressure (SWlar conversion factors.

Emission of SPPM and PM, s are also estimated. Emission factors from the Inventory Guidebook

(EMEP/EEA, 20)are applied to annual MSWata. Resulting emission estimates are included in Table
6.2 below.

Table 6.2 Emission Time Series for NMVOC TsBn&@MMsfrom Solid Waste Disposal on Land

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NMVOC (kt) 0.83 101 080 064 018 024 019 029 041 046 047 045 044 043
TSP (t) 089 090 101 0.88 069 062 051 036 029 030 037 031 021 0.19
PMo((t) 042 043 048 042 033 030 024 017 0.13 0.14 0.18 0.15 0.10 0.09
PM.s(t) 0.06 0.06 0.07 0.06 0.05 0.04 004 0.03 0.02 0.02 0.03 0.02 0.02 0.01

6.2.2 Heavy Metals

dZ & o A v u]ee]}ve Jv §Z S P)ECA ~}o] t 8 Je%}e 0}v >vVv o
inventory include emissions of Hg from the disposal of batteries, electrical equipment, fluorescent
lighting tubes, and measurement and control equipthin solid waste disposal sites (landfills). There

is no direct estimate of the scale of disposal of the items mentioned at landfills in Ireland. However,
Netcen/CTC (2006) provides a methodology to estimate emissions in Ireland using UK emission
estimates, scaling by population for batteries and by household numbers for electrical equipment,
fluorescent lighting and measurement and control equipment. Emission estimates for the above
sources of Hg are presented in Table 6.3.

Table 6.3 Emission Time Sefag Mercury from Solid Waste Disposal on Land

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Hg (kg) | 28.96 18.27 18.68 20.08 21.71 22.35 22.06 21.88 21.72 21.42 21.54 21.37 21.03 21.17

No data are available on emissions of POPs to air from municipal solid waste (MSW) disposal, although

the emissions are likely to be negligible. There is potential for POP emissions to alaridiith gas
(LFG) as described in tf@lowing section.

6.2.3 Landfill Gas and Persistent Organic Pollutants

There is potential for releases of POPs in landfill gas (LFG) through the transfer of POPs present in solid
waste to the LFG that is generated by the waste. A proportion of this LFG escapes to ahlmgwith
remainder captured for flaring or utilisation for energy recovery. The proportion of LFG that is utilised
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for electricity generation is not considered in this chapter as it is accounted for in NFR Category 1Ala

Public Energy and Heat Production (Cleagthree), from which POP emissions are negligible. There

is currently no information in Ireland on the release of POPs from LFG and therefore emission
estimates are based on the UK inventory.

Activity data on the quantity of LFG flared and LFG thatesctn the atmosphere have been obtained
ulee]}v JVA v3}@QimE} sEriesZEmigsin>factiors have been

(E}u /& o v [« ",
taken from the UK NAEI (2006) for PCDD/Fi X6 fii-d..PI§ }(

% ]VP >&°

VMEQX Oid

NAEI). Emission estimates and activity data for PCBRAFPCBs are presented in Table 6.4.

Table 6.4 Time Series of Activity Data and Emissions of Dioxins and Furalyshlodriated Biphenyls from Landfill Gas

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
LFG emitted (kt)] 1054 127.4 1015 80.6 223 305 242 369 518 582 600 574 554 542
LFG flared (kt) NO NO 507 403 111 153 121 184 259 291 300 =287 277 271
PCDD/F (g |

TEQ) NE NE NE NE NE NE NE NE NE NE NE NE NE NE
PCBs (kg) NE NE NE NE NE NE NE NE NE NE NE NE NE NE

6.3 Biological treatment of wast€Composting (NFR 5B1)

Composting of organic waste, such as food wagdeden and park waste has taken place in Ireland

since 2001. It consists of organic waste collected at kerbside and brought to civic amenity/temporary
collections sites, as well as organic material composted at households. Activity data is sourced from
Naional Waste Database Reports published by the EPA on a regular basis. Composting is a source of
emissions of Nkhnd CO and the Tier 2 emission factors in the Inventory Guidebook (EMEP/EBA, 201

of 0.66 kg/Mg waste and 0.56 kg/Mg waste are used, respelgti Emission estimates and activity
data are presented in Table 6.5.

Table 6.5 Time Series of Activity Data and EmissionsafdNEO from Composting

Year 2001 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Waste 222 803 122 133.6 130.7 1325 1125 1205 116 1495 1575 1575
composted (kt)

NH (kt) 001 002 003 003 003 003 003 003 003 004 0.04 0.04
CO (kt) 0.01 004 0.07 007 0.07 007 006 007 006 0.08 009 0.09

6.4 Waste Incineration (NFR 5C)

Ireland carries out relatively little waste incineration compared with some European countries and
there is currently no incineration, without energy recovery, of MSW. The Waste Incineration (5C)

category includes estimates of air pollutant emissions ftbenincineration of clinical waste (5C1biii),

industrial waste (5C1bi), includitgizardous waste (5C1bii), emissions from crematoria (5C1bv), and

the open burning/combustion of waste materials such as farm plastics (5C2).
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There is incineration of munjml wastes in Ireland following the commissioning of one incinerator in
2011 and a furtheonein 2017. However, these are waste-energy facilities, and as such emissions

are reported under Public electricity and heat production (1Ala). Approximateglgis€ent of health

care waste was incinerated during the 1990s, with a total of 150 incinerators in operation. By 1999,
only two of these remained in operation and both closed the following ydast of the industrial
installations that incinerate hazards industrial wastes are in the pharmaceutical sector.The practice

of cremation is also less common in Ireland than in other countries but has increased in recent years
due to the decrease in available burial plots, particularly in larger cities and ioviredand.

All the above are sources of heavy metals, POPs and combustion pollutagtsS®MMVOC, CO,
TSP, PM, PMsand BC) in Ireland and are discussed in detail in the following sections.

6.4.1 Clinical Waste (5C1biii)

The incineration oflinical Waste is no longer carried out in Ireland. The bulk of hazardous clinical
waste in Ireland is now treated using nowineration technologies (namely sterilisation and
shredding), with the remaining waste disposed of through landfilling, expdotadcineration or used

as a fuel in cement kilns. In the early 1990s, most hospitals operatsiteoincinerator units where
hazardous clinical waste was incinerated. A number of hospitals operated the practice of incinerating
both hazardous and nehazardous waste. Due to the implementation of stricter standards on
incineration and the requirement for facilities to be licensed by the EPA, all incinerators were closed
by the mid to late-1990s. Prior to the closure of these facilities, a number of agptios were made

to the EPA in respect of IPPC licences. National reports and Government records contain some
information on the quantity of healtltare waste incinerated during the period of operation of the
incinerators. From these sources, it was detered that an estimated 4,000 t of healttare waste
Aelv]v E S % E vvpuX dZ]e A op A « pe E}ee 3Z SJu <« E] * (}C
which negligible quantities of heakltare waste were incinerated up until the closure of the two
remaining incinerators in 2000.

Emission estimates were derived for heavy metals using the quantity of heshwaste determined

to be incinerated and Inventory Guidebook (EMEP/EEAQ)2trhission factors for As, Cd, Cr, Cu, Pb,

Hg and Ni, assuming contied air flow with no abatement. The emission factor for Zn was sourced
from the UK NAEI. Emission factors are provided in Table F.1 of Annex F. Emission estimates for heavy
metals are presented in Table 6.6.

Emissions of POPs from clinical wastes hawm lestimated using emission factors sourced from the

h< E /X J}&E]v v (ME v u]ee]}v ¢SJu 8§« &E u pS]o]eFVEQ/tv u]ee]}v
health- E A 8 Jv]v E § X dZ]e uJes]}v ( 3}E ]e pe ]Jv 8Z 7vA v3}EC
until closure of all major plants. The PCB emission factor of 3.15 kg/Mt in 1990 reduces to 2.87 kg/Mt

by 1995 and 2.36 kg/Mt by 1997, the last year of clinical waste incineration on the basis that
environmental performance at the plants would have imyed as in the UK. The emission factors for

HCB from healtitare waste incinerators have been estimated by taking the UK NAEI factor of 0.5

kg/Mt for 2006 and estimating the historical emission factors for 1990 and 1995 in proportion to those

for PCBs in dler to take account of the improvements in environmental performance that would have

been introduced at some incinerators. Emission factors for intervening years are interpolated.
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Emission factors for 2006 are also available from the UK NAEI for benzefedpy
benzo[b]fluoranthene and benzo[k]fluoranthene, but there are no data for indeno[+;@]Byrene.

The emission factors for 2006 have been used to estimate emission factors for 1990 and 1995, scaling
back in proportion to the emission factors for PGwgilar to that undertaken for HCB emission
factors. Emission factors are given in Table F.1 of Annex F and the estimates for POPs are presented
in Table 6.6.

Emission factors for: NOCO, NMVOC, SO'SPPMyo and PM: were sourcedrom the Inventory
guidebook (EMEP/EEA, ®)lusing a Tier 1 approach, and are listed in Table F1 of Annex F. Resulting
emission estimates 1990997 are included in Table 6.6.

Table 6.6 Time Series of Emissions from the Incineration of Clinical Waste

Year 1990 1991 1992 1993 1994 1995 1996 1997
NG (kt) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Co (1) 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
NMVOC (t) 2.80 2.80 2.80 2.80 2.80 2.80 2.80 2.80
SG (1) 2.16 2.16 2.16 2.16 2.16 2.16 2.16 2.16
TSP (kt) 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
PMo (ki) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
PMs(Kt) 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
As (kg) 0.40 0.40 0.40 0.40 0.40 0.40 NO NO
cd @) 0.01 0.01 0.01 0.01 0.01 0.01 NO NO
Cr (kg) 1.60 1.60 1.60 1.60 1.60 1.60 NO NO
Cu (kg) 2400 2400 2400 2400 2400  24.00 NO NO
Pb (t) 0.14 0.14 0.14 0.14 0.14 0.14 NO NO
Hg () 0.22 0.22 0.22 0.22 0.22 0.22 NO NO
Ni (kg) 1.20 1.20 1.20 1.20 1.20 1.20 NO NO
Zn (1) 0.07 0.07 0.07 0.07 0.07 0.07 NO NO
PCDD/F (TEQ)| 149 1.49 1.49 1.49 1.49 1.49 1.49 1.49
PCBs (kg) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
HCB (kg) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
B[alp (kg) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
B[b]F (kg) 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04
BIKIE (kg) 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04

6.4.2 Industrial Waste (5C1bi), Hazardous Waste (5C1bii) and Sewage Sludge
(5C1biv)

The category Hazardous Waste Incineration (5C1bii) is reportdddimstrial Waste Incineration
(5C1bi) and reported as IE under the latter category. EU Directives on waste management have set
the basis for strict regulatory control on the environmental performance of hazardous industrial waste
incinerators. The incinet@mn of Industrial Waste (5C1bi) (including hazardous waste) is now highly
regulated in Ireland. There are currently only a small number of facilities based in the pharmaceutical
and chemical sectors that operate incinerators for the treatment of hazardaste. The facilities

that operate these units report emissions to the atmosphere to the EPA as part of IPPC licensing
requirements. The disposal of CCA treated wood (CCA being a preservative containing copper,
chromium and arsenic) by burning is alsduded as a source in this sector.
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Estimates of the quantity of hazardous waste incinerated at the relevant facilities, determined from
returns to the National Waste Database (Carey et al, 1996; Crowe et al, 2000; Meaney et al, 2003;
Collins et al, 2004a;0lins et al, 2004b; Collins et al, 2005; Le Bolloch et al, 2006; Le Bolloch et al,
2007; Le Bolloch et al, 2009; McCoole et al, 2009; McCoole et al, 2011; McCoole et al, 2012; McCoole
et al, 2013,http://www.epa.ie/nationalwastestatistics), and information supplied by the facilities
involved allows for the calculation of heavy metal emission estimates. Emission factors sourced from
the Inventory Guidebook (EMEP/EEA 20fbr As, Cd, Pltig, Ni and the UK NAEI for Cr and Cu are
used to estimate emissions. Emission estimates are presented in Table 6.7, while the emission factors
used are presented in Table F.1 of Annex F.

Table 6.7 Time Series of Emissions from the Incineratigiustfial (incl. Hazardous & Sludge) Waste

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NG (kt) 0.02 0.02 002 003 002 001 001 001 001 001 001 001 001 001
CO (1) 1.90 1.90 1.40 254 1.28 088 106 101 092 093 052 058 048 0.65
NMVOC (kt) | 0.20 0.20 0.15 0.27 0.3 009 0.1 011 0.0 0.10 0.06 006 0.05 0.07
SQ (1) 127 127 094 170 086 059 071 068 062 062 035 039 032 044
TSP (1) 027 027 020 036 018 013 015 014 013 0.13 007 008 0.07 0.09
PMo(t) 019 019 014 025 013 009 011 010 009 009 0.05 0.06 0.05 0.07
PMs (1) 0.11 0.1 0.08 0.14 0.07 005 0.6 006 0.5 005 0.3 003 0.03 0.04
As (t) 0.55 0.56 0.58 0.62 0.65 0.65 0.65 0.65 0.64 0.64 0.65 0.65 0.65 0.66
Cd (kg) 271 271 200 362 1.82 126 151 144 1.31 133 075 0.82 0.68 0.93
Cr (t) 053 0.54 0.56 0.0 063 063 063 062 062 062 063 0.63 0.63 0.64
Cu (t) 029 030 031 033 035 035 035 034 034 034 035 035 035 035
Pb (t) 0.04 004 003 005 002 002 002 002 002 002 001 001 001 001
Hg (kg) 152 152 1.12 203 1.02 071 085 081 073 074 042 046 0.38 0.52
Ni (kg) 038 038 0.28 051 026 018 021 020 018 019 010 012 0.10 0.13
Zn (t) NE NE NE NE NE NE NE NE NE NE NE NE NE NE
PCDD/F (g

TEQ) 0.03 0.03 0.08 002 001 001 001 001 0.00 001 001 061 1.31 035
PCBs (kg) | 0.09 0.08 0.3 003 0.01 001 001 001 001 001 001 001 001 001
HCB (kg) 005 004 0.02 002 001 001 001 001 001 001 000 0.00 0.00 0.00
Blalp (kg) | 0.02 0.01 001 001 000 000 000 000 0.00 0.0 0.0 0.00 0.0 0.00
BbJF (kg) | 0.07 0.05 0.02 0.03 0.01 001 0.01 001 0.01 001 0.00 001 0.00 0.01
BKIF (kg) | 0.07 0.05 0.02 003 001 001 001 001 001 001 0.0 0.1 0.00 0.01

Thehazardous waste incinerators currently in use in Ireland are relatively modern units designed to
optimise the burning process, with wet scrubber abatement systems in place to reduce the emissions
of POPs to air. Further to the use of incinerators, theeeadso anumber of facilities that use thermal
oxidisers, which are subject to emission limit values. Annual Environmental Reports and IPPC Licence
Applications provide adequate information in relation to the monitoring of PCeBViSsions to air

with limited information on the other relevant POPs. With respect to emissions of PAHs, emission
factors sourced from the UK NAEI were applied to the tonnage of waste incinerated for each year.
Pollutantspecific emission factors are predged in Table F.1 of Annex F. Emission estimates for POPs
are presented in Table 6.7.
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Emission factors for: NOCO, NMVOC, §O'SP, PM and PM: were sourced from the Inventory
Guidebook (EMEP/EEA, 20lusing a Tier 1 approach, and are listed iold&.1 of Annex F. Resulting
emission estimates are included in Table 6.7.

6.4.3 Crematoria (5C1bv)

The practice of cremation is less popular in Ireland than in other countries. However, due to the
decrease in the number of burial plots available, particularly in larger cities and towns, the number of
cremations in Ireland has been steadily increasimgrd are currenthsevencrematoria operating in
Ireland. Cremation has been in operation in Ireland for over a decade, with one of the crematoria open
since the early 1990s. A pet crematorium is also currently operating in Ireland; however, emissions
from this source are regarded as negligible. Data on the number of cremations in Ireland have been
obtained via correspondence with crematoria operators

Heavy metals emissions are estimated using Inventory Guidebook (EMEP/EBAR2B%ion factors

for As,Cd, Pb, Cr, Hg, Ni, Cu Se and Zn and are presented in Table F.1 of Anmiggiéns of POPs
from crematoria include PCDD/F, HCB and benzo[a]pyrene. Inventory Guidebook (EMEP/&EA, 201
emission factors are used to derive emission estimates for the yeai@i > 19 {Table F.1 of Annex

F). Emission factors for: N@CO, NMVOC, O SP, PMand PM swere sourced from the Inventory
guidebook (EMEP/EEA, ®)1using a Tier 1 approach, and are listed in Table F.1 of Annex F. Resulting

emission estimates arn@cluded in Table 6.8.

Table 6.8 Time Series of Emissions from Crematoria

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NG (t) 124 124 182 203 254 275 307 337 373 411 452 492 534 581
Co (1) 021 021 031 034 043 047 052 057 063 070 077 084 091 0.99
NMVOC () 0.02 0.02 003 003 004 004 005 005 006 006 007 008 008 0.09
SQ(f) 017 047 025 028 035 038 042 046 051 056 062 067 073 0.80
TSP (1) 006 006 008 009 012 013 014 016 017 019 021 023 025 027
PMo(t) 005 005 008 009 011 012 013 014 016 017 019 021 022 024
PMs(t) 005 005 008 009 011 012 013 014 016 017 019 021 022 024
As (g) 2042 2042 2994 3345 4196 4538 5062 5554 6148 67.85 74.49 8118 9588 95.88
cd (g) 755 755 11.07 1236 1551 16.77 1871 2053 2272 2507 27.53 30.00 3544 35.44
cr(g) 2034 2034 29.83 3332 4181 4521 5043 5534 6125 67.60 74.21 80.89 9553 95.53
Cu (g) 1865 18.65 27.35 3055 3832 4144 4623 50.73 56.15 61.96 68.03 74.14 8757 87.57
Pb (g) 4505 4505 66.07 73.80 9258 100.1 1117 1226 1356 149.7 1644 179.1 2116 2116
Hg (kg) 224 224 328 366 459 497 554 608 673 743 815 889 1050 10.50
Ni (kg) 003 003 004 004 005 006 006 007 008 009 009 010 012 0.12
PCDDIF (g

I-TEQ) 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
HCBs(g) 023 023 033 037 046 050 056 061 068 075 082 089 097 1.06
Blalp (q) 002 002 003 003 004 004 005 005 006 007 007 008 0.09 0.09
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6.4.4 Open Burning of Agricultural Wastes (5C2)

Open Burning of Agricultural Wastes, which includes the burning of crop residues, animal carcasses
and poultry litter is a practice generally not undertakerégiand. Therefore, emission estimates from
SZ ¢« }JUE « E E %}ES e« "\EK_ ~Vv}8} HEE]VPe (}JE, AC D &

Emissions from the open burning of farm plastics are the only source of emissions from agricultural
wastes for which estimates are made. Infation on the quantity of waste farm plastics that are
burned in open fires is difficult to obtain. One of the largest sources of waste farm plastic, is waste
plastic silage wrap and to a lesser extent synthetic fertiliser bags. The increased replacément o
conventional silage with plastic wrapped silage bales, which use substantially more plastic, has seen
an increase in the quantity of this waste stream. A number of different sources of information were
utilised in the derivation of emission estimatesfdmmation on the quantities of silage plastic on the
market was obtained from the Irish Farm Film Producers Group (IFFPG), and national agricultural
statistics were provided by the CSO and the National Farm Survey. Using the area of land utilised for
silage for each year of the time series, an estimate of the plastic used for conventional (pit) silage and
baled silage is made. Account is taken of plastic recovery under the silage plastics collection service
operated by both the IFFPG and the Farm ReliefiGes. The plastic collected is recycled and used to
make products such as park benches, plastic bags, garden furniture and plastic piping. The remaining
plastic is assumed to be burned. In the period 2006 to 2007, there were separate silage plastic
colledions organised by the then Department of Environment. These were subsequently
discontinued. As a result the IFFPG in the period to 2011, increased the quantity collected significantly
which is the reason emissions decreased significantly in.2011

Dioxinand furan emissions from the open burning of farm plastics are determined using estimates of

§Z <u v3]8] + }(ud Elo MEV v $Z hE W d}}ol]d ~iTEQ/M ule+]}v (

burned for the open burning of municipal wastes. The UK NAEI gowad emission factor of 510
kg/Mt burned for the estimation of PCB emissions. There is minimal data available on emission factors
for PAHs; however, the emission factors from the UK NAEI for-so@ddl waste burning are used as a
best estimate. Emissionfactors of 89.5 kg/Mt for benzo[a]pyrene, 405 kg/Mt for
benzo[b]fluoranthene and 405 kg/Mt for benzo[k]fluoranthene are applied. No data is available for
indeno[1,2,3cd] pyrene. Emission factors are compiled in Table F.2 of Annex F and the emission
estimdes are presented in Table 6.9.

Emissions of NQSQ, NMVOC, CO and particligem this small source are not estimated, and are
SZ €& (}JE & %} ES « "E _X

Table 6.9 Time Series of Emissions from the Open Burning of Farm Plastics

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
PCDDIF (3
TEQ) 094 110 065 023 115 030 039 028 045 049 046 050 059 0.83

PCBs (kg) | 1.59 1.86 1.11 039 1.96 050 0.67 048 077 084 078 0.84 1.01 1.41
Blalp(kg) | 0.28 0.3 020 007 0.34 009 012 008 013 015 0.14 0.15 0.18 025
BlbJF (kg) | 1.26 1.48 088 031 155 040 053 0.38 061 067 062 0.67 080 1.12
BKJF(kg) | 1.26 1.48 088 031 155 0.40 0.53 0.38 061 0.67 0.62 0.67 0.80 1.12
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6.5 Wastewater handling (NFR 5D)

Emissions of NMVOC from wastewater treatment plants may in some cases be significant in urban
E + v uC }JVEE] u8 8 v sl}JvooAoXI/vVIEovI [ <U =« }v §;:
of 15mg/m3 of wastewater handled from EMEP/EEA®@idebook and wastewater quantities
handled in Ireland the emissions were estimated to be 8.08r centof national NMVOC emissions.
Therefore, Ireland considers emissions from this source as negligible and NE is reported for this source.

6.6 Other Wasté\NFR 5E)

This NFR category includes emissions from accidental vehicle and building fires and other burning,
which constitutes bonfires, domestic burning of MSW and burning of construction wastes. These are
all sources of POPs, TSP,:&%d PMs Each ofthese combustion sources is described in the
following sections. The activity data associated with each type of fire is shown in Table 6.10.

6.6.1 Accidental Fires

Accidental fires are poorly controlled combustion events that can release large quanfilROPs and
particulates into the environment. These include accidental fires of houses, other buildings and cars.
A variety of materials can be burned in accidental fires, which can lead to some difficulty in obtaining
detailed activity data and applygnemission factors correctly. However, there are some data available
in Ireland in relation to accidental building and vehicle fires from the Fire Services Department (Table

6.10).

Table 6.10 Time Series of activity data from Accidental Fires froes\é&tudBuildings

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Vehicle fires | 4130 4130 7749 4907 4534 3541 2937 1609 1637 2681 1607 2137 2667 2316
Building fires
detached 1344 1344 1344 1263 1671 1462 1306 800 770 1392 621 860 1099 946
Building fires

undetached 2015 2015 2015 1894 2506 2194 1959 1200 1155 2088 931 1290 1649 1420
Apartment fire{ 426 426 426 470 245 271 246 242 214 240 192 211 229 209
Industrial fires| 508 508 508 433 453 391 343 270 288 458 234 317 400 386

Vehicle fire statistics are only available since 2000, with the number of fires ranging from 1,600 to
7,700 per annum. With respect to earlier years, the UR8d3a& Moore (2000) report suggests that

the number of vehicle fires in 1998 was 4,130. It is assumed that, in the absence of any information,
8Z vpu E }(A Z] o (]JE » % E C Thsdyudl b thas i@ 998. Divdinsand &uran
emissions(E}u A Z] o (JE « & +3]Ju § pe]l]vP §Z hE W d}}ol]8s Tiii u]es
TEQ/vehicle fire. An emission factor of 25.5 mg/vehicle fire based on the NAEI emission factor of 510
kg/Mt burned for small scale domestic waste burning (UK NAER@®8 emissions from the open
burning of MSW is used for accidental vehicle fires, assuming that on average 50 kg of material are
burnt per fire (Dyke, 1997), while those in relation to PAHSs, also based on the mass of material burnt,
sourced from the UK NAEsuggest values for benzo[a]pyrene of 0.06 mg/vehicle fire, for
benzo[b]fluoranthene of @95 mg/vehicle fire, for benzo[k]fluoranthene of 0.03 mg/vehicle fire, and

for indeno[1,2,3cd]pyrene of 0.65 mg/vehicle fire. With respect to TSP, RMnd PM s, the Tier 2
emission factors presented in the EMEP/EEAZBdidebook are adopted.
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The Fire Services Department also provides information in relation to building fires, which is

disaggregated into the type of building and the number of fires that are chimney fires. Information is

only available fothe C &+ 111184t this level of disaggregation. For data prior to 2000, no

differentiation was made between chimney fires and other types of building fires. The proportion of

chimney fires to the total number of building fires p@§00 is therefore used to estimate tinember

of chimney fires annually prior to 2000. Limited information is available on the quantity of material

burnt in accidental fires both in Ireland amdernationally Theassumed quantity of material burnt in

each building fire is 2.28 t per fire fenz et al., 1996) and approximately 10 kg in each chimney fire.
1}A£]lv v (ME v u]ee]}ve E <SJu § pe]vP vTEQJrofhatetial by@ed ( i1 ... P

(UNEP Toolkit, 2013). For PCB emissions, the emission factor of 510 kg/Mt burned {JUidrNiAd=

open burning of MSW is applied, while, for PAH emissions (UK NAEI), the emission factors equate to

1.2 kg/Mt for benzo[a]pyrene, 1.9 kg/Mt for benzo[b]fluoranthene, 0.67 kg/Mt for

benzo[k]fluoranthene and 1.3 kg/Mt for indeno[1,2¢8]pyrene. Acidental vehicle fires and building

fires emission estimates are summed to provide an estimate of the total emissions from accidental

(JE X u]e*]}v +S]u 3§ « (PENMS ZeridHareé phdsented in Table 6.11. Emission factors

are compiled in TablF.2 of Annex F. Ireland has included estimates of TSkRaR#/IPM semissions

in this using the emission factors from the Inventory Guidebook (EMEP/EE3, 201

Table 6.11 Time Series of Emissions from Accidental Fires from Vehicles and Buildings

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
IF_’TCED(S))’F(Q 513 513 3.87 339 428 371 329 200 193 346 159 219 278 2.40

PCBs (kg)| 6.12 6.12 414 382 500 437 389 239 230 413 1.86 257 3.28 282
Blalp (kg) | 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 0.00 000 0.00 000 0.0 0.00
B[bJF (kg) | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00 000 0.0 0.00
BIKIF (kg) | 0.00 0.00 0.00 0.00 000 0.0 0.00 000 000 000 0.00 000 0.0 0.00
I(123cd)P
(kg) 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0.00 000 0.00 000 0.0 0.00
TSP (kt) | 036 036 037 034 043 038 034 021 020 036 017 023 029 0.25
PM10 (kt) | 0.36 0.36 0.37 0.34 043 038 034 021 020 036 017 023 029 0.25

PM2.5 (kt)f 0.36 036 037 034 043 038 034 021 020 036 0.17 0.23 0.29 0.25

6.6.2 Other Burning

This section includes the emission of POPs from domestic bonfires, the burning of domestic waste
both indoors and outdoors and the open burning of construction waste. Domieatifires normally
include a variety of garden wastes (e.g. wood, leaves, etc.), and their importance with respect to POP
emissions is greatly increased in cases where other wastes are added to the bonfires (e.g. plastics).
Some households are not coverait, opt not to be covered, by waste collection systems and may
burn household waste. Combustion of treated wood that has been used for construction, fencing and
furniture can be a particularly significant source of POP emissions. For example, where wead is
treated with chlorinated fungicides, such as lindane or pentachlorophenol, its combustion can be a
potentially significant source of PCDD/F emissions to air, whilst woottgament with creosote is

a potential source for PAH emissions. However, uke of these chemicals has been significantly
reduced in Ireland since the early 1990s.
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For domestic bonfires, activity data are determined on a-¢egita basis using the UK inventory as
the reference, as no information is available in Ireland. For the burning of household waste, estimates
for uncollected household waste were obtained foickaf the years 2001 through to 2013, as well
as for 1998 and 1995 from National Waste Reports (Carey et al., 1996; Crowe et al., 2000; Collins et
al., 2004a, 2004b; Le Bolloch et al., 2006, 2007, 2009, McCoole et al, 2009; McCoole et al, 2011;
McCoole etal, 2012; McCoole et al, 2018{tp://www.epa.ie/nationalwastestatistics with data

0 Mo 8 (}E }S8Z E C E-+ pe]VP A ¢35 3 Al=E] 0E € ®+"B)Y §d0 A 3
produced by the portion of the population not provided with, or not availing of, a waste collection
service, corrected to take account of local conditions. This is calculated according to a standard
methodology at the local authority level, based on total nuars of households, numbers of
households served with waste collection, and quantities of waste collected per household in each local
authority area. In addition, a proportion of households share waste collections services. Only the
fraction of household wste that is combustible is burned. Compositional statistics at a national level
are applied to estimate the quantities of combustible materials burnt.

Information on construction and demolition waste is available from National Waste Reports. The
proportion of wood within this waste stream is estimated using data collected but not published in
the National Waste Reports for the years 2004 and 2006, based on estimates of both authorised and
unauthorised construction and demolition waste disposal. Theseegadtave been used for all other

years in the absence of any other information. The URS Dames & Moore study (2000) suggests that 5
per cent of construction and demolition waste wood arising is burned on construction sites, whereas
the UK NAEI suggestsamal } ( i Xi % E v3X dZ A op }( A % E Vv3]e %%o0] (
linearly decreasing for the years 199003, with the value of 0.1 per cent applied for the period
7110 >17Bi based on correspondence with representatives from the National Construction and
Demolition Waste Council who indicate that they would expect virtually no uncontrolled burning in
urban areas.

The UNEP toolkit for open burning of construction and depliv A & A}} -I-TEQ/t buPned)
is applied to estimate PCDD/F emissions from bonfires on the basis that bonfires contain mainly wood
and garden waste. Domestic burning of MSW contains material that varies and that often includes
plastics and sometigs specific chemicals that potentially affect PCDD/F emissiondJNE® 2013
toolkit emission factor of 40.. -IPTEQ/t burneds used for burning of household wastEhis emission
factor not only takes into account the wide range of materials in housetvalste but also other
materials such as treated and untreated wood. In relation to PCDD/F emissions from wood burning,

v ulee]}v (&) E-TEQiis applied.

The estimated emission factor of 1.14 kg/Mt burned for PCBs from bonfires has beenaskke
average of the UK NAEI emission factors for domestic wood combustion (e.g. fireplaces) (1.99 kg/Mt
burned) and open burning of crop residues (0.29 kg/Mt). For the open burning of domestic wastes,
the UK NAEI emission factor of 510 kg/Mt burned besn adopted for PCBs. There are no specific
data on PCB emissions from the open burning of construction wood, but emission factors from the
NAEI for industrial combustion of wood indicate no difference for treated and untreated wood.
Emission factors fodomestic wood combustion from the NAEI and the Inventory Guidebook range
from 1.99 to 6 kg/Mt burned. The emission factor of 1.99 kg/Mt has been adopted for open burning
of construction waste wood in Ireland.
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Emission factors with respect to PAH enauesestimates are also sourced from the UK NAEI. For
bonfires, the emission factors are 1,300 kg/Mt for benzo[a]pyrene, 1,500 kg/Mt for
benzo[b]fluoranthene, 500 kg/Mt for benzo[k]fluoranthene and 90 kg/Mt for indeno[X¢@Bpyrene.

For the open burningfadomestic wastes, emission factors for snsléle waste burning are applied
as follows: 89.5 kg/Mt for benzo[a]pyrene, 405 kg/Mt for both benzo[b]fluoranthene and
benzo[k]fluoranthene. No data are available for indeno[1,&jB pyrene. These emission fars are
also used to estimate emissions from the open burning of wood at construction sites.

The three sources of emissions described in previous paragraphs are summed to provide total
emission estimates for Category 5.E Other Waste. Emission factocsm@piled in Table F.2 of Annex
&X u]ee]lv +3]Ju § e« (} @tk sé@eS ard presented in Table 6.12.

Table 6.12 Time Series of Emissions from Other Waste Burning

Year 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
?gg)D’F(g 115 129 172 224 072 073 070 066 062 062 063 063 063 064
PCBs (kg) | 7.73 9.46 1475 2121 143 148 1.15 0.70 024 024 025 025 026 0.26
Blalp (1 001 001 001 002 001 001 001 001 001 00l 001 001 001 001
B[b]F (1) 002 002 003 003 002 002 002 002 002 002 002 002 002 002
BIKIF (1) 001 001 002 002 001 001 001 00l 00l 00l 00l 001 001 001

1(123cd)P (kg)] 0.82 0.83 085 0.87 092 092 091 091 091 0.90 0.92 0.92 0.92 0.93

6.7 Recalculations in the Waste Sector

Recalculations in the waste sector (Table 6.13) in this submission are limited to estimates from:

Solid Waste Disposal to Land (5A)
There was an update to activity data concerning the number of households for3@EE2017 in the

previous submission. Extrapolation of the number of households for 2018 results in a minor
recalculation of activity data for 2018. Household surveys are undertaken on a four yearly basis with
data extrapolated until the result of the nestirvey is available.

Composting (5B1)
Recalculations to emissions estimates of \#hd CO from composting is a result of an update to

activity data, on the quantities of household organic waste collected at kerbside and brought to civic
amenity/temporarycollection sites. This applies to the year 2018 with an increase of 5.4 per cent in
NH; emissions and a decrease of 62.2 per cent in CO emissions as a result.

Waste Incineration (5C)

Revised activity data for the quantity of hazardous waste incinertiethe year 2018 has led to a
recalculation of emissions of all reported pollutants from this source category as shown in Table 6.13.

Other waste (5E)
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Revised estimates of the quantities of household waste produced in 2018 and subsequently may be
burnt are responsible for the minor (< 1 per cent) recalculations in emissions of PCB, B[a]P, B[b]F, B[k]F
and I[123cd]P evident in Table 6.13.

6.8 Quality Assurance/Quality Control

As identified in section 6.7 the implementation of QA/QC activitiesures that the estimates in the
Waste sector are now fully consistenith estimates of greenhouse gas emissions from the sector.

6.9 Planned Improvements

The inventory team will continue to review emission estimates for this sector in light of any new
information that may become available for future submissions.

Reviewecommendations and responses are included in this report as Annex H
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SHFDOFXODWL&RQV IRU :DVWH

NFR Category Pollutant Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 204
5ASolid waste disposal on land NMVOC kt 083 1.01 080 064 018 018 024 019 029 041 046 047 045 0.44
5A Solid waste disposal on land TSP kt 0.00 0.00 000 000 000 000 000 000 000 000 000 000 000 0.00
5A Solid waste disposal on land PMuo kt 0.00 000 000 000 000 000 000 000 000 000 0.00 000 000 0.00
5A Solid waste disposal on land PMes kt 0.00 000 000 000 000 000 000 000 000 000 0.00 000 000 0.00
5A Solid waste disposal on land Hg t 0.03 0.02 002 002 002 002 002 002 002 002 002 002 002 0.02
5A Solid waste disposal on land PCDD/F ¢I-TEQ | 010 042 010 011 009 008 0.08 0.08 008 008 007 0.07 007 007
5A Solid waste disposal on land PCBs kg 008 010 008 006 002 002 002 002 003 004 005 005 005 0.04
Submission 20P
5A Solid waste disposal on land NMVOC kt 083 1.01 080 064 018 018 024 019 029 041 046 047 045 0.44
5A Solid waste disposal on land TSP kt 0.00 0.00 000 000 000 000 000 000 000 000 000 000 0.00 0.00
5A Solid waste disposal on land PMuo kt 0.00 000 000 000 000 000 000 000 000 000 000 000 000 0.00
5A Solid waste disposal on land PMes kt 0.00 000 000 000 000 000 000 000 000 000 000 000 000 0.00
5A Solid waste disposal on land Hg t 0.03 0.02 0.02 002 002 002 002 002 002 002 002 002 002 0.02
5A Solid waste disposal on land PCDD/F ¢I-TEQ | 010 042 010 011 009 008 0.08 0.08 008 008 007 0.07 007 007
5A Solid waste disposah land PCBs kg 008 010 008 006 002 002 002 002 003 004 005 005 005 0.04
% Change in Emission
5A Solid waste disposal on land NMVOC % 0.0% 0.0% 0.0% 00% 00% 00% 0.0% 0.0% 00% 00% 0.0% 00% 00% 0.0%
5ASolid waste disposal on land TSP % 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 00% 00% 00% 00% 0.0% 0.0% 0.0%
5A Solid waste disposal on land PMuo % 0.0% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 00% 0.0%
5A Solid waste disposal on land PMes % 0.0% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 00% 0.0%
5A Solid waste disposal on land Hg % 0.0% 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 00% 0.9%
5A Solid waste disposal on land PCDD/F % 0.0% 0.0% 0.0% 00% 00% 00% 0.0% 0.0% 00% 00% 0.0% 00% 00% 0.0%
5A Solid waste disposal on land PCBs % 00% 0.0% 0.0% 00% 00% 00% 0.0% 00% 00% 00% 0.0% 00% 00% 0.0%
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NFR Category Pollutant Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Submission 2019

5B Biological treatment of waste

- Composting NH3 kt NO NO NO 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04

5B Biological treatment of waste|

- Composting CcO kt NO NO NO 0.04 0.07 0.07 0.07 0.07 0.07 0.06 0.07 0.06 0.08 0.23

Submission 2020

5B Biological treatment of waste

- Composting NH3 kt NO NO NO 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04

5B Biological treatment of waste|

- Composting CcO kt NO NO NO 0.04 0.07 0.07 0.07 0.07 0.07 0.06 0.07 0.06 0.08 0.09

% Change in Emission

5B Biological treatment of waste

- Composting NH3 % 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 54%

5B Biological treatment of waste| -

- Composting CO % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 62.2%
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NFR Category Pollutant Unit 1990 1995 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Submission 220

5C Waste Incineration NO kt 0.03 0.03 0.02 0.03 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01
5C Waste Incineration NMVOC kt 0.20 0.20 0.15 0.27 0.16 0.13 0.09 0.11 0.11 0.10 0.10 0.06 0.06 0.06
5C Waste Incineration SQ kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration TSP kt 0.07 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration PMuo kt 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration PMes kt 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration Cd t 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration Pb t 0.18 0.18 0.03 0.05 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01
5C Waste Incineration Hg t 0.22 0.22 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
5C Wastdncineration PCDD/F o-I-TEQ 2.46 2.62 0.73 0.25 1.56 1.16 0.31 0.40 0.29 0.46 0.51 0.48 1.10 1.90
5C Waste Incineration PCBs kg 1.69 1.95 1.15 0.42 1.97 1.97 0.51 0.68 0.49 0.78 0.85 0.79 0.85 1.02
5C Waste Incineration HCB t 0.06 0.05 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01
5C Waste Incineration B[a]P t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration B[b]F t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Wastdncineration B[K]F t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration 1[123-cd]P t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Submission 20R

5CWaste Incineration NO kt 0.03 0.03 0.02 0.03 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01
5C Waste Incineration NMVOC kt 0.20 0.20 0.15 0.27 0.16 0.13 0.09 0.11 0.11 0.10 0.10 0.06 0.06 0.05
5C Waste Incineration SQ kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration TSP kt 0.07 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration PMuo kt 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Wastdncineration PMes kt 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration Cd t 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration Pb t 0.18 0.18 0.03 0.05 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01
5C Waste Incineration Hg t 0.22 0.22 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
5C Waste Incineration PCDD/F o-I-TEQ 2.46 2.62 0.73 0.25 1.56 1.16 0.31 0.40 0.29 0.46 0.51 0.48 1.10 1.90
5C Wastdncineration PCBs kg 1.69 1.95 1.15 0.42 1.97 1.97 0.51 0.68 0.49 0.78 0.85 0.79 0.85 1.02
5C Waste Incineration HCB t 0.06 0.05 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00
5C Waste Incineration B[a]P t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration B[b]F t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Waste Incineration B[K]F t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5C Wastdncineration 1[123-cd]P t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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% Change in Emission

5C Waste Incineration NO, % 00%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -9.7%
5C Wasténcineration NMVOC | % 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -16.9%
5C Waste Incineration SQ % 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -58%
5C Waste Incineration TSP % 0.0% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -4.2%
5C Waste Incineration PMo % 00%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -3.5%
5C Waste Incineration PMes % 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -2.2%
5C Wasténcineration cd % 00%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -159%
5C Waste Incineration Pb % 00%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -16.4%
5C Waste Incineration Hg % 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 7.6%
5C Waste Incineration | PCDD/F | % 00%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0%
5C Waste Incineration PCBs | % 00%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -0.1%
5C Wasténcineration HCB % 0.0%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -13.7%
5C Waste Incineration Bla]P % 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -0.1%
5C Waste Incineration Blb]F % 00%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -0.1%
5C Waste Incineration BIKIF % 00%  00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% 00% -0.1%
5C Waste Incineration | I[123cd]P | % 00% 00% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 00% 00%  0.0%
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NFR Category
Submssion 2019
5E Other Waste
5E Other Waste
5E Other Waste
5E Other Waste
5E Other Waste
5EOther Waste
5E Other Waste
5E Other Waste
5E Other Waste
Submission 2020
5E Other Waste

5EOther Waste

5E Other Waste
5E Other Waste
5E Other Waste
5E Other Waste
5E Other Waste
5E Other Waste
5E Other Waste
%Change in Emission
5E Other Waste
5E Other Waste
5E Other Waste
5E Other Waste
5E Other Waste
5EOther Waste
5E Other Waste
5E Other Waste
5E Other Waste

Pollutant

TSP
PMuo
PMs

PCDD/F

PCBs
Bla]P
B[b]F
B[k]F

[123cd]P

TSP
PMuo
PMe.s

PCDD/F

PCBs
B[a]P
B[b]F
B[k]F

1[123-cd]P

TSP
P Mo
PMs
PCDD/F
PCBs
B[a]P
B[b]F
B[k]F
I[123-cd]P

Unit

oI-TEQ

. - -+

oI-TEQ

—., - -+

%
%
%
%
%
%
%
%
%

1990

0.36
0.36
0.36
6.19
13.73
0.01
0.02
0.01
0.00

0.36
0.36

0.36
6.28
13.85
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
1.5%
0.9%
0.0%
0.0%
0.0%
0.0%

1995

0.36
0.36
0.36
6.33
15.46
0.01
0.02
0.01
0.00

0.36
0.36

0.36
6.43
15.58
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
1.5%
0.8%
0.0%
0.0%
0.0%
0.0%

2000

0.37
0.37
0.37
5.59
18.89
0.01
0.03
0.02
0.00

0.37
0.37
0.37
5.59
18.89
0.01
0.03
0.02
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2005

0.34
0.34
0.34
5.63
25.04
0.02
0.03
0.02
0.00

0.34
0.34
0.34
5.63
25.04
0.02
0.03
0.02
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2009

0.43
0.43
0.43
5.12
5.75
0.01
0.02
0.01
0.00

0.43
0.43

0.43
5.12
5.75
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2010

0.43
0.43
0.43
5.01
6.43
0.01
0.02
0.01
0.00

0.43
0.43

0.43
5.01
6.43
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2011

0.38
0.38
0.38
4.43
5.85
0.01
0.02
0.01
0.00

0.38
0.38

0.38
4.43
5.85
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2012

0.34
0.34
0.34
3.99
5.04
0.01
0.02
0.01
0.00

0.34
0.34
0.34
3.99
5.04
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2013

0.21
0.21
0.21
2.66
3.09
0.01
0.02
0.01
0.00

0.21
0.21

0.21
2.66
3.09
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2014

0.20
0.20
0.20
2.55
2.54
0.01
0.02
0.01
0.00

0.20
0.20

0.20
2.55
2.54
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2015

0.36
0.36
0.36
4.08
4.38
0.01
0.02
0.01
0.00

0.36
0.36

0.36
4.08
4.38
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2016

0.17
0.17
0.17
2.22
211
0.01
0.02
0.01
0.00

0.17
0.17
0.17
2.22
2.11
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

2017

0.23
0.23
0.23
2.82
2.82
0.01
0.02
0.01
0.00

0.23
0.23

0.23
2.82
2.82
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
-0.1%
0.0%
0.0%
0.0%
0.0%

2018

0.29
0.29
0.29
3.42
3.53
0.01
0.02
0.01
0.00

0.29
0.29

0.29
3.42
3.54
0.01
0.02
0.01
0.00

0.0%
0.0%
0.0%
0.0%
0.4%
0.0%
0.1%
0.2%
0.0%

*Prior to 1998, emissions were only reported farategenb5Chiii (Clinical waste incineration). For the yatHrs #898uategory is NO. Othercatiegories of 5C are reported as NO, NA, IE, and NE.

Environmental Protection Agency

169



Chapter Seven

Gridded and LPS data

7.1 Overview of Gridded and LPS data reporting

It is mandatory to report gridded emissions and emissions from large point sources every four years
both under the Convention on Lonr&ange Transboundary Air Pollution and under Direcfisld)
2016/2284 on the reduction of national emissions of certain atmospheric pollutants (the revised
National Emission Ceilings Directive).

The Guidelines for Reporting Emissions and Projections Data under the Convention détahgeg
Transboundary Air Rlation (ECE/EB.AIR/125), adopted in 2014, specify the scope, methodologies,
formats and deadlines for annual inventory submissions by Parties to the Convention. The guidelines
specify that at four yearly intervals, starting in 2017, Parties shall repaotated aggregated sectoral

(GNFR) gridded emissions and LPS emissions. The EMEP grid is defined in paragraph 14 of the reporting
guidelines and refers to a 0.1°x0.1° latitdd@gitude projection in the geographic coordinate World
Geodetic System (WGS)dat revision, WGS 84. The EMEP domain covers the geographic domain
between 30°N82°N latitude and 30°VY90°E longitude.

The reporting guidelines under the Convention refers to the EMEP/EEA Guidebook for technical
guidance on the spatial distribution of essions. Directive (EU) 2016/2284 refers to the reporting
guidelines under the Convention and as such the requirements under the two repatjogements

are identical.

The development of a higlesolution model for distribution of emissionsas part of a research

%o E}i S (MvV C $Z W ~"E §]}v o u-@Gb% gmBsipOs'sources” vRef: 2015
CCRMMS.26). The project has developed a model for distributing emissions at a resolution of 1 km x
1 km covering all sectors and pollutants includethaofficial Irish emission inventory. The generated
spatial emissions data (GNFR) is fully consistent with the reported emission inventories (NFR) under
the LRTAP Convention. A list of GNFR categories is presented in Table 7.1 and the relationship betwee
NFR and GNFR is presented in Table 7.2.
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Table 7.1. List of GNFR categories

GNFR

A_PublicPower

B_Industry

C_OtherStationaryComb

D_Fugitive

E_Solvents

F_RoadTransport

G_Shipping

H_Auviation

|_Offroad

'MEMO' ITEMSNOT TO BE INCLUDED IN NATIONAL TdQ
O_AviCruise

P_IntShipping

z_Memo

N_Natural

Table 7.2. Correspondence list for GNFR and NFR categories

NFR NFR name GNFR
1Ala Public electricity and heat production A_PublicPower
1A1b Petroleum refining B_Industry
1Alc Manufacture of solid fuels and other energy industries B_Industry
1A2a Stationary combustion in manufacturing industries and construction: Iron an{ B_Industry
steel
1A2b Stationary combustion in manufacturimgdustries and construction: Nen B_Industry
ferrous metals
1A2c Stationary combustion in manufacturing industries and construction: Chemiq B_Industry
1A2d Stationary combustion in manufacturing industries and construction: Pulp, P| B_Industry
and Print
1A2e Stationary combustion in manufacturing industries and construction: Food | B_Industry
processing, beverages and tobacco
1A2f Stationary combustion in manufacturing industries and construction:-Non B_Industry
metallic minerals
1A2gvii Mobile Combustion in manufacturing industries and construction |_Offroad
1A2gviii | Stationary combustion in manufacturing industries and construction: Other | B_Industry
1A3ai(i) International aviation LTO (civil) H_Auviation
1A3aii(i) | Domestic aviatioh. TO (civil) H_Aviation
1A3bi Road transport: Passenger cars F_RoadTransport
1A3bii Road transport: Light duty vehicles F_RoadTransport
1A3biii Road transport: Heavy duty vehicles and buses F_RoadTransport
1A3biv Road transport: Mopeds & motorcycles F_RoadTransport
1A3bv Road transport: Gasoline evaporation F_RoadTransport
1A3bvi Road transport: Automobile tyre and brake wear F_RoadTransport
1A3bvii Road transport: Automobile road abrasion F_RoadTransport
1A3c Railways |_Offroad
1A3di(ii) | International inland waterways G_Shipping
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NFR NFR name GNFR
1A3dii National navigation (shipping) G_Shipping
1A3ei Pipeline transport |_Offroad
1A3eii Other (please specify in the IIR) |_Offroad
1A4ai Commercial/institutional: Stationary C_OtherStationaryComb
1A4aii Commercial/institutional: Mobile |_Offroad
1A4bi Residential: Stationary C_OtherStationaryComb
1A4bii Residential: Household and gardening (mobile) |_Offroad
1A4ci Agriculture/Forestry/Fishing: Stationary C_OtherStationaryComb
1A4cii Agriculture/Forestry/Fishing: Gfbad vehicles and other machinery |_Offroad
1A4ciii Agriculture/Forestry/Fishing: National fishing |_Offroad
1A5a Other stationary (including military) C_OtherStationaryComb
1A5b Other, Mobile (including military, larithsed and recreational boats) |_Offroad
1Bla Fugitive emission from solid fuels: Coal mining and handling D_Fugitive
1B1b Fugitive emission from solid fuels: Solid fuel transformation D_Fugitive
1Blc Other fugitive emissions from solid fuels D_Fugitive
1B2ai Fugitive emissions oil: Exploration, production, transport D_Fugitive
1B2aiv Fugitive emissions oil: Refining / storage D_Fugitive
1B2av Distribution of oil products D_Fugitive
1B2b Fugitive emissions from natural gas (exploration, productiwacessing, D_Fugitive
transmission, storage, distribution and other)
1B2c Venting and flaring (oil, gas, combined oil and gas) D_Fugitive
1B2d Other fugitive emissions from energy production D_Fugitive
2A1 Cement production B_Industry
2A2 Limeproduction B_Industry
2A3 Glass production B_Industry
2A5a Quarrying and mining of minerals other than coal B_Industry
2A5b Construction and demolition B_Industry
2A5c Storage, handling and transport of mineral products B_Industry
2A6 Other mineral products B_Industry
2B1 Ammonia production B_Industry
2B10a Chemical industry: Other (please specify in the IIR) B_Industry
2B10b Storage, handling and transport of chemical products (please specify in the | B_Industry
2B2 Nitric acid production B_Industry
2B3 Adipic acid production B_Industry
2B5 Carbide production B_Industry
2B6 Titanium dioxide production B_Industry
2B7 Soda ash production B_Industry
2C1 Iron and steel production B_Industry
2C2 Ferroalloys production B_Industry
2C3 Aluminium production B_Industry
2C4 Magnesium production B_Industry
2C5 Lead production B_Industry
2C6 Zinc production B_Industry
2C7a Copper production B_Industry
2C7b Nickel production B_Industry
2C7c Other metal production B_Industry
2C7d Storage, handling and transport of metal products B_Industry
2D3a Domestic solvent use including fungicides E_Solvents
2D3b Road paving with asphalt E_Solvents
2D3c Asphalt roofing B_Industry
2D3d Coating applications B_Industry
2D3e Degreasing E_Solvents
2D3f Dry cleaning E_Solvents
2D3g Chemical products E_Solvents
2D3h Printing E_Solvents
2D3i Other solvent use E_Solvents
2G Other product use E_Solvents
2H1 Pulp and paper industry B_Industry
2H2 Food and beverages industry B_Industry
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NFR NFR name GNFR

2H3 Other industrial processes B_Industry

2 Wood processing B_Industry

2] Production of POPs B_Industry

2K Consumption of POPs and heavy metals (e.g. electrical and scientific equip| B_Industry

2L Otherproduction, consumption, storage, transportation or handling of bulk | B_Industry
products

Manure managementDairy cattle

Manure managementNon-dairy cattle

Manure management Sheep

Manure management Swine

Manure management Buffalo

Manure management Goats

Manure managementHorses

Manure managementMules and asses

Manure management Laying hens

Manure management Broilers

Manure management Turkeys

Manure management Other poultry

Manure management Other animals

Inorganic Nfertilizers (includes also urea application)
Animal manure applied to soils

Sewage sludge applied to soils

Other organidertilisers applied to soils (including compost)
Urine and dung deposited by grazing animals

Crop residues applied to soils

Indirect emissions from managed soils
Farmlevelagricultural operations including storage, handling and transport
agricultural products

Off-farm storage, handling and transport of bulk agricultural products
Cultivated crops

Use of pesticides

Field burning of agricultural residues

Agriculture other

Biological treatment of wasteSolid waste disposal on land
Biological treatment of wasteComposting

Biological treatmenbf waste- Anaerobic digestion at biogas facilities
Municipal waste incineration

Industrial waste incineration

Hazardous waste incineration

Clinical waste incineration

Sewagesludge incineration

Cremation

Other waste incineration

Open burning of waste

Domestic wastewater handling

Industrial wastewater handling

Other wastewater handling

Other waste

Other (included in national total for entire territory)

'MEMO' ITEMSNOT TO BE INCLUDED IN NATIONAL TOTALS

1A3ai(ii) | International aviation cruise (civil) O_AviCruise
1A3aii(ii) | Domestic aviation cruise (civil) O_AviCruise
1A3di(i) International maritime navigation P_IntShipping
1A5c Multilateral operations z_Memo

1A3 Transport (fuel used) z_Memo

6B Other not included in national total of the entire territory z_Memo

Volcanoes
Forestfires
Other natural emissions
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7.2 Mapping methodology

The methodology used in the emissions mapping follow the guidelines R0tBEMEP/EEA emission
inventory guidebook. The overall approach aims to allocate the national total emissions to the
geographical location where they occur as accurately as pessgitistinction is made between point
sources and area sources. Point sources are sources that can be treated individually and have an exact
location, e.g. industrial plants. Area sources cover a group of minor emission sources with similar
characteristis that cannot be treated individually because of the number of sources, e.g. residential
plants. Some sectors are covered only by point sources or only by area sources, but many sectors cover
both point and area sources. In the latter case point and acesices are treated separately in the

data processing and following they are combined on sectoral level in the spatial emission mapping.

Emissions from point sources can be allocated to an exact location, e.g. the location of a power plant
or an industrialplant. Activity data and/or emissions are available for a number of large plants e.g.
from PRTRAPRTR reporting. These data are used either directly (emissions) or indirectly (activity
data) to allocate point source emissions. Both locations and emissiengenerally very accurate for
point sources.

The individual source contribution cannot be determined for area sources, and emissions allocations
are based on a number of spatial data sets. For each area source related available spatial data are
evaludaed and the closest related are used for emission mapping, taking into account completeness
(must cover the entire national area), spatial resolution, accuracy, update frequency etc.

The 2019 EMEP/EEA Guidebook describes a tiered approach for spatidbutistn of emissions,
depending on the data availability and level of detail for the individual emission sources/sectors.
Furthermore, different methodological tiers can be used for different pollutants from a source, e.g.
point source emission data areast often available only for some pollutants, while emission mapping
for remaining pollutants follow a lower tier method.

The concept of tiered mapping is summarised as follows:

x Tier 3 methodsare based on closely related spatial emission or activity ,dat data for
regulated processes and industries, and road traffic flows by vehicle type derived from
surveys.

x Tier 2 methodsare based on the use of surrogate statistics relate to the sector, e.g. heat
demand for the residential sector, agricultural awail statistics, and land parcel identification
system data

x Tier 1 methodsare based on loosely related surrogate statistics, e.g. building use, population
density, and land use.

The tiered methodology is outlined in the decision tree in Figure 7.1
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Figure 7.1 General decision tree for emissions mapping (EMEP/EEA 201

Mapping of Irelands emissions is done on a highly disaggregated level both regarding sectoral and
spatial resolution. Spatial distribution keys (GeoKeys) are set up for each NFR cafégargpatial
resolution of 1 km x 1 km. GeoKeys are normalised tables including the share of an emission source
that should be allocated to each grid cell. Some GeoKeys are used for all pollutants from a sector,
while others are pollutant specific. Fugh some sectors have been disaggregated into different
sources and GeoKeys have been set up on source level and afterwards combined to create one overall
GeoKey for the NFR sector. In this way, a high level of accuracy is ensured in the emission reapping a
the highest tier level methodology is applied for all sources.

GeoKeys for the individual sectors/sources are built from a number of different spatial data. Some of
the spatial data sets describe the emission allocation very accurate;RRTR reportig, while others
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are proxies for activity level or other related parameters; some being good proxies, e.g. mileage data
for emissions from road transport, others being less good proxies, e.g. population density for domestic
solvent use.

The common methodolgical approach is to make an overlay analysis of one or more spatial layers
and the 1 km x 1 km grid ingeographicalnformation system (GIS).

Preparation of the GeoKey for railway transport is described here as an example, and related maps
are shownm Figure 7.2. Railway transport is an area source, and the emissions are spatially allocated
to the railway network. The railway network is available as a digital map including the network as lines
(Figure 7.2 a), which allow the emissions to be distrideenly to the railway network. Activity data

e }v E JoA C +3 §]+8] « E 8§} SZ u %[+ SSE] pS S U v
distribution to allocate emissions according to the activity levels. An overlay of the railway network
induding activity data and the 1 km x 1 km grid is made in GIS (Figure 7.2 b), and the layers are
intersected to cut the railway lines by the grid (Figure 7.2 ¢). The length of each line segment is
calculated using standard GIS tools, and the share of edltay line in each grid cell is calculated.
As more line segments can occur in the same grid cell, e.g. when two railway lines meet, the shares
are summarised by grid cell to generate the GeoKey, which holds the share of the national emission
by grid cel(Figure 7.2 d).
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Figure 7.2 Example ofGeoKey preparation

The emission mapping is made using an orthogonal grid with a resolution of 1 km x 1 km in the Irish
projection TM65(EPSG 29902The spatial emissions are redistributed into tleporting grid, the
EMEP/EEA grid with a spatial resolution of 0.1 degree x 0.1 degree, using the share of each 1 km x 1
km grid cell that intersects the individual 0.1 degree x 0.1 degree grid cells.

7.3 Mapping methods for each GNFR

A summary of the datand mapping approaches used in compilation of the spatial inventory for
Ireland are outlined in the tables below by GNFR sector. An indication of the-3ieafiegorisation
has also been provided as a simple measure of uncertainty in the approach appheare detailed
description of the methodologies applied is available in Plejdrup et al. (2017)
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7.3.1 Public Power (GNFR A_PublicPower)

Detailed location information for this sector were available on the individual large point sources for
the NFR sectatAla Public Power. The emissions for some pollutants were available for the individual
point sources, and in these cases, the data were used directly. For the pollutants where plant specific
data were not available, the distribution is based on the agtidiéita. The use of plant specific data

and exact location of the emissions corresponds to a tier 3 method.

7.3.2 Industry (GNFR B_Industry)

As shown in Table 7.1, this GNFR covers many different source categories and hence the available
spatial data varyacross sectors. The categories include both combustion related categories and
categories where the emissions are related to the process.

Where detailed emissions and location information were available, e.g. fromBRTR or the EU ETS

on the individuapoint source emissions for the NFR sectors in GNFR B Industrial Combustion sector,
these were used to map emissions to the known location. This is the case for e.g. emissions from
refining and other energy industries (NFR categories 1Alb and 1Alc respygctiv

For other source categories, some data are available at point source level, but the coverage does not
match the national total. In these cases the emissions covered by point sources are allocated to the
relevant point sources and the residual emissie distributed according to a more general spatial
distribution key, e.g. industrial heat demand. These two distributions are then combined to one
GeoKey covering the total sectoral emission.

This approach is considered a tier 2 or tier 3 method.

7.3.30ther stationary combustion (GNFR C_OtherStationaryComb)

This GNFR category covers combustion in three subsectors, i.e. commercial/institutional, residential
and agriculture. The most important sector in terms of emission contribution is residential
combustion.

For commercial/institutional plants, the distribution is based on heat demand for commercial and
public buildings as calculated by the Irish Heat Map. The Heat Map is based on a study from 2015
JuuJee]}v C N | 8} (po(]Jo /& o wdgr affcle [Lpdef uhes Emergy Efficiency
JE S]A ~T1iTl1761 heX o % ES }( §Z]e *3u C *% 8] 0 E %o E * vS S]}v
developed.

For residential plants, the distribution is based on information from the 2011 census on primary fuel
types in households combined with an estimated unit consumption calibrated with the estimated
national residential fuel consumption and the emission factors used in the emission inventory.

For the agricultural sector, the spatial data on farmyards and imgitd from the Land Parcel
Information System (LPIS) were used.

This is considered tier 2/3 methodologies.
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7.3.4 Fugitive Emissions (GNFR D_Fugitive)

This sector covers both categories estimated as point sources (e.g. coal mining/handling, service
stations and flaring) and area sources (e.g. natural gas distribution).

The point source data have been used to allocate emissions and, where available, activity data have
been incorporated to further improve the distribution of emissions. Information on co@ing areas

as well as coal consumers were provided by the EPA, while a list of service stations was provided by
the CSO. For natural gas distribution, the spatial information included for gas use in the Heat Map was
utilised to distribute emissions.

This is considered tier 2/3 methodologies.

7.3.5 Solvents (GNFR E_Solvents)

The national emissions from domestic solvent use were mapped across the country using population
density as spatial proxy. This approach is a tier 2 method.

For the remaining solve use categories, there was some spatial information available, e.g. location
of dry cleaners. However, both population density and industrial heat demand were used as spatial
proxies to map emissions from coating applications, chemical products anégrint

This is considered tier 1/2/3 methodologies.

7.3.6 Road transport (GNFR F_RoadTransport)

Spatial mileage data for national roads (NR) provided by TII for total mileage and % heavy vehicles are
used to allocate emissions from road transport on NR.dRmnsport on other roads is estimated as

the residual of the national total mileage used in the inventory, and emissions are allocated to roads
other thanNR As mileage data is not available for other roads than NR a polygon map of the road
network is @plied for mapping, thereby using road area as a proxy for the activity level. Separate
GeoKeys are prepared for passenger cars including vans\ahdders (PC), heavy vehicles including
busses (HV), and all vehicles (PC+HV).

The approaches used aretti@ forNRand tier 2 for remaining roads.
7.3.7 National navigation (GNFR G_Shipping)

The estimates of the emissions from national navigation were mapped using a buffer zone of six
nautical miles around the coast of Ireland. The buffer zone was adjustéake into account the
shortest path between headlands.

This approach is a tier 2 method.
7.3.8 Aviation (LTO) (GNFR H_Aviation)

National total emissions from aircraft operating on the ground and in the air over Ireland, up to an
altitude of 1000 m (equing to the take offs and landingLTO) were mapped at the locations of the
airports including a fiv&ilometre buffer zone. The number of LTOs at each airport was used to further
improve the distribution of emissions.

This approach is a tier 3 method.
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7.3.9 Off road mobile sources (GNFR |_Offroad)

This GNFR category comprises several different activities such as railways, fishing and agricultural
machinery.

For railways, the railway network and data for annual passages were provided by Irish Raisand th
information has been used to develop a GeoKey for this sector.

For fishing, the emissions have been distributed based on data for fishing areas within the Irish
exclusive economic zone and fishing statistics.

For agricultural machinery, data on the nber of different types of machinery at county level were
obtained from the CSO and this information was combined with the land information from LPIS on
cropland and improved grassland.

This is considered tier 2/3 methodologies.

7.3.10 Waste handling ancatment (GNFR J_Waste)

The estimates of the emissions from solid waste disposal on land were mapped at the locations of
landfill sites. For composting 75 % of the emission were allocated to the licensed facilities while the
remaining 25 % where allocatéol non-urban residential buildings.

Emissions from clinical waste incineration, industrial waste incineration and cremation were mapped
at the locations of the known facilities. Activity and location data for industrial waste incinerators and
crematoria wee available and used to weight emissions to areas of known activity proportionally.

Estimates of the national emissions from other waste handling (e.g. accidental fires) were mapped
according to population density.

This is considered tier 1/2/3 methodolieg.
7.3.11 Agricultural livestock (GNFR K_AgriLivestock)

National emissions from pigs and poultry were distributed based on detailed data on farms and animal
numbers from the 2010 agricultural census provided by UCD.

National emissions from mink wedistributed based on farm locations and animal numbers provided
by EPA.

National emissions from cattle, sheep and horses were distributed based on data from the 2010
agricultural census provided by CSO on the number of animals per electoral district edrmith
the Land Parcel Identification System (LPIS) data on location of farmyards and buildings.

National emissions from goats, mules and asses, and deer were distributed based on data from the
2010 agricultural census provided by CSO on the number ofadsiper county combined with the
Land Parcel Identification System (LPIS) data on location of farmyards and buildings.

This approach is a tier 2/3 method.
7.3.12 Agricultural soils (Other emissions) (GNFR L_AgriOther)

National emissions from sources reddtto agricultural soils, e.g. application of fertiliser and manure
as well as grazing animals were distributed on cropland and/or grassland from LPIS, taking into
account the animal density when distributing emissions from animal manure.
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This approach ia tier 1/2 method.
7.3.13 Aviation (Cruise) (GNFR O_AviCruise)

This category includes cruise emissions from both national and international aviation. For national
cruise emissions, the distribution is based on information on the number of flights betilveenajor
Irish airports and emissions are allocated to great circle lines between these airports.

For international cruise emissions, the majority of emissions will occur outside the Irish territory, but
for the purposes of the submission, emissions diegcated evenly across the entire Irish area outlined
by the Irish Exclusive Economic Zone (EEZ).

This is considered tied/2 methodologies.
7.3.14 International navigation (GNFR P_IntShipping)

Emissions from international navigation will largely ocoutside the Irish territory, but for the
purposes of the submission, emissions are allocated evenly across the sea area outlined by the Irish
Exclusive Economic Zone (EEZ).

This approach is a tidrmethod.
7.4 National total emission mapped by the EMEPd&gree x 0.1 degree grid

Figure 7.3 @& present the mapped national total emissions for,N&0Q, NMVOC, Niland PMsin
Ireland by EMEP 0.1 x 0.1 degree grid.
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Figure 7.3 National Total Emissions in 2015 for a) NOb) SQ, ¢) NMVOC, d) NH, and €) PM:s
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Chapter Eight

Projections

8.1 Overview of Emissions Projections

/E o v [+ VA]JE}vu vi o WE}S 8]})v PV C ~ W= Je E *%}Vve] 0
reporting periodic projectionsf air pollutants. The EPA is ald® responsible body for preparing
greenhouse gas emissions projections that are submitted undeGitnernance of the Energy Union
and Climate Action Regulation (EU) 2018/198%his section an overview of the emission projections

is discussed.

SectionB.2 describes emissiareilingsfor 2020 and 2030. Sectidh3 provides a short explanation of
Z}YA v EPC % E}i 3§]}ve E PWith®essure6} Ev WiZAdditional Measures
scenarios. Information on key assumptions and underlying data soepabvided.

Section8.4 presents the emission projections for each of the pollutants covered, and considers the
key trends across the time series. Secti@5 to 8.13 present the key input assumptions and
methodologies for the main sectors which inclute impact of national policies and measures aimed

at reducing greenhouse gas emissions and how these affect air pollutant emission levels.

Article 8 of Directive (2016/2284/EU) requires biennial reporting from 2017 of projected emissions for
SQ, NQ, NH, NMVOC, Pbkand, if available, Black Carb@C)overing projection years 2020, 2025,
2030 and, where available, 2040 and 202021is a mandatory reportingear.

The CLRTAP guidelines for reporting emissions projections state that parties to theni@oth
Protocol within the geographical scope of the EMEP shall regularly update their projections and report
every four years from 2015 onwards their updated projectidios the years 2020, 2025 and 2030
and, where available, also for 2040 and 2050. iBarto the other protocols are encouraged to
regularly update their projections and report every four years from 2015. In addition, parties should
%o (E } A With Measures(WM) v AZ & E owWhh Additiohal MeasuregWAM)projection
estimate.

Projected emission estimates and supporting quantitative information are reported fQMN&R) NH;,
NMVOC, Pisand BC under Directive (2016/2284/EU) utilising the reporting template contained
within annex IV of the Guidelines for Reporting EmissionsPaafctions Data under the CLRTAP

This chapter details emission projections under both\tfieh Measurescenario andVith Additional
Measuresscenario for the following pollutantahich are subject to emission ceilinfyg the period
2020-2030: NQ, S0, NMVOC, N+and PMs.

S http://www.ceip.at/reporting_instructions/annexes to_guidelines/
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8.2 EmissionCeilingsfor 2020 and 2030

The National Emission Ceilings Directive (NECD, 2001/81/EC) was reviewed as part of the Clean Air
Policy Package and a new Directive came into effect in Decembe#. 2Bfrfission reduction
commitments have been set for Ireland for 2020 and 2030 fog, ISQ, NMVOC, Niland PMs. Table

8.1 details the emissioneilingsin place for each pollutarfor 2020 and 203@or Irelandunder the

new National Emissions Ceilings Directive

Table8.1.Emission Reduction Commitments for 2020 and 2030 (expressed as a percentage reduction on 2005 levels)

Pollutant SQ NOx NHs NMVOC PMz5
2020 65% 49% 1% 25% 18%
2030 85% 69% 5% 32% 41%

8.3 With Measures and With Additional Measures Scenadggproach

dz]e C E[* %o E}i S]}ve §1 ]Jvs} JUVS H% 8§ %o EL}iI S
data providers including:

§]AJ8C &

X Energy projections underpinning the 2021 emissions projections were prepared by
Sustainable Energy Authority of Ireland (SEABonjunction with the Economic and Social
Research Institute (ESRIhe ESRI produce energy demand projections using the I3E model
(Ireland Environment, Energy and Economy mydel

X Agricultural projections provided by Teagasgiiculture and Foo®evelopment Authority)
in March 2021 which consider thimpact of Food Wise 202%nd the impacts of Brexit for
the agriculture sector.

SEAI compile two energy projections scenarios, which are used in national emission projections:

x The WEMenergy projectjve % E}i § (JEA E /E ov [+ v EPC uvu ]v
expected impacts of policies and measures that were in place (e.g. legislatively provided for)
by the end of 204. It includes progress in the implementation of polices and measures as set
out]v /E ov [+ ES]}jvoZVvA o v EPC §&]}v Wov ~EZ W-UE
Action Plan (NEEAP) and the National Development Plan-ZIXB It represents a
hypothetical future scenario in which no further policy actions or measures have bken.ta

x The WAM energy projections present an alternative view of future energy demand that
accounts for furtherimplementation of theWith Measuresscenario in addition to the
Ju%eo u v 3]}v }( %0 vv P}A Evu VS %}0] ] Vv QClmaE « oy Z o
Action Plafiand in the case of agriculture an update Marginal Abatement Cost Curve (MACC)
of NH emissions in Irelarfd and the recently published Roadmap to Climate Neutrality for

6 DIRECTIVE (E20)16/2284 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 14 December 2016 on the reduction
of national emissions of certain atmospheric pollutants, amending Directive 2003/35/EC and repealing Directive

2001/81/EC

7 https://www.esri.ie/currentresearch/thei3e-model

8 http://www.agriculture.gov.ie/foodwise2025/

9 https://www.dccae.gov.ie/erie/climate-action/publications/Pages/ClimatAction-Plan.aspx

10 hitps://www.teagasc.ie/media/website/publications/2020/NH&mmoniaMACC.pdf

Environmental Protection Agency 188



§Z PE] HOSHE +» S}E ™ P o]Ju S]* _ %o pf Adricditure Eoddandthe E3Su vS$
Marine'!.

The Baselineenergy projection underpins th&Vith Measuresemission projection for the energy
sector and theAdvancecdnergy projection underpins the&/ith Additional Measuregrojection for the
energy sector.

For the energydemandprojections, the Economic and Social Research Institute (E®dhhed3E
modef?.

The I3E model is an intertemporal computable general equilibrium (CGE) model, which reproduces
the structure of thelrisheconomy in its entirety, inading productive sectors, households, and the
government, among others. In the model the nature of all existing economic transactions among
diverse economic agents is quantified. According to micro economic behaviour, producers and
consumers maximise theprofits/utility given their budget constraints. In other words, a CGE model
examines how inputs and outputs flow between production sectors of the economy and finally result
in goodsand services beingonsumed by households. The model combines theorny data to
examine energy use changes due to developments in the economy, labour market, policies and
international prices.

The explicit modelling of sectoral intinkages makes it possible to investigate the wider economic
impacts of a specific shock policy through the different transmission channels in the economy.
Therefore, CGE models have become a standard tool of empirical analysis, and are widely used to
analyse the welfare and distributional impacts of policies whose effects may be transuhitteadyh

multiple markets. Because of its nature, CGE modelling is useful for policy design and evaluation
specifically when policy measures are expected to lead to indirect as well as direct effects, as in the
case of energyelated policies. For exampléhe economic implications of an energy tax in the
transport sector can be evaluated both for the transport sector and other sectors through inter
sectoral spilovers.

The I3E model includes energy flows in addition to the standard monetary flows. Euitiction
sector produces an economic commadity using labour, capital, material inputs, and energy inputs. The
I3E model explicitly comprises a set of carbon commaodities including peat, coal, natural gas, crude oil,
fuel oil, LPG, gasoline, diesel, keraseand other petroleum products. Production activities produce
in the cheapest way possible by using the optimal set of capital, labour, energy and other intermediate
inputs based on both relative prices and substitution possibilities. When an energy olic
implemented (e.g. an increase in carbon tax) or in case of an external shock (e.g. an increase in
international energy prices or ETS price), production sectors will where possible substitute energy
inputs for other inputs and/or decrease the carbonntent of their energy inputs by demanding

0 VE v EPCX &E}u 8Z }vepu Ee[ % Ee% S]A U Z]PZ E % E] - }(
will encourage them to consume less carbotensive products.

I3E is a dynamic model, which incorporates econagnievth over the modelling horizon. Economic
growth originates from three sources; the growth of employment driven by population growth, the

11 https://www.gov.ie/en/pressrelease/a8823ublicationof-ag-climatisenationaklclimate-air-roadmapfor-the-

agriculturesector/
12 https://www.esri.ie/currentresearch/thei3e-model
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growth in capital stock driven by investment, and the growth in total factor productivity or productivity

of factors of production. It is assumed that the total population grows at a constant rate and the
technology, i.e. the productivity of labour force grows at a constant rate. In the current version, the
values of population growth and economic growth are retrieftenn the mediumrun estimates of

the macro econometric forecast model of the ESRI, namely COSMO (COre Structural MOdel for
Ireland).

Baseline Assumptions

In CGE modelling, a change in a policy variable/parameter or a set of policy variables/parameters is
defined as a shock process or experiment. The effects of the experiment are given as the paths of
variables that are solved within the model and are reported in terms of a percentage change with
respect to the baseline. The baseline is a path such thatethierno change in any policy
variables/parameters, but an economy evolves according to its internal dynamics. For instance, since

the internal dynamics of the I3E model are driven by the population and labour productivity growths,

the Irish economy wouldrgw at 3.3% per annum without any policy intervention. Since there are no

external interventions in the economy, the base path is also called the busisessial path.This

% SZA C VIA ]Jv op - E }v 3 E£SZS]vE ¢+ 8}'101 % E Slvv C 1i

Fossil Fuel Prices

Future international fossil fuel prices are given as input to the IS3E model. Faniérgy related
projections described in this document), the UK Department for Business, Energy and Industrial
Strategy (BEIS) scenario is apgfi¢dil, gas and coal price projection§urthermore, how other fuel

prices (gasoline, diesel, kerosene, LPG, fuel oil and other petroleum products) fluctuate with the oil
price are econometricallyestimated These estimated relationshipare usedto project futue
international prices of all fuel types.

Carbon prices

The recommended ETS carbon prices are based on the EU Reference Sddmail®E model
implements two carbon prices, namely the Irish carbon tax and the EU ETS price. The EU ETS price
% E}i S]}ve E Slv (E}usSZ h & (Ev =+« v E]}X dZ /E]*Z €& }v
tonne. Two Irish carbon tax scenarios are;rane (With Existing Measurescenario)with a varying
& }v S £ SZ 3 ]Jv E -« + 5§} |06iad6ode B@ithvAdditigndliNeasurescenario)with
A EC]JvP €& }v 3 £SZS3S]JvE « ClOXfAl %% & vvpu 3} 1ii1 v E

The software used for to model the Irish Electricity Market is PLEX@®S is apower systems
modelling tool used for electricity market modelling and planning

To produce the finaliseBaselineenergy projections, SEAI amends the output of the energyashem
produced by ESRI to take account of the expected impact of energy efficiency measures put in place
before the end of 209 but which are considered too recent to be detectable in any tsmaes
analysis. Th&dvancedenergy projections builds on tH&aselineprojections with adjustments made

Bhitps://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment _datéfi#842/BEIS 2018
Fossil_Fuel Price Assumptions.pdf
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Action Plan.

The model input assumptions for the latest SEAI Energy Projections were finalised in quarterll of 202
Determination of anticipated progress in the implementation of policies and measures was
coordinated by the SEAI in discussion with the relevant Government Departrieftie8.2 shows

the key parameters underlying the macroeconomic outlook and thereforeWith Measuresand

With Additional Measuresmission projections scenarios.

Further details on the models used for preparing the energy projectionsGOSMQA3E, Plexos
Ivs PE 8 v EPC DNatioridl Enefdy Modelling Framewor8EAI BioHeat Model) are
included in the 202 submission made undenade underArticle 18 (4) of the Governance Regulation
of the Energy Union and Climate Action (EU) 2018/1998s is avalable in the relevant 202
submission folder at the following link:

https://reportnet.europa.eu/public/dataflows

Table8.2. Key assumptions underpinning the energy projections

2020 2021-2025 20262030
Average Annual % Growth Rate
GDP -10.35 6.21 3.29
GNP -14.10 7.11 3.29
Personal -11.07 6.69 3.28
Consumption
2020 2025 2030
JJUHe]VP NS} | A 2,071 2,196 2,322
W}% po S]}v i 4,824 5,021 5,225
EUETS: Carbon
2 2
12011COs > 8 30
& }v § £,

(WEMScenario) 26 56 80
} o20iedboe 6.68 6.70 6.73
K] @on¢/boe 27.54 28.76 29.80
"o jndboe 18.30 19.44 20.40
W § !IDtZz 25 25 25

8.4 Key Trends

In the following sections, botlthe With Measures(WM) and With Additional Measures(WAM)
scenarios are presented in the context of emission reduction targets set for 2020 and 2030AVhe
scenario is then considered in more det@ithe19902019inventory was used as the baseline historic
inventory for the emissions projectionBigures in the following sections include historic air pollutant
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emission estimates from 2002019 or 20102019 Tables in the following sections present projected
emission estimates up to and including 2030 under bothwHd and WAM scenarios.

8.4.1 Sulphur Doxide (SQ)

Emission projections for S€@r the WM and WAM scenarios are presented in Figute The emission
reduction targets for 2020 and 2030 are also presented. The emission projections predict compliance
with the 2020and 2030emission reductiondrget throughout the projected period. Key sources of
SQ emissionsin the projectionsinclude emissions from residential, commercial and industry.
Emissions from electricity generation are projected to significantly reduce with the proposed closure
oflreo v [« }voC } o (]G o SE]]ISC P v E 38]}v %0 vS Jv TiTAX

Total S@ emissions under the WAM scenario are projected to1deO kt in 2020. The emission
projections predict compliance with the 2020 emission reduction targdid§kt. Total S@emissions

are projected to bes.6 kt in 2030 under the WAM scenario which is below the emission reduction
target (10.9 kt)for that year.

30
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kt SQ
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Historic emissiong= == WM WAM 2020 Target

2030 Target

Figure 8.1 SQ Emission Projections for th&Vith Measuresand With Additional Measures Scenarios

SQ emissions under the WAIMNcenario by source sector are presented in Fi@.2e Emissions from
Public Electricity and Heat Production (1Ala) contribute approximageBper cent and4.0per cent

of national total emissions of S@ 2020 and 2030, respectively. The reduction in 2030 is largely
attributed to coal and peat no longer being used for electricity generation. The combined Residential
and Commercial sectors account 8.9 per cent and68.8 per cent of emissions in 202(hd 2030
respectively.

Table 8.3 presents the projected Emissions ofud@er theWM andWAM by sector over the period
2019 to 2030.
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Figure 8.2 SQ EmissionProjectionsfor the With Additional Measures Scenario by Source Sector

TableB.3. Projecte@missions of Sfunder thaNith Measuresnd With Additional Measures Scenarios (kt)

With Measuresscenario

2019 2020 2025 2030
Public Electricity and Heat Production 2.2 2.2 1.6 0.2
Manufacturing Industries and Construction 15 1.1 1.3 1.3
Residential & Commercial/lnstitutional 6.8 7.4 5.0 4.5
Agriculture/Forestry/Fishing 0.0 0.0 0.0 0.0
Transport 0.2 0.2 0.2 0.3
Other NFR Sectors 0.2 0.2 0.0 0.0
TOTAL 10.9 11.0 8.2 6.3

With Additional Measuresscenario

Public Electricity and He&roduction 2.2 2.2 0.3 0.2
Manufacturing Industries and Construction 1.5 1.1 1.3 1.2
Residential & Commercial/Institutional 6.8 7.4 4.7 3.8
Agriculture/Forestry/Fishing 0.0 0.0 0.0 0.0
Transport 0.2 0.2 0.2 0.3
Other NFR Sectors 0.2 0.2 0.0 0.0
TOTAL 10.9 11.0 6.6 5.6

8.4.2 Nitrogen Oxides (N®)

Emission projections for N@r the WM and WAM scenarios are presented in FiglBeThe emission
reduction targets for 2020 and 2030 are also presented.

Article 4 (3) of the National Emission Ceiling Directive provides that emissions of nitrogen oxides from
categories 3B (manure management) and 3D (agricultural soils) are not accounted for the purpose of
complying with 2020 and 2030 targets. Th# emissicns andWAM emissiongin addition to 2020

and 2030 targets) displayed in Fig@8 excludes emissions from these categories (3B and 3D) for the
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period 2020 to 2030 for the purposes of the reduction target compliance assesshhertistoric NOx
levels inthe graph include the adjusted NOx inventory for the years 2Z2018.

Emission projections predicton-compliance with the 2020 emission reduction target under \tiiis!
and WAM scenarios. Emissions from transport is the largest contributor to NOx emisdibas.
projections predict compliance withoth the 2020 and2030 emission reduction target undéne

WAM scenarios.

Total NQ emissions (excluding agricultural categories 3B and 3D) undekMAb scenario are
projected to beb5.8kt in 2020which iscompliant with the 2020 emission reduction target bg.2kt.
Total NQ emissions in 2030 are projected to B8.5 kt, which isa compliance with the emission
reduction target for that yeaby 8.5 kt
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Figure 8.3 NOx EmissionProjectionsfor the With Measuresand With Additional Measures Scenarios

Figure8.4 presents the total N©@emissions under the WAM scenario by source sector. The largest
sectoral contribution is from agriculture and transport. In terms of compliance assessment (i.e.
excluding agriculturatategories 3B and 3D) transport accounts3dr8per cent and42.7 per cent
share of emissions in 2020 and 2030 respectively.

Table & presents the projected Emissionsi®under theWM andWAM Dby sector over the period
2019 to 2030.
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Figure 8.4 NOx EmissionProjectionsfor the With Additional Measures Scenario by Source Sector

TableB.4. Projected Emissions of N@der theVith Measuresnd With Additional Measures Scenarios (kt)

With Measuresscenario

2019 2020 2025 2030
Public Electricity antieat Production 6.0 5.5 6.5 4.7
Manufacturing Industries and Construction 8.2 6.8 7.9 8.1
Residential & Commercial 7.6 8.1 7.0 6.8
Agriculture/Forestry/Fishing 4.0 4.3 3.3 2.7
Transport 37.9 30.6 19.9 15.1
Agriculture 33.7 34.4 35.2 35.1
Other NFRSectors 0.5 0.6 0.4 0.4
TOTAL 98.0 90.2 80.3 73.0

With Additional Measuresscenario

Public Electricity and Heat Production 6.0 55 4.5 3.6
Manufacturing Industries and Construction 8.2 6.8 7.7 7.7
Residential & Commercial 7.6 8.1 6.3 4.9
Agriculture/Forestry/Fishing 4.0 4.3 3.2 2.6
Transport 37.9 30.6 19.3 14.3
Agriculturé4 33.7 34.4 33.9 32.8
Other NFR Sectors 0.5 0.6 0.4 0.4
TOTAL 98.0 90.2 75.3 66.3
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8.4.3 Ammonia (NH)

Figure8.5 presents the emission projections for Nr the WM and WAM scenarios. The emission
reduction targets for 2020 and 2030 are also present@derall the Ammonia emission projections
predict norcompliance with the 2020 and 2030 emission reduction target undeitiv scenario.
Under the WAM scendar, Under the WAM scenario, compliance is projected for the 2020 emission
reduction target in 2022 and compliance with the 2030 emission reduction target is also projected.
The majority of projected emissions come from agriculture sougagsculture accanted for 99 per

cent of emissions in 2019) and this is maintained throughout the projection period

Total NH emissions under the WAM scenario are projected tol@d.7kt in 2020. As a resylan
exceedance of the 2020 emission reduction targett®kt is projected. Post 2020, emissioase

projected to decreasé 112.718 Jv 1111 X /@& o v [ 7171 u]ee]}v § &GP S }( A % &
2005 levels results ibompliance witlthe emission reduction target in 2030 @8kt under the WAM

scenario. Campliance with emission reduction targets a challengefor the agricultural sector,

however there have been some encouraging signs of uptake of abatement measures in the sector
which are further descried in Chapter 5.
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Figure 8.5 NHs EmissionProjectiors for theWith Measuresand With Additional Measures Scenarios

Thereduction in theWAM scenariccompared to the WM scenariover the period 2022030is
attributable to measureghat are included in hie most recentTeagasc Marginal Abatement Cost
Curvé?), and the Department of Agriculture, Food and the Marine National Climate and Air Roadmap
(}& sz PE] poSpuE " K& rmedsuwduinglpde, for example, low emission slurry
spreading, use of inhibited urea fertiliser products, reduction atlerprotein in dairy cow diets, and
manure amendments.

14 https://www.teagasc.ie/news-events/news/2020/reduceammoniaemissions.php
https://www.teagasc.ie/media/website/publications/2018/AAnalysisof-AbatementPotentiatof-GreenhouseGas
Emissionsn-IrishkAgriculture2021-2030.pdf

15 https://lwww.gov.ie/en/publication/07fbeag-climatisea-roadmaptowards-climate-neutrality/
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Figure 8.6 NHz EmissionProjectionsfor the With Additional Measures Scenario by Source Sector

Ammonia emissions by source sector under the WAM scenario are presented in&-giable 85
presents the projectedimmoniaemissionsunder theWM and WAM by sector over the period 2@1
to 2030.

Table8.5. Projected Emissions ofdNidder thaNith Measureasnd With Additional Measures Scenarios (kt)

With MeasuresScenario

2019 2020 2025 2030
Dairy Cattle 14.5 15.1 16.4 17.0
Other Cattle 35.1 34.9 34.7 33.5
Other Livestock 9.8 10.1 10.5 10.9
Direct Soils 51.6 52.3 53.6 53.3
N-excreted on Pasture 13.6 13.7 14.2 14.1
Residential & Commercial 0.1 0.1 0.1 0.2
Road Transport 0.5 0.5 0.6 0.6
Other 0.2 0.1 0.2 0.3
Total 1254 126.1 130.4 129.9

With Additional MeasuresScenario
Dairy Cattle 14.5 15.1 15.9 16.2
Other Cattle 35.1 34.9 34.1 32.6
Other Livestock 9.8 10.1 9.7 9.5
Direct Soils 51.6 50.2 39.7 39.5
N-excreted on Pasture 13.6 13.7 14.1 14.1
Residential & Commercial 0.1 0.1 0.1 0.2
Road Transport 0.5 0.5 0.6 0.5
Other 0.2 0.1 0.2 0.2
Total 125.4 124.7 114.4 112.7
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8.4.4 Non-Methane Volatile Organic Compounds (NMVOCs)

Figure8.7 presents the emissions projections for NM\$@&@ the WM and WAM scenarios. The
emission reduction targets for 2020 and 2030 are also presented.

Overall NMVOC emission projections predict 1wompliance with the 2020 and 2030 emission
reduction target under both th&/M and WAM scenarios. Large emission sources include solvents
and other product use, and emissions froine food and beverages industry.

Article 4 (3) of the National Emission Ceiling Directive provides that emissions-ofatbane volatile
organic compounds from tegories 3B (manure management) and 3D (agricultural soils) are not
accounted for the purpose of complying with 2020 and 2030 targetsWitMMendWAM emissiongin
addition to 2020 and 2030 targets displayed) in Figtifeexclude emissions from these cgteies

(3B and 3D).

Total NMVOC emissions under the WAM scenario (excluding emissions from agricultural categories
3B and 3are projected to b&8.2kt in 2020. The emission projections predicin-compliance with

the 2020 target by approximatelyl.3kt. Emissions in 2030 are projected to @& 2kt which is17.6

kt above the emission reduction target for 2030
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Figure 8.7 NMVOC EmissiorProjectionsfor the With Measuresand With Additional Measures Scenariés

Figure8.8 presents a scenario whengrojected adjustmentdo the national emission inventory in
relation to emissions from spirit production are accepfed the compliance assessmerithis ison
the basis that NMVOCs from category 2.H (Spintsk included irthe 19902015 inventory for the
February 2017 Inventory submission (after the 2016 NEC Directive came into éfffexthistoric
NMVOC levels in the graph include the adjusted NMVOC inventory for the year@04.0In the

16 Article 4 (3) of the National Emission Ceiling Directive providesthagsions of nommethanevolatile organic

compounds from categories 3B (manure management) and 3D (agricultural soils) are not accounted for the purpose of
complying with 2020 and 2030 targets. Tith Measureemissions anilVith Additional Measuresmissions in addition

to 2020and 2030 targets displayed in this graph exclude emissions from these categories (3B and 3D)
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WAM scenario that assumes adjustments for the category spoyrction are acceptedhie emission
projections predict compliance with the 2020 target by approximate@/kt. Emissions in 2030 are
projected to be48.0 ktwhich is2.2kt aboveemission reduction target for 2030
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Figure 8.8 NMVOC Emission Projectins forthe With Measuresand With Additional Measures Scenariés
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Figure 8.9 NMVOC EmissionProjections for the With Additional Measures Scenario by Source Sector

17TheWith Measureemissions aniVith Additional Measuresmissions in addition to 2020 and 2030 targets displayed in
this graph exclude emissions fradFRcategaies 3B (manure management) and 3D (agricultural sadisjicategory2H
(Spirits)
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Projected total NMVOC emissions by source sector under the WAM scenario are presented in Figure
8.9. In terms of compliance assessmewhich excluck agricultural categories 3B and Bprojected
emissions from Solvents arkligitive emissionaccount for33.5 per cent and35.6 per cent in 2020

and 2030 respectively under the WAM scenario. Food and Beveradgactionaccounsfor 43.3per

cent and46.2per cent of emissions in 2020 and 2030 respectively.

Projected emissions across the time series show dtsligcrease in theWM scenario ad a
stabilisation of emissions under th& AM scenario over the projected peridd 203Q The trend of
reduced emissions in the Residential and Commercial and Transport sectors are counteracted by the
increase in emissionsdm solvents and fugitive emissions and the food and beverages industry.

Table 86 presents the projectetiMVOC emissionsder theWM andWAMby sector over the period
2019 to 2030.

Table8.6. Projected Emissions of NMVOC undé&¥iteMeasureand WithAdditional Measures Scenarios (kt)

With MeasuresScenario

2019 2020 2025 2030
Public Electricity and Heat Production 0.3 0.3 0.4 0.3
Manufacturing Industries and Constructid 3.0 2.0 2.7 3.4
Residential & Commercial 8.3 9.0 6.7 6.5
Agriculture/Forestry/Fishing 0.3 0.3 0.2 0.1
Transport 4.0 3.6 3.1 2.7
Agriculturé! 455 45.9 46.8 46.3
Fugitive and Solvents 22.4 22.8 24.2 24.8
Food and beverages Industry 29.3 29.5 30.7 32.0
Other NFR Sectors 0.7 0.7 0.7 0.6
Total 113.7 114.1 115.5 116.7

With Additional MeasuresScenario

Public Electricity and Heat Production 0.3 0.3 0.3 0.2
Manufacturing Industries and Constructid 3.0 2.0 2.7 3.3
Residential & Commercial 8.3 9.0 6.5 5.8
Agriculture/Forestry/Fishing 0.3 0.3 0.2 0.1
Transport 4.0 3.6 3.1 2.5
Agriculture*? 455 45.7 45.3 44.5
Fugitive and Solvents 22.4 22.8 24.1 24.6
Food and beverages Industfy 29.3 29.5 30.7 32.0
Other NFR Sectors 0.7 0.7 0.7 0.6
Total 113.7 113.9 1135 113.8

8.4.5 Particulate Matter< 2.5 um idiameter (PMx)

Emissions projections for PMfor the WM and WAM scenarios are presented in Fig8re0. The
emission reduction targets for 2020 and 2030 are also presented. Overall the é&ission
projections predict compliance with the 2020 and 2030 emission reduction target under boiliNhe

and WAM scenarios. Emissions from Residential and Commercial combined are the largest
contribution to the projected emissions.
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Total PM s emissionsunder the WAM scenario are projected to té.6 kt in 2020. The emission
projections under the WAM scenario predict compliance with both the 2020 and 2030 emission
reduction targets by a margin 89kt and1.3kt, respectively.

Table 87 presents the pojectedPM, s emissionaunder theWM and WAM by sector over the period
2019 to 2030.
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Figure 8.10 PM2s EmissionProjectionsfor the With Measuresand With Additional Measures Scenarios
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Figure 8.11 PM2.s Emission Projections for the With Additional Measures Scenario by Source Sector

Projected emissions across the time series show a decline for botWVihand WAM scenarios up to
2030 (Figurd.11). This trend is largely the result of projected reductions in emissions irotindined
Residential and Commercial sectors.
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Table8.7. Projected Emissions of RMhder thaNith Measuresnd With Additional Measures Scenarios (kt)

With Measuresscenard

2019 2020 2025 2030
Public Electricity and Heat Production 0.2 0.3 0.3 0.1
Manufacturing Industries and Construction 1.4 0.8 1.2 15
Residential & Commercial/Institutional 6.7 7.3 5.6 5.6
Agriculture/Forestry/Fishing 0.1 0.1 0.1 0.1
Transport 1.5 1.3 1.3 1.2
Agriculture 0.9 0.9 0.9 0.9
Other NFR Sectors 1.0 1.0 1.0 1.0
TOTAL 11.8 11.6 10.4 10.5
With Additional Measuresscenario
Public Electricity and Heat Production 0.2 0.3 0.1 0.1
Manufacturing Industries and Construction 1.4 0.8 1.1 1.5
Residential & Commercial/Institutional 6.7 7.3 55 5.2
Agriculture/Forestry/Fishing 0.1 0.1 0.1 0.1
Transport 1.5 1.3 1.2 1.1
Agriculture 0.9 0.9 0.9 0.9
Other NFR Sectors 1.0 1.0 1.0 1.0
TOTAL 11.8 11.6 9.9 9.9

8.5 Energy Industries (NFR 1A1)

Public Electricity and Heat Production (1Ala) covers all electricity generation including electricity

generated from renewable sources. The Plexos_Ireland model was used to model projected future

electricity generation. As an electrical systems model cihre input data comprises technical details

of generators, transmission lines and loads as well as fuel costs, operational costs and emission
reduction rates and costs.

In the Baselineenergy projection the renewable energy generated shows Ireland reaghi
approximately 37.gper cent of electricity consumption from renewable energy by 2020. Renewable
electricity generation capacity is dominated by wind. In 2030 it is estimated that renewable energy
generation increases tapproximately 5%er cent of eletricity consumption

The use of peat/biomass in three peat stations is determined by the plants operation in the electricity
market taking into account supportsuPBlic Service Obligation §)/REFITS) and maximum levels
of peat likely to be permittedinder planning permission.

In the assumptions underpinnirmpth thebaselineand advancedcenaris, one peat station is eligible
for REFIT3 3@er centbiomass cofiring up to the end of 203Blowever,it only has planning
permission to the end of 202and therefore, only operates to the end of 2023 with 30% cofiriFge

18https://www.dccae.gov.ie/@-ie/energy/topics/Renewabld&nergy/electricity/renewablelectricity-
supports/refit/Pages/REFT.aspx

Environmental Protection Agency 202



other two peat plants operate until the end 2020 at up to 100 per cent peat and close at the end of
2020.

One coal plant is assumed to operate in the market up to end 2025 at vploictt it no longer
generates electricity from coal.

It is assumed there will be a roll out of approximately 2.25 million smart meters by 2024y lwased
basiswhichstartedin 2019.

In the Advancecdenergy projection (and therefore thé/ith Additional Measuresemissions scenario)

it is assumed that for 2020 there is a 36.3 per cent of per cent share of renewable energy in electricity
generation. In 2030 it is estimated that renewable energy generation increases to approximately 70
per cent of electricitconsumption. This is mainly a result of additional expansion in wind eaaid)y
Solar PV

In terms of interconnection, it is assumed that the Greenlink 500MW interconnector to the UK to
come on stream in 2025 and the Celtic 700MW interconnector to lEremcome on stream in 2026.

Emission factors for NGnd SQ@predominantly are based on those used for the year2iilthe
national inventory 19902019. Based on available data the projections take into account emission
limit values provided in the trasitional national plan for large combustion plants (e.g. coal fired
electricity generation plant).

There has been significant reduction in the use of oil in electricity generation due to the closure and
decommissioning of oil fuelled generation plantsl i®ialso used as a staup fuel in coal and peat
fired generation stationsThe 20D SQ inventory emission factor for oil is assumed for all future years.

NMVOC and Pp4 emission factors for most of the other relevant fuel types (i.e. coal, peat, ddsm
and nonrenewable wastes) are assumed to remain constant at thé@2@lue utilised in the national
inventory (L990-2019).

8.5.1 Oil andGas Refining and Solid Fuel Manufacturing (NFR 1Alb and 1Alc)

Projected N@ SQ, NMVOC and PMfor oil refining and solid fuel manufacture are based on data
provided by the relevant operators as energy demand from these sectors imaiotded v ~ /[e
energy projections. The oil refining sector (1.A.1.b) in Ireland consists of a single installatio
Projections are based on the growth rate of projected greenhouse gas emissions, which are provided
to the EPA by the relevant installation operators.

8.6 Manufacturing Industries and Construction (NFR 1A2)

Projected N@ SQ, NMVOC, NHand PMs emissione & . } v Baséljreand Advanced
energy projections and are therefore estimated for both tWd1 and WAM scenarios.

Energy projections are provided to the EPA at an aggregated level only (i.entiA®)derpin the air
pollutant projections for his sector The projected emission factors for N@nd S@ from the
combustion of coal, natural gas and petroleum coke are based on the weighted average emission
factor forall fuelsacross the sub sectors 1A24 A2g fromthe values used in the inventary
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The following policies and measures relevant to the industry sector are includedBagieing\WM)
Projection:

SEAI Large Industry Programme

Accelerated Capital Allowancegdustry
GombinedHeat andPower

Excellence in Energy Efficiency De$iE)XEED) Industry

X X X X

TheAdvancedWAM)Projection includes an extension of tabove polices and measures.

8.7 Transport (NFR 1A3)

Transport emissions cover Aviation (1A3a), Road Transportation (1A3b), Rail (1A3c), Navigation (1A3d)
and Other transportation (Natral gas pipeline compressors, 1A3e). Projected emissions pf9@)
NMVOC, NiHand PMs (E}lu E} SE ve%}ES (&EBasetineand Advaridedenergy
projections and are therefore estimated for both thiéM and WAM scenarios.

It is assumed that fuel use in raihd navigatiorwill remain constant at 2(8levels for each year out
to 2030.

Other Transportation (1A3e) refers to the use of natural gas for combustion in natural gas pipeline
compressor stations. Emissions from tiisctor are inferred from projected gas demand in the
residential, industrial and commercial and institutional services sectors from the energy projections
provided by SEAI and are calculated for both\til and WAM scenarios.

8.7.1 Domestic aviation (NFR 1A3a)

NQ, SQ, NMVOC and PM emission projections from aviation are estimated using the 201
inventory and als@rojecteddata, where available, related to aircraft movements as provided to the
EPA byhe relevant airport authoritiesEmissions associated wiall LTO (landing and takdf) cycles
are calculated. It is assumed that {lSQ, NMVOC and PMemission factors remain constafur all
projected years based on the average of the previous 5 years (i.e-:ZHused n the 19962019
national inverory.

8.7.2 Road transportation (NFR 1A3b)

The transport sector is a large energy using sector and is reliant on imported fossil fuels in the form of
petroleum products and biofuels. Freight transport energy demand is strongly influenced by the level
of commecial activity in the economy. Personal transport energy demand is influenced by both the
level of employment as well as the oil price. Biofuel uptake in Ireland is driven primarily through the
Biofuel Obligation Scherte an obligation on fuel suppliers tolend an increasing percentage of
biofuel with their fuel.

https://www.dccae.gov.ie/ere/energy/topics/RenewableEnergy/transport/biofuels/Pages/Biofuels.aspx
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Energy projections provide future demand for petrol, diesel, renewables and electricity use in the road
transport sector for both th&/M and WAM scenarios.

Projected emissions (NCSQ, NMVOC, NHand PMs) for road transportfor the 2021 submission

were producedusing the COPERT maddaA fleet model is produced in order to prepare data needed

for the COPERT modelling. To produce the fleet modednalysis was carried out on the inventory
pasenger car and light goods vehicles fleet data to ascertain the life cycle patterns for each of the
vehicle Euro classes. This analysis was used to model future curves for each existing vehicle Euro class.
Along with projected transport fuel projectionshd EPA was also provided with projected total
passenger car fleet data over the projected period which included projected electric vehicle uptake
under both theWM andWAM scenarios. Gaps between the fleet model passenger car numbers and
total projected fleet number were then populated with the latest Euro vehicles (e.g. Euro class 6 for
passenger cars).

The same approach was applied to the heduy trucks and buses, ever the overall fleet data
total for this section was based on a 2014 national research répoontaining projected fleet
numbers.

In terms of biofuels used in road transport fudiesel blended fuel of B6.9 on average (i.e. fuel
dispensed for dieselahicles contains 6% biodiesel by volumehilstPetrol remains at E5 on average
(i.e. fuel dispensed for petrol vehicles contains 5% bioethanol by volume)

For the WAM scenario, it is assumed that the Biofuel Obligations Scheme is developed further.
Incremental increases are assumed to occur with 10% blend for petrol (E10) and a 12% blend for diesel
(B12) in place in 2030.

In terms of Electric Vehicles, thaselineenergy projection assumes approximatd®8,830Electric
Vehicles on the road by 203@¢ludes 326,002 Passendgattery Electric Vehicde148,183Passenger
Plug in Hybrid Electric Vehisldhe AdvancedScenario assumeé35, 800Electric Vehicles on thead
by 2030 ihcludes 550,000 PassengBattery Electric Vehicte 288,000 Plug in Hybrid Electric
Vehicles).

8.7.3 Rail (NFR 1A3c)

NQ, S@ NMVOC, NkFand PM semission projections from rail transport are estimated. It is assumed
that fuel use in the sector will remain constant at 2d&vels for each year out to 2030. It is also
assumed that N@ NMVOC, NHPM: s emission factors remain the same as in the @@htional
inventory. Due to thevariability in the sulphucontent of gas oil in recent yearan averageSQ
emission factor over th@015-2019 periodwas used foprojected years.

8.7.4 Navigation (NFR 1A3d)

NQ, SGQ NMVOC, Niand PM s emission projections &m navigation are estimated. Gasoil/diesel
consumption in idand navigation is assumed to remain constant at the@tel out to 2030. NQ
NMVOC, Nkand PM semission factors are assumed to remain constant at the928del.Due to the

20 hitps://www.estri.ie/publications/demographieand-economicforecastingreport-nationaktransportmodek
volume-3
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variability inthe sulphurcontent of gas oil in recent yearan averageSQ emission factor over the
2015-2019 periodwas used foprojected years.

8.7.5 Gas Transmission (NFR 1A3e)

Emissions projections for NOSQ, NMVOC, and PM from natural gas transmission in Irelapd

VSUE 0 P ¢ %]% o]v v SA}JEI E +3]Ju 3 X &USUE P+« uv (}E "}/
inferred based omprojectedgas demand in the residential, commercial services and industrial sectors.
Subtracting the amount of gas estimated to be lo§Efu $Z ]3@E] pus]}v v SA}EI o00}A.
gas demand and associated emissions to be estimated. It is assumed th&8®|/IMVOC and PM

emission factors remain the same as in thd280ational inventory.

8.8 Residential and Commercial/InstitutiorfdlFR 1A4)

8.8.1 Commercial/lnstitutional (NFR 1A4a)

Projected N@ SQ, NMVOC, NHand PMs u]ee]}lve &E . } Baselinepnd Advanced
energy projections and are therefore estimated for both WM and WAM scenarioLQil and gas
account for the majorit of nonelectricity energy demand in this sector. These fuels are used
predominantly for spacéeating purposes. Projected emissions ofxN&0Q, NMVOC, NHand PM s

are estimated.

It is assumed that NQ NMVOC, NHand PMs emission factors remain theame as in the 2@L
national inventory.SQ emission factors for oiflerived fuels for the projected period are based on an
average of the last 5 years (i.e. 264619).

The following policies and measures are included irvit\M projection:

ReHeat

PublicSector Programme

Public Sector Capital Exemplars

Small and Medium EnterpriséSMB Programme

Accelerated Capital AllowanceServices

Supports for Exemplar Energy Efficiency Projects (SEEEP) and Energy Efficiency Retrofit Fund
(EERRNd Better Energy Whplaces

2005/2008 Building Regulatior8uildings other than dwellings
2018 Building Regulation8uildings other than dwellings
Excellence in Energy Efficiency De$i)XEED Services

Better Energy CommunitiesServices

Supplier Obligation Noefsrant- Non-Residential

Heat Pump SupportsNon-Domestic

X X X X X X

X X X X X X

TheWAM Projection includes an extension of the following polices and measures:

Public Sector Programme

Public Sector Capital Exemplars

SME Programme

Accelerated Capital AllowancésServices

X X X X
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X X X X

8.8.2

EXEEDSevices

Better Energy CommunitiesServices

Supplier Obligation Nefsrant- Non-Residential
Heat Pump SupportsNon-Domestic

Residential (1A4b)

Projected N@ SQ, NMVOC, NHand PMs u]ee]}ve &E . } Baselinepnd Advanced

energy projectionsind are therefore estimated for botthe WM and WAM scenarios.

Projected emissions of NOSQ, NMVOC, NHand PM;s are estimated. It is assumed that NO
NMVOC, NHand PMs emission factors remain the same as in the 2@ational inventory. SQ

emisgon factors for oHderived fuels for the projected period are based on an average of the last 5

years (i.e. 201:2019).

The following policies and measures are included irviivé energy wojection:

X X X X X X X X X X X X X X X X X X X X

TheWAM projection includes an extension of the following polices and measures:

X X X X X X

ReHeat

2002 Building RegulationBwellings
2008 BuildindgregulationsDwellings
2011 Building RegulatiorBwellings
2019 Building Regulation®wellings
Greener Homes Scheme

Energy Efficient Boiler Regulation
Domestic Lighting

Warmer Homes Scheme

Warmth and Wellbeing Pilot

Deep Retrofit Pilot

Better Energ\Communities Household
Better Energy Homes

Major Renovations Dwellings

Smart Meter RolDut - Household
Supplier Obligation Nefsrant- Residential
Heat Pump Supports Domestic

Other Domestic Retrofit

Better Energy Finance

Solar Pilot scheme

Warmer Homes Scheme

Warmth and Wellbeing Pilot

Deep Retrofit Pilot

Better Energy CommunitiedHousehold
Better Energy Homes

Smart Meter RolDut t Household
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Heat Pump Supports Domestc
Other Domestic Retrofit
Better Energy Finance

Solar Pilot Scheme

X X X X

8.9 Combustion in Agriculture and Fishing (NFR 1A4c)

Projected emissions of NOSQ, NMVOC, NiHand PM s are estimated for the combustion of diesel

in the Agriculture sector and the combustion of diesel and fuel oil in the Fishing sector. Projected fuel
use in the agriculture sector is included in the energy projectibos.mobile combustion the same
modeling approach is used as in the national inventory which takes into account the relevant Tier
legislation as it affects the age structure mobile agricultural machin€oy stationary combustion in
agriculture and combustion in fishingOx, NMVOC, N¥and PM s emission factors remain the same

as in the 202 national inventory SQ emission factors for cifierived fuels for the projected period

are based on an average of the last 5 years (i.e5-2019).

Cross cutting measures impacting key energgtees

There are cross cutting measures that have a significant impact aonossber of sectors in terms of
energy consumption and a reduction in emissions. These included carbon tax and supports for
renewable heat which are described below.

x Carbon tax is cross cutting measure that applies to industry, residential, commercial services,
SE vedk}ES v PE] poSHE (Hp 0X hv & SZ * oJ]v ~ v E]J}U §Z
}( Kie Jv E o » 8} 101 % E 3}vv C TiiiX hv th&carkon tainereases v E]}
C |OXAl % & S}vv }( KiT 8} 1iti v G Z « jiil % €& S}vv C TiiiX

x In terms of renewable heat, both th&M and WAM scenario assumes 1,600GWh of additional
renewable heat (six year ramp up 2020 to 2025) supported under the Sufoheme for
Renewable Heat (SSRH)

x Itis also assumed that 175,000 heat pumps replace residential oil boilers by 2030 under the WM
scenario. Under the WAM scenario it is assumed that 385,000 existing residential oil boilers, gas
boilers and electric hdars are replaced with heat pumps. District heating is also assumed to be
deployed (additional 120 GWh by 2028 growing linearly from 2023).

x Under the WAM scenario, a total of 1,600GWh of biogas use across the heat and transport sectors
by 2030 is assumediriear increase from 2025 is assumed).

8.10Fugitive emissions (NFR 1B)

Projected NMVOCs emissions from category 1B are estimated fioee sources, Refiningf oil
products, Distribution of Oil Productaind transmission and distribution of natural gd®efinery
NMVOC emissions are projected using the latest inventory year refinery NMVOC emissions and using
the projected trend in C&emissions from the refinery over the projected pere&la proxyEmissions

from distribution of oil products are estimateay projecting the trend in imported petrol/gasoline

21 https://www.seai.ie/businessand-publicsectorbusinessgrantsand-supports/supporischemerenewableheat/
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using the latest inventory year imported petrol/gasoline and using the total projected transport petrol
that is available from the energiprecastsfor each of the scenarios (WEM and WAM).The total
projected transport petrol that is available from the energyecastshave been revised downwards
since the previous projections submission. The latest inventory emission factors and abatement
efficiencies are also used to produce the projected emissgtimaes. NMVOC from the transmission

and distribution of natural gas projectedusing thelatest inventory year fugitive releases reported

by Bord Gais Eireann aptbjected trend in Ce&emissions frongas transmission and distribution over

the projected peiod. The percentage NMVOC in natural gas is taken from gas analysis reports for the
current inventory year and flatlined for the projected yeaPdvks emissions from category 1B are
projected for coal storage and coal handling. Projections for coal staegflatlined from the latest
inventory year which is based on the area of coal storage and relevant emission factor that is used for
the latest inventory year. Projections for coal handling is based on the projected coal used for
electricity generatiorand applying the emission factor that is used in the latest inventory.

8.11 Mineral Products (NFR 2A)XChemical industry (NFR 2B), Metal Industry
(NFR 2C)

Emission of air pollutantée.g. NOx and S@missions)om Industrial Processes cannot usually be
separated from the emissions from fuel combustion in industry. Emissions from industrial processes
are therefore assumed to be included in projected estimates for the Manufacturing Industries and
Construction (1.A.2) secto.A.1 Cement Production, emises are generally reported under NFR
Category 1A2f (Nemetallic minerals) and notation keys IE and NA are reported under 2A1 for these
pollutants.,2.A.2 Lime Production all emissions from lime production are assumed to be included in
those reported withinSector 1A2f and the notation key IE (Include elsewhere) is used for 2A2, 2.A.3
Glass Productiothe only container glass plant closed in 2002, one of the lead crystal plants closed
in early 2006, the glass wool plant closed in 2008 and the last onen@ed the two) lead crystal

plant closed in 2009. Therefore, after this period, emissions of all pollussatgrojected « ZEK[ ~v}S§
occurring),2.A.5.a Quarrying and mining of minerals other than coal, 2.A.5.b Construction and
demolition, 2.A.5.c Storag handling and transport of mineral products and 2.A.6 Other mineral
products (Bricks and ceramics and Asphalt productim)not have NOx, SQr NH emissions
associated with themonly particulates are projected for these subcategories.

The chemicalndustryNFR ategory 2.B is not a dominant industry in Ireland in relation to industrial
processes and is not an important source of emissions. The only source of emissions for which
estimates are collated are NOx emissions from Nitric Acid Productighdoyears 1992002 after

which the plant was closed therefore no emissions are reported for projected years.

2.CMetal production he following subcategories are reportedC1 Iron and Steel Production in

Ireland has been limited to a single large electric arc furnace installation, which closed in 2001 but was
operational SZE}uPZ}us SZ % E]} i06i>111iV 11 &ireladdhasod GingleV E} p S
operating facility fom 2014 onwards no NOx, $& NH emissions occur from this facility; 2C3
Aluminium ProductiortIreland is an important producer of alumina at one large plant using the Bayer
process (extraction of Alising NaOH). The production of alumina using thgeBarocess does not

give rise to significaremissions and therefore process emissions are not estimated for this source;

2C5 Lead production A significant quantity of Lead is mined in Ireland, but such mining is assumed

not to be a significargource d emissions to air. Estimates at facility level of Lead emissions have been
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obtained from AERs and are reported as NO since g@8fore emissions from these categories are
not projected.

8.12 Non-Energy Products from Fuels and NEnergy Products from Fuedsd
Solvent Use (NFR 2Dand NFR 2H, I, J,K,L

Emissions projections of NMVOCs from solvent use and other products are estirRafadation
growth is used to project emissions out to 2030 with the 20tventory used as a starting point.

Projected emissins for NFR categoB/H; The 6 subcategories for which emission estimates are made
for Ireland are as follows with the relevant SNAP code in parentheses, where appBrailé:(SNAP
040605),Beer (SNAP 0406073 pirits (SNAP 040608)leat fish etc. fryng/curing (SNAP 040627),
Coffee Roasting,Feedstock. These activities do not have N@gry 8By emissions associated with
them. Emissions projections of NMVO&te reported for this category.

2.1 Wood processing, as stated in the EMEP/EEA 2019 guiddti®skiirce category is only important
for particulate emissions.

2.J Production of POPs as stated in the EMEP/EEA 2019 guidebook this source csitegfory
significant, since the contribution to the total national emissions is less than 1 % of the hationa
emissions of any pollutanthese are not occurring in Irelarhd projected emissions are not reported

for this category

2K Consumption of POPs and Heavy metals no emissions occur in this subcategory irafetland
projected emissions are not reported.

2L Other production, consumption, storage, transportation or handling of bulk products category in

IE oV [+ ]E %}oous v3 JVA vE}EC ]Jv o =« uJee]}ve }(W 1& v W =
equipment and emissions of PCBs from fragmentisersshnetlders, therefore no NOx, 5@ NH; or

PM. s projectedemissions are associated with these activities.

8.13 Agriculture (NFR 3)

The Agriculture sector is the largest source ot Miissions in Ireland. Projected estimates ofsNH
from the Agriculture sector are undertaken using the same methodological approach as the current
national inventory.

Two scenarios were developed for agricultural emission projection¥Mascenario and aVAM
scenario. Projected activity data (animal rbens, crop areas and fertiliser use) are provided by
Teagasc (The Irish Agriculture and Food Development Authority) to thénEPIA2021in order to
prepare agricultural emission projections. This inclugesposed national herd, crop areas and
fertilizer use to meet the overarching objectiveskdod Wise 202&8nd more recently the likely impact
of Brexit on agricultural output in Ireland

The FAPRteland model was used for preparing agricultural forecast data to underpin the emissions
projections. Tt model is linked to the FAPRI world modelling system and so takes account of and
contributes to, the projections for prices obtained and quantities traded on the world markets. The

activity data assumes that there is an expansion in the value of Iristutigre over the period to
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T1TA S} u § §8Z § (EP S+ « § }us % ptlishedtdy thé Deépartment of Agriculture,
Food and the Marine in 2015. The main growth projections set out in this document are as follows:

x Increasing the value of agioo A %} ESe C 6 % E vs 8§} |i6 ]Joo]}vX
x Increasing the value added in the afyrod, fisheries and wood products sector by 70 per cent
§} Jv A ¢ }( }i7T Joo]}vX
x Iv @ *]vP 3Z A opy }(WE]Ju EC WE} pu 8]}v C 0fi % E v§ 3}

The majorty of the data supplied to the EPA is disaggregated at the level of that used in inventory
estimates.

UnderWM scenario dairy cow numbers are projected to increase reflecting the continuing profitability
of dairy production in Ireland. Dairy cow humbeans2i030 reach 1%l million. This represent a3l
increase relative to 2(&L In contrast, the continuing low levels of profitability of beef cow production
systems is reflected in a projected contraction of beef cow inventories. Beef cow numbers in 2030
are projected to decline to 0&million. This represent a@®%o decrease relative to 201The otal

cattle herdin 2030 are projected to be 7.1liltion. This represent 8% decrease relative to 201

Even thoughhe total cattle populationare relatively stale over the projection period, projected
growth in dairy cow numbers and contraction in beef cow numbers leads to a change in the
composition of the Irish bovine inventory and in the intensity of grassland use. Dairy production
systems operate at a highstocking rate than beef production systems and this higher stocking rate
is reflected in higher projected use of nitrogen fertiliser per hectare and in total aggregate nitrogen
fertiliser use by the Irish agricultural sector.

Total nitrogen fertiliser us in 2030 is projected to bg84,050 tonnes. This represent&¥oincrease
relative to 20D.

Irish ewe and total sheep numbers are projected to increase over the period to 2030. By 2030 total
Irish sheep numbers are projected to increase to 5.50 m. rEpiesent an 8% increased relative to
2019. This increase reflects the increased profitability of sheep production over the period 2030. The
Trade and Cooperation (Brexit) Agreement (TCA) means that while there will be no tariff barriers to
UK exports ofdmb to EU markets there will be new ntariff barriers to UK lamb exports to the EU,
which will be reflected in relatively buoyant Irish (and EU) lamb prices, due to the reduced
competitiveness of UK lamb on the EU markéte ibtal crop land area is pregted to contract due

to the higher level of profits per hectare in grassland farming (dairying) compared to tillage. By 2030,
the total cereal area harvested in Ireland is projected to decrease to 230,000 hectares. This represent
an 14% decrease relative 2019.

TheWAM scenaricassumes mitigation over the period 262030 attributable to measurethat are
included in he Teagasc Marginal Abatement Cost Ctinand the DAFM led National Climate and Air
Roadmap for th Agriculrture Sector to 2030 and Beydnd® o]u $§] Some of the key measures

22 Food Wise 2025. A W@ar vision for Irish agimdustry. Department of Agriculture, Food and the Marine, 2015.
https://www.agricuture.gov.ie/foodwise2025/

23 https://www.teagasc.ie/media/website/publications/2020/NH&mmoniaMACC. pdf

24 hitps://www.gov.ie/en/publication/07fbeag-climatisea-roadmaptowards-climate-neutrality/
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include low emission slurry spreading, use of inhibited urea fertiliser, reduction of crude protein in
dairy cow and pig diets and the use of manure amendments.

Projected emissions of NMVOC andBffom manure management are estimated using the same
approaches and methodologies as the national inventory. Projected activity data that is utilized for
NH; emission projections is also used to estimate projected emissions of NMVOC apdoP ke
Agriailture sector.

8.14 Waste (NFR 5)

Air pollutant emission projections in the form of NGQ, NMVOC, Nt+and PM s are estimated for
the waste sector. Nomethane volatile organic compounds are estimated from landfill gas
production, whilst N@Q SQ and PM ;s emissions are estimated from the incineration of industrial
waste and from cremation. NHemissions are estimated fromomposting PMs emissions are
estimatedfrom Solid waste disposal to landfill (5A)

Solid waste disposal to landfill producsignificant quantities of landfill gas. Projected landfill gas
production is based on greenhouse gas emission estimates for the sector undertaken by the EPA and
submitted to the European Commission under Regulation 525/2013. The emission factor utilized in
the national inventory of 5.65 gmNMVOC/ni landfill gas is used in projected emission estimates.
Ireland has met all Landfill Directfeargets for diversion of biodegradable municipal waste from
landfill to date.

The incineration of Industrial was{®CDb) is highly regulated in Ireland. There are currently only a
small number of facilities based in the pharmaceutical and chemical sectors that operate incinerators
for the treatment of industrial waste. It is assumed that the quantity of industriagtevancinerated

and the emissions of NOSQ, NMVOC and PM at these facilities will remain constant at the 01

level for each projected year to 2030.

The practice of Cremation (5C1bv) is less popular in Ireland than in other countries. However, due t
the decrease in the number of burial plots available, particularly in larger cities and towns, the number
of cremations in Ireland has increased. There are currently five crematoria operating in Ireland. It is
assumed that the number of cremations vitltrease for each projected year to 2030 at the average

of the 199-2019 activitylevel

25 Council Directive 1999/31/EC on the landfill of waste
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Chapter Nine

Adjusted annual national emission inventories

9.1 Introduction

Ireland is a signatory to the Gothenburg Protocol but has notrgtfied it and so is not formally
covered by its emission ceilings or the associated adjustment mechanism. However, Ireland had
national emissions ceilings for sulphur dioxide JS@itrogen oxides (N nonmethane volatile
organic compounds (NMVOCshdaammonia (Nk} under the Directive 2001/81/EC (National
Emissions Ceilings Directive) for 2010. Furthermore, article 4 of the new National Emissions Ceilings
Directive (2016/2284/EU) ensures that the commitments of Directive 2001/81/EC continue to apply
until 31 December 2019.

Article 21(2) of Directive (EU) 2016/2284 indicates that Member States may apply Article 5(1) of the
Directive in relation to the ceilings in Annex | to Directive 2001/81/EC. Article 5(1) allows Member
States to establish adjustl annual national emission inventories where rmmmpliance with
emission ceilings or reduction commitments occur due to applying improved emission inventory
methods in accordance with best science. The information provided in this chapter follows the
reporting requirements of the adjustment process presented in Article 5 and Part 4 of Annex IV of the
Directive (EU) 2016/2284.

/E o Vv [* 08 8 VA VE3}EC +p u]es]}v sahd NMYOQids piésentdd irETable
9.1. For both N©and NMVOC national emission ceilings are exceeded for all years since 2010 and the
emission ceiling for Ntk exceeded in 2@ 2013, 2015, 2016, 2017, 204:8d 20D. Ireland considers

that this has arisen due to several factors including;

x New sourceshat have been added to the inventory, which were either not known when the
NECD (2001/81/EC) ceilings were set, or for which there was no available methodology at the
time

X Emission factors and methodologies which have been improved in accordance with best
practice, resulting in an increase to the estimated emissions. These revisions were not
foreseen when the NECD (2001/81/EC) ceilings were set.

Table 9.1. Summary of National Emissions and the NECD Emission Ceilings

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NOx National Total (kt ND 117.45 | 104.78 | 108.24 | 109.76 | 108.20 | 106.19 | 110.18 | 108.17 | 10795 | 98.03

NONECD 2010 Ceiling (ktof| g5 o | 6500 | 65.00 | 65.00 | 65.00 | 65.00 | 65.00 | 65.00 | 65.00 | 65.00

NQG)
NMVOC (kt) 110.73 | 107.92 | 109.13 | 110.99 | 108.01 | 108.54 | 107.80 | 114.85 | 115.09 | 113.74
NMVOC NECD 2010 Ceiling 55.00 55.00

55.00 55.00 55.00 55.00 55.00 55.00 55.00 55.00

(kt)
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Ireland has undertaken a detailed assessment of the new and revised sources within the national
inventory in the context of the requirements outlined in Part 4 of Annex IV in Directive (EU)
2016/2284, and is of the view that several changes to the natiomehtory should be included in the
adjusted annual national emission inventory. The proposed adjustments foNDNMVOC are
summarised in the Tables 9.2a and 9.2b below.

The resulting adjusted annual national emission inventories show Ireland to be in compliance with the
NMVOC ceiling and the NOx emission ceiling from 2011 onwards.

The justification and quantification of each adjustment application is provided in detaé following
sections and is also summarised in the excel spreadsheet (Annex VIl Adjustment summary) that was
submitted with the national emission inventory. The established adjusted annual emission inventory
outlined here will be subject to a review ltlye European Commission as outlined in Article 5(6) of
Directive (EU) 2016/2284, to assess whether Member States have fulfilled the relevant conditions set
out in Article 5(1) and Part 4 of Annex IV. These adjustments were appro2888n2019 and 2020

Without the adjustments indicated above, it is estimated that under the With Additional Measures

scenario (WAM), Ireland would not reach compliance with the, Bl NMVOC ceiling before
compliance requirements change to emission reduction commitmenss $020.
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Table 9.2a. Summary of NOx Adjustments

NFR Source Sectdlame 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Comments
NOX Adjustments (kt N> 46581  -43.283 -44.863 -48.328  -48.036 -47.186  -48.302  -48.250  -49.060  -44.289
1A3bi Road transport Passenger Cars 2.630  -3.496  -4.259 -5.064 5928  -6.459 -7.065 -6.438 -5.802 -4.979 current
1A3bii | Road transport Light Duty Vehicles 0501  -0.472  -0.483 -0.529 -0.635  -0.647 -0.877 -0.980 -0.517 -0.072 | (COPERTS)
1A3biii | Road transport Heavy Duty Vehicles 5738 5248  -4.771 -4.836 -4.450  -3.300 2,772 -1.568 -0.368 0.658 c ggglgilz .
1A3bii | Road transport Buses 0385  -0.296  -0.259 -0.288 -0.350  0.050 0.526 0.628 0.463 0.440 | " Cirrent
1A3biv | Road transport Mopeds & Motorcycles -0.005  -0.004  -0.003 -0.002 -0.001  0.000 0.002 0.003 0.005 0.006 Fleet)
1A3c Rail -0.665  -0.673  -0.644  -0.641 -0.588  -0.600 -0.611 -0.630 -0.637 -0.667
1A3dii | National Navigation 2249  -1.953  -2.064  -2.019 2527  -2.492 -2.995 -2.645 -2.925 -3.115 | "Original EFs"
1A4ai Commercial Combustion (Stationary) -0.758  -0.712  -0.740 -0.770 -0.734  -0.748 -0.770 -0.738 -0.772 -0.777 gglr:grnggda;
1A4bi Residential 0469  -0454  -0.463 -0.534 -0.468  -0.445 -0.369 -0.383 -0.460 -0.298 1999
1A4ciii | National Fishing -1.813  -1.502  -1.662 -1.850 -1.762  -1.549 -1.423 -1.685 -2.011 -1.736 |  submission
3Bla Manure managementDairy cattle -0.039  -0.039  -0.039 -0.040 -0.040  -0.043 -0.046 -0.059 -0.071 -0.075
3B1b Manure managementNon-dairy cattle 0601  -0591  -0.689 -0.651 0595  -0.645 -0.656 -0.681 -0.737 -0.646
3B2 Manure management Sheep -0.047  -0.048  -0.050 -0.050 -0.049  -0.049 -0.049 -0.052 -0.051 -0.050
3B3 Manure management Swine -0.002  -0.002  -0.002 -0.002 0.002  -0.002 -0.002 -0.002 -0.002 -0.002
3B4d Manure management Goats -0.002  -0.002  -0.001 -0.001 -0.001  -0.002 -0.001 -0.001 -0.001 -0.001
3B4e Manure management Horses -0.039  -0.039  -0.041 -0.037 -0.035  -0.034 -0.034 -0.031 -0.031 -0.030
3B4f Manure managementMules and asses -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.003 -0.002 -0.002
3B4ygi Manure managementLaying hens -0.024 -0.024 -0.029 -0.032 -0.032 -0.036 -0.037 -0.039 -0.040 -0.041
3B4gii Manure managementBroilers -0.077 -0.074 -0.074 -0.069 -0.078  -0.079 -0.079 -0.078 -0.077 -0.083 Ne\évolig's in
3B4giii Manure management Turkeys -0.020 -0.025 -0.028 -0.026 -0.027 -0.028 -0.029 -0.029 -0.032 -0.030 guidebook
3B4giv | Manuremanagement Other poultry -0.004  -0.004 -0.004  -0.004 -0.004  -0.004 -0.005 -0.005 -0.005 -0.005
a84h :\I/'R""}”S‘i)rlf dma”agememomer animals (please specify in | 515 9005 -0.006  -0.006  -0.006 -0006  -0.005  -0.004  -0.004  -0.003
apan I"I"S;S‘fl:fr?a”agemem Other animals (please specify in | - 555 0000 0000  0.000 0000  0.000 0.000 0.000 0.000 0.000
3Dal Inorganic Mertilizers (includes also urea application) | -13.943  -11.381  -11.409 -13583  -12.765 -12.695 -13.047 -14201 -15717  -14.081
3Da2a Animal manure applied to soils -6.050 -6.009 -6.596 -6.617 -6.355 -6.682 -6.929 -7.167 -7.542 -7.121
3Da2b | Sewage sludge applied to soils 0159  -0.111  -0.131 -0.100 -0.082  -0.090 -0.087 -0.089 -0.085 -0.100
3Da3 Urine and dung deposited by grazing animals -10.346  -10.117 -10.411 -10576  -10.517 -10.599  -10.939  -11.371  -11.640 -11.478
Agreed adjustment (kt N§) 46581  -43.283 -44.863  -48.328  -48.036  -47.186  -48.302  -48.250  -49.060  -44.289 fsrgritr:ﬁf:x 1
total
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NFR Source Sectdlame 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Comments
Al
. adjustments
NOx National Total (kt ND (agreed and
117.448  104.775 108.244  109.764  108.199  107.468 110176  108.167  107.954 98.031 | for review)
NOx Adjusted Total (kt N 70.867 61.492 63.382 61436  60.163  60.283  61.875  59.917  58.895  53.743
NOx NECD Ceiling (kt JO 65.000 65.000 65.000 65.000 65000 65000 65000 65.000 65.000  65.000
Table 9.2b. Summary of NMVOC Adjustments
NFR Source Sector Name 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 | Comments
. Agreedsubtracted
NMVOC Adjustments (kt) 54417 55295  -57.412  -59.597 57587  -58.883  -61.514  -66.861 -64.786  -67.787
from Annex 1
2H2 Food and beverages industry -12.29 -13.31 -14.69 -16.29 -13.56 -14.38 -15.50 -20.44 -19.284 -22.29
3B Manure Management -37.38 -37.24 -38.04 -38.66 -39.39 -39.90 -41.40 -41.76  -40.817 -40.80
3De Cultivated crops -4.75 -4.74 -4.69 -4.65 -4.63 -4.60 -4.62 -4.66  -4.685 -4.70 | “New" source
NMVOC National Total (kt) 110.73 107.92 109.13 110.99 108.01 108.54 109.80 114.85 115.093 113.74
NMVOC Adjusted Total (kt) 56.31 52.63 51.72 51.39 50.43 49.66 48.28 47.99  50.307 45.96
NMVOC NECD Ceiling (kt) 55.000 55.000 55.000 55.000 55.000 55.000 55.000 55.000 55.000 55.000
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9.2 Meeting the Requirements for an Adjustment
9.2.1 New Emission Sources

Part 4.1.d.i of Annex IV of Directive (EU) 2016/2284 indicates that for new emission source categories,
evidence must berovided that:

1. The new source category is acknowledged in scientific literature (and/or the EMEP/EEA
Guidebook).
2. The source category was not included in the relevant historic national emissions inventory
when the ceilings were set.
3. The emissions from a nesource category contribute to the MS not complying with their 2010
emissions ceilings under Directive 2001/81/EC.
All of the new sources identified in this adjustment application are included in the current version of
the EMEP/EEA Guidebook, and were inctuded in the national emissions inventory in 1999 (when
the targets contained within Directive 2001/81/EC were set). Tables 9.2a and 9.2b demonstrate that
the identified new sources contribute to the exceedance of the NECD emissions ceilings.

As suchtiis considered that all of the criteria are met for the new sources that have been identified.

Quantification of the adjustment for each of the new sources is presented in detail in sections 9.3 and
9.4. But the following general approach has been used:

The adjustment for new source has been obtained by multiplying the emissieh by

9.2.2 Significantly Different Emission Factors

Part 4.1.d.ii of Annex IV of Directive (EU) 2016/2284 indicates that where significantly different
emission factors (EFs) arsed, the following evidence is required:

1. The original EF, and information on its origin or derivation.
2. Evidence that the original EF was used in determining the emission ceilings when they were
set.
3. The updated EF, and information on its origin or deforat
4. A comparison of the original and updated EFs, demonstrating that the change contributes to
a MS being in exceedance.
5. A rationale for deciding whether the changes in EF are significant.
Section 9.3 and 9.4 below present the original and updated EFshanquantified impact on the
emissions estimates of the change. The sources of the EFs are also presented, and the original EFs
were all used in the emission inventory in 1999, when the emission ceilings were set.

All of the changes to emission factorsth & % E * v§ JVEE] us 8} ulAJvP /E o v |
uleel}ve Jv8} }u%o] v X 00 }( ZvP e E 3Z & (}E }ve] & 8§} ’
of attaining compliance with emission ceilings.
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In calculating adjustments for revisedd:zF is not necessary to present the current activity data (since
this can be derived from the current emission and the current emission factor). In presenting
information to quantify the adjustment, the following approach has been used:

AdeStment = (EE)riginaI X AE}:urrena - (E:urrena
Given that: ADcurrent= Eurren! EFcurrent

The adjustment can be written:

Adjustment = (EPoriginaiX Ecurrenf EFcurreny - Ecurrent

The information provided in the tables for each of the adjustments infétlewing sections should
therefore be sufficient to allow a review of the adjustment quantification.

The final adjustment value has been determined and provided at the individual NFR category level.

Where there have been revisions to emission factorstmrces within an NFR category, all revisions

have been included i.e. both increases and decreases to emission factors have been included. This

avoids selectively including only EF revisions which would result in a favourable revision of the national

emisgons inventory totalt a process which is not considered to be appropriate. As a result, the
ige3u v3 A op 323 E +Z}Av (JE Z E&Z S P}EC v lve]l] &

9.3 NQ, Adjustment Applications
9.3.1 1A3b Road Transport (NO
Justification t Significantly Different EFs

Emission factors for NCfrom road transport were included in the EMEP/CORINAIR Emissions
Inventory Guidebook (version 2) in 1999 which were applicable when the emission ceilings were set.
However, the EFs usad the current national emissions inventory are higher than these original EFs.
Ireland considers that the current NOx EFs for this source are significantly different, as defined by the
Directive (EU) 2016/2284 and are eligible for an adjustment

Overall enissions from the different vehicle categories within road transport for the perio®201
2018 are;

passenger cars (1A3bi) are now on aver@g® per cent higher

light duty vehicles (1A3bii) are now on aver&jeper cent higher

heavy duty vehicles (1A8i) are now on averagg3.6per cent higher

buses and coaches (1A3biii) are now on avera@er cent lower 8.9 per cent higher on
average in the period 2012014)

X mopeds and motorcycles (1A3biv) are now on avefagper centlower (10.6 per cent lgher
on average in the period 2042014)

X X X X
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Quantification

The adjustment quantification is explained for each mode of road transport in Tables 9.3 to 9.8.

The general approach for quantification is presented in section 9.2.2. In this case the origisam®emis
factors are those that were used in the national inventory submission in 1999 and were derived from

the COPERT Il model using a Tier 3 methodology. The current EFs were derived from the COPERT 5
model using a Tier 3 methodologyhe 2@1 adjustment application for & submitted under the

NECD is based on the same methodology as used for the original approved adjustment application
with slight changes to IEFs due to the revisions included in COREB&Girbcomparison to COPERT

5.3.26 (whch was the model version used for the 2020 submissidie adjustmentas been

reviewed and approved by the EC in 202018 2019 and 2020
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Table 9.3 Adjustment Quantification for Road TrafigjRist Passenger Cars gNO

Emission Factors Current NOx emission (tonnes)

Current EF  "Original”
Activity (NFR) Activity technology (g/km) EF (g/km) 2013 2014 2015 2016

1A3bi Rssenger 10343.57 1092493 11216.95 11775.53 12464.70 12718.44 13064.36 11895.56 10981.46 10194.90
Cars Adjustment (tonnes)

Conventional 2.44 1.90 1.73 0.84 0.72 0.56 0.38 0.19 0.11 0.11

PC Euro 191/441/EEC 140.84 96.38 66.13 22.91 17.41 14.25 9.89 5.18 3.02 0.78

PC Euro 294/12/EEC -210.00 -195.75 -164.84 -146.37 -106.36 -71.26 -36.32 -8.70 -9.79 -11.22

PC Euro 398/69/EC Stage200( -334.69 -412.45 -462.08 -500.90 -478.05 -385.67 -212.40 127.35 113.71 122.68

PC Euro 498/69/EC Stage2005 -2228.27  -2437.49 -2621.02 -2833.83 -3016.64 -2924.71 -2729.27 -1884.03 -1672.01 -1446.74

PC Euro 5EC 715/2007 0.00 -548.63 -1078.85 -1606.25 -2345.04 -2519.72 -2724.58 -2967.02 -2882.12 -2610.83

PC Euro4 - EC 715/2007 0.00 0.00 0.00 0.00 0.00 -572.10  -1372.85 -1974.61 -1867.30 -1892.12

PC Euro &- EC 715/2007 0.00 0.00 0.00 0.00 0.00 0.00 0.00 263.40 512.63 858.71

-2629.67  -3496.04  -4258.93 -5063.59 -5927.95 -6458.65 -7065.15 -6438.25 -5801.75 -4978.63
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Table 9.4 Adjustment Quantification for Road TrasgjRisti Light Duty Vehicles gNO

Activity (NFR)

Activity technology

Emission Factors

Current EF
(9/km)

"Original"
EF (g/km)

2010

2011

2012

Current NOx emission (tonnes)

2013

2014

2015

2016

2017

2018

2019

LA3bi Light Duty 7384.27 6844.87 6639.31 6805.82 7096.70 6918.64 7622.48 7898.88 7642.00 6366.42
Vehicles Adjustment (tonnes)
Conventional -11.74 -7.68 -3.74 2.74 -2.39 -1.76 -0.86 -0.54 -0.32 -0.16
LD Euro % 93/59/EEC 201.15  -154.22  -123.37 -107.21  -89.70  -66.38  -42.03  -28.35 -18.03 -9.93
LD Euro 296/69/EEC -1010.81  -799.51  -637.55 -534.84  -420.75 -329.23  -294.08 -242.76  -18256  -121.58
LD Euro 398/69/EC Stage2000 308.94  267.70  240.18  232.01 21659  183.89  151.04  126.93 99.20 69.13
LD Euro 4 98/69/EC Stage2005 41380 37479  351.75 342,79 33264 29467  266.36  240.01 20955  157.04
LD Euro 52008 Standards 0.00 -153.46 -310.04 -458.79 -671.69 -625.83 -696.78 -697.09  -680.25  -553.66
LD Euro & 0.00 0.00 0.00 0.00 000 -10230 -26058 -378.10  -384.01  -331.99
LD Euro & 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  439.01  719.62
-500.95  -472.39  -482.78  -528.78 -63530 -646.93 -876.93 -979.89 -517.41  -7153
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Table 9.5 Adjustment Quantification for Road Tra+igkistii Heavy Duty Vehicles {NO

Emission Factors Current NOx emission (tonnes)

Current EF  "Original" EF

Activity (NFR) Activity technology (g/km) (g/km) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

12257.28 11291.94 10413.37 10827.62 10312.26 8723.80 942545 8369.00 7340.56 5503.82
1A3biii Heavy
Duty Vehicles Adjustment (tonnes)
Conventional -15.08 -0.36 1.29 4.85 2.81 221 0.21 1.56 0.69 4.07
HD Euro 191/542/EEC Stage | -51.36 -35.55 -28.70 -28.48 -19.81 -16.72 -6.61 -5.98 -3.55 -2.40
HD Euro H91/542/EEC Stage -788.33  -612.69  -488.65 -512.89 -440.38  -283.69 -249.98 -169.25  -140.27 -81.08
HD Euro IH 2000 Standards -2293.90 -1956.53 -1739.95 -1741.22 -1584.16 -1300.48 -1294.54 -1054.59 -816.32 -572.74
HD Euro V2005 Standards -25689.20 -2623.72 -2478.00 -2503.27 -2329.61 -2064.45 -2329.57 -2095.85 -1843.93 -1365.94
HD Euro V2008 Standards 0.00 -19.52 -37.14 -55.11 -78.83 -69.83 -87.24 -88.49 -86.27 -67.89
HD Euro VI 0.00 0.00 0.00 0.00 0.00 43290 1196.09 1844.19 2521.80 2744.30
-5737.87 -5248.37 -4771.15 -4836.12 -4450.00 -3300.06 -2771.65 -1568.41 -367.86 658.33
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Table 9.6 Adjustment Quantification for Road Traxigkitii Heavy Duty Vehicles, Buses)NO

Emission Factors Current NOx emission (tonnes)

Current EF "Original”

Activity (NFR) Activity technology (g/km) EF (g/km) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

1A3bil Heavy 9174.60 8300.38  7966.65 7968.57 8151.99 684531 7017.85 6986.10 6595.64 534225

Duty Vehicles Adjustment (tonnes)
(Buses)

Conventional -8.17 -7.97 -6.92 -4.26 -1.04 -2.35 -4.04 -2.52 -2.58 -2.22

HD Euro 191/542/EEC Stage | -160.89 -144.34 -115.92 -103.05 -101.11 -43.29 -12.22 -10.92 -1.93 -1.71

HD Euro H91/542/EEC Stage | 1500.41 1386.72 1354.58 1345.52 1340.24 1221.30 1175.02 1197.67 911.49 553.55

HD Euro IH2000 Standards -1403.78 -1230.72 -1173.07 -115495 -1156.60 -1043.71 -1095.45 -1097.52 -1099.10 -1081.80

HD Euro 1Y 2005 Standards -312.38 -295.87 -300.90 -340.60 -401.38 -399.56 -435.50 -433.09 -452.13 -349.16

HD Euro ¥ 2008 Standards -0.53 -3.60 -16.93 -30.40 -30.29 -18.76 -35.58 -32.68 -48.77 -20.59

HD Euro VI 0.00 0.00 0.00 0.00 0.00 335.93 933.32 1007.06 1155.69 1341.72

-385.35 -295.78 -259.16 -287.74 -350.18 49.57 525.55 628.00 462.68 439.79
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Table 9.7 Adjustment Quantification for Road Traxigkistv Mopeds and MotorcyclesfNO

Emission Factors

Current NOx emission (tonnes)

Activity (NFR) Activity technology 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
34.63 31.22 27.39 26.45 24.93 23.78 24.72 24.07 22.07 21.69
1A3biv Mopeds Adjustment (tonnes)
and Motorcycles
Conventional -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.00
Mop - Euro | -0.21 -0.17 -0.15 -0.13 -0.12 -0.11 -0.11 -0.10 -0.08 -0.07
Mop - Euro Il -0.14 -0.12 -0.10 -0.09 -0.08 -0.08 -0.08 -0.08 -0.07 -0.07
Mop - Euro I -0.17 -0.17 -0.16 -0.15 -0.15 -0.16 -0.19 -0.19 -0.21 -0.21
Conventional -5.52 -4.73 -3.87 -3.67 -3.21 -2.87 -2.68 -2.45 -1.93 -1.74
Mot - Euro | -5.68 -5.14 -4.60 -4.41 -4.27 -4.02 -4.16 -3.97 -3.43 -3.31
Mot - Euro I 1.50 1.44 1.31 1.35 1.26 1.28 1.39 1.46 1.38 1.42
Mot - Euro lll 4.83 5.15 5.00 5.35 5.75 6.26 7.58 7.88 9.65 10.29
-5.41 -3.76 -2.58 -1.76 -0.82 0.29 1.76 2.53 5.31 6.31
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Table 9.8 Adjustment Quantification for Road TrafigjRistRoad Transport (NO

Activity
(NFR)

1A3b Road
Transport

Activity technology

Emission Factors

Current EF
(g/km)

"Original"
EF (g/km)

2011

Current NOx emission (tonnes)

2012

2013

2014

39194.35 37393.35 36263.67 37404.00 38050.58 35229.98 37154.86 35173.60 32581.73 27429.07

Adjustment (tonnes)
1A3bi Passenger Cars -2629.67  -3496.04  -4258.93  -5063.59 -5927.95 -6458.65 -7065.15 -6438.25 -5801.75 -4978.63
1A3bii Light Duty Vehicles -500.95 -472.39 -482.78 -528.78 -635.30 -646.93 -876.93 -979.89 -517.41 -71.53
1A3biii Heavy Duty Vehicles and bus -6123.22  -5544.15 -5030.30 -5123.87 -4800.18 -3250.49 -2246.10 -940.41 94.82 1098.12
1A3biv Mopeds and Motorcycles -5.41 -3.76 -2.58 -1.76 -0.82 0.29 1.76 2.53 5.31 6.31
-9259.26  -9516.34  -9774.59 -10717.99 -11364.25 -10355.79 -10186.42 -8356.02 -6219.04  -3945.73
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9.3.2 1A3c Railways (N9

Justification t Significantly Different EFs

Emission factors for NGrom Railways (1A3c) were included in the EMEP/CORINAIR Emissions
Inventory Guidebook (version 2) in 1999 which were applicable when the emission ceilings were set.
Ireland used an EFE}u $Z ~, v }}l }( u]ee]}v & S}E-U E}v /v HeSE] o0 "}uf
Health and Environmental Protection, The Netherlands, 1980) in the emission inventory when the
emissions ceilings were sétowever, the EF used in the current national emissiovsntory is higher

than this original EF. Ireland considers that the current NOx EF for this source is significantly different,

as defined by the Directive (EU) 2016/2284 and is eligible for an adjustment.

The current EF for NOx is 49% higher than tigiral EF.

Quantification

The adjustment quantification is explained in Table 9.9.

The general approach for quantification is presented in section 9Th&.original EF for railways

~i T e ] (BE}u SZ ", v }} }( ulee]}lv & JEEU €IV ADUvBPEECQ }( , 0S.
Environmental Protection, The Netherlands, 1980). Tables 53, 55 and 57 on pa&jese8f) to diesel

locomotives for freight and passenger trains and for shunting locomotives and show an EF for NOx of
35g/kg of fuel or 88.2 kg/TJ (NCV of Gasoil, 43.31 MJ/kg). This EF is rounded up in the original
inventory to 810 kg/TJ.

Ireland now uses the EF from the Inventory Guidebook (EREAR, 2016) to replace the above
referenced EF which was published in 198t 2@1 adjustmentapplication for ND, submitted under

the NECD is based on the same methodology as used for the original approved adjustment application
which has been reviewed and approved by tharE2017, 2018, 2019 and 2020

Table 9.9. Adjustment Quantification &olnwRys (NQ

Emission Factors Current NQ emissions (tonnes)
Activity Current  "Original” 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
(Fuel) EF EF
(kg/TJ) (kg/TJ)
g‘ia;‘:l'/ 1,209.93 810 2,0131  2,0348 1,9484 1,940.3 17800 18141 18475 19072 19272  2,0167
Adjustments (tonnes)
Szz(sl'/ 665.39 -672.60 -644.03 -641.36 -588.36 -599.62 -610.68 -630.40 -637.01 --666.59
Total Adjustment (ktonnes)
Railways -0.67 0.67 0.64 0.64 -0.59 -0.60 -0.61 -0.63 -0.64 -0.67

9.3.3 1A3dii National Navigation (NQ

Justification t Significantly Different EFs
Emission factors for NGrom National Navigation (1A3dii) were included in the EMEP/CORINAIR
Emissions Inventory Guidebook (version 2) in 1999 when the emission ceilings wérelaed. used

V & (}E& *Z]%o % ]vP (E}lu $Z ", v }} }( ulee]}v & SlidstryyoE}v /v peS
Health and Environmental Protection, The Netherlands, 128@he emission inventory when the
emissions ceilings were sétowever, the EF used in the current national emission inventory is higher
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than this original EF. Ireland considers tha turrent NOx EF for this source is significantly different,
as defined by the Directive (EU) 2016/2284 and is eligible for an adjustment.

The current EF for NOx is @&rcenthigher than the original EF.

Quantification

The adjustment quantification explained in the Table 9.10.

The general approach for quantification is presented in section 9.2t#& original EF for
*Z]1% % ]VPIv AIP 3]}v ~i i 1] ]* (E}u 8Z ~, v }} }( ulee]}v & S8}E-U
(Ministry of Health and Environmental Protection, The Netherlands, 1980). Table 66 on page 91 refer

to seagoing vessels and show an EFN@X ranging from 35g/kg of fuel to 44 g/kg fuel depending on

the percentage power in use. This would equate to an EF for NOx between 808.2 kg/TJ to 1015.9 kg/TJ
(NCV of Gasoil, 43.31 MJ/KQ).

Ireland now uses the EF from the Inventory Guidebook (EREAR 2016) to replace the above
referenced EF which was published in 198t 2@1 adjustment application for ® submitted under

the NECD is based on the same methodology as used for the original approved adjustment application
which has been reviewed arapproved by the E@ 2017, 2018, 2019 and 2020

Table 9.10. Adjustment Quantification for National Navigatipn (NO

Emission Factors Current NQ emissions (tonnes)
Activity Current  "Original 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
(Fuel) EF EF

(kg/T)  (kg/TJ)

g;’";‘:l' "l 181250 980 48971 42513 44928 43946 55014 54261 65205 5757.6 63682 67824
Adjustments (tonnes)

Gasoil/Diesel 22494  -1952.8  -2063.7 20186  -2527.0  -2492.4  -2995.1  -2644.7 29251  -3115.4
Total Adjustment (ktonnes)

National -2.25 -1.95 -2.06 2.02 -2.53 -2.49 -3.00 -2.64 -2.93 312

Navigation

9.3.41A4ai Commercial/lnstitutional Stationary Combustion ¢NO

Justification t Significantly Different EFs

Emission factors for N@rom Commercial/Institutional stationary combustion (1A4ai) are included in

the EMEP/CORINAIR Emissions Inventory Guidebook (version 2) in 1999 when the emission ceilings

were set. Ireland used &+ (}E }u peS]}v ]Jv }uu E ] o (E}u dorioair 13 % P i0
ulJee]}v /IVA VE}EC (JE /E oV _ E %}ES % 0]Z C 3Z VA]E}vu v

dz - & V 0°} E (& v e d o X7 }( M"N}E]v]E d Zv] o vv
ulee]}v ( 8}Ee* Z v }}l_ %M 0]«ean Co@misgion in ®PHMewever, the EFs used

in the current national emission inventory are higher than these original EFs. Ireland considers that
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the current NOx EFs for these sources are significantly different, as defined by the Directive (EU)
2016/2281 and are eligible for an adjustment.
The current EFs for each fuel for this source;

Fuel oil isl6.6 percentower
LPG i46.7 percentower
Gasoil is 10@ercenthigher
Natural Gas is 4gercenthigher
Biomass is 8percenthigher
Biogas is 4®ercenthigher

X X X X X X

than the original EFs.

Quantification

The adjustment quantification is explained in Table 9.11.

The general approach for quantification is presented in section 9TA& original EFs for combustion

in commercial (1A4ai) are from Table 3.4 page }( ~ }E]v ]E i66i u]se]}v /VA v3}EC (
report published by the Environmental Research Unit in July 1993. These EFs can also be referenced
Jvd o iXi}("*}E]v]E d Zv] o vv £ e+ s}jopu TU ( poS wulee]}v (
by the European Commission in 1994. There are additional older references also available if needed.

Ireland now uses the EFs from the Inventory Guidebook (EEEER 2016) to replace the above
referenced EFs which were published in 1987, 1993 and I9842@0 adjustment application for

NO, submitted under the NECD is based on the same methodology as used for the original approved
adjustment applicatiorwhich has been reviewed and approved by tharE2017, 2018 and 2019

Table 9.11. Adjustment Quantificatar Commercial/Institutional Stationary Combustiaf) (NO

Emission Factors Current NOx emissions (tonnes)

Current "Original”

Activity (Fuel) EF EF 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
(kg/TJ) (kg/TJ)
Fuel Oil 100 120 28.22 23.05 19.05 17.11 14.54 13.11 5.89 5.22 2.69 0.88
LPG 74 50 240.32 234.47 225.95 261.46 211.42 225.23 199.85 201.11 216.01 221.11
Gasoil / Diesel 100 50 606.27 506.53 470.74 530.13 522.44 519.31 541.99 474.62 500.35 500.89
Natural Gas 74 50 1,104.89 1,105.15 1,228.44 1,159.40 1,092.27 1,183.87 1,190.84 1,211.37 1,275.89 1,302.24
Biomass 91 50 45.79 54.03 72.82 95.58 106.01 63.59 94.22 80.21 68.55 53.37
Biogas 74 50 11.87 13.08 12.12 13.78 16.03 16.92 21.48 23.49 23.37 25.67

Adjustments (tonnes)

Fuel Oil 5.64 4.61 3.81 3.42 291 2.62 1.18 1.04 0.54 0.18
LPG -77.94 -76.04 -73.28 -84.80 -68.57 -73.05 -64.82 -65.23 -70.06 -71.71
Gasoil / Diesel -303.13  -253.26  -235.37  -265.06 -261.22 -259.65 -270.99 -237.31 -250.18 -250.44
Natural Gas -358.34  -358.43  -398.41 -376.02 -354.25 -383.96 -386.22 -392.88  -413.80 -422.35
Biomass -20.63 -24.34 -32.81 -43.06 -47.76 -28.65 -42.45 -36.14 -30.89 -24.04
Biogas -3.85 -4.24 -3.93 -4.47 -5.20 -5.49 -6.97 -7.62 -7.58 -8.32
Total Adjustment (ktonnes)

Comm/Instit

Stationary -0.76 -0.71 -0.74 -0.77 -0.73 -0.75 -0.77 -0.74 -0.77 -0.78
Combustion
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9.3.5 1A4bi Residential Stationary Combustion (NO

Justification t Significantly Different EFs

Emission factors for NCfrom Residential stationary combustion (1A4bi) were included in the
EMEP/CORINAIR Emissions Inventory Guidebook (version 2) in 1999 when the emission ceilings were
set. Ireland used &+ (}E& }u peS]}v Jv E ¢] vS] o (E}u d o Emni%ioR io }( *
IVA VE}EC (JE /IE o v _ E %}ES %o 0]Z C 3Z VA]E}vu v3 0o Z -
V 0°} E (& v ed o IXT}(N}IE]JVv]E D Zv] o vv £ e« s}opu 1
Z Vv }}_ %u 0]eZ C 8§z U @on%n 1994 .Howdwver, the EFs used in the current
national emission inventory are generally higher than these original EFs. Ireland considers that the
current NOx EFs for these sources are significantly different, as defined by the Directive (EU)
2016/2284and are eligible for an adjustment.

The current EFs for each fuel for this source;

Bituminous coal and Anthracite are 1@6rcenthigher
Lignite, sod peat and peat briquettes are d€rcenthigher
Kerosene and Gasoil arg@rcenthigher

Petroleum cokes 49percentlower

Natural Gas and LPG arefddécentlower

Biomass is 2percentlower

X X X X X X

than the original EFs.

Quantification

The adjustment quantification is explained in Table 9.12.

The general approach for quantification is presented in section 9TAR .original EFs for stationary

}u uesSJ}v ~i 0 ] ]Jv §8Z & ¢] v8] o+ S}E E (E}u d o iXd % P io
IVA V3}EC (}E /E o v _ E %} E Smetatal B¢search Whit3rzJulyvIA9IE These EFs

V 0°} E (€& v ]Jvd o iXT}(~}E]v]Ed Zv] o vv £ ¢ s}topu 1
Z Vv }}_ %op 0]eZ C SZ PE}% Vv }luu]ee]}v ]JvidboXx dz &E & 18]
availableif needed.

Ireland now uses the EFs from the Inventory Guidebook (EMEP/EEA, 2016) to replace the above
referenced EFs which were published in 1987, 1993 and 1994, respeciike2@1 adjustment
application for ND; submitted under the NECD is basedthe same methodology as used for the
original approved adjustment applicatiavhich has been reviewed and approved by therE2017,

2018, 2019 and 2020
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Table 9.12. Adjustment Quantification for Residential Stationary Combustion (NO

EmissiorFactors
Activity (Fuel) Current EF "Original" EF

(ka/TJ) (ka/TJ)

Current NQ emissions (tonnes)

2010

2011

2012

2013

2014

2015

Adjustments (tonnes)

2016

2017

2018

2019

Bituminous Coal 24505 379.90 213.12 23353 332.96 314.95 25141 184.28 21151 14942
Anthracite 167.22 -169.30 -181.64 -241.14 -256.66 -255.15 246.45 321.62 -385.13 277.15
Lignite -4.35 -4.40 4.99 7.24 5.31 5.29 3.98 372 3.26 2.26
Sod Peat -69.27 -68.10 53.47 53.47 -53.47 -53.47 -53.47 -53.47 -53.47 53.47
Briquettes -36.88 32,01 -36.35 37.76 -30.26 -30.52 -28.97 -25.38 28.82 23.36
Kerosene -44.39 34,59 29.00 20.63 -28.05 3273 -34.43 -32.65 -36.15 34,63
LPG 12,51 11.48 11.07 13.41 12.05 12.23 16.17 16.00 18.03 16.75
Gasoil / Diesel -19.62 20.31 18.71 13.64 -0.65 -0.44 972 -11.34 -11.89 11,01
Petroleum Coke 27.25 17.77 20.31 22.44 17.36 13.34 11.29 7.75 7.20 4.19
Natural Gas 237.72 190.68 201.13 203.05 179.42 185.93 188.57 186.06 202.34 198.07
Biomass 39.92 35.50 41.43 43.85 39.68 45.09 43.17 39.49 42.70 34.84
-469.370 -454.088 -463.339 -533.665 -467.837 -444,948 -369.216 -383.155 -459.962 -208.346
Total Adjustment (ktonnes)
Residential Stationary 0.47 -0.45 -0.46 -0.53 0.47 -0.44 -0.37 -0.38 -0.46 -0.30
Combustion

1Includes Manufactured Ovoids,

2Biomass has a T2 method applied except to residential stoves and fireplaces for nontraded wood with EF 80kg/TJ
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9.3.6 1A4ciii National Fishing (N9

Justification t A New Source/Significantly Different EFs

Activity data to estimate emission of NQ@E&}u E S]}v o &J*Z]vP ~i & ]]]e 1 vVv}$§ /AE]-:
national energy balance until 2012, when they were first introduced for the -22A® energy

balance. Marine diesel used in National Fishing is now included in the energy balance for all years fro

1990 to 209.

For a new source, Directive (EU) 2016/2284 requires that the source is currently included in scientific
literature (such as the EMEP/EEA Guidebook), and that the source was not included in the historic
national emissions inventory when egsion ceilings were set. Both of these criteria are met, and it is
therefore concluded that Nemissions from national fishing (1A4ciii) are a new source and are
eligible for an adjustment.

The fuel allocated to National Fishing (1A4ciii) since 2012alishcrease the overall gasoil/diesel use

in the energy balance estimates, as the fuel was-allecated from the category
Commercial/lnstitutional (1A4ai) stationary combustion. So while National Fishing is in effect a new
source introduced in 2012, to el double counting it is more appropriate that an adjustment is
considered on the basis of significantly different EFs.

Quantification

The adjustment quantification is explained in the table 9.13 below.

The general approach for quantification is presented in section 9.2.2. Irelandaksetbr stationary

}u pesJ}v ]v 8Z }luu & ] ol/vesS]SusS]}vo S P}EC ~i d]s (Elud o iX
ulee]}v /VA v3}EC (}E /E o v _theEEmsijolnental IRes¢ach UniCin July 1993.

dz - &+ v o0°¢} E (& v Jv.d o 1i1X71 }( ~}E]v]E d Zv] o vv
ulee]}v ( 8}Ee Z v }}l_ % pu 0]eZ C SZ HE}% Vv }tuu]ee]}v Jv i6d0X

Ireland now uses an Eér NQ for National Fishing from the 20Version of the EMEP/EEA Emissions

Inventory Guidebook and is used to estimate emissions gfftf@ll years from 1990 to 2@lin the
current inventory submission.

Table 9.13. Adjustment Quantification for Naticsheh&i(NG)

Emission Factors Current NQ emissions (tonnes)
Activity Current  "Origina 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
(Fuel) EF I"EF

(kg/Td)  (kg/TJ)

Gasoil/Diesel | 1,812.59  50.00 1864.2 1544.1 17094 19021 1812.3 1593.3 14631 17325 2068.0 1785.5

Adjustments (tonnes)
Gasoil/Diesel -1812.8 -1501.5 -1662.2 -1849.6 -1762.3 -15494 -1422.7 -1684.7 -2010.9 -17363

Total Adjustment (ktonnes)
National

o -1.86 -1.54 -1.71 -1.90 -1.81 -1.59 -1.46 -1.73 -2.07 -1.79
Fishing
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The current EF for gasoil for this source is 3525% higher than the originehdEE@1 adjustment
application for NDx submitted under the NECD is based on the same methodology as used for the
original approved adjustment applicatiavhich has been reviewed and approved by therE2017,
2018, 2019 and 2020

9.3.7 3B1a3B4h Manure Management (NO

Justification t New emission source

Emissionsof N (E}u D VWE D v P uvd AE v}$ Jv op ]Jv /& o v [
inventory in 1999, when the ceilings were sefhis sector is to be considered as a new source
compared to when the emission ceilings were set, since default methodologies and emission factors
were not available in the EMEP/EEA Guidebook until the 2009 edkiorethodology is presented in

the 2019 EMEP/EEA Guidebook, and this is currently used to estimate emissions that are included in
the Irish national emissions inventory.

For a new source, the Directive (EU) 2016/2284 requires that the source is cuiiresitiged in
scientific literature (such as the EMEP/EEA Guidebook), and that the source was not included in the
historic national emissions inventory when emission ceilings were set. Both of these criteria are met,
and it is therefore concluded that N@missions from manure management are a new source and are
eligible for an adjustment.

Quantification

Emissions have been calculated by using the Tier 2-flagsnethodology for Nkland the default
emission factors presented in thieventory Guidebook (EMEEEA, 209), Chapter 3. B Manure
Management Table-20. As a new source, quantification of the adjustment is achieved by subtracting
the emissions from the national inventory total as shown in Table 9.14.

Table 9.14. Adjustments for Manure Managemeht (NO

Source Sector Adjustments (ktonnes)
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Manure Management 3B1a Dairy cattle| -0.039 -0.039 -0.039 -0.040 -0.040 -0.043 -0.046 -0.059 -0.071 -0.075

Manure Managementt 3B1b Nomdalry | 501 9591 -0689  -0.651 -0.595  -0.645  -0.656 -0.681  -0.737  -0.646

cattle

Manure Managementt 3B2 Sheep -0.047 -0.048 -0.050 -0.050 -0.049 -0.049 -0.049 -0.052 -0.051 -0.050
Manure Managementt 3B3 Swine -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002
Manure Managementt 3B4d Goats -0.002 -0.002 -0.001 -0.001 -0.001 -0.002 -0.001 -0.001 -0.001 -0.001
Manure Managementt 3B4e Horses -0.039 -0.039 -0.041 -0.037 -0.035 -0.034 -0.034 -0.031 -0.031 -0.030

Manure Managementt SB4TMules andl o002 0002 0002 0002 0002 0002 0002 0008 0002 0002
Manure Management3B4gi Laying heng -0.024 -0.024 -0.029 -0.032 -0.032 -0.036 -0.037 -0.039 -0.040 -0.041
Manure Management 3B4gii Broilers -0.077 -0.074 -0.074 -0.069 -0.078 -0.079 -0.079 -0.078 -0.077 -0.083
Manure Management 3B4giii Turkeys | -0.020 -0.025 -0.028 -0.026 -0.027 -0.028 -0.029 -0.029 -0.032 -0.030
";"oirl‘t‘:;e Management- 3BAgV OtMer| 4004 0004 0004 0004 0004 -0004 -0005 -0005 -0.005 -0.005
Manure Management t 3B4h Other
animals (solid)

Manure Management t 3B4h Other
animals (slurry)

Total Adjustment t 3B Manure
Management

-0.012 -0.006 -0.006 -0.006 -0.006 -0.006 -0.005 -0.004 -0.004 -0.003

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-0.868 -0.856 -0.967 -0.920 -0.873 -0.930 -0.945 -0.985 -1.052 -0.968

Environmental Protection Agency 232

\Y



9.3.8 3D Fertilisers applied to soils (MO

Justification t New Emission source
ulee]lve (E}u ( E3]o]s E % %o0] &} *}Joe A E v}3 ]v op Jv /E o v [
1999, when the ceilings were sdthis sector is to be considered as a new source compared to when
the emission ceilings were sei. methodology is @sented in the 209 EMEP/EEA Guidebook, and
this is currently used to estimate emissions that are included in the Irish national emissions inventory.

For a new source, the Directive (EU) 2016/2284 requires that the source is currently included in
scientifc literature (such as the EMEP/EEA Guidebook), and that the source was not included in the
historic national emissions inventory when emission ceilings were set. Both of these criteria are met,
and it is therefore concluded that N®missions from fertiier applied to soils are a new source and

are eligible for an adjustment.

Quantification

Emissions for 3Dal (Inorganiefétilizers including urea application), 3D2a (Animal manure applied

to soils), 3Da2b (Sewage sludge applied to soils) and 3Da3 @ih®ung deposted by grazing
animals) have been calculated by using the Tier 1 methodology and emission factors presented in the
Inventory Guidebook (EMEP/EEA, 20LThapter 3. D Crop production and agricultural soils Table 3

1. as shown in table 9.15.

Table 9.15. Adjustments for Fertilser applied to sois (NO

Source Sector Adjustments (ktonnes)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Inorganic Nfertilizers (includes| -13.94 -11.38 -11.41 -13.58 -12.77 -12.69 -13.05 -14.20 -15.72 -14.08
also urea applicatioA3Dal
Animal manure applied to soill -6.05 -6.01 -6.60 -6.62 -6.36 -6.68 -6.93 -7.17 -7.54 -7.12
3Da2a
Sewage sludge applied to sof -0.16 -0.11 -0.13 -0.10 -0.08 -0.09 -0.09 -0.09 -0.08 -0.10
3Dazb
Urine and dung deposited b) -10.35 -10.12 -10.41 -10.58 -10.52 -10.60 -10.94 -11.37 -11.64 -11.48
grazing animals3Da3
Total Adjustment t 3D Fertiliser -30.50 -27.62 -28.55 -30.88 -29.72 -30.07 -31.00 -32.83 -34.98 -32.78
application

9.4 NMVOC Adjustment Applications
9.4.1 Foodand Beverage Industry, 2H2: Spirits (NMVOC)

Justification- A New Source

EDsK u]ee]}ve (E}u 82 (}} v A EP v ussEC A E v}s ]Jv ou
emissions inventory in 1999, when the ceilings were set. A methodology is presented 20ihe
EMEP/EEA Guidebook, and this is currently used to estimate emissions that are included in the Irish
national emissions inventory.

For a new source, the Directive (EU) 2016/2284 requires that the source is currently included in
scientific literature guch as the EMEP/EEA Guidebook), and that the source was not included in the
historic national emissions inventory when emission ceilings were set. Both of these criteria were not
met, howeverparagraph 2 bis (a) (i) of Decision 2012/12 (as amended byEB@ER/127/Add.1

(2014/1)), indicates that a new source is eligible for an adjustment for a new source if a methodology
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