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ES EXECUTIVE SUMMWAR

Hungary, as a party tfie Convention on Longange Transboundary Air Pollution (CLRTAP), is required
to inventory emissions of air pollutants. The list of pollutants, the reporting years and the calculation
methodologies are defined by several Protocols of the Convention.

The main purpose of this Informative Inventory Report is to describe the input data and calculation
methodologies on which the emissions estimates are based thus increasing the transparency of the
inventory. The full inventory is presented in table forrsatled NFR.

The 2026 submission containgpartly recalculated time-series for all years between 1990 a224
(20002024 in the case of TSP, RyPM: 5, and BEL

Generally the latest version of the Guideboadk usedfor the emission calculationgg. the current
submission is based on tH2023 EMEP/EEA Guidebodk the extent possiblelLarge part of the
preparation of NFR and IIR has been assigned toAiheQuality Modelling & Emissions Uit
HungaroMet Hungarian Meteorological Servigince 2011 As this unit is also responsible for the
compilation of the GHG inventongonsistency of UNFCCC reporting of precursors and CLRTAP
reporting is ensured. There are further syges regarding data collectidrecause in many cases the
same data sources are needed for the preparatiorihef air pollutant emission inventory and the
greenhouse gas inventory (especially in the case of activity).data

In the following table the total emissions of the main pollutants are summarized. The values are
generallywell below the commitments of Hungaiy the original Gothenburg Protocol and the
National Emission Ceiling Directive (Directive 2001/81/EC) for 2010 and the yeargezafept for
NMVOC emissionm the period 2012013 due to new sourcesBimilarly our national emission
reduction commitmentsunder the Directive on the Reduction of National Emissions of Certain
Atmospheric Pollutants (Directive (ER016/2284), hereafter referred to as the NECD, were imet
2023 for all relevant pollutantsfter missing these commitmentsr NH and PM sin the period 2020

2022. Unfortunately, NH; emissionsincreased again over the daction commitment level in 2024.
Further comparisons are presented below in chapter 1.2 of the IIR.

Table ES.Total emissions in Hungary

Pollutant 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024
NOX (kt) 245.7 | 191.4 | 188.9 | 180.9 | 154.8 | 135.8 | 113.9 | 116.0 | 107.3 | 92.7 | 94.4
NMVOC (kt) 314.1 | 227.3 | 202.1 | 183.8 | 144.3 | 136.7 | 124.4 | 122.6 | 119.4 | 114.5 | 108.1
SOx (kt) 8325 | 615.7 | 427.9 | 425 | 303 | 238 | 165 | 140 | 139 | 108 | 85
NH3(kt) 1489 | 858 | 929 | 872 | 768 | 863 | 90.7 | 913 | 817 | 726 | 79.4
PM2.5(kt) NR| NR | 488 | 41.0 | 506 | 514 | 36.8 | 37.7 | 359 | 328 | 313
PM10(kt) NR| NR| 726 | 724 | 724 | 724 | 536 | 535 | 51.2 | 47.1 | 457
TSP(ki) NR | NR |104.8 | 132.1 | 106.6 | 1052 | 775 | 73.4 | 70.0 | 63.3 | 62.8
CO(kt) 1415.6 | 981.3 | 856.6 | 700.5 | 558.3 | 476.9 | 349.3 | 352.4 | 342.8 | 307.5 | 287.4
Pb (t) 817.9 | 1450 | 215 | 145 | 126 | 134 | 138 | 159 | 16.1 | 134 | 121
cd (1) 19| 16| 18| 14| 15| 17| 14| 14| 13| 12| 1.2
Hg (t) 28| 20| 17| 13| 09| 09| 08| 08| 07| 06| 06
PCDD/F (gTeq) | 113.2 | 789 | 81.8 | 63.0 | 77.2 | 77.7 | 59.9 | 56.9 | 51.6 | 43.9 | 427
PAHS (1) 839 | 353 | 30.6 | 285 | 337 | 325 | 231 | 234 | 227 | 206 | 195

NR = PMs are to be reported from 2000
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1 INTRODUCTION

1.1 National inventory background

CLRTAPfConvention on Longange Transboundary Air Pollution

Present Informative Inventory Report is required by the Convention on-taoge Transboundary Air
Pollution ratified by Hungary in 1980.

Tablel.1 HU ratification dates of CLRTAP and its Protocols

Signature Ratification*
1979 Convention 13. 11. 1979 22.09. 1980 R

Base year Ratification*
1984 EMEP Protocol)a - 08.05.1985 Ap
1985 Sulphur Protocol (b 1980 11.091986 R
1988 NQ Protocol (9 1987 12.111991 Ap
1991 VOC Protocol }d 1988 10.111995 R
1994 Sulphur Protocol (e 1980 11.032002 R
1998 Heavy Metals Protocol)(f 1990 19.042005 R
1998 POPs Protocol)g 1990 07.012004 R
1999 Gothaburg (Multi-effect Protocol) (N 1990 13.112006 Ap
Amendment of the Gothenburg Protocol 2005 28.07.2023 A

Notes: * R = Ratification, Ap = Approv&kAcceptance

(Source: https://treaties.un.org/Pages/Treaties.aspx?id=27&subid=A&clany=_en

Convention on Longange Transboundary Air Pollutigradopted 13.11.979 in Genevaentry into
force 16.3.1983.

(@) Protocol to the 1979 Convention on Lergnge Transboundary Air Pollution on Ldegnm
Financing of the Cooperative Programme for Monitoring and Evaluation of the-rangg
Transmission of Air Pollutants in Europe (EMEP), adopted1984.in Geneva entry into force
28.1.1988.

(b) Protocol to the 1979 Convention on Laeramnge Transboundary Air Pollution on the Reduction of
Sulphur Emissions or their Transboundary Fluxes by at least 30 per cent, adopt88Bii. Helsinki
entry into force 2.9.1987.

(c) Protocol to the 1979 Convention on Lerange Transboundary Air Pollution concerning the Control
of Emissions of Nitrogen Oxides or their Transboundary Fluxes, adoptedl®B8& Sofiaentry into
force 14.2.1991.

(d) Protocol to the 1979 Convention on Laragnge Transboundary Air Pollution concerning the Control
of Emissions of Volatile Organic Compounds or their Transboundary Fluxes, adopted9P8. lit.
Geneva entry into force 29.9.1997.
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(e) Protocol to the 1979 Convention on Larange Transboundary Air Pollution on Further Reduction
of Sulphur Emissions, adopted 14.6.1994 in Oslo, entry into force 5.8.1998.

(f) Protocol to the 1979 Convention on Laramnge Transboundary Air Pollution on Heavy Metals,
adopted 24.6.1998 in Aarhus (Denmark), entry into force 29.12.03

(g) Protocol to the 1979 Convention on Laranpge Transboundary Air Pollution on Persistent Organic
Pollutants, adopted 24.6.1998 in Aarhus (Denmark), entry into force 23.10.03.

(h) Protocol to the 1979 Convention on Lerange Transboundary Air Pollution to Abate Acidification,
Eutrophication and Grounbkvel Ozone, adopted 30.11.1999 in Gothenburg (®rgcentry into force
17.05.05.

Reporting requirements

Reporting is based othe 2023Guidelines for Reporting Emissgand Projections Data under the
Convention on Longange Transboundary Air PollutigeB Decision 2022)1which includean NFR
(Nomenclature for Reporting) reporting templagdnnex l)and the recommended structure of IIR
(Annex 1) The latest vision of the Annextemplate (as revised in 18.11.2019) is used for reporting of
emissions.

The latest reported year is always the year two year®tmethe submission (e.g. in 202de latest
reported year is 202).

NFR Table of Hungary is available at:
https://www.ceip.at/statusof-reportingandreviewresults/2024submission

The required reporting of time series by pollutants:
YEARLWINIMUM (and ADDITIONAL)
. National totals:

. Main pollutants: SQNG, NH, NMVOC, CO: 19802

. Particulate matter: Pk, PMo, TSP, BC: 2062

. Heavy metals: Pb, Cd, H@\5( Cr, Cu, Ni, Se, ZI990;x-2
. POPs: 199Q-2

. Sector emissions:

. Main pollutants: SQNQG, NH, NMVOC, CO: 19892

. Particulate matter: Pk, PMho, TSP, BC: 20062

. Heavy metals: Pb, Cd, H@\5( Cr, Cu, Ni, Se, ZI990;x-2
. POPs: 199@3-2

. Activity data:1990;x-2

ORNWNPE T AOWNPFE >

The same reporting format is required by NEC Directive (currently: Directive on the Reduction of
National Emissions of Certain Atmospheric Pollutants (Directive (EU) 2016/2284)).
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HUNGARY Informative Inventory Report9902024 INTRODUCTION

Definition of pollutants

The list and definitios of the substances to report asdsoincluded in the 2023 Reporting Guidelines
as follows:

(a) Sulfur (SQ, which means all sulfur compounds expressed as sulfur dioxidg (8€uding sulfur
trioxide (S@), sulfuric acid (F$Q), and reduced sulfucompounds, such as hydrogen sulfideSH
mercaptans and dimethyl sulfides, etc.);

(b)Nitrogen oxides (N which means nitric oxide and nitrogen dioxide, expressed as nitrogen dioxide
(NGy;

(c)Ammonia (Nh);

(d) Nonmethane volatile organic compounds (NMVQ@4)ich means all organic compounds of an
anthropogenic nature, other than methane, that are capable of producing photochemical oxidants by
reaction with NQin the presence of sunlight;

(e) Carbon monoxide (CO);

(f) Particulate matter (PM)which is an air pollutant consisting of a mixture of particles suspended in
the air. These particles differ in their physical properties (such as size and shape) and chemical
composition. Particulate matter refers to:

(()PMs 2NJ LI NI AOESa 6AGK 'y FSNRBReylYAO RALFYSS
([()PMo= 2NJ LI NIAOEt Sa 6AGK Fy FSNRReylIYAO RAIYSH
(g) Cadmium (Cd) and its compounds;
(h) Lead (Pb) and its compounds;
(i) Mercury (Hg) and its compounds;

(i) Polycyclic aromatic hydrocarbons (PAHSs). For the purposes of emission inventories, the following
four indicator compounds shall be used: benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene
and indeno(1,2,3 cd)pyrene;

(k) Dioxins and furangPCDD/F), which are polychlorinated dibeqedioxins (PCDD) and
polychlorinated dibenzofurans (PCDF), tricyclic, aromatic compounds formed by two benzene rings,
connected by two oxygen atoms in PCDD and by one oxygen atom in PCDF, the hydrogen atoms of
which may be replaced by up to eight chlorine atoms;

() Polychlorinated bipheny(®CBs), which means aromatic compounds formed in such a manner that
the hydrogen atoms on the biphenyl molecule (two benzene rings bonded together by a single-carbon
carbon bond) may be replaced by up to 10 chlorine atoms;

(m) Hexachlorobenzene (HCB), Chemical Abstracts Service (CAS) RegistrylN8mbér
o0 .t O1 OFNb2yé¢ o0./03X gKAOK YSIFya OFNbz2yl OS2dz
(p) Total suspended particulate matter (TSP);

(9) Arsenic (As), chromium (Cr), copper (Cu), nickel (Ni), selenium (Se) and ziaad(Zhgir
compounds.

HU reports all substances for all years whealculation method in the 202BMEP/EEA Guidebook is
available and data availability permits.
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Table 1.2HUcommitments othe originalNEC Directive and Gothenburg Protocol

COMMITMENT] LATEST INVENTORY DATA
NEC GP |2010 | 2011 | 2012 {2013 {2014 | 2015 | 2016 | 2017 | 2018 | 2019
SOx 500 550 30 34 30 29 26 24 23 28 23 18
NOXx 198 198 155| 145| 138| 133| 133| 136| 128| 130| 129| 122
NH3 90 90 77 78 77 80 81 86 88 90 90 89
NMVOC | 137 137 144| 147| 147| 144)| 134| 137| 136| 133| 127| 126

The Gothenburg Protocol was amended in 2012 to include national emission reduction commitments
to be achieved in 2020 and beyond and introduces emission ceiling for fine particulate mattej (PM
as well. The new commitments are not absolute (Gg) emission levels anymore, but % reduction
commitments relative to emission level of year 2005 within the m@gstto date (continuously
recalculated) emission inventory submission. The new commitments of Hungary are presented in the
following table together with theactual status of relative reduction.

Tablel.3 Base year emissions and reduction commitment percentages for 2020 defined by the
amended Gothenburg Protocahd the current status of compliance

GP
LATEST INVENTORY DATA| COMMITMENS STATUS OF COMPLIANCE
. % chang % distance
0,
2005 2024 c/oonrweiﬂggotg N O I oY
P 2005 level in | commitment in
2005 level 2024 2024
NOXx (kt) 181 94 -34% -48% 14%
VOC (kt) 184 108 -30% -41% 11%
SQ (kt) 42 8 -46% -80% 33%
NHs (kt) 87 79 -10% -9% -1%
PM:s (kt) 41 31 -13% -24% 11%

Note:Red =at present commitment not achieved



HUNGARY Informative Inventory Report9902024 INTRODUCTION

1.2 Institutional arrangements

The minister responsible for the environment has overall responsibility for the CLRTAP reporting.

He is responsible for the necessary institutional, legal and procedural arrangements, and for the
strategic development of the inventory. Since the Ministry of Environment and Water had been
abolished after the elections in spring 2010, its main tasks baes taken over by the Ministry of
Rural Development and from 2014 the Ministry of Agriculture. Following the 2022 elections, the
Ministry for Technology and Industry took over the environmental issues until December 1, when the
new Ministry for Energy Adirs was established with responsibilities for climate policy and
environment, among others. Within this ministry, a State Secretariat for Environment Protection and
Circular Economy was established with the following tasks: waste management, air godlitpise
policies, environmental remediation, industrial emissions, environmental educatiodabets etc.

The preparation of the inventory has always been a joint effort of several institutions and experts.
Currently, Government Decree 306/2010 of 23 December 2010 on air protection regulates the
preparation of national emission inventories and projections, and informative inventory refdns.
inventories are prepared by the minister for the environment based on a proposal prepared by
HungaroMet Hungarian Meteorological Servigthereinafter: HungaroMet), a statewned limited
company.This decree also formalizes the participatimfrinstitute for Transport Sciences and Quality
Control in BuildingKT) and Institute of Agricultural Economics Nonprofit LA in the preparation

of the inventories. These institutes are responsible for the transport and agriculture sectors,
respectively.

Government Decree 547/2023 of 12 December 2023 on the national meteorological service provider
and meteorological activities in Hungary specifies the duties of HungaroMetirtblaide also the
preparation of emission inventories of greenhouse gases and air pollutants fofulfilenent of
reporting obligations arising from international treaties. A greenhouse gas inventory division was
already established in 2006 within the Met. Service for the preparation and development of the GHG
inventory. The name of the division was changed ta BhNational Emissions Inventories in 2015 to
reflect the fact that this unit is also responsible for the compilation of air pollutant emission reports.
From 2024 on, the emission inventories are compiled in the newly establisinguality Modelling

& Emissions Unitof HungaroMet.Thisunit is responsible for most inventory related tasks, compiles
the inventories and other reports with the involvement of external institutions and experts, partly on
a contractual basis. Many parts of the inventory (energy, industrial processes, and wagepaed

by the experts of the nit themselves.

1.3 Inventory preparation process

The annual inventory cycle is aimed to be carried out in accordance with the principles and procedures
set out in the2023 Reporting Guidelines for reporting emissions and projections data under the
Convention (EB Decision 202p/As a general method of preparing the inventory, gitecedures
described in the 2023 EMEP/EEA Guidebook are applied.

As described above, th&ir Quality Modelling & Emissions Unit of Hungaroldattributes largely to
the inventory therefore the following synergies can be utiliZzE€dere is a wellunctioning national
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system in relation with the UNFCCC reporting with all the necessary institutional, legal and procedural
arrangementsTheavailability of data (and possibility of verification) has significantly expanded thank
to the fact that in many cases the same data sources are needed for the preparation of air pollutant
emission inventory (especially in the case of activity data) haddHG Inventorysovernment Decree
278/2014 of 14 November 2014 on the method of preparation of the national greenhouse gas emission
inventory and the reporting regimeelegates datecollection rights relating data needed for the
preparation of the GHG wentory toHungaroMet It can also be built on the QA/QC activities carried
out regularly by the emission team. A hiltvel archiving system secures the availability of the
electronic databases and all the calculations and background information.

Usually, the sectoral experts are responsible for the choice of methods and emission factors. According
to the recommendations of th@023 EMEP/EE&uidebook the calculation methods are chosen by
taking into account the technologies available in Hungary whenever possible. The calculation of
emissions occurs basically by using the formula: AD x EF, where the activity data (AD) can be raw
material or product oenergy use etc. Part of the available data (e.g. production data) can directly be
entered into theformula above; others required previous processing and conversion. For example,
energy data are not always available in the required depth and resolution. The default emission factors
(EF) are being gradually replaced by coustrgcific emission factorsharacteristic of domestic
technologies. Efforts are made to use the highest possible Tier method, especially in case of key
categories. After preliminary quality control of the basic data, the necessary calculations are carried
out by the core team. Afteother necessary QC steps, NFR table is filled in and the assigned chapters
of IR report are prepared.

The official submission is made then by the Ministry for Energy Affairs.

1.4 Methods and data sources

General description of methodologies, emission factors and activity data

Different data sources amonsideredduring preparation of NFR for activity data and emission factors
as well.

The data sources for activity datecludeHungarian Central Statistical Office (HCSO), National Energy
Balance, activity data reported by companies for UNFCCC reporting (CRF) purposes and other
international statistics (FAOStat, EUROSTAT), and EU ETS database (verified greenhouse gas emissions
database held by the National Inspectorate for Environment, Nature).

These data sources became available owing mainly to the present situation that the same unit was
contracted for the preparation of CLTRAP and NEC reporting as the preparation of the Greenhouse Gas
Inventoryas described above.

The used mission factors are taken frotne 2023 EMEP/EEA Guidebgake 2006 IPCC Guidelines
and the 2019 Bfinementto the 2006 IPCC Guidelines
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LAIR

In several cases emission data reported directly by individual companies are taken into account during
preparation of CLRTAP reporting. This database is available iHuhgarian Air Emissions
Information System (LAIR)s a segment of the National Environmental Information System (OKIR)
operated by the Ministryor Energy Affairand updated by theelevant egionalGovernment Offices

The database is partly available for the publichiips://web.okir.hu/hu/ (In Hungarian).

The emission data of LAIR is reported yearly by companies covered by Government Decree 306/2010
and all companies covered by Directive on Integrated Pollution Prevention and Control (2008/1/EC)
and 166/2006/EC Regulation on European Pollutant Releaseransfdr Register (ERTR) (amended

by Industrial Emissions Directive).

Technologies (emission sources) and the related emission limit values prescribed for companies
covered by Govt. Decree 306/2010 are listed in Ministerial Decree 4/2011 (1.14) VM. This list is mainly
taken from Annexes on ELVs of Gothenburg Protocol anet eaéichnology specific EU regulations.

The method and frequency of the required measurement are regulated in the Ministerial Decree
6/2011 (1.14.) VM. This decree prescribes the use of accredited laboratory and the implementation of
continuous measurement systems for large emitters.

LAIR as part of the Hungarian Environmental Information System has been migrated into a new
database in the beginning of 2015. From 2015 all data provisions are to be completed electronically.

The list of pollutants to be reported into the Air Emissions Information System database can be found
in Annexes of Government Decree 306/2010 (XII. 23.). It contains mastly the pollutants covered by E
PRTR and IPPC (and several additional). However, ithamereporting threshold for the pollutants,

the operators report only those pollutants, which are included in their environmental permit. The
environmental permits are of course issued based on the legal instruments mentioned before, but the
implementaion (e.g. the content of the environmental permits) is not fully consistent across the
regionalGovernment OfficesThis causes some inconsistencies within the country level database.

Emission of pollutants is reported in kg/year, however connecting these emissions to activity data or
data on fuel use is a little cumbersome at the moment.

In addition, high precaution is needed to use the data of this system, since the list of pollutants are not

the same as the needs of NRF reporting (especially for NMVOC (separate organic compound are
reported and not in group), solid particles (no Bind PMsF NI OG A2y a | NS NBLR2NISR
is probably due to the fact that IPPC arBETR (replaced by IED) do not explicitly require the grouping

of organic compounds and disaggregation of particulate matter emissions. Both EU regulation (IED;
proposal on medium combustion plants, etc.) and updated Gothenburg Protocol Annex X contain
SYyraarzy tfAYAQG OFfdzSa 09 +an@ PMsLThefedorid) wheh plant R dza G ¢
specific data is used in the case of particulate matter emissions, the proportion gfaPil PM s

emissions is calculated from TSP based on proportion of T1 or T2 emission factors forid BRIRM

In addition, the completeness and quality of data reported by the individual companies have to be
compared with other data sources, such as national statistics, EU ETS data, etc. There are several
further characteristics of the data from LAIR which regaigpecific attention or might be regarded as
disadvantageous

- It is available only from year 2002. So, whenever LAIR data is used there is a need of change of
method, splicing, extrapolation, etc. before 2002, in order to be able to report the entire time series.
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- Combustion and process emissions are not always separated in LAIR. (The reporting is disaggregated
by point sources, so it depends on the situation and environmental permit whether the combustion
emissions and process emissions use the separate staci@.p In these cases, it is not possible to
divide emissions between sector 1 (Combustion) and sector 2 (industrial processes) in NFR.

The advantage of the use of directly reported emissions is that it includes also the abatement
techniques implemented unlike the most default factors. Also, reporting is continuously improving due
to the enforcement actions of the region@overnment Offices

Due to the abovenentioned facts, the data from this system is used only in cases when needs of NFR
reporting and data available in the system exactly matches (the same pollutant and the complete
group of polluters are covered) and/or the completeness eglbility of data is assured. Thus, data

is verified with other data sources (sometimes with TIER1 approach of Guidebooks) or there is no other
data source available. The use of directly reported emissions is prioritized in the case the above
mentioned citeria are met. It is worth mentioning that LAIR has been used for EFERIR reporting
purposes as well.

In year 2015 the LAIR database has been completely renewed and restructured. In some cases, also
facility data have been updated. In these cases, old and new data have been compared and
recalculations have been performed where the changes are justified.

IPPC Permitting

Hungary is a Member State of the EU since 2004. So, it is important to state that air polluting facilities
in Hungary are regulated based on EU requirements. For example, 2008/1/EC Directive on Integrated
Pollution Prevention and Control replaced now brediive on industrial emissions 2010/75/EU (IED)
which describes the use of BAT is implemented and enforced. Compliance is regularly checked by the
regionalGovernment Offices

In order to present the implementation of IPPC Directive in Hungary, please find below some short
quotation from Reports submitted by Member States on the implementation of directive 2008/1/EC,
Directive 2000/76/EC, Directive 1999/13/EC and further development of the web platform to publish
the information

(http://eea.eionet.europa.eu/Public/irc/eionet

circle/reporting/library?l=/ippc/implementation 2002008/main_reports&vm=detailed&sb=Title

G¢KS Lttt/ 6dzy ATASR SYGANRBYYSyYy(d dziaft AT GA2Yy 0 LISNY
61 GSN) Fdzi K2NAGASEY OdaNNByidfte GKSNB INB mn 2F (KS
G¢KS O2y Syl NBIIANBYSyGa 2F FLILX AOFGA2ya F2N dzy
the submission of all information mentioned in Art. 6 of the Directive.

BAT guides were prepared (full translations, Hungarian summaries and national guidelines adapted to
| dzy 3 NR 'y OA NDOdzY aumwypordd 0 ¢ 6! gL At ot S |

GClILOAfAGASE FlLEtAY3a gAGKAY GKS aol02LIS 2F GKS D2@
the permit. Data shall be provided on the template form published in the official journal of the Ministry

of Environment and Water or on electronictalacarriers. The operators shall perform their data

provision obligation in line with the provisions of the permit. The unified environmental permit contains

the measurement and supervision/monitoring requirements that are necessary to follow up the
envirmmental effects of the activity. It specifies the measurement method and frequency, the
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evaluation process and the method, content and frequency of the mandatory data provision to the
authorities. Unless provided otherwise by the authority, the authorized person shall provide data at
least annually. The data provider is liable for providihghe data and for the quality of the provided
data, the accounting rules, statistical system and other registers, measurement and monitoring data.
The permits for facilities falling within the scope of the decree shall contain provisions in case of
extraordinary kinds of operation (e.g. staup, immediate stop, malfunction, and cessation of the
activity). It shall contain measures that are necessary to prevent extraordinary, unexpected
contaminations, and it shall contain provisions regarding the metraticontents of the notification

to be sent to the authorities. In case of facilities that are not subject to the Act on civil protection, the
operators shall attach the description of measures applicable to operation safety and measures to be
implementedn case of accidents.

The Gov. Decree prescribes that the supervising authorities shall visit the facilities falling within the
scope of unified environmental permit at least once a year. During the visits, compliance with the
provisions of the permit shall be checked, a restil be taken, and the adequate measures shall be
GF1Sy=Z AT ySO0Saal NB ¢

EPRTR

The European Pollutant Release and Transfer RegisRRTIR) contains the reported emission data of
industrial facilities including the main air pollutants. List of pollutants to be reported and requirements
of reporting are regulated by 166/2006/EC Region of the European Union (replaced now by
directive on industrial emissions 2010/75/EU (IED), which is of course applicable in Hungary too.
Facilities falling under the-BERTR regulation comply with their air pollutant release reporting
requirement by he means of the LAIR system described above. Data of LAIR is then checked (and
corrected if needed) by local Inspectorates for Environment, Nature and finally prepared for
publication by the Ministry responsible for environment.

Hungary has a local website whera Bv¢ w RF GF 6aStaArte | O0Sa
AYRAZAGNARLFE FFEOAfAGASAE a0 Aa F@FAflIofSY Ki
http://prtr.ec.europa.eu/

Unfortunately, in the case of particulate matter, heavy metals, and persistent organic pollutants the
coverage, grouping, disaggregation level differs from CLRTAP reporting. In addition, pollutants are to
be reported for the EPRTR only above thresholddetenined by the EPRTR Regulation. In every case

it is important to take into consideration that-BRTR has different objectives than the CLRTAP
inventory as it aims to make publicly available the environmental data of big emitters at facility level
whilst CLRTAP reporting aims to provide complete, country level information.

1.5 Key categories

Please find blow the definitions of the 202EMEP/EEA Guidebook related to key category and key
category analysis:

a! 18e OIFGSaz2NE Aa 2yS G(GKFG A& LINA2NAGAT SR 6AGKA
AYLRNIFYG F2N 2yS 2NJ I ydzYoSNI 2F AN LRt fdzil yia
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terms of the absolute level, the trend, or the uncertainty in emissibns.good practice for each

country to use key category analysis systematically and objectively as a basis for choosing methods of
emission calculation. Such a process will lead to improved inventory quality as well as greater
confidence in the resultingstimates. This can be achieved by performing a quantitative analysis of the
relationship between the magnitude of emissions in any one year (i.e. level) and the change in emissions
VSENJ G2 @SEFNJOADPSD GNBYRO F2N SIOK OFGS3az2NerQa Sy
A LEVEL assessment was performed to identify key categories using Approach 1. In Approach 1 the
okey categories are identified using a predetermined cumulative emissions threshold. Key categories

are those which, when summed together in descending order of magnitwahelatively add up to 80

% of the total levep €

5dzNAy 3 | £ S @S fonttibatdrich éadh Solite catéiginsto the total national inventory
f S @shigséssed in the given ye&quation for level agssment (Approach 1) of the 20EMEP/EEA
Guidebook is:

Key category level assessmenifeurce category estimaté total contribution

After definition of the level, the source categories are sorted in descending order of magnitude, and
the cumulative total is summed up in the following column. The key categories are where the
cumulative total reaches 80% threshold.

Tablel.4 Summary of Approach 1 level key category analysis fat 202

% contributions to pollutant totals for key categories
i 0,
cl:\lcl):dr\:a Long name (cumulative 80 %)
CO NHs |[INMVOQ NOx | PMyp | PMxs | SQ
1Ala Public electricity and heat production 6.5% 38.7%
1A2f Stationary combustion in manufacturing 2.4% 4.6%
industries and construction: Nemetallic
minerals
1A3bi | Road transport: Passenger cars 16.2% 3.5% | 17.9%
1A3bii | Road transport: Light duty vehicles 8.7%
1A3biii | Road transport: Heavy duty vehicles and bus 12.1%
1A3biv | Road transport: Mopeds & motorcycles 2.5%
1A3bv | Road transport: Gasoline evaporation 4.4%
1A3bvi | Road transport: Automobile tyre and brake 4.0% | 3.0%
wear
1A4ai | Commercial/Institutional: Stationary 2.9%
1A4bi | Residential: Stationary 67.0% 18.6%| 9.7% | 53.6%| 76.4%| 27.0%
1A4cii | Agriculture/Forestry/Fishing: Ofbad vehicles 3.8%
and other machinery
1B2b | Fugitive emissions from natural gas 2.5%
(exploration, production, processing,
transmission, storage, distribution and other)
1B2c Venting and flaring (oil, gas, combined oil an( 7.1%
gas)
2A5b | Construction and demolition 7.8%
2B10a | Chemical industry: Other (please specify in tk 3.5%
IIR)
2B10a | Chemical industry: Other (please specify in t 5.4%
IIR)

13
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% contributions to pollutant totals for key categories
(’:\l:dz Long name (cumulative 80 %)
CcO NHs NMVOQ NOx PMuo PM; 5 SQ

2D3a | Domestic solvent use including fungicides 11.7%
2D3d | Coating applications 4.0%
2D3g | Chemical products 4.8%
2H2 Food and beverages industry 5.5%
3Bla | Manure managementDairy cattle 9.5% | 7.2%
3B1b Manure management Non-dairy cattle 8.9% | 7.3%
3B3 Manure management Swine 8.8%
3B4gii | Manure management Broilers 43% | 2.2%
3Dal | Inorganic Nertilizers (includes also urea 38.0% 14.3%

application)
3Da2a | Animal manure applied to soils 11.6% 3.9%
3Dc Farmlevel agricultural operations including 13.6%

storage, handling and transport of agricultura

products
3De Cultivated crops 2.4%
5C2 Open burning of waste 2.9% | 3.5%
TOTAL 83.1%| 81.1%| 80.1%| 82.3%| 81.9%| 82.9%| 82.8%
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Table 1.5Summary of Approachtiend key category analysis for 202

% contributions to pollutant totals for key categorie
NFR Cod Long name (eumuiative BO%%)

CO | NH; [NMVOQ NOx | PMyo | PMzs | SQ
1Ala Public electricity and heat production 18.0% |28.5% |20.8% |50.4%

Stationary combustion in manufacturing industries
1A2e and construction: Food processing, beverages an 3.8%
tobacco

1820 |2 construsion: Nometalic minerals 5%
Tl e
LR e e
1A3bi Road transport: Passenger cars 53.0% 42.1% (11.7%
1A3bii Road transport: Light duty vehicles 26% |4.1%
1A3biii  |Road transport: Heavy duty vehicles and buses 9.6% |3.8% |6.2%
1A3bv  |Road transport: Gasoline evaporation 2.0%
1A3bvi |[Road transport: Automobile tyre and brake wear 3.1% |2.5%
1A3c Railways 6.2%
1A4bi Residential: Stationary 27.7% 8.6% | 6.1% | 16.3%| 25.2%| 29.9%
1AdGii ﬁtgr]]récrur::::eh/;(;?stry/Flsh|ng. Ofbad vehicles and 6.6% | 2.49% | 3.9%
2A1 Cement production 42% | 3.7%
2A5b Construction and demolition 8.8%
2B10a |Chemical industry: Other (please specify in the IR 6.4%
2B2 Nitric acid production 4.5%
2C1 Iron and steel production 4.7% | 5.9%
2D3d Coating applications 144%
2D3h Printing 2.9%
2H2 Food and beverages industry 25%
3Bla Manure managementDairy cattle 4.2%
3B1b Manure managementNon-dairy cattle 34% | 4.2%
3B3 Manure management Swine 23.3%
3B4gi Manure management Laying hens 4.5%
3B4gii Manure managemert Broilers 10.0%
3Dal Inorganic Nfertilizers (includes also urea applicatig 6.1%
3Da2a |Animal manure applied to soils 28.9% 2.4%
5C2 Open burning of waste 7.0% | 9.9%
TOTAL 80.6% | 82.5%)| 80.8% |81.0%| 814% | 824%| 80.3%
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1.6 QA/QCand verification methods

The Hungarian Meteorological Servidegal predecessor of HungaroMeémntroduced the quality
management systen®lO 9001:2000 in 2002. Theitresponsible for mission Inventories has an own,
specific ISO procedure, which aimsftidfil the QA/QC requirements of UNFCCC reporting mostly
applicable fo the CLRTAP reporting as welaving an ISO system in place has an advantage of being
subject to regular internal and external audifthe most recent wtlepth external audit was held in
December 2023vhich the activities of themission unitwere also auditedTherefore, we carlaim

that the inventory is subject to and our procedures are in line with ISO 9001:2008

The ISO procedure regarding thanit responsible for emissiomventoriesis used as QA/QC Plan
required by the UNFCCC reporting. General elements of this QA/QC Plan are algplieiCLRTAP
reporting. In addition, QA/QC Plan has been updated in 2014 in order to extend the provisions
regarding CLRTAP reporting taddur most recent QA/QC Plan (No.: MFO_NELO_402.01) is from
December 2022Please find the English version of the updated QA/QC Plan in Anpiekational
Inventory Repor{2023submissiol), available athttps://unfccc.int/documents/627849.

In many cases the Hungarian emission data have been compared to data of other EU countries and to
the reporting of the EU. It is mentioned in the specific-shbpters of present IIR, where significant
differences have been found.

RepDab Report (availablewatvw.ceip.a) is also generated as an additional QA/QC activity.

Comparison of NFR, LAIR arEFEETR

Table A2.1 in AnneX presents a verification performed using the data sources mentioned in Chapter
1.5, EPRTR, IPPC and other direct reporting) with NFR (or the relevant sectors of NFR).

It is normal that EPRTR national totals are always lower than others due to limited scope (reporting is
compulsory only above certain amount of emission).

It is also normal that in the case of NOx and CO NFR National Total is much bigger than LAIR and E
PRTR as, transport and residential combustion sectors are significant emitters. Therefore, the SUM of
(1A1+ 1A2+ 1A4ai+ 2+ 5C1) NFR sectors is also ingfuttexi Table above. In the case of NH3, the
SUM of NFR sectors 3B3 (Swine) and 3B4g (Poultry) is also noted in order to facilitate comparison with
EPRTR, where only swine and poultry is regulated.

However, unfortunately, the big difference between the tiseries proof that plant specific reporting
is very poor in the case of NMVOC and PMs. In the case of SO, it is possible to observe the strong
decline in emission between 2004 and 2005 in all sase

Verifications with IIASA GAINS model

During the bilateral consultations with IIASA as part of the preparation for the amendment of the NEC
Directive held in AprMay 2014, national and sectoral totals and key categories have been compared
between IIASA GAINS model and HU results.

The recalculated time series by Hungary are much closer to results of IASA GAINS model.

After the detailed analysis of the remaining differences, further refinements were made from both
sides. Several data from IIASA have been implemented for the final time series submitted by Hungary
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in 2014 May and reasonable suggestions were made to IIASA for correction of some emission factors

or activity data.

So, this process might be regarded as a very useful verification exercise.

1.7 General uncertainty evaluation

A general uncertainty evaluation is one of the planned improvements.

Until country specific expert judgments and uncertainty analysis become available, we would like to

jdz2 S KSNB aaz2y$S SEIFYLX Sa 2y fS@St dzy OSNIF Ay deé:

emphasize the evident presence of uncertainty in emission estimsti

NOx: 1874%
SQ: 4¢ 88%
PMs 15349%
NMVOC: 135%

(Presented by John van Aardenne (EEA) at the TFEIP 2013 meeting, Istanbulhifpwkisgip -
secretariat.org/2013feip-meetingistanbul/:

European Union emission inventory report 182011 under the UNECE Convention on bamge
Transboundary Air Pollution (LRTAP))

1.8 General assessment of completeness

Sources not estimated (NE)

Tablel.6 Explanation to the Notation key NE

NFR14 code Substance(s) Reason for not estimated

2K POPs No methodology

Notation of the Guidebook default Tables for the giv|
pollutant(s)

All other NE

Sources included elsewhere (IE)

Tablel.7 Explanation to the Notation key IE

NFR14 code Substance(s) Included in NFR code

1A2a, 1A2b, 1A2f All, except N@ SQ, CO gﬁfdoerlt;(lli(n Sector 2 based on suggestion of
1A3di(ii) All probably 1A3b*

1A4aii All 1A4ai

1AA4ciii All probably1A3bF or 1A4cii

1A5 All 1A4
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NFR14 code Substance(s) Included in NFR code

Combustion emissions are reported in Sector
1A based on suggestion of the Guidebook.
Emissions are included in the specific sectors
due to the Guidebook.

Sector 2, 3 NQ, SQ, CO

2A5c, 2B10b, 21 All

Categories: other

Table1.8 Subsources accounted for in reporting codes "other"

NFRO09 code Substance(s) reported Subsource description

1A2gyiii All Lots of manufacturing industries, see Ch. 3.4.3.
1Blc Not occurring

1B2d NHs, Hg, As Power production from geothermal energy

Production of sulfuric acid, carbon black, ethyler
NG, NMVOC, SQ NH, | propylene, 1,2 diclorethane and vinilcloridalanced, PE (L
PM.s, PMo, TSP, CO and HD), PP, PVC, polistyrene, formaldehyde, u
ammonium nitrate and other fertilizers

2A6, 2C7c, 2H3, 2 Not occurring

NG, NMVOC, SO NH;
PMs, PMy, TSP, CO, Al Consumption of tobacco, use of fireworks and use

2B1(n

2G Cd, Cr, Cu, Hg, Ni, Pb, 7 lubricants in cars and other vehicles
BC, NH3, PCDD/F, PAHs
Manufacture of shoes, manufacture of pharmaceutical
2D3g NMVOC products,polystyrene/ polyurethane foams,
paint/glues/asphalt rubber tyres
2D3i NMVOC Oil seed processedaircraft deicing
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2 EXPLANATION OF KEY TRENDS

2.1 Key trends

In the following table the total emissions of the main pollutants are summarized.

Table2.1 Total emissions in Hungary

Pollutant 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024
NG, (kt) 2457 | 191.4 | 188.9 | 180.9 | 154.8 | 135.8 | 113.9 | 116.0 | 107.3 | 92.7 94.4
NMVOC (kt) 314.1 | 227.3 | 202.1 | 183.8 | 144.3 | 136.7 | 124.4 | 122.6 | 119.4 | 114.5 | 108.1
SQ (kt) 832.5 | 615.7 | 427.9 | 425 30.3 23.8 16.5 14.0 13.9 10.8 8.5
NHs (kt) 1489 | 858 | 92.9 87.2 76.8 | 86.3 90.7 91.3 | 81.7 72.6 79.4
PM 5 (kt) NR NR | 488 | 41.0 50.6 | 514 | 36.8 37.7 | 35.9 32.8 31.3
PMo (kt) NR NR | 72.6 724 | 724 72.4 53.6 53.5 51.2 47.1 | 457
TSP (kt) NR NR | 104.8 | 132.1 | 106.6 | 105.2 | 77.5 73.4 70.0 63.3 62.8
CO (kt) 1415.6 | 981.3 | 856.6 | 700.5 | 558.3 | 476.9 | 349.3 | 352.4 | 342.8 | 307.5 | 287.4
Pb (t) 8179 | 1450 | 215 145 12.6 13.4 13.8 15.9 16.1 13.4 12.1
Cd (1) 1.9 1.6 1.8 1.4 15 1.7 14 1.4 13 1.2 1.2
Hg (t) 2.8 2.0 1.7 1.3 0.9 0.9 0.8 0.8 0.7 0.6 0.6
PCDD/F (gTeq) | 113.2 | 78.9 81.8 63.0 77.2 7.7 59.9 56.9 | 51.6 439 | 427
PAHS (t) 83.9 35.3 30.6 28.5 33.7 32.5 23.1 23.4 22.7 20.6 195

The following figures present the distribution of main pollutants by sectors.

NO, (2024) NMVOC (2024)
Comm., inst. and .
ancoort households Agriculture Waste
P 17% 24% 1% Fugitives and other

43%
product uses

Agriculture 299
21%
Waste Energy
% production
Energy . Comm., inst. an 0%
Industry  production Fugitives and other households Transport Industry
11% 7% product uses 32% 12% 12%

0%

Figure2.1 NOx and NMVOC emissions by sectors
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SO, (2024) NH; (2024)
Transport .

1% Comm., inst. and Fugitives and other

Industry households Agriculture product uses
0% Waste

Waste 2%

0% Energy
production
Fugitives and other 0%
Indust
Energy product uses ., Inst. and . 1u; v
. 0
proj:;ﬂon 11% households Transport
0 1% 1%
Figure2.2 SQ and NH emissions by sectors
PM, ;5 (2024) PM,, (2024)
Agriculture
2% Agriculture
Comm., inst.and 19%
households
Waste 550
7%
Waste

Fugitives and other
product uses

5%

1%

Transport " Industry Energy Fugitiv;es atnd other
7% 59 production Transport Industry / Energy  product uses

0% 8% 129% Production 1%
0%

Figure2.3 PM:xsand PMo emissions by sectors

The significant reduction in emissions between 1987 and 1992 was mainly due to the economic
transformation after the regime change. In addition, ongoing changes irstugdture, i.e. solid fuel

4 GKS Y2aid AYLRNIFyd &2 dznidsralbas, led € Sirthgruae@askaf R 6 S &
total emission. The spread of emission abatement technologies introduced either due to
environmental regulation or economic drivers results decreasing emissions in general. The global
financial and economic crisemround 20082009 exerted a major impact on the output of the

Hungarian economy, consequently on the level of emissions as well.

The substantial reduction in sulphur dioxide emissions is attributable to the decreased use of fossil
fuels in general and the decreasing share of coal with higher sulphur content. After 2000, further
reductions were observed due to the introduction of.Jecipitators in coafired power stations.
Reduced carbon monoxide emissions compared to 1980 are obviously a consequence of decreased
fuel uses and the modification of the car fleet.
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Figure2.4 Trend of emission of N(kt)
Table2.2 Trend of emission of N(kt)
Energy Commgrcial/ _ Fugitives
Year ; Industry | Transport | Institutional/ | Agriculture| Waste and other | Summary
production Households product uses
1990 40.03 50.09 82.48 44.76 2548 2.50 0.37 24570
1991 42.58 39.66 72.59 4154 15.84 247 0.35 21504
1992 4384 30.27 69.47 3329 14.82 247 0.34 19451
1993 44.95 30.12 68.00 3355 14.08 2.43 0.35 19348
1994 43.65 31.24 65.82 34.04 15.82 244 0.32 19334
1995 44.43 30.08 66.83 3272 14.51 245 0.33 19135
1996 44.78 3111 66.65 3451 14.67 2.46 0.30 19449
1997 4931 27.79 69.81 3248 14.64 247 0.31 196.79
1998 45.00 24.94 77.92 29.98 16.47 2.46 0.32 19708
1999 4521 24.28 80.94 30.74 17.05 2.45 0.30 20098
2000 35.83 23.46 78.38 3144 17.18 231 0.30 18889
2001 35.98 23.68 78.02 30.90 17.76 221 0.30 18886
2002 3105 20.89 78.68 29.62 1891 221 0.27 18164
2003 34.07 20.55 79.01 31.24 18.39 221 0.26 18573
2004 33.06 21.33 78.08 30.16 1840 2.13 0.30 18346
2005 2981 2176 80.60 2947 16.79 2.07 0.38 18088
2006 2550 2047 80.10 28.44 17.77 2.08 0.16 17452
2007 26.95 21.04 7873 24.77 18.96 210 0.22 17276
2008 26.97 18.42 78.58 24.62 17.83 1.83 0.22 16848
2009 24.80 14.52 75.61 24.74 16.90 1.79 0.18 15854
2010 27.27 14.50 66.79 27.05 17.19 184 0.17 154.82
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Ener Commercial/ Fugitives
Year 9y Industry | Transport | Institutional/ | Agriculture| Waste and other | Summary
production
Households product uses

2011 2242 14.73 61.59 26.61 18.02 1.84 0.25 14545
2012 22.04 13.03 59.01 2363 1850 1.83 0.15 13821
2013 19.97 12.37 54.56 2571 19.78 0.91 0.16 13346
2014 16.91 12.69 58.79 2338 19.90 0.86 0.20 13272
2015 16.65 1253 59.49 24.56 2152 0.90 0.16 13581
2016 12.96 12.40 54.63 24.80 2250 0.83 0.16 12828
2017 1311 12.98 55.33 24.09 2321 0.79 0.15 129.67
2018 12.33 13.89 55.62 22.80 2318 0.79 0.17 12879
2019 10.72 14.22 5223 21.64 22.83 0.70 0.13 12248
2020 10.54 13.87 4311 21.82 2387 0.52 0.14 11386
2021 9.85 13.78 4542 2193 24.37 0.56 0.12 116.03
2022 9.27 12.20 47.10 19.23 18.85 0.57 0.11 107.33
2023 7.24 10.32 4136 16.91 16.15 0.57 0.14 92.69
2024 7.02 10.04 40.84 16.31 19.47 0.62 0.13 94.43
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Figure2.5 Trend of emission of NMVOC (kt)
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Table2.3 Trend of emission of NMVOC (kt)
Energy Cor_nm_e reial/ . aFrIIJg i(t)i;/he:r
Year production Industry | Transport | Institutional/ | Agriculture| Waste product Summary
Households USes
1990 0.70 19.04 114.67 44.59 53.15 1.55 80.40 314.10
1991 0.75 18.35 102.33 44.00 48.46 1.56 70.98 286.43
1992 0.72 14.32 98.05 29.70 41.86 1.55 72.15 258.35
1993 0.71 13.93 95.74 30.50 35.99 1.54 66.08 244.50
1994 0.67 14.47 88.38 26.78 33.51 1.54 66.45 231.82
1995 0.67 15.69 86.58 25.28 33.37 1.56 64.14 227.30
1996 0.68 16.72 80.09 26.20 32.72 1.58 60.62 218.61
1997 0.75 13.59 75.69 2491 32.30 1.58 59.80 208.63
1998 0.75 13.02 72.94 20.57 32.36 1.59 59.91 201.13
1999 0.78 13.78 70.79 20.79 32.27 1.60 59.74 199.75
2000 0.72 12.54 65.70 29.37 33.08 1.58 59.11 202.11
2001 0.74 15.21 63.83 32.21 32.50 1.57 55.27 201.32
2002 0.63 13.58 60.50 22.18 32.58 1.58 56.77 187.82
2003 1.40 12.54 57.25 29.46 32.20 1.59 57.75 192.20
2004 1.85 15.24 49.57 27.44 30.95 1.58 60.79 187.41
2005 2.30 16.11 43.84 26.13 29.49 1.58 64.33 183.77
2006 3.03 14.75 37.01 26.99 28.76 1.57 58.75 170.87
2007 2.96 13.12 34.74 26.50 28.57 1.69 48.69 156.27
2008 3.06 12.77 32.85 23.26 28.25 1.56 46.21 147.96
2009 2.94 12.07 30.14 31.57 27.46 1.57 43.19 148.92
2010 3.05 12.32 26.73 35.59 27.55 1.59 37.44 144.27
2011 2.30 12.79 23.35 40.70 27.30 1.40 39.56 147.39
2012 1.66 11.97 22.45 42.59 27.37 1.41 40.05 147.50
2013 1.56 13.16 20.79 43.26 27.55 1.17 36.82 144.32
2014 1.38 13.29 19.80 35.29 28.00 1.19 35.32 134.26
2015 1.31 13.66 17.30 37.27 28.56 0.88 37.71 136.69
2016 1.29 13.25 15.80 36.45 28.75 0.82 39.65 136.02
2017 1.42 13.26 15.39 34.75 28.12 0.84 38.96 132.74
2018 1.45 13.52 14.71 29.13 28.62 0.84 38.38 126.65
2019 1.30 13.27 15.77 27.17 27.94 0.84 39.62 125.90
2020 1.34 13.12 13.59 26.80 27.07 0.76 41.77 124.44
2021 1.47 13.68 13.74 27.38 27.36 0.77 38.21 122.61
2022 1.21 12.68 13.89 26.04 26.13 0.74 38.70 119.39
2023 0.97 12.74 12.85 24.32 26.06 0.73 36.80 114.48
2024 0.47 13.34 12.62 23.44 26.16 0.75 31.32 108.10
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Figure2.6 Trend of emission of S(it)

Table2.4 Trend of emission of S(t)

Fugitives
Energy Comm_ercial/ _ and
Year production Industry | Transport | Institutional/ | Agriculture| Waste other Summary
Households product
uses
1990 441.68 83.73 16.23 285.50 0.00 0.10 5.26 832.49
1991 444,75 74.35 14.34 298.75 0.00 0.10 4.94 837.23
1992 478.74 55.10 14.18 169.69 0.00 0.10 4.81 722.63
1993 482.58 42.60 2.31 170.04 0.00 0.10 4.98 702.60
1994 459.38 39.65 2.26 126.02 0.00 0.10 4.54 631.95
1995 470.27 36.78 2.31 101.43 0.00 0.10 4.84 615.73
1996 466.58 40.93 2.30 98.51 0.00 0.10 4.38 612.80
1997 489.51 30.78 2.43 98.85 0.00 0.10 4.53 626.20
1998 492.47 21.25 2.30 41.28 0.00 0.10 4.63 562.02
1999 489.91 21.19 1.45 42.93 0.00 0.10 4.51 560.08
2000 37994 14.95 1.46 2711 0.00 0.09 4.39 42794
2001 30037 12.58 1.54 2812 0.00 0.09 4.42 347.11
2002 23379 11.58 1.65 22.02 0.00 0.09 3.89 27302
2003 21187 8.88 1.73 21.38 0.00 0.09 1.63 24558
2004 12164 6.98 1.82 18.25 0.00 0.08 1.60 15037
2005 16.48 5.76 1.06 1750 0.00 0.08 1.62 4250
2006 12.77 5.26 0.08 18.39 0.00 0.08 154 38.12
2007 17.38 5.07 0.08 11.28 0.00 0.08 1.67 35.58
2008 16.35 3.93 0.08 1451 0.00 0.07 0.75 35.70
2009 13.55 3.04 0.08 11.80 0.00 0.07 0.86 2941
2010 12.39 3.86 0.07 13.02 0.00 0.08 0.87 3029
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Fugitives
Ener Commercial/ and
Year 9y Industry | Transport | Institutional/ | Agriculture| Waste other Summary
production
Households product
uses
2011 14.96 3.72 0.07 14.47 0.00 0.07 0.83 3413
2012 11.32 3.62 0.07 14.58 0.00 0.07 0.73 3040
2013 11.65 294 0.06 13.79 0.00 0.04 0.73 2921
2014 10.63 322 0.07 11.20 0.00 0.04 0.63 25.80
2015 8.91 3.15 0.07 11.01 0.00 0.04 0.64 2382
2016 7.90 291 0.08 11.34 0.00 0.04 0.78 23.05
2017 11.86 2.98 0.09 11.84 0.00 0.04 0.95 27.76
2018 10.76 311 0.09 7.92 0.00 0.04 1.07 23.00
2019 7.10 3.25 0.10 6.17 0.00 0.03 0.97 17.62
2020 7.87 2.84 0.07 491 0.00 0.03 0.80 16.52
2021 5.87 2.98 0.07 4.24 0.00 0.03 0.86 14.05
2022 5.59 2.65 0.09 4.70 0.00 0.03 0.81 13.87
2023 451 1.87 0.09 3.34 0.00 0.03 0.92 10.75
2024 3.70 131 0.10 244 0.00 0.03 0.92 8.49
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Figure2.7 Trend of emission of NHkt)
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Table2.5 Trend of emission of NKkt)

Fugitives
Energy Commgrcial/ . and
Year production Industry | Transport | Institutional/ | Agriculture| Waste other Summary
Households product
uses
1990 0.00 5.45 0.05 0.23 13807 3.67 1.46 148.93
1991 0.00 249 0.04 0.21 10930 3.65 147 117.17
1992 0.00 1.22 0.04 0.20 9353 3.61 1.49 100.09
1993 0.00 1.09 0.08 0.21 83.23 3.60 151 89.72
1994 0.00 1.30 0.13 0.21 80.30 3.59 152 87.05
1995 0.00 1.01 0.16 0.21 79.35 3.53 1.50 85.77
1996 0.00 1.59 0.19 0.21 78.87 3.47 152 85.85
1997 0.00 1.30 0.25 0.20 77.84 3.33 153 84.45
1998 0.00 0.94 0.31 0.20 83.22 3.10 1.56 89.33
1999 0.00 0.65 0.38 0.20 83.99 2.90 1.56 89.68
2000 0.00 0.75 0.41 0.38 87.18 2.62 1.58 92.92
2001 0.00 0.56 0.56 0.44 86.62 2.27 161 92.05
2002 0.00 0.42 0.70 0.25 89.22 221 1.62 94.43
2003 0.00 0.31 0.74 0.38 89.15 2.15 1.64 94.37
2004 0.00 0.37 0.82 0.34 87.85 2.04 1.63 93.04
2005 0.00 0.55 1.25 0.32 81.46 1.99 1.65 87.22
2006 0.00 0.59 1.13 0.35 81.71 1.92 1.69 87.39
2007 0.00 0.49 1.19 0.37 8311 1.87 171 88.74
2008 0.00 0.33 1.20 0.31 75.89 1.83 1.73 8129
2009 0.00 0.35 1.20 0.46 70.86 1.73 1.75 76.36
2010 0.00 0.27 1.06 0.53 71.57 1.63 1.75 76.81
2011 0.00 0.37 1.04 0.62 72.17 1.66 177 7762
2012 0.00 0.35 1.04 0.67 7153 1.61 1.93 7713
2013 0.00 0.40 0.93 0.69 74.76 171 1.80 8029
2014 0.00 0.46 1.00 0.56 76.06 1.66 1.69 8144
2015 0.00 0.30 1.19 0.59 80.86 1.66 1.69 86.28
2016 0.00 0.39 1.17 0.57 82.64 1.63 1.69 88.09
2017 0.00 0.45 1.15 0.54 84.78 1.68 1.87 9048
2018 0.00 0.23 1.15 0.45 84.40 1.70 1.89 89.83
2019 0.02 0.41 131 0.42 83.83 1.57 1.89 8945
2020 0.02 0.34 112 0.42 85.34 1.55 1.90 90.68
2021 0.02 0.33 113 0.43 85.88 1.53 1.93 91.25
2022 0.02 0.57 1.16 0.42 76.01 1.55 1.95 8169
2023 0.02 0.42 1.09 0.39 67.20 1.54 1.96 7262
2024 0.04 0.42 1.06 0.38 73.76 1.80 1.96 79.41

Reporting of TSP and PMs is required only starting from year 2000. The decreasing tendency of
emissions between 2000 and 2008 is attributable mainly to the spread of installation of efiétet®
(ESP). The increasing tendency after 2008 originatestfiersector of households.
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Figure2.8 Trend of emission of Pi(kt)

Table2.6 Trend of emission of PM(kt)

Fugitives
Energy Commgrcial/ . and
Year production Industry | Transport | Institutional/ | Agriculture| Waste other | Summary
Households product
uses
2000 451 4.17 4.10 30.73 0.80 3.80 0.66 48.77
2001 4.27 421 4.32 34.37 0.82 3.57 0.69 5225
2002 3.19 3.72 4.50 21.63 0.86 3.72 0.69 38.32
2003 2.76 3.55 4.65 30.61 0.87 3.71 0.73 46.89
2004 244 3.76 4.65 27.83 0.84 341 0.52 4345
2005 0.59 4.11 4.88 26.53 0.79 3.49 0.57 40.96
2006 0.46 3.25 4.46 28.09 0.77 3.43 0.75 4121
2007 0.45 2.78 4.39 28.63 0.77 3.35 0.75 4112
2008 0.42 341 4.34 24.49 0.77 3.03 0.79 3724
2009 0.43 3.12 411 35.06 0.76 313 0.78 4740
2010 0.35 2.37 3.66 39.82 0.77 3.03 0.64 5064
2011 0.27 2.07 3.21 4599 0.78 345 0.68 56.45
2012 0.25 1.55 2.93 49.16 0.76 345 0.69 58.80
2013 0.25 181 2.63 49.87 0.77 2.40 0.57 58.29
2014 0.19 2.58 2.80 40.20 0.77 2.24 0.58 4935
2015 0.18 2.34 2.92 4219 0.77 2.40 0.61 5140
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Fugitives
Ener Commercial/ and
Year 9y Industry | Transport | Institutional/ | Agriculture| Waste other | Summary
production
Households product
uses
2016 0.14 2.37 2.73 40.97 0.79 2.27 0.58 4984
2017 0.15 2.24 2.77 3875 0.75 2.30 0.52 4749
2018 0.25 2.79 2.79 3188 0.78 2.23 0.45 4117
2019 0.20 2.79 2.70 29.38 0.77 211 0.41 3837
2020 0.19 241 231 28.89 0.70 1.93 0.40 36.83
2021 0.23 243 2.50 2945 0.72 2.02 0.31 3766
2022 0.23 2.14 2.63 27.82 0.68 2.18 0.27 35.95
2023 0.17 1.75 2.36 25.74 0.69 1.94 0.13 3278
2024 0.11 158 2.30 2443 0.69 2.02 0.16 3129
100
0
80
70
60
“ob
) 50
2 40
=
a 30
1l I
SbLLLL LT
. FERARRRRNIEEY
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Energy production N Industry
Transport B Comm., inst. and households
W Agriculture H Waste
Figure2.9 Trend of emission of PiMkt)
Table2.7 Trend of emission of PiM(kt)
Fugitives
Ener Commercial/ and
Year 9y Industry | Transport | Institutional/ | Agriculture| Waste other Summary
production
Households product
uses
2000 9.76 11.53 4.67 3155 9.43 4.29 1.34 7256
2001 9.33 13.16 4.94 35.28 10.24 4.05 1.34 78.34
2002 7.30 10.68 5.18 22.23 10.54 4.21 1.32 6147
2003 6.11 13.88 5.37 3144 10.70 4.20 1.33 7303
2004 5.10 20.40 5.42 2858 10.44 3.89 113 7496
2005 0.98 23.36 5.73 27.26 9.98 3.97 1.12 7241
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Fugitives
Energy Comm_ercial/ _ and
Year production Industry | Transport | Institutional/ | Agriculture| Waste other Summary
Households product
uses
2006 0.72 14.05 5.39 28385 9.86 391 1.27 64.05
2007 0.69 11.61 5.38 29.37 9.88 3.83 1.29 62.05
2008 0.64 19.19 5.37 2514 9.85 3.49 1.32 65.00
2009 0.63 19.72 5.15 35.97 9.79 3.55 1.25 76.07
2010 0.53 11.98 459 40.85 9.88 3.45 112 7238
2011 0.43 8.83 4.10 47.18 9.78 3.86 1.16 7534
2012 0.40 458 3.78 50.35 9.66 3.85 1.19 7382
2013 0.40 8.44 3.43 51.15 9.69 2.75 1.05 76.92
2014 0.37 12.92 3.70 4117 9.71 257 1.07 7152
2015 0.34 11.46 391 4323 9.62 2.73 111 7240
2016 0.25 10.56 3.73 42.00 9.72 258 1.06 69.89
2017 0.28 8.61 3.83 39.74 9.47 2.58 101 6552
2018 0.48 10.44 3.92 32.69 9.59 252 0.90 6054
2019 0.37 10.88 3.92 30.07 9.56 2.36 0.86 58.03
2020 0.37 8.71 3.39 2958 8.67 215 0.75 5362
2021 0.45 7.22 3.70 3021 8.99 2.25 0.65 5346
2022 0.45 6.56 3.93 2850 8.75 2.43 0.55 51.16
2023 0.33 541 3.58 26.38 8.81 217 0.37 47.07
2024 0.23 5.61 3.52 25.00 8.69 2.25 0.36 45.66
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Figure2.10 Trend of emission of PAHSs (t), dioxinsTgd) and Pb (t)

The trend of PAH emissions is mainly influenced by the shutdown of the primary aluminium production
in Hungary.

In the case of dioxins, the main driver is probably the improvement of combustion and abatement
technologies, especially in the case of waste and hazardous waste combustion. In addition, the
organized operair burning e.g. the stubbield burning, the red-burning has been forbidden, and

also the operair burning of the garden wastes is strictly limited recently. In recent years, the source
that most influences the trend in emissions is household burning of solid biomass for heating.

The significant decrease of lead emissions is mainly due to thenssgpreduction of the lead content
of the leaded gasoline and the effect of the introduction of the unleaded gasoline after 1990.
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3 ENERGYNFR SECTOR 1)

3.1 Overview of sector

This sector covers emissions from combustion processes andefatdd fugitive emissions from
exploration, transmission, distribution and conversion of primary energy sources.

For a better understanding of the principal drivers behind fossil fuel related emission trends and
variations, the main characteristics of the Hungarian Energy System will be described shortly in the
following. First of all, not enough cheap and clean dsticeenergy resources of good quality are
available in Hungary, therefore the energy demand has to be met by import to a great extent. In 2024,
primary energy production amounted to 475 PJ which was by 23 per cent less than in 1990. Most
importantly, unecmomical deep coal mines were closed down long time ago, but also crude oil and
natural gas production decreased. Nevertheless, primary energy production increased in 2024 by 5.5%.
Net import of energy decreased quite significantly from 832 PJin 2023t049W AY HAaHn & { GAf
import dependency is quite significant, usually over 50%, currently 49% (calculated as the ratio of net
imports and primary energy consumption). Domestic supply of primary energy was 1010 PJ in 2024,
almost the same as in 282Final consumption remained also at the same level (780 PJ). Looking at
the main sectors, energy consumption of industry increased by 4% whereas for transport slightly less
energy was used, and the energy consumption of buildings also decreased @lfitile Please note

that 2024 was the warmest year so far, with relatively low heating demand

(Data source: Hungarian Energy and Public Utility Regulatory Authority (HEA), and HCSO:
https://mekh.hu/download/3/c5/b1000/7_2_annual_national_energy_balance_2014 2024.xlIsx
https://www.ksh.hu/stadat_files/ene/en/ene0002.html

Figure 3.1Primary energy balance of Hungary (194124)

In 2024, observed final domestic electricity use amounted to 42,205 GWh, 2.5% higher than in the

previous year. Electricity consumption has increased by 24% since 1990. The market penetration of
the nuclear electricity started in 1983 in Hungary when tingt #40 MW block of the Nuclear Power

Plant in Paks was put into service. In the last 10 years, on average 47% of the domestic generated

31



HUNGARY Informative Inventory Report9902024 ENERGY

electricity was produced by nuclear energy whereas the share of fossil fuels decreased to 40% in 2013
and decreased further to 25% in 2024. According to the official statistics of the Hungarian Energy and
Public Utility Regulatory Authority, the share dédricity from renewable sources in gross final
consumption of electricity increased from 4.4% is 2005 to 24.1% in 2024. The last few years saw
significant increases in solar electricity production (from 1 GWh in 2011 to 9200 GWh in 2024) and
wind power poduction also increased from 10 GWh in 2005 to over 600 GWh already in 2011. At the
same time, electricity produced from combustible fuels decreased from 21,710 GWh in 2005 to 11,733
GWh in 2024.

The main drivers behind the annual changes in emissions are the following: (1) yearly changes in fuel
use, (2) changes in the fuelix, (3) changes in the chemical characteristics of fuels (e.g., sulphur
content), and (4) changes in applied technologieg. (@batement). The first two aspects are visualized

in Fig 3.2
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Figure 3.2Fuel combustion from 1990 to 202

This figure clearly demonstrates the effects the regime change around 1990 when the fuel use
suddenly decreased by more than 20 per cent. Also, the global economic crisis made its influence felt
with a 6 per cent drop between 2008 and 2009. Combustiblegneonsumptio decreased further
between 2009 and 2014 by % However, the decreasing trestbpped,and fuel consumption ha
increased again since 2014 by 14% until 2021 despite a 2% drop inTA@20in the next three years,

fuel use fell quite shaip (especially in 2023) altogether by 1780el consumption in 2@Rwas 5%

less than in 200Beaching the lowest value in the whole time seriBgside these significant changes

in overall fuel combustion, the share of the different fuel types, i.e. therig| changed throughout

these decades. The importance of liquid and solid fuels diminished whereas natural gas became the
dominant fossil fuk Biomass use increased too. Figure 3.3 compares the proportion of combusted fuel
types in 1990 and Z. It is worth mentioning that, within the period investigated, some classical
types of fossil fuels have disappeared or their use decreased significantly, egassityeavy fuel oll

(by destructive technologies it has been transformed to motor fuels andypaetrolcoke is produced

from it). At the same time, the market penetration of new fuel types became significant e.g.-petrol
coke, bieethanol, LPG and compressed nategak (CNG) for cars and buses, biomass for firing in
power plants, biogas produced Bgrmentation of sludge and animal carcasses etc. All these changes
were taken into consideration in our emission calculations.
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a) Fuel Combustion (1990) b) Fuel Combustion (2024)
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Figure 3.3-uel combustion in 1990 (a) and22(b)

3.2 General methodological description

The emissions calculations are based on the common method of using emission factors. For 1990
2024, the methodology described in the latest EMEP/EEA Air Pollutant Emission Inventory Guidebook
2023 was used to the extent possible for all sectors, including this one. Whenever default emission
factors were applied, these were generally taken from this/\guidebook. In many cases country
specific factors seemed more appropriate. Besides, plant specific measurements were taken into
account for important source These cases and the used country specific or measured values are
documented in the relevant category level of the IIR.

The first step in the emission estimation process is to determine the relevant activity data that is the
energy use of fuels per activity. Generally, the IEA/Eurostat Annual Questionnaires have been used for
the entire time series. (Former inventories werartly or fully based on Hungarian Energy Statistical
Yearbooks. The publication of the yearbooks ceased; the last one contained statistics for the year 2010.
After consultations with the national energy statistics provider, i.e. the Hungarian Enerdjudntid

Utility Regulatory Authority, it was decided to build recent and future inventories on IEA annual
guestionnaires.)

To increase consistency of the time series, we had to make some minor amendments of the allocation
of fuel consumption compared to the IEA annual questionnaires, as follows:

1 Based on 2012017 data allocations and vahaelded volumes of industrial production for
previous years, some gasoil consumption has been reallocated from road transport4o non
road mobile machinery (1A2gvii);

1 The time series of gasoil use in navigation has been improved by interpolation where the
missing amounts were taken again from road transport;

1 The original IEA Gas Annual Questionnaires do not contain data for oil and gas extraction
before the year 2013 nor for pipeline transport before the year 2010 therefore the existing
time series had to be extrapolated back to 1990.

Fuel use and emissions of autoproducer plants (that generate electricity or heat, wholly or partly for
their own use as an activity which supports their primary activity) are accounted for fully in under the
relevant economic sectan the period 1998024 as required by the guidebook, and to the extent
possible also for previous years
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The problem of the network losses in the natugals transmission and distribution system should be
also mentioned here. These losses are partly not technical ones in the reality, but the result of
accounting, e.g., due to issues as measurement accuetydrature or pressure conversion or theft.

The point is that only 360% of the losses reported in statistical publications as distribution losses was
taken into consideration as real loss (i.e. that is emitted into the atmosphere as methane or NMVOC),
while some of the remaining part was assumed to be fired.

Gas engines, as their emission characteristics are somewhat different, are treated separately in our
calculations. Hungarian Energy and Public Utility Regulatory Authority collects data like installed

OF LI OAGexr GKS Fdz8t dza SR3IMO&KS G KENI ADCDAA dAALBEAN 21y 2 N
operating (e.g. which company or institute). Based on these data, the fuel consumption could be
distributed among different user groups or sectors for some years, however, natural gas use in gas
engines is takemto account only in the energy industries source category.

Hungarian Energy Office, the predecessor of the Hungarian Energy and Public Utility Regulatory
Authority, provided also data on fuel use and emissions,(8Q, CO) from electricity and CHP plants

with installed capacity larger than 50 MWe for the period 1:284.0. This made possible to calculate
emissions for every power plant separately, thus taken into consideration the specialties of the
different power plams. Further official databases including emission measurements were at our
disposal. HungaroMeds the greenhouse gas inventory compiler institute has direct access to the EU
ETS database with detailed plant by plant fuel use data. The National Environmental Information
System is a huge database containing among others emission data from almast atrhbustion

above the threshold of 140 kMY Emission data reported in line with the LCP Directive were also used,
and obviously the publicly availabléPRTR data are worth a look.

Our approach for the current inventory was as simple as follows: if we had reliable measurement data,
we used them. Otherwise, emissions were calculated based on country and year specific activity data
and default emission factors from the 2023 EMEP/EEAeBaok were applied with a few exceptions,
especially regarding S@missions from solid fuels, or PCDD/F emissions from waste incineration. All
data used and consideration made will be described specifically in the relevant category level of this
chapter.
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3.3 Energy Industries (NFR Code 1A1)

This subsector includes facilities generating electricity, district heating stations, oil refineries and
coking and briquetting plants.
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Figure 3.3.1Fuel combustion in energy industries (1.2924)

As it can be seen iRigure 3.3.1total fuel consumption (without nuclear energy) in the energy
industries sector shows strong fluctuation&fter a significant decrease around the political and
economic regime change in 1990, fuel consumption increased quite significantly by 26% until 1998,
then decreased by 15% between 1998 and 2005. We experienced a more pronounced drop after 2008
due to theglobal financial crisis. After 2010, until 2014, fuel consumption has reached record low
values every year; combustible fuel use fell altogether3@% between 2008 and 2014. In 2015,
however, the decreasing trend stopped, and we observed a small increase in energy use. Fuel
consumption seemed to have stabilized around 195 PJ in the next few years. Then between 2020 and
2024, fuel consumption decread by 23%. Alone in 2023, fuel consumption fell by 15%. Within the
inventory period, the consumption of liquid and solid fuels has decreased significantly. In contrast,
the consumption of natural gas increased until 2007 to a great extent then it shubstastially
afterwards. Biomass use due to burning-lmarning in power plants has become increasingly
important and exceeded in amount the liquid fuel use in 2005.

Public Electricity and Heat Production was responsible for abot8584 of fuel use in energy

industries. Fuel consumption of oil refining showed a pronounced drop around 2000 but remained

more or less at the same level afterwards. In the last six yeavgeVer, larger fuel consumption could

0S 204aSNIBSR® [/ dINNBylifes (GKS aKIFINBE 2F (GKS NBTFAYS
industries. Less significant is manufacture of solid fuels and other energy industries with a portion of

2-4%.
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3.3.1 PUBLIC ELECTRICITY AND HEAT PRODUCTION (NFR CODE 1A1A)

Reported Emissions: Main Pollutants, Particulate Matter, CO, Priority Heavy Metals, Other Heavy
Metals, POPs

Measured Emissions: NGBQ, TSP, CO, (Pb, Cd, Hg, As, Cr, Cu, Ni, Se, PCDD/F)

Methods: T1, T2, T3

Emission factors: D, PS

Key source: NOx, S@M,Pb, Hg, Cd, HCB

Domestic electricity production showed an overall increasing trend up till 2008; even during the years
of the regime change around 1990, whereas import suffered a more severe drop from 28p%0d 6
addition to the effects of the financial crisis, andrésting incident occurred in 2009 when domestic
production fell back by more than 10% whereas consumption decreased only by 6%. There was a multi
week break in the natural gas supply through Ukraine, thus the electricity generation of our natural
gas firhng power plants had to be substituted by import electricity and by increased production of the
oil-fired power plants. After 2010, until 2014, domestic electricity production decreased every year,
and it dropped quite substantially in 2013 by 13%. Despitime fluctuations, domestic production

grew again between 2014 and 2024 altogether by 23%. The share of import is a highly variable figure:
in the previous decade, it changed between 8% (2001) and 18% (2004). After 2010, however, it grew
constantly and reahed a share of 31% in 2014, remained close to 30% afterwards for a few years but
decreased gradually after 2018 to 22% in 2024
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Figure 3.3.2Domestic Electricity Production and Net Import (:2624)
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Naturally, as domestic emissions are related to domestic production, the yearly fluctuation of
production is one of the decisive factors. Not less important is the way how electricity is produced,
e.g., what energy source is used. In Hungary, this seottsunes the deterministic part of our solid
fossil fuel production, and around one third of the domestic primary energy consumption.
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Figure 3.3.3hare of produced electricity by fuel (124124)

Looking at the above figure, the most striking development is the diminishing share of coal combustion

in power generation: in 1990 coal still had a share of 33% which then decreased to 21% in 2005, and
eventually to 9% in 2022. During this process, nemizioed cycle gaturbine units were installed

0" 2LSaidzxr YSESYyFIERE {TtTKIf2YolLddl X DlyeAgs 1211 =
oLy20lF% . tYKARFZ 9] .2NE2RA0O 2F €26 STFAOASY O’
convertedtol KS O2YodzaGA2y 2F 0A2YIl &aa otApeEgmalyinvpbriaky 006 | NX
development is that the share of combustible fuels in power generation decreased from 51% in 1990

to 31% in 2024. At the same time, electricity production from solar energy reached a share of 24% in

2024.

Methodological issues

Specific emphasis was given here to large combustion plants on the one hand and to gas engines on
the other because for these two groups we could deviate from the general methodology of default
emission factors. Usually, fuel consumption and emission ofai&-40 large (or otherwise important)

plants were analyzed. These plants were responsible of all coal and biomass use, ar80/4 60all

liquid fuel and natural gas use. Based on the LCP Directive and following the Ministerial Decree
10/2003 (that wageplaced by the Ministerial Decree 110/2013) on combustion installations with a
net rated thermal input exceeding 50 MW, these installations must report measurgdN&xand dust

values, and in most of the cases based on continuous measurements. Reported emission data are
summarized in Figures 3433.35.
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Figure 3.34 Measured emissions from large electricity plants (:20®4) Source: Data of the
Hungarian Electricity System,2D

The most prominent feature in this figure is the substantial drop ine®@ssions. In the last decade
flu-gas desulphurization plants (FGD) have been installed in two coal (lignite and brown coal) fired

LI26SNI LI Fyda 2F €FNBS OFLIOAGASAY Ay at GNI | 02dz

2004, which resulted smificant mitigation in the sulphudioxide emission. Thus, the S€missions
connected with the operation of the public power plants shrank to a fraction of their earlier value.
Similaly, electrostatic precipitators (ESPs) were installed in every solid fossil fuel power plant, and
their effects may be observed in the sharp decrease in the pyrogenous TSP emissions.
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Figure 3.35 Pollution data of power plants. Source: Data of the Hungarian Electricity Systzn, 20

As reported emission values of large combustion plants can be regarded as reliable, these@NO
TSP) were used in the reporting, whenever available. Besides pollutants irBEgel@ctricity plants

larger than 50 MWe also report CO emission to the Energy Office. In case of smaller plants, the
common method of emission factors was applied.

As a large part of the reported NGBQ and TSP emissions in this source category are based on annual
emissions reported by operators on the basis of stack measurements, the issue of continuous
measurements needs to be addressed here. When continuously measurements are used to estimate
annual enissions, there is a risk that operators have misinterpreted the Industrial Emissions Directive
(and the corresponding domestic legislation) and have used validated average values after having
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subtracted the value of the confidence interval. We have contacted quite almost all operators to ask
them about their reporting practice. From the answers received, it seems that the reporting practice

IS not consistent, some operators use validated averaglues to calculate annual emissions, some
R2yQi> a2YS dzasS KIfF 2F (GKS O2yFARSYyOS AyldSNDI ¢
Therefore, we have decided to use all the (updated) specific information received from the plants and

in cag of no informationto add half of the confidence interv@le. 10% of S10% of NQ 10% of

CO, and 15% of dust) to adjust the emission values reported by plants applying continuous
measurement.

Activity data

Energy consumption data were taken from the Hungarian IEA/Eurostat annual questionhases.

what part of fuel use from the questionnaires allocated to main activity plants is already covered by
measured emissions, plant level fuel consumption data was collected from LCPs, basically from the ETS
database. As gas engines show somewhat diffezarission characteristics, separate data on fuel use

in gas engines was collected from the Hungarian Energy and Public Utility Regulatory Authority which
can be seen on Figure 33Gas engines are considered only in this source category.

uuuuuu
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As also waste incineration with energy recovery occurs, reported emission data (Pb, Cd, As, Cr, Cu, Ni,
Se, and PCDD/F) from the largest municipal waste incinerator (FKF Plant in Budapest) were also taken
into account.

Emission factors

First, it should be emphasized that emissions of the important main pollutants from combustions of
sensitive fuels (e.g. solid fuels, derived gases) are mainly covered with measurements. The same
applies for PCDD/F emissions from waste incineration. Esdyegiearly measured NOSQ, and CO
emissions were directly used from solid fuel (coal + biomass) burning power plants as our plant specific
information fully covers fuel consumption from the statistics, at least for the period -2023. For
previous ears, country specific emission factors were derived based on plant specific data. Important
country specific emission factors are summarized in the following table.
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Table 3.3.1 Summary of country specific emission factors

ENERGY

Pollutant Fuel Emi?ks;c;_? Jf]actor Period
SQ domestic coal 3150 19901999
SQ domestic coal 26201120 20002004
SQ derived gases 70 19902012
NOx coal 180 19901999
NOx coal 139 20002004
NGO derived gases 50 19902013
NGO natural gas 57-45 20042013
(6{0) coal 17563 19902004
(6{0)] derived gases 3 19902013
(6{0)] natural gas 10 20052013
TSP solid fuels 1054 20002013
TSP derived gases 2 20002013

For all other fuebollutant combinations, where no measured emissions were used, Tier 1 emission
factors from the 2023 EMEP/EEA Guidebook were applied. Some exceptions are highlighted in the
following:

1 NO«emission factor for gas engines was taken from Table D4 of the Guidebook. The chosen

value (159.4 g/GJ) is a bit higher than the new T2 EF (135 g/GJ) but is in line with the domestic
regulation on emission limits from gas engines that is 500 MéMNO (Ministerial Decree

KTM 32/1993). This figure could be verified by emission data of four larger gas engines.
Analyzing their fuel use (from EU ETS) and reported emissions, the resulting average emission
factor was 152.7 g/GJ. (Recent measurements atdidower emissions from gas engines
which are taken into account as generally measured and reported emissions are included in
recent inventories.) For similar reasons, for CO emissions from gas engines, an EF of 207 g/GJ
was chosen (which is lower thanetf2 factor of the Guidebook).

Country specific SOx emission factors for heavy fuel oil were derived based on the share of
GKAIK &dzZf LIKdzZNE FyR af2¢ &adz LIKdzZNE FdzSt 2Af a
high sulphur oil has 3% sulphur content, whereas low sulphur oil¥#as

For other liquid fuels, domestic legislation was taken into account which maximized the
sulphur content of liquid fuels as 0.2% from 2004 and as 0.1% from 2008.

The calculation method of PMand PMpemissions is also worth a mention. In case of measured dust
data, PMsand PMpemissions were derived from the TSP value using their relative share reflected in
T1 default emission factors. For example, for hard coal the default emission factorsfgrHib and

TSP are 3.4, 7.7 and 11.4 g/GJ, respectively (see T&bla the Guidebook). If we knew the TSP
emissions from a hard coal firing power plant, then PMemission was estimated as
PM=7.7/11.4*TSP.
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Uncertainties and timeseries consistency

As plant specific emission data and measurements have been taken into account to a large extent, and
otherwise either default or country specific emission factors are used consistently for the whole time
series, there might not be too serious problems withe series consistency.

Sourcespecific QA/QC and verification

We had more data sources at our disposal for verification purposes, such as the IEA/Eurostat
questionnaires for domestic sectoral energy use, plant specific fuel consumption data from different
reports, e.g. ELETS, LCP, data collected by Energy Offieesdine applies for emission data on plant
level, where we have data from the National Environmental Information System, fBRITR, from

LCP reports, and from the Hungarian Energy Office.

Sourcespecific recalculations

Nomethodological changéThechangingiumber of plants whos emission reports were used directly
might cause some minor changeSQ emission factors were rounded to the hundtbd

Sourcespecific planned improvements

None.
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Reported Emissions: Main Pollutants (except)NRarticulate Matter, CO, Priority Heavy Metals,
Other Heavy Metals, POPs

Measured Emissions: NCCO, SQ TSP,

(Pb, Cd, Hg, Cr, Cu, Ni, PCDD#t available for all years).

Methods: T3, T2, (T1)

Emission factors: D, PS

Key source:

Methodological issues

In Hungary, practically only one operating refinery remained whose emission reports were used for
this submission for the period 202D24. Measured emissions from the refinery were separated into
combustion and process related emissions. More details on this sectoral split of emissions can be found
in Chapter 3.7.2.2. For earlier years, the classic methodology with emission factors wasl.appli
NMVOC emissions reported in this source category are either from waste incineration at the refinery
(from 2007)0r from fuel combustion calculated using EFs from Talslendthe Guidebook when plant
specific fugitive NMVOC emissions are reportetlB12.a.i(from 2014). For the years before 2007, it

Ad | aadzySR GKFG Ittt baxh/ SYAaaAizya NS AyOf dzRSF
source category. Heavy metals, PCDD/F and POPs are only reported from waste incineration as for
these pollutaats a T1 method is applied ih.B.2.a.iv In this submission, NHemissions are not
estimated.

PMy and PM s emissions are derived from measured TSP data using the respective ratios of default
emission factors from Table2in the 2023 EMEP/EEA Guidebook (e.g.:PMEP x 88/113).

Activity data

The data were taken from the joint IEA/Eurostat annual questionnaires. For the calculations, primarily
fuel consumption data were used but also refinery intake was taken into account especially for the
sectoral split between energy and industry.

Emission factors

In case no measured emission was available from the refinery, T2 emission factors were used for the
most used fuels (refinery gas, natural gas, fuel oil) from the 2023 EMEP/EEA Guidebook. In case of
waste incineration, also T1 factors were applied.

Uncertainties and timeseries consistency

No category specific information is available.

Sourcespecific QA/QC and verification

The environmental performance data of the MOL Group can be checked on the internet on the
following link:
https://molgroup.info/en/sustainability/reportsand-data
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Please note that these data include not only the emissions from the Hungarian refinery but also the
emissions of Slovnaft and another refinery located in Italy.

Sourcespecific recalculations

None

Sourcespecific planned improvements

It will be investigated whether Nt¢missions should be estimated in this source category.

Reported Emissions: Main Pollutants (except)NRarticulate Matter, CO, Priority Heavy Metals,
Other Heavy Metals, POPs

Measured Emissions: NGBQ, CO, TSP

Methods: T3, T2

Emission factors: D, PS

Key source:

A uniqgue specialty in Hungawyas the coking on contract basis. When the mining of coking coal
0SOIYS dzySO2y2YAOLt> Al 61 & ald2LIISR Ay GKS SI NI
installed in the country remained unutilized. Thus, coking coal was brought by foreign cokegnod

into the country, a part of the coke produced was exported, while another part was utilized by the
domestic blast furnace for pig iron production (d&ig. 3.37). The byproducts of the coking, the coke

oven gas and of the pig iron production, thiadt furnace gas are consumed by the nearby power

plant. Of course, the emission connected with the coke production remains in the country and also the
coke oven gas is fired here (to produce process heat for coking and to produce electricity in the nearby
power plant).

OnJune 12,2024, A6 SNIié 5dzyl g2@t NPa O6F2NX¥SNI & 5dzyl FSNND =
global steel company Liberty Stegtiopped coke production at the plant.

Emissions from o#nd gas extraction, and biogas gasification plamts also included in this source
category.
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Figure 3.37 Gas coke distillation in Hungary (192024)

Methodological issues

Therewaspractically one coking plant in the country (ISD DUNAFERR Cokind B&RTY Steel since
2023) whose emission reports were used for this submission. The measured emissions were taken as
they were reported (luckily, the coking plant and the nearbytfiamace plant report separately). For

the remaining pollutants, Tier 2 approach was applied. For all other energy industries (e.g. coal mines,
gas extraction, gasification plants) the general T1 methodology based on fuel consumption was used.

Activity data

For the Tier 2 approach coal use was needed that was taken from the joint IEA/Eurostat annual coal
guestionnaire (Coking CoalTransformation Sector Coke Ovens). As also demonstrated by Figure
3.3.8 above, production level showed quite strong fluctuasioin the entire inventory period.
Nevertheless, production decreased significantly in the last five years by 45%, and by 32% alone in
2022.

Table 3.3.2Production and export of coke oven coal

1990| 1995| 2000| 2005| 2010| 2015| 2020| 2021 | 2022 | 2023 | 2024
Coking Coal Use (kt] 955/ 1402 1280 808 1414 1328 1141 1074 727 313 114
Coke Production (kt] 672 1033 937| 614 1018 960 831 767, 522 221f 80
Export (kt) 0l 420 183 53 300 298 222 439 130 102 126

Emission factors

For all noameasured pollutants by the coking plant, default emission factors from TaBl¢cbke
manufacture with byproduct recovery) were used.
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Uncertainties and timeseries consistency

The time series can be regarded as consistent.

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

No methodalogical change has taken place but the latest updated energy statistics has been used.

Sourcespecific planned improvements

None.
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3.4 Manufacturing Industries and Construction (NFR Code 1A2)

This subsector covers emissions from the combustion of fuels in the industrial deigiore 3.4.1
illustrates the energy consumption of the sector. After 1990, following the economic changes, the
quantity of fuels used has significantly decreased. The underlying reasons are the clearly decreased
production volumes. In 2009 the global economic crisissed a remarkable drop of 28% in fuel
consumption and also the emissions of the industrial secitien between 2012 and 2021iuel
consumption increased quite significantly by980n the nexttwo years, however, fuel consumption
decreased agairthis time by 20%In 2024 fuel consumption increased by 2%he fuel mix changed,

too. Combustion of coal and oil products is losing its importance among fossil fuels. In contrast,
growing biomass and other fuel use can be observed. The figure tEd@sly demonstrates the
dominance of natural ga$@% in 2@4).
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Figure 3.4.1Fuel use in manufacturing industries and construction (2429)

Methodological issues

Generally, measured emissions were reported in source categories with larger emitters (e.g. iron and
steel, cement production). Otherwise, either Tier 1 approach based on fuel use or Tier 2 approach
based on production data was followed. Choice of metterdission factors, and activity data will be
described in the following at source category level.

STATIONARY COMBUSTION IN MANUFACTURING INDUSTRIES AND
CONSTRUCTION: IRON AND STEEL (NFR CODE 1A2A)

Reported Emissions: NGBQ, CO
Measured Emissions: NGBQ, CO
Methods: (T1). T2, T3

Emission factors: D, CS

Key sourceSOx
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Until recently one large emitter, ISD Dunaferr Group, now LIBERTY Steel Hunamoperating in

the country with a blast furnace plant, steelworks, hot rolling mill, cold rolling mill, profiling works, etc.
There are a few other plants as well; however, the sum of their reported emissions is aBétbl

the total in this source categyp.

However, thisplant has experienced significant, prolonged idle periods following its acquisition by
Liberty Steel in July 2023. As of late 2024, the plant's main blast furnace remained shut down, with
rolling lines operating only intermittently due to low demand angthproduction costs.

Methodological issues

In this submission, the general recommendation on allocation of emissions at Tier 2 methodology was
followed, namely to assign NOB5Q, CO emissions to combustion only. Plant specific (measured) data

were reported directly for 2002022 which corresponded to a Tier 3 method. To our knowledge, the

facility reports cover all relevant processes in the country. For previous years, cougttificspmission

factors were derived using pig iron as activity data. In case of SOx, as thaxXwes totally differat

Ay GKS donQa a Al Aad y26 O60A®PSd aAIYAFAOLYyG | Y2 dzy
were calculated on the basis of fuel use (T1 method) for the period-2990.

Activity data

Pig iron production data from different sources (statistical officeww.worldsteel.org
www.eurofer.org) were used. Fuel consumption data were taken from the IEA annual questionnaires.

Emission factors

The following country specific emission factors were used for the years when nesplacific data
were available (all expressed in kg/kt pig iron):

SOx: 597, NOx: 1500, CO: 51,446.

Uncertainties and timeseries consistency

The time series can be regarded as consistent.

Sourcespecific QA/QC and verification

Different facility reports were taken into account including the National Environmental Information
System and PRTR. In case of questionable data, the plant was contacted directly by the inventory
compiler institute.

Sourcespecific recalculations

None.

Sourcespecific planned improvements

The time series of the plant specific measurements will be analyzed.
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342 STATIONARY COMBUSTION IN MANUFACTURING INDUSTRIES AND
CONSTRUCTION: NEBERROUS METALS (NFR CODE 1A2B)

Reported Emissions: NCBQ, CO
Measured Emissions: (NCCO)
Methods: T2, (T3)

Emission factors: D

Key source:

Methodological issues

In this submission, the general recommendation on allocation of emissions at Tier 2 methodology was
followed, namely to assign only MOSQ, CO emissions to combustion. As many pkgecific
(measured) data were taken into account as possible for the last three years but for alumina
production only up till 2013.

Activity data

Tier 2 approach requires productidrased activity data which were received from the Hungarian
Central Statistical Office. In 202secondary copper and bras$5(5 kt), secondary zinc (©.kt),
secondaryaluminium (254 kt) production were the relevant processes to be taken into account. As
regards (secondangluminiumand alumina production, facility level emission data was taken into
account,and no production data was used (N&nd CO only). It should be noted that primary
aluminiumproduction was stopped in 2006.

Emission factors

Tier 2 emission factors were taken from Tabl&43 Table 3.8, and Table-39 of the 2023 EMEP/EEA
Guidebook (Ch. 1.A.2 Manufacturing industries and construction).

Uncertainties and timeseries consistency

Although consistency has been improved, the time series can only be regarded as consistent for the
period 20032024 due to missing activity data.

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

None.

Sourcespecific planned improvements

Further improve consistency of the time series.
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STATIONARY COMBUSTION IN MANUFACTURING INDUSTRIES AND
CONSTRUCTION: CHEMICALS (NFR CODE 1A2C), PULP, PAPER AND PRINT (NFI
CODE 1A2D), FOOD PROCESSING, BEVERAGES AND TOBACCO (NFR CODE 1AZ2E
OTHER (NFR CODE 1A2GVIlI)

Reported Emissions: Main Pollutants (except)NRarticulate Matter, CO, Priority Heavy Metals,
Other Heavy Metals, POPs

Measured Emissions: None taken into account

Methods: T1

Emission factors: D, CS

Key source: SOx (1A2d), NOx (LAZ2Lgviii

Methodological issues

The general Tier 1 approach was followed here, using fuel consumption as activity data with mostly
default T1 emission factors.

Activity data

The IEA/Eurostat annual questionnaires were used for the whole-simnies (199€024). In these
subsectors, natural gas is the dominant fuel accounting fe8(d¥ of total fuel consumption.

In the Other category emissions from the following industrial activities are accounted for: Mining and
Quarrying, Manufacture of electrical and optical equipment, Manufacture of transport equipment,
Manufacture of textiles and textile products, Manufactuad leather and leather products,
Manufacture of wood and wood products, Manufacturing goods not elsewhere classified,
Construction. In addition, emissions from some autoproducer plants are included here for the years
before 1998.

Emission factors

Mostly default Tier 1 emission factors relevant for small bastion were taken from the 2023
EMEP/EEA Guidebook (Ch: Small combustion, Tabletm 310) with the following exceptions.

1 Country specific SOx emission factors for heavy fuel oil were derived based on the share of
GKAIK &dzf LIKdzZNE | yR af2¢ &adzf LIKdzZNE FdzSt 2Afa 4l
high sulphur oil has 3% sulphur content, whereas low sulphur oil¥#as

9 For other liquid fuels, domestic legislation was taken into account which maximized the
sulphur content of liquid fuels as 0.2% from 2004 and as 0.1% from 2008.

1 Domestic legislation (Regulation of the minister of environment No 23/2001) was taken into
account also to derive some country specific emission factors as detailedia 3.2

1 The S@emission factors for solid fuels were determined from sulphur content of the coal
using the equation (EF=Sx20000/CV) from the Guidebook. It was assumed that imported hard
coals and brown coals have an average sulphur content of 1% and 1.75%, respectively.
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Table 3.4.1Country specific emission factors

Uncertainties and timeseries consistency

The time series are most probably consistent.

Pollutant Fuel Em'?;é?.? Jf]actor Period
SQ imported coal 167 20022024
SQ domestic brown coal 1255 20022024
SQ domestic coal 3800 19902001
SQ other liquid fuels 93 20042007
SQ other liquid fuels 47 20082024
NG coal 125 20022024
NG liquid fuels 136 20022024
Cco coal 105 20022024
CcoO biomass 141 20022024
TSP other liquid fuel 15 20022024
TSP coal 63 2002-2024
TSP biomass 85 20022024

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

No methodological change has taken place. However, the updated IEA/Eurostat time series have been

used as activity data (fuel consumptioA)so rounding might have causedme minor differencedn

addition, possibledouble countingin source category 1A2d was addressed (but we might revisit this

issuein the next submission.)

Sourcespecific planned improvements

None.
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Reported Emissions: Main Pollutants (excepg)NBO, Priority Heavy Metals, Other Heavy Metals,
POPs

Measured Emissions: NG5Q, CO, Hg (cement production)

Methods: T3, T2

Emission factors: D, CS

Key source: NOx, Hg.

Emissions from lime, cement, asphalt, glass, mineral wool, bricks and tiles and fine ceramics production
is accounted for here in this source category.

Methodological issues

Generally, Tier 2 approach was followed based on production statistics. For cement productien plant
specific data were taken into account. Moreover, measured emission values (SOx, NOx, CO) reported
by cement factories were directly used for the period 2@08.3, and 2012024. (Measured data

were incomplete for the years 2012D15 at the time of the inventory compilation therefore they were

not used.) For previous years, country specific emission factors were derived (Table 3.3). As cement
factories combusalso industrial waste (among others fossil wastes such as rubber and plastic), facility
reports of PCDD/F and Hg were especially important. However, these emission data need to be
analyzed further. Except for cement production, onlyxXd® and S&missions were allocated to the
energy sector which is in line with the Tier 2 approach.

For cement plants that use validated average values to calculate annual emissions, reported emissions
data were amended in some years with the confidence interval as given in the IED (i.e. 20% of SO
20% of NQ and 10% of CO).

Activity data

Production data (ceramics, bricks, mineral wool, asphalt, lime) were received from the Hungarian
Central Statistical Office. Clinker data were provided by the cement factories.

Emission factors

Tier 2 emission factors were taken from Table®43; 3-30 of the 2023 EMEP/EEA Guidebook (Ch.
1.A.2 Manufacturing industries and construction).

There are some exceptions, though. We have analyhedreported emission data from the five
(currently only three) cement plants in the country. Based on plant specific emission data and clinker
production statistics, country specific emission factors were derived as summarized in Table 3.4.2
below.
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Table 3.4.2Zountry specific emission factors in cement production

Pollutant C;?;Zgi){) r?ggg;g(r: Default EFs
NOx 2500 g/Mg product 1241 g/Mg product
({0 20001550 g/Mg product| 1455 g/Mg product
Hg 0.06 g/Mg product 0.041 g/Mg product
PCDD/F - 4.1 ng FTEQ/Mg clinker

Uncertainties and timeseries consistency

The time series can be regarded as consistent.

Sourcespecific QA/QC and verification

Statistical and plant specific production data were compared.

Sourcespecific recalculations

Update of production datéasphalt)in 2023 led to changein emissions.

Sourcespecific planned improvements

None.

MOBILE COMBUSTION IN MANUFACTURING INDUSTRIES AND CONSTRUCTION:
(NFR CODE 1A2GVII)

Reported Emissions: Main Pollutants, Particulate Matter, CO, Priority Heavy Metals, Other Heavy
Metals, POPs (except PCDD/F, HCB, PCBs)

Measured Emissions:

Methods: T2

Emission factors: T2

Key source: NOx

Methodological issues

Tier 2 method from the 2023 EMEP/EEA Guidebook is implemented. This method classifies the used
equipment into the fuel types and layers of engine technology. The engine technology layers are
stratified according to the EU emission legislation stages, hrektadditional layers are added to

cover the emissions from engines prior to the first EU legislation stages. The used layers are as follows:
<1981; 19811990; 1991iStage I; Stage I; Stage II; Stage llIA; Stage IlIB; Stage IV; Stage V. The
penetration ofthe new technology is taken into account in the form of split (%) of total fuel
consumption per engine age (irrespective of inventory year) as it can be seen forfdadked non-

road machinery in Table-3in the Guidebook.
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Activity data

All gasoil consumption from the IEA/Eurostat Annual Questionnaire has been regarded asdadoff
mobile use. Although we rely mostly on the IEA/EUROSTAT Annual Questionnaires in their original
form, the allocation of gasoil does not seem to be consistenthe whole timeseries. (For example,

gasoil consumption in the industry sector is reported in the AQ as 30 kt and 140 kt for 2010 and 2011,
respectively) Therefore, some gasoil consumption had to be reallocated from road transport to
industry based n 20112015 data allocations angalueaddedvolumes for previous years.

Emission factors

Emission factors were taken from Tabl@3 a ¢ A SNJ H S YA ANRARY YH IOKAYNSENEE2 ND
Chapter Norroad mobile sources and machinery of the 2023 Guidebook. The only exception was SOx

for which country specific factors were applied correspogdio domestic quality of gasoil (sulphur

content currently max. 10 mg/kg).

Uncertainties and timeseries consistency

The time series can be regarded as consistent.

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

Sourcespecific planned improvements

None.
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3.5 Transport (NFR sector 1A3)

This sector covers all the emissions from fuels used for transportation purposes and includes also some
non-fuel related emissions (e.g. from vehicle tyre and brake wear, or road surface wear).

Looking at the whole period of our time series, a sharp decrease of 60% in transport of goods could be
20aSNISR RdAzZNAYy3a (G(KS NBIAYS OKFy3aIS Ay GKS Sk NIe
in freight tonkilometers had not reached the level B85 until 2005. Beside these significant changes

of volume, the structure of goods transport altered. Currently, the most important means of freight
transport is road transportation with a share of 67%, followed by rail (20%), pipeline (9%) and
waterway (3%). In 1990 we saw a completely different picture with railway and waterway being the
dominant mode of transport representing 40% and 34%, respectively.

In 2020, there was a drop in transporl% in freight tonn&ilometres) especially due to a 13%
decrease in road transportation, then it increased again in 2021. Goods transport did not change
significantly in 2022. However, in 2023, goods transportelsed again quite significantly by 9%, road
transport fell by 11%. 2024 saw a slight increase in transport
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Figure 3.5.1Trends in goods transport (20@024). Source: HCSO

Passenger transporlsounderwent considerable changes. The stock of passenger cars had more than
doubled since 1990. Within this increase, the proportion of Eastern European cars characterized by
high fuel consumption and obsolete technology decreased; for example, currentlpfopédssenger

cars complies with at least the Euro 4 emission standards. At the same time, the average age of the car
fleet has increased again in recent yeax®r 16 years in 202 (The lowest average age of vehicles
(10.3 yearsyvas observed in 2006, before the economic cristggure 3.5.2 summarizes the abeve
mentioned developments.
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Figure 3.5.%General changes in the transport sector

Electrification of the railways in Hungary eliminated mostly the solid fuel consumption. (Today there
are only few lines where steam engines are used duringsubreduled vintage train trips.) Diesel olil
consumption of railways decreased as well, byo8etween 1990 and 2@2

Emissions were calculated basically from the national fuel consumption data from the IEA/Eurostat
annual questionnaires. The national energy statistics usuallgat include the quantities of aviation
gasoline used for Hsountry (or international) aviation, and of the diesel oil used for international
(river) navigation. However, aviation gasoline consumption appeared in the latest energy statistics for
the years2016:2024. Fuel consumption data (i.e. both aviation gasoline and jet kerosene) of domestic
aviation are also taken from the Eurocontrol database containing data on IFR flights. We can also
assume (based on personal communication with the energy statistics provider) thhi0kBaviation
gasoline is consumed for domestic flights, mostly foricadfural use. (These emissions are not
included in the inventory as VFR flights are not included in the Eurocontrol database.) It is also possible
that some minor amount of aviation fuel (for VFR flights) is included elsewhere in the inventories (e.g.
under road transport).

According to the information received from the energy statistics provider, natural gas use related to
natural gas transport was previously included under distribution losses in the energy statistics. In the
inventory, however, a complete time series of esions from pipeline transport is included separately.
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Figures below illustrate the fuel consumption of the sector:

140000 +--maen=- BBiomass____MGasoil __ B Gasoline___ _ oo
120,000 mmm oo m oo --
100,000 f-----======-mm=mmmmmmmmmmmm g R oo
e 1 R TR o 5 B8 B B B B B B B
R EE R E R EEE E R R
TIOR3 S SREHEEEAERREHAREARERRERERERER

Figure 3.5.3&Gasoline, diesel and biomass consumption and total energy use in the Transport Sector
(19902024)

Figure 3.5.3LPG, natural gas and solid fuel combustion in the Transport SectorZ0Q290

Figure 3.5.%learly shows that in contrast to the other described sectors, transport consumption had

I NAaAy3d 20SNIff GSYyRSyOeé FTNRY GKS YAR dhnQa dzyiaAa
has changed due to the economic crisis. Both fuel consumptichnaifeage of vehicles (km/year)
increased until 2009 and started decreasing afterwards. The increasing fuel prices (up to 2012) could
also be one of the reasons of a record low gasoline consumption in the transport sector. It is worth
mentioning that the nass of domestically transported goods via road transport decreased by 44%
between 2008 and 2012. However, the decreasing trend stopped, fuel consumption started to grow
again and national transport of goods increased by 28% since 2012. Then, in 202@,atherdrop of

8% in national transport of goods, and at the same time fuel consumption decreased quite significantly
by 12%. However, the drop in 2020 proved to be temporary, fuel consumption increasedaagain
reached its (sdar) highest value in 2022n 2023, however, fuel consumption dropped by 7%;
probably not independently of the significant fuel price increase 622%.
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Ly GKS aSO2yR KFItF 2F wnnp GKS 1 dzy3rNRAFY 2Af | yR
to process bioethanol from vegetable raw material with high sugar content, also biodiesel have been
used for blending. These bio components appear al§ogn3.12.

LPG has been used since 1992. It should be noted that due to the current commercial practices, in
container (household, institutional) uses are difficult to separate from traffic uses (i.e., distribution at
petrol stations). This may be the reason for girp increase in 2003, which does not fully reflect the
actual changes but is the result of a change in the approaches used for the preparation of the statistics.
Accordingly, liquid fuel uses by the general public (currently including LPG only) sioifieasit drop

in the same period.

Reported Emissions: Main Pollutants, Particulate Matter, CO, Priority Heavy Metals, Other Heavy
Metals, POPs

Measured Emissions: None taken into account

Methods: COPERY

Emission factors: COPERT

Key source: NONMVOC, C®M,Pb

Methodological issues

For the emission calculations, the CORERJanputer Programme to Calculatémission fromRoad
Transport) model, specifically versiorB®2 was used for the whole time series. The transition to the
COPERT program family was a necessary step in the area of national road transport emission
calculations, since most countries use this program which ensures international comparability. By
using thelatest version of the model, also consistency of the time series is ensured.

Activity data

The COPERT model requires quite detailed background information. To produce input data for the
model for the whole time series, basically three data sources were used:

1./ The compiler institute received the COPERT outputs run by KTI Institute for Transport Sciences (KTI)
for the years 2006, 2007, 2009, 2011, and the period 2Z02. The structure of the input data was
produced in a way which fully complies with that described in the software requirement.

Generally, the input data required by the COPERT model are as follows:

vehicle fleet [n]

mean activity [km/year], lifetime cumulative activity [km]

traffic situations: vehicle share [%], average speed [km/h], trip characteristic

national annual energy consumption [tons/year]

country-specific environmental information:
o YIGAZ2YIf Y2y iKfe FF@SNI3ISa 2F RIAfT&@ YAYAYdz
o monthly average relative humidity [%]
0 Reid vapor pressure [kPa]

= =4 —a —a -
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o0 determination of countryspecific sulfur content of petrol and diesel fuels [ppm wt]
o0 determination of bioethanol ETBE (Ethyl terityl ether) content (biodiesel FAME
(Fatty acid methyl ester) content is provided in the model because it is known from
EU data)
As the input data were not obtained from the same source and were not always suitable for direct use,
therefore the data were needed to be processed prior. The largest bulk of the work was processing
the vehicle stock data, since this data ensures the sb&si emission calculations performed by
COPERTS. Therefore, it was crucial to perform an utmost precise work regarding the vehicle stock data,
which was obtained from thBepartment of Transport Administration and Registration of the Ministry
of Energy (H). At the request of the KTI, vehicle data tables required to perform the task were
extracted from theBEM database. The vehicle stock classifications and emission categorizations were
prepared using the following table:

Table 3.5.1Vehicle categorization required by the COPERTS model

Category Fuel 9y 3IAYyS OFLIOAlE

2aiNB1S oXmnnn OY
Xynn OYw
Gasoline 80lcmnnn OYw
140lcHnnn OYw
xHnnm OYuw
Xynn OYw
80lcmnnn OYw
1401cHnnn OYuw
XHAAM OYw
80lcmnnn OYw
Petrol PHEV | 1401cH nnn OY w
XHAnAM OYw
Xynn OYuw

. 80lcmnnn OYw
Diesel =
Passenger Cars 1401¢cHinnn OYw
XHAnAM OYw
Diesel PHEV |xHnnm OYuw
Xynn OYw
80lcmnnn OYw
140icHinnn OYuw
xHnnm OYuw
Xynn OYuw
80lcmnnn OYw
140icHinnn OYuw
xHnnm OYuw
XmMcnn 13
1601¢ 1950 kg
1951¢ 2300 kg
xHonwm 13
NI-L Xm®donp
Gasoline N1-11 1.306¢ 1.760 t
N1-1ll 1.761¢ 3.5t
NLL Xmdonp
Diesel NZ1-11 1.306¢ 1.760 t
NI1-111 1.761¢ 3.5 t

Petrol Hybrid

LPG Bifuel

CNG Bifuel

BEV

Light Commercial Vehicl
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Category

Fuel

9y AAYS OF LI OAGE

Battery electric

NI-L Xm®donp

N1-111.306¢ 1.760 t

N1-1111.761¢ 3.5t

Heavy Duty Trucks

Gasoline

>3.5t

Diesel

Rigid <=7.5t

Rigid 7,5 12 t

Rigid 12 14 t

Rigid 14 20 t

Rigid 20- 26 t

Rigid 26 28 t

Rigid 28 32 t

Rigid >32 t

Articulated 14- 20 t

Articulated 20- 28 t

Articulated 28 34 t

Articulated 34-40 t

Articulated 40-50 t

Articulated 50- 60 t

CNG

Rigid <=7.5t

Rigid 7,5 12 t

Rigid >12 t

Articulated <40 t

LNG

Articulated <40 t

Buses

Diesel

Urban Midi<= 15t

Urban Standard 1518 t

Urban Articulated> 18 t

Coaches Standard <= 18t

Coaches Articulated > 18 t

Diesel Hybrid

Urban

CNG

Urban CNG Buses

Urban CNG Buses <=15t

Urban CNG Buses 148 t

Urban CNG Buses >18 t

Battery electric

L-Category

Petrol

pn OY

Mopeds 23 i N2 1 S +
Mopeds4a i NB 1S fpn OY

Motorcycles 22 G NR 1S BHpn

Motorcycles4a G NP 1S ¢ Hpn

Motorcycles4a G NR 1S BT pn

Motorcycles 4stroke 250-T pn = OY

In the case of traffic situations, the percentage of vehicle share and average speed values within the
driving conditions (urban, rural, motorway) for each vehicle category were used based on the results

of previous research carried out by the KTI.

Specifying the average speed is less important in the case of rural and highway traffic as the function
takes similar values between 4®5 km/h. However, determining the average speed for urban

ENERGY

transport is more important, because of a difference of 1 knn the first third of the function results

in a larger difference in emissions. Naturally, the functions vary from one pollutant to another, but the

influence of speed is similar in each case.
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Among the trip characteristics, it is important to mention the average travel time and duration.
According to available statistics, European average of 12.5vksidetermined by experts. The
distribution of the distances traveled varies from country to country, but typically a large proportion
(80%) travel only short distance (less than 15 km). It plays a significant role in the emissions of the cold
start phase. Té average travel distance of 12 km average travel time of 25 minutes wasrusase

of pasenger cars. The categorization for the other vehicle categories can be seen in the following
table:

Table 3.5.2 In the model, tle average trip length is determined separately for the main vehicle
categories

+SKAOEt S Of ¢CNAL) £ Sy3 ¢NIF @St oY
tFraasSy3asSnNy OF | M H noHp
[ A3KG O2 YYSNJ M H noHp
I St @& (NHzO a nn noyp
. dza Sa nn noyp
[TOF G $32 NE M H noHp

Detailed and accurate calculations of mean activity could not have been made in previous years.
Previously, data were obtained from queries extracted from the RKF (Regular Environmental Review)
database provided by the Ministry of the Environment, and sglgently corrected based on the
annual fuel consumption. However, in COPERTS, it is possible to provide fuel balanced mean activity,
which the program automatically counts and takes into account when calculating the emissions. From
2018, there was a devegbment research in the KTI regarding the mean activity and the project
outcomes were used from 2019. From now on, the mean activity data will be precise,and the

query system calculates the mileage records of the Vehicle Inspection Database for each vehicle
category.

The source of the annual fuel consumption data was the national energy statistics provided by the
Hungarian Energy and Public Utility Regulatory Authority (MEKH). The data published by the MEKH will
also be transmitted to EUROSTAT. Energy conversionseweeated following the values given in the
EMEP/EEA air pollutant emission inventory guidebo@320

Table 3.53: Default density and calorific values of primary fuels determined using theENIEP/EEA
air pollutant emission inventory guidebook (Tabi283

Fuel Density [kg/m3]| Calorific values [MJ/kg
Gasoline 750 43.774
Diesel 840 42.695
LPG 520 46.564
CNG 175 48
Biodiesel 890 37.3
Bioethanol 794 28.8

The countryspecific environmental data was obtained partly from HungaroMet (average monthly
maximum and minimum temperatures), partly from Hungarian fuel standards (Reid vapor pressure
RVP).
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2./ For all the years in the period 20@017 for which no domestic data were provided by the Institute
for Transport Sciences, data purchased from Emisia SA, developer of the COPERT model, were used as

inputs. As claimed by the data providérii KS @SKAOf S Ff SSi
the compilation of national emission inventories with use of the COPERT model reflect our best
knowledge of national situation in each country until 2013. These data have been updated using the
road transprt dataset and methodology of the TRACCS research project. More specifically, TRACCS
dataset of the period 2003010 has been combined with the previous FLEETS research project dataset

(20002005) and with latest official statistics available (2e€213)to produce aligned and up to date
time series for the period 206013 (no projection included). The quality, completeness, and
consistency of these two projects datasets, which have been extensively reviewed actierked,
ensure that the compiled cguli NA S& RIFGF N8 faz2 2F J22R ljdzr t AGe@

In case of larger discrepancies between the Emisia database and domestic data, preference was always
given to data from domestic sources. Again, whenever necessary, the mileage data were slightly

modified to reflect better the domestic statistics on fueld.

3./ The compiler institute produced input data for the remaining years (i.e. 1988). Quantification

of the stock of each road vehicle type was based on Statistical yearbooks of Hungary and annual reports

of Ministry of Economy and Transport about theuridarian vehicle fleet. Also, personal

communications with experts took place. Compared to recent years where about 200 vehicle
categories were taken into account, the input database for the earlier part of the time series is less
detailed containing 35 \&cle categories, and it probably has a higher uncertainty. Nowadays we have

the most precise vehicle categorizations reaching almost 400 vehicle categories required by the

COPERTS5 model, though the increased number of categorizations are not only thefrésudetailed
vehicle registration database provided by the BM, but the development of the traffic industry as well,
because we have more alternative fueled vehicles and higher Euro standards.

Emission factors

The emission factors used were mainly the default factors from the COPERT5 model with a few
exceptions. One of these exceptions is lead. It should be noted that unleaded gasoline was sold only

after 1989. Since lead is poison for catalytic convertersag mssumed that real catalyst vehicle has

been used after this time.
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Figure 3.5.£&limination of leaded gasoline in Hungary
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Based on information from the refinery, we applied the following values.

Table 3.54 Country specific emission factors in road transport

ENERGY

199091 199299 20002005 2005
Lead content of leaded gasoline (g/l) | 0.340.33 0.130.04 NA NA
Sulphur content of gasoline (%wt) 0.2 0.05 0.015 0.001
Sulphur content of diesel (Yowt) 0.5 0.05 0.035 0.001

Uncertainties and timeseries consistency

As in other countrieghere is a problem the calculation with transit transport. During the calculation,
we were taken into account the emission of transit as a part of emission of Hungarian road transport,
but it could be an uncertainty because of the fuel consumption.dttendency, that transit transport

does not use Hungarian fuel. The size of the country gives possibility to go through it in one day, the
maximum length of Hungary can be driven without fuel tanking in the area of the country. The trucks
tank typically irabroad.

Using similar versions of the COPERT model has improved the time series consistency of this category.

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

For this submissiotthe latest versin of the COPERT modgl(2) was usedor the entire time series.

Sourcespecific planned improvements
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Reported Emissions: Main Pollutants (except)NBO, Particulate Matter
Measured Emissions: None taken into account

Methods: LTO

Emission factors: ICAO, FOI database

Key source:

Methodological issues

The EEA's Guide to calculating emissions from air transport recommends three different methods. The
first and second calculation methddier 1 and Tier 23 a top down method, that is, it takes as a basis
the total quantity of fuel used in a given year, while the third metlidiggr 3)is abottom-up method.

For the C@and S@components as well as heavy metals the first method is entirely suitable, since
from the fuel quantity and with a good approximation these components can be directly calculated,
and they are independent from the different technological engine relatedtismis. PMo and PM s

are those pollutants that are most dependent on the type of aircraft and load, therefore, for the
approximate calculation of these the first method cannot be recommended. With the help of the third
calculation methd the fuel consumption can be controlled. The calculations are greatly influenced by
the availability of data.

Calculation of air transport emissions is carried out in accordance with international practice, on the
basis of the emission factors of the-salled LTe&ycles (landings / takeffs).

> LTO-cycle

.
L
-5 -

Taxi/ idle Taxi / idle j

Figure 3.52.1 Structure of the LT®ycle
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Based on the figures, it becomes clear that the¥y€e contains only land and neland operations,
since approaching the airport for landing and leaving the airptire takeoff - are assessed under ~
1000 m (3000 ft) altitude.

1.) Departure activities: taxi out, takeff, climb out (up to 1000 m)
2.) Arrival activities: final approach (from 1000 m), landing, taxi in.

Depending on the aircraft type, according to the EPA4RRequirements the time taken for the LTO
cycle varies from 26 to 33 minutes.

Each year, the European Organisation for the Safety of Air Navigation (EUROCONTROL), supporting the
European Environment Agency (EEA) and Member States of the European Union (EU), under contract
with DG CLIMATE ACTION, calculates:
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1 the mass of fuel burnt annually and
1 the masses of certain gaseous and particulate emissions produced annually
by civil aviation flights starting from and/or finishing at airports in the member states of the EU.

For this submission, emissions are reported based on a methodology developed by EUROCONTROL.
¢KS Ol tOdzZ A2y dzZaSR Ay (GKS a9! wh/ hb¢wh|[ aSiK2RE
the LTO cycle, a Tier 3a calculation is performed; averagednsumption and emission data are

assumed for (aircraft type, type of engine) combinations. For the CCD phase, a Tier 3B calculation is
performed in which the amounts of fuel burnt and pollutants emitted are calculated on a flight
segment by flight segmebasis.

Activity data

Basically, two databases have been used. First, the IEA/EUROSTAT Annual Oil Questionnaire, especially
the time series of jet kerosene consumption, has been taken into account. However, for the period
20052023, we have relied on the activity data and emission database of EUROCONTROL. As regards
LTO phases, activity data have directly been taken from EUROCONTROL. Activity data for calculations
of emissions of CCD phases reported as memo items are based alsmdetFROCONTROL data and

IEA data, however thayight differ up to 27%.

Emission factors

As EUROCONTROL made both activity data (fuel burnt) and the resulting emissions available, emission
FILOU2NR o0daAfd Ayid2 GKS 9! wh/ hbe¢wh|[ 2082 KsFdRé 6 S NE
preceding years, (implied) emission factors were derivethfemissions taken from EUROCONTROL

and jet kerosene use as reported to the IEA. These constant emission factors were applied for the
period 19962004.

Uncertainties and timeseries consistency

The time series can be regarded as consistent.

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

None

Sourcespecific planned improvements

It is not planned to change the methodology.
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Reported Emissions: CO, CH,N8D, Particulate Matters, Heavy Metals, POPs

Measured Emissions: None taken into account

Methods: default (according to the Tier 2 calculation method proposed by the BEBRGuidebook
2019)

Emission factors: Tier 2

Key source:

Methodological issues

The annual national railway emissions were based on the amount of diesel used in railway traction,
andifilom the coal consumption of nostalgia trains. The energy statistical data of the following railway
companies for the calculation were used:

a#zx wlAftgle LYFNI adNUuzOddzNE { SNBAOSax
a#+ t1aaASY3aSNI ¢NFYAaLRNI /2YLI yes

D & !SofarorEbenfurt Railway (GySEV) and

GySEV CARGO.

= =4 -4 -2

To determine the emissions, we have implemented an extended data collection process from 2019,
including the provision of data by GYSEV CARGO. As the NOx emissions from rail have become a key
category in recent years, it was necessary to apply a new adtmulmethod (Tier 2 method) that

required more detailed data for the year 2017 in comparison to the previously applied simplified
method (Tier 1 method). As part of this, we collected extended energy data on the type of locomotives,
dividing them into lie-haul and shunting locomotives and railcars. The expansion of the data and the
change in the calculation method have provided the opportunity to provide more accurate data.

Activity data

Railway transport emissions are affected by many factors; these will be discussed in the following
subsections. Since the currently used method of calculation is based on the fuel consumption of the
rail traction, the factors described below, therefore, dot have a direct influence on the calculation.

Table 3.5.3.8hows the total length of lines and vehicle stock of rail transport. It can be defined that
the length of all the operated railway lines has decreased in recent years, although not significantly.
The number of locomotives during the same period also dismd to a minimum. As of 2010, unlike

in previous years, the statistical yearbook no longer contains data on the proportion of rail traction
(electrical- diesel).

Table 3.5.3.1Track and vehicle stock of public railways, traction

2000 [ 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024

The length of the operated railway lines (km) | 7,668 7,685 7,352 7,197 7,787 7,889 7,907 7,825| 7,725
From which:

two or multiple tracks 1,293| 1,292 1,335/ 1,205/ 1,219 1,315/ 1,315/ 1,352| 1,350

electrified 2,718| 2,791 2,929| 2,963| 3,111| 3,221| 3,221| 3,368| 3,368
Track length of operated lines 12,739| 12,735| 9,178 9,358| 11,393| 11586| 11603| 9,158| 7,821
Stock, numbers of each

Locomotives 1,107 1,040 1,077 1,153| 1,154| 1,189 1,140 1,283| 1,277
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2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024

Railcars 339 369 431 515 492 711 733 780 782

Coaches 2,988 3,060f 2,788 2,526 2,056 2,121| 2,003] 2421| 2,448

Freight cars 20,778| 16,027| 11,357| 8,916/ 8,640/ 8,806/ 8,713| 10,203| 9,958

The proportion of the traction, [%]
electrical 81,1 N/A N/A N/A N/A N/A N/A N/A N/A
diesel 18,9] N/A N/A N/A N/A N/A N/A N/A N/A

Table 3.5.3.2hows the change of rail passenger performance. The quantity of all the number of people
transported declined by about 12% over a decade, which is true for rail, although it shows an increasing
tendency since 2010. Regarding the freight performance ntheastated that although the weight of
goods transported has fallen back to the year of 2001, the performance of transport was not much
lower than in previous years. It can be stated that the railroad performance dropped approximately to
a half. The propdion of freight performance and weight are relatively constant, and variations in the
performance can be caused by changes in transport distances.

Table 3.5.3.2nterurban passenger transport (2092024)

NI € . Of which train | Passengekilometer | Of which train

Year passengers carried| | . . o -

[million people] [million people] [million] [million]
2001 755.9 161.7 25,546 10,005
2002 755.9 164.6 26,102 10,531
2003 743.7 159.9 26,418 10,286
2004 737.3 162.7 27,217 10,544
2005 720.1 156.4 26,736 9,880
2006 721.7 156.8 27,733 9,584
2007 682.3 149.8 26,885 8,752
2008 691.1 144.9 25,989 8,293
2009 650.8 142.8 24,881 8,073
2010 652.8 140.5 25,059 7,692
2011 665.9 145.7 25,979 7,806
2012 669.3 147.8 23,285 7,806
2013 671.0 148.5 23,701 7,842
2014 671.9 146.1 25,056 7,738
2015 656.9 144.4 25,623 7,609
2016 648.6 146.6 26,933 7,653
2017 642.9 146.9 28,528 7,666
2018 634.9 148.0 30,148 7,770
2019 625.0 146.9 31,157 7,752
2020 452.9 100.7 16,179 4,854
2021 440.9 103.8 16,655 5,435
2022 544.3 141.4 25,061 7,817
2023 650.6 190.6 28,952 10,403
2024 907.3 3050 38,980 15,006

Table 3.5.3.Domestic freight transport (20@2024)

vear | “epors | orwnenran [ TSR T orunen

[thousand tons] [million]
2001 152,552 17,824 9,766 1,967
2002 237,732 16,560 13,413 1,788
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Weight of freight | ¢\ pich rail el Of which rail
Year transported [thousand tons] kllo_meter [million]
[thousand tons] [million]
2003 230,961 14,592 13,224 1,593
2004 228,019 15,217 13,692 1,725
2005 238,233 13,440 14,031 1,645
2006 253,388 12,078 14,928 1,491
2007 237,823 10,834 15,629 1,289
2008 251,666 11,198 15,495 1,374
2009 222,568 12,362 14,448 1,268
2010 190,635 11,398 13,667 1,341
2011 176,031 10,763 12,848 1,162
2012 156,503 11,556 12,411 1,423
2013 155,775 12,325 12,504 1,596
2014 184,218 15,020 13,559 2,049
2015 186,575 14,409 13,868 1,784
2016 184,450 13,558 15,216 1,578
2017 177,701 15,191 16,106 1,998
2018 201,265 15,730 17,231 2,020
2019 200,423 14,574 17,755 1,763
2020 184,378 11,071 16,500 1,366
2021 211,446 10,192 18,470 1,278
2022 194,922 11,149 17,767 1,594
2023 184,085 8,813 17,265 1,327
2024 164,270 8,888 15418 1,274

Calculating emission of railway transport

In the course of our calculations, our focus essentially was on determining the emissions of the rall
traction and, in particular, of the mobile sources (diesel locomotives).

In the railway sector, the sources of air pollution can be grouped as follows:
a) transport by railway or public road

- traction

- heating in trains

- dispersing, evaporation

- public road transportation

It is a typical feature that pollution occurs from mobile sources,-si@tionary, along the tracks.
b) servicerelated activities

- car cleaning

- loading

- storage of materials (cargo and fuel as well)
- construction, track maintenance

- vehicle repairs, component manufacturing

- heat supply

c) other activities

- municipal heat supply
- wastewater treatment, waste management
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- wreck

As previously mentioned, in the course of calculating emissions only exhaust emissions of diesel
locomotives on track were taken into account.

Railway traction vehicles

In terms of emissions from traction vehicles, only those were taken into account which are driven by
heat engines. In the case of electrical traction vehicles, that is to say the power plant emissions were
not taken into account. Traction with an interre@@mbustion engine is the most polluting traction type.

The emissions from coéited traction are very low because of its low share. The coal used for this
purpose is primarily connected to the nostalgia trains, but a part of it is used for heating a3 heell
distribution of nostalgia trains is not uniform in space and time: takes place mainly during the summer
season and on touristically more popular lines. The amount of sulfur dioxide and solid pollutants
emitted locally is significant compared to oth&raction types, while the other components are
negligible. From the amount of diesel consumption used for traction, the emissions of pollutants were
calculated based on the specific emission values of the relevant instructions and measurements. It
shouldbe noted that the emission of diesel locomotives, apart from fuel quality, is highly dependent
on the type, condition and operating conditions of the engine. Pgimered vehicles are primarily

used by the construction specialist. In fact, a conventi@aalengine is running in the railway work
machine. During the calculation of the air pollution, these machines were also ignored. The reason for
this is, firstly, that its emissions are negligible (magnitudes) lower than those of diesel traction. It can
be also stated that this source of emission includes diesel locomotives at stations or railway stations,
or shunting locomotives for a short distance.

Road vehicles

The railway has a significant road fleet. On the one hand, it is used to complement the basic service
activity to ensure its own operation. This corresponds in the case of the composition of the vehicle
fleet with the domestic vehicles (both diesel and qétare included). At the same time, we also took

into consideration vehicles with registration plate when calculating the emissions from road transport,
so we did not calculate the emissions of the vehicle fleet of railroad separately.

The additional air pollutant effect of carriage of rail transport

The passing train causes dust dispersion/suspension. When braking, the brakeibldlo& case of
modern vehicles the frictional brake pad and some of the iron powder formed by the wear of each the
brake disc, tire and rails adheres to the train, while test, which are heavier than air, settles within
the limit of expropriation. Replacing iron brake blocks with plastised material and using disc brakes
reduces this pollution.

The air pollution impact of freight transport is more significant. The loading and unloading of bulk
goods are usually carried out on siding tracks or on a designated loading track.

Some of the airborne contaminants are dust, and the other part is the liquid, possibly leaving the gas.
Considering that the emissions of the abawentioned origin cannot be reliably calculated, we have
also omitted to define it. The recommended speda#finission values were grouped into 3 categories
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divided by EMEEEA Guidebook instead of previous cowdpgcific emission factors. Some of the
airborne pollutants are dust, and the other part are those materials, which leave from carried goods
made up of liquid or possibly gas. Considering that thm/elmentioned emissions cannot be reliably
calculated, we have also omitted to define it.

¢CKS ljdzqk yGAGASE 2F FdzSt dzaSR F2NJ GNIX OlAzy @SNB
transition to the new calculation methodology, we have recalculated emissions since 2010.

Emission factors

The recommended specific emission values were used in 3 categories grouped by th&eEMEP
Guidebook instead of the previous counspecific emission factors.

Emission factor values for harmful components
[g / ton of fuel]
Fuel Diesel Coal
Loct(;r;é)tlve line-haul locomotives | shunting locomotives railcars
NOXx 63 54.4 39.9 2,194
CcoO 18 10.8 10.8 27,367
NMVOC 4.8 4.6 4.7
NHs 0.01 0.01 0.01
TSP 1.8 3.1 1.5
PMo 1.2 2.1 1.1 10,970
PMz,5 1.1 2 1
N20 0.024 0.024 0.024
CQ 3,140 3,190 3,140 380,000
CH 0.182 0.176 0.179
SQ° 0.2 0.2 0.2 45,497
For diesel, Tier2 guide values (* except for SO2, where only Tierl is present),
In the case of coal fuel, the former Institute for Transport Sciences NonLRdofiKTI) emissic
factors were used in the calculation

Uncertainties and timeseries consistency

The time series is most probably consistent.

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

None

Sourcespecific planned improvements

None.
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3.54 NATIONAL NAVIGATION (NFR CODE 1A3DII)

Reported Emissions: CO, CH, NOx, SO2, Particulate Matters, Heavy Metals, HCB, PCB, DIOX
Measured Emissions: None taken into account

Methods: default

Emission factors: T1

Key source:

Methodological issues

The calculations are based on energy statistical data and default emission factors. Based on recent
information from the energy statistics provider, fuel used for international navigation is included in the
energy statistics in the source side but notimaf consumption explicitly, so the corresponding gasoil
must be allocated elsewhere (probably in road transport).

Activity data and emission factors

Fuel consumption data were taken from the IEA annual questionnaires. Our data source of emission
factors was the 2023 EMEP/EEA Guidebook.

Uncertainties and timeseries consistency

The time series can be regarded as consistent.

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

None

Sourcespecific planned improvements

It is not planned to change the methodology.

355 INTERNATIONAL INLAND NAVIGATION (NFR CODE 1.A.3.D.I(1))

Methodology

The annual energy balance report of the Hungarian Energy and Public Utilities Regulatory Office
(MEKH) only provides data on diesel fuel consumption for inland waterway transport. Due to this
limitation of energy statistical data, data sources and spetiéthodology were needed that could be

used to determine energy consumption and the associated emissions.

Fuel consumption characteristics for cargo vessels were derived from literature data describing the
composition and types of the Danube cargo fleet for 2017 (Aristoi viadonau, 2017). To estimate energy
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consumption, the calculation approach was reviewed and investigated. For the determination of the
specific fuel consumption factor, the published input characteristics were applied, while the fleet size
and the average engine power (kW) were adjusted torimwe representativeness, in particular, engine
power was expressed as an average weighted by the number of vessels. In this step, statistics from the
Danube Commission were used. For years in which no fleet statistics were available, the number of
vesselsaaind the weighted average engine power were carried forward from the most recent year with
valid data. Danube freight transport performance data were available back to 2007, therefore, fuel
consumption for international inland freight transport was estifor the period 200g2024. The
annual fuel consumption estimates were divided by the corresponding Danube-talomeetre (tkm)

values to derive yearly specific fuel consumption factors (L/tkm). As freight transport performance is
recorded by the CentraBtatistical Office (KSH) by import, export, and transit categories, these
categories were aggregated and multiplied by the specific fuel consumption factor to estimate
international inland freight fuel consumption for Hungary.

Compared with freight transport, substantially less statistical information is available for passenger
navigation on the Danube. Passenger transport performance in passkitgmetres (pkm) is not

reported in international datasets or Eurostat sourceg] &tungarian Statistical Office data cover only

domestic inland waterway passenger transport on an annual basis. Therefore, international inland
waterway passenger transport fuel consumption was estimated using an alternative, distased

approach. The @timation was based primarily on Danube Commission passenger traffic statistics
derived from lock records, which provide the number of passenger vessels passing and passenger
counts by flow direction. These data were used to derive the volume of pass&mgeraffic entering

and leaving Hungary. Fuel consumption was then calculated using representative distances and
consumption factors expressed per passenrkjiometre (L/pkm). For cabin vessels, Budapest was

treated as the typical turnaround and servigitocation for vessels arriving from the north (via
DFOG6N|1 2020 ¢KS 20aSNIWSR RAFFSNBYOS 06SisSSy OF 67
G26F NRa a2Kt O0a ¢l a dzaSR G2 aALIXAG OGONIFFFAO Ayid2
DFo6Nuea@Ppm> 6 SNBE adadzyYSR (2 (ddz2Ny o1 O1 G . dzRI LISz
turnaround). Accordingly, the Hungarian Danube section was divided at Budapest and representative
distances of approximately 171 km (north of Budapest) and 207 km (south of Bupejeestapplied

for cabin vessels. For déyp vessels, shorter maximum rouddp distances were applied, using

Y2YI NRBY onn YO F2NJGKS y2NIKSNYy &aSOGA2Yy FyR .2
For cabin and dairip vessels, the caumption factors were parameterised using typical ship
characteristics and operating conditions on the Hungarian Danube section (including average power,
hoteling demand for cabin vessels, and typical speeds).

Sourcespecific planned improvements

The methodology applied to estimate international inland waterway passenger transport in earlier
years requires revision to ensure consistency and comparability across the time series

Hungary does not have any activities under Memo 1.A.3.d.i(i) International maritime navigation.
Activities under International inland waterways are included under 1.A.3.d.i(ii).
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PIPELINE TRANSPORT (NFR CODE 1A3El)

Reported Emissions: Main Pollutants (except)NPiarticulate Matters, CO, Heavy Metals, POP (except
HCB, PCB)

Measured Emissions: None taken into account

Methods: T3, T1

Emission factors: D

Key source:

Methodological issues

This submission is based on reported emission data#NOCO) from compressor stations from 2005.
For earlier years and other pollutants, emissions are calculated from the (partially amended) energy
statistical data and default emission factors. Natural gas consumpti@orapressorstations from
where measurements are available represent around 90% of total fuel allocated to pipeline transport
in the energy statistics; for the remaining part (assumed to be boilers below 1 MW), emissions are
calculated crrently with T1 method.

Activity data

The IEA Annual Gas Questionnaire contains fuel consumption data only for the yeat302010
Therefore, backward extrapolation was carried out using total natural gas consumption as proxy
information.

Emission factors

In the case where no measurement data were available, either the new T1 emission factors were used
from the 2023 EMEP/EEA Guidebook (NOx, CO) or the same emission factors were applied as for small
industrial combustion (see Ch. 3.4.3).

Uncertainties and timeseries consistency

The time series is most probably consistent.

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

None

Sourcespecific planned improvements

We might switch to T2 methodologyespecially in case of NMVOC emissions.
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3.6 Other Sector (NFR sector 1.A.4)

Reported emissions: Main Pollutants, Particulate Matter, CO, Heavy Metals, POPs
Measured Emissions: None

Methods: Tier 1/Tier 2 methodology

Emission factors: Default Tier 1/Tier 2 (Residential: coal, biomass), £S (SO

Key source: NONMVOC, SONH, PMs, PMo, TSP, BC, CO, Pb, Cd, Hg, PCDD/F, PAH, HCB

This sector covers combustion in public institutions, by the population and in the
Agriculture/Forestry/Fisheries Sector. Mostly, the general Tier 1 approach, i.e., dafed
methodology with default emission factors, was applied. Consequently, fustiogption (amount and
structure) determines level and trend of emissions to a large extent. Exceptions from this rule are
biomass and coal fired stoves and boilers in the residential sectors for which T2 emission factors were
used. Also, T2 method is appliéor offroad machinery used in agriculture.
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Figure 3.6.1Fuel combustion in the subsectors of the Other Sector {2024

Figure 3.6.1 demonstrates the share of the three subsectors within the sector. By far, the most
important is the residential sector representing around two third of all fuel use therefore in the
following we will concentrate more on households. Please tiw¢ the calculation method was more

or less the same, only the aboweentioned methodological distinction was applied between
residential and commercial/institutional or agriculture/forestry/fishing source categoriesrdatf
mobile emissions in agridure are reported separately.

Generally, in contrast with the significant reduction of coal and oil consumption, natural gas
consumption has increased significantly. The population switched from coal to natural gas combustion.
Household heating oil was completely replaced by UR@ing the period 1992024, the length of

natural gas pipenetwork increased from 22,549 km to 882km. The number of households supplied

with natural gas increased from 1.6 million in 1990 (42%) to 3.4 million in 2010 (77%) but decreased a
little to 3.2 milion (70%) since 2010. Residential consumption represented 35% of total inland demand
of natural gas in 202 Piped gas is available in 91% of all settlements in Hungary, and this figure has
not changed much since 2005 (but it was only 15% in 1990). According to the latest census data (2022),
62% of all occupied dwellings are heated with gas and 32% with wod2D24, 662 thousand
apartments in 96 settlements in the countgyl4% of the housing stoakreceived district heating.
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Districtheated hot water supply was available in 608 thousand apartments in 91 settlements. Most of
this heat (around 70%) is generated from natural gas use; however, the resulting emission was not
accounted for here but under the Energy industries sutmgec

The dominance of natural gas and the historical shift from liquid and solid fuels is clearly demonstrated
by Figure 3.6.2 below. Steadily rising tariffs and the economic crisis were the main reasons of growing
biomass use in this sector as well.
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Figure 3.6.2Share of different combusted fuel types in the Other Sector {2924)

Natural gas consumption can be influenced by several factors. One of these factors might be the
weather and the resulting heating demand. Heating degree day (HDD) is a quantitative index that
reflects demand for energy to heat houses and businessesntleis is derived from daily temperature
20aSNUFGA2yad ¢KS AYAaARS GSYLISNI G§dzNBE Aa wmyc/ | yF
GKAOK | 0dzAif RAyd ySSRa y2 KSIFGAy3aO0 Aa wmpc/ AY
methodology). Figure 8.3illustrates the relationship between residential fuel consumption and HDD.

The figure demonstrates that increased fuel use can often be explained by increased HDD values and
vice versa. Heating demand (HDD) increased by 7% in 2020 and by further 1125 (af9 the so

far two warmest years in 2018019) which is reflected in the higher energy consumption of the
residential sector. In the last three years, however, heating demand decreased again quite
significantly: by 9% both in 2022 and 2023, and aythaer 2% in 2024Please note that 202#asthe

warmest year also globally since 1850
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Figure 3.6.3Comparison of residential fuel consumption and HDD between 2000 aAd 202

Another factor is definitely the price. The (nominal) price of pipelined gas increased from 325 to 1360
Ft/10 m3 between 2000 and 2012. This price increase might have led to increased biomass use as a
substitute fuel in the residential sector. However, theovementioned trends changed after 2012.

Gas prices dropped by 26% between 2012 and 2015, consequently consumption started growing again.
Gas prices remained stable until 2021. In 2022 all energy prices increased significantly.

So, it seems that the price elasticity of demand of natural gas and other fuels. We know that the price
of natural gas was significantly higher in the period 20083 than that of biomass, and in this very
period natural gas consumption decreased and @sesconsumption increased. After 2014, however,

the trend changed due to decreased natural gas prices (the price advantage of biomass disappeared),
SO gas consumption started increasing again while biomass consumption decreased. This is
demonstrated in Figre 3.6.4 below.
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Figure 3.6.4rice elasticity of natural gas and fuelwood (20&4)

The yearly average consumption of piped gas per household decreased from 1,522 m3 in 2003 to 833
m3 in 2014, and then increased to 100200 m3 in the period 201Z021.In the next two years,
consumption decreased by 30% to 827 m3 in 2023. In this significant decreasing beside the
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higher energy pricesmost probably also the more energpnscious approach of the population plays
a role and is definitely greatly affected by the weather. In comparison, the decrease in biomass use
was rather moderate.
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Figure 3.6.8Jse of biomass (wood, wood wastes) use in the residential sector-Z2P0b

Activity data

The joint IEA/Eurostat annual questionnaires served as activity data consistently for the whole time
series (199€024).

The Tier 2 method applied for coal and wood fired stoves and boilers in the residential sector required
more information on the used technologies. Based on the latest comprehensive population census
conducted by the Hungarian Central Statistical Offi@9itl it was assumed that 35% of coal was used

in conventional stoves and 65% in conventional boilers. As regards biomass consumption, 50% was
allocated to conventional stoves and the remaining half to conventional boilers. The latest census in
2022 indicaes a £/58 per cent share of wood boilers/stoves.

Ly 2NRSNJ (2 NBLER2NI &ASLINIGS SYAaarzya Feodd GKS
OSKAOf Sa IyR 20KSNJ YI OKAYSNEET RASaSt 2Af
combustion. The Energy Statistical Yearbooks publisttednd 1990 contained separate data for
gasoil used in tractors and harvesters. Based on this information, a bit more than 60% could be
allocated to mobile consumption in the early period of the time series. Considering the generally
diminishing role ofituid fuels in stationary combustion, it is assumed that after 2001 all gasoil
allocated to agriculture in the energy statistics has been used for mobiteadf machinery.

Emission factors

Generally, default Tier 1 emission factors were used as published in the Small combustion chapter of
EMEP/EEA Guidebook, however with one minor and two major exceptions. Domestic legislation
regarding maximum sulphur content of liquid fuels was takenaamount similarly as described above

for other source categories. As regards 8Qission factors for solid fuels, our calculations were based

on sulphur content and calorific value of the different coals, as follows:

EF (S& =[S] x 20,000 / CVNet
where:

EF (S@ is the S@emission factor (g/GJ)
[S] is sulphur content of the fuel (% w/w)
CVNets fuel CV (GJ/tonne, net basis)
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Sulphur content of the domestically produced coals was received from the Hungarian Office for Mining

and Geology (MBFH). Recently, domestic lignite and brown had a sulphur content of 1 to 3.3 per cent.

Ly GKS onQasz O2Ffta g¢A ik mibadSomedidcaakiadEn avdrageXuigiig O 2 vy
content of 2.9%. The resulting implied emission factor for domestic brown coal changed from 4000
13IkeW Ay (B0 ipre®i year® Foo domestic coal, 20% retention is ash was assumed.

The sulphurcontent of imported coals, based on data from distributors, varied between 0.5 and 3 per

cent, therefore 1.75% sulphur content was assumed forlsitdominous coal, and 1% for better quality

hard coal. Calorific values were taken from the IEA annual cestignnaire. In the case of imported

coal, 10% retention in ash was assumed. The resulting IEF varied betweeR50#0Kg/TJ.

In case of biomass and coal fired stoves and boilers, for all other pollutants default T2 emission factors
were applied representing conventional technologies.

As regards biomass burning, it is assumed that still traditi@eainologies dominate, e.g.4% of total
biomass is consuet in traditional stovesr fireplaces and % in boiles. Effective stoves represent
15%, whereas modern advanced appliances haveasestf 22%.

m FPLACE
m STOVE
s EFF_STOVE
ADV, OKOLABEL
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Figure 3.6.@ifferent biomass burning technologies in the residential sectodj202

Further methodological description

The methodology for offoad vehicles and other machinery used in agriculture and forestry is
presented here. Tier 2 method from the 2023 EMEP/EEA Guidebook was implemented. This method
classifies the used equipment into the fuel types and layers of enigokenology. The engine
technology layers are stratified 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 stages. The used
layers are as follows: 981; 19811990; 1991Stage |; Stage I; Stage IlI; Stage IlIA; Stage 11IB; Stage IV;
Stage V. The penetration of the new technology is taken into account in the form of split (%) of total
fuel consumption per engine age (irrespective of inventory year) eanitbe seen for diesélielled
non-road machinery in Table-3 in the Guidebook. As domestic information on stock of agricultural
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machinery indicates a somewhat slower penetration of new technology (as in Denmark), original data
in Table 33 have been modified as follows:

Table 3.6.1Used values for the split (%) of total fuel consumption per engine age (irrespective of
inventory year) for diesdélieled norroad machinery in Agriculture

Engine ORIGINAL
age e in Table 33

0 4 8

1 4 7.6
2 4 7.2
3 4 6.79
4 6 6.39
5 6 5.99
6 6 5.59
7 6 5.18
8 6 4.78
9 6 4.38
10 6 3.98
11 4 3.57
12 3 3.17
13 3 2.77
14 3 2.37
15 3 1.97
16 3 1.9
17 3 1.83
18 3 1.76
19 3 1.69
20 3 1.62
21 2 1.55
22 1 1.48
23 1 1.41
24 1 1.34
25 1 1.28
26 1 1.21
27 1 1.14
28 1 1.07
29 2 1

Emissions from household machinery in the category are reported in the category 1A4bii separately.
Based on the latest survey of the Statistical Office, 56% of the households have garden or backyard on
their own. There are 3.9 million households in Hung&§26 of which is 2.2 million. It was assumed

that for every garden 5 liters gasoline are used in a year. This would translate to 10.95 million liters or
8.2 kt gasoline. As part of the households use electronic devices, 6 kt of gasoline use was assumed fo
the whole time series. As the resulting emissions are not significant, for the calculations T1
methodology was used with default emission factors (i.e. the average factors for 2 stroke and 4 stroke
engines).

Uncertainties and timeseries consistency

The time series are most probably consistent.

79



HUNGARY Informative Inventory Report9902024 ENERGY

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

Activity data have been updated in line with the latest IEA/Eurostat Annual Questionhaiagislition,
the shareof individual room heating vs centralized heatistpves vs boilers) was revised.

Sourcespecific planned improvements

It is planned to switch to T2 methodology in the source catedag¥ta Commercial/Institutional:
Stationary
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3.7 Fugitive emissions from fuelg NFR sector 1.B

This sector includes emissions from ammbustion activities during fuel production, processing,
transformation, transmission and storage and also venting and flaring operations during these

Informative Inventory Report9902024

ENERGY

processes. Combustion emissions connected to these processds aee reported in sectorl.A

Therefore, mainly NMVOC emissions are reported in sek®as suggested by the 2023 EMEP/EEA
Guidebook. N@ CO and SCare to be reported only in source categories where process emissions

occur, i.e.irl.B.2.a.ivRefinely Ay M®P. dM PO
and in1.B.2.c Venting and flaringn the case of heavy metals and PA&tkingis the significant

emission source. The pollutants reported in the different subsectors are summarized in the following

table together with the method used.

WCdZAAGA DS SYraarzya

Table 3.7.1Summary of pollutants and emissions estimation methods used within sector 1.B

NO« SQ
(as NQ) NMVOC (as S@ NHs PMs CcoO HMs POPs
1Bla Fugitive emission fror
solid fuels: Coal mining an| NA T3 NA NA T1 NA NA NA
handling
1B1b Fugitive emission fror T1conl
solid fuels: Solid fue T1 T1 T1 T1 T1 T1 T1 ¢ only
. PAHs
transformation
1Blc O_ther fugitive emission NA NA NA NA NA NA NA NA
from solid fuels
1B2ai Exploration, production NA T2 NA NA NA NA NA NA
transport
1B2aiv Refining / storage T3 T1 T3 Tl Tl T3 T1 mn
9 9 PCDDI/F
1B2av Distribution of oi NA T1, T2 NA NA NA NA NA NE
products
1B2b Natural gas NA T2 NA NA NA NA NA NE
1B2c Venting and flaring TUT2 | T T1 NA | TuT2 | TuT2 | TUT2 Tii\ﬂ‘sly

Default emission factors and activity data from statistics are us8awery subsector, since direct
measurement of fugitive emissions is not possible in general and we have no information on country
specific calculations. An exception is coal mining, where country specific method is used based on
research projects and anath exception isl.B.2.a.iv Refinerywhere process emissions from oil
refinery are reported based on plant specific data. The most important source of activity data is IEA

Energy statistics of Hungary in the case of se&t8: The source categories of sectbiBare very

similar to the source categories of secfoBdefined in UNFCCC reporting on greenhouse gases. Using
the new 2023 EMEP/EEA Guidebook, natural gas became the most important source of NMVOC

emissions (1b2b), but also oil exploration, production, transport (1B2ai) is antempaource. In
subcategoryl.B.2.d Other fugitive emissions from energy productioremissions are reported for

most part of the time series. However thermal water extraction is present is Hungary and CH
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emissions from extraction of thermal water is reported in UNFCCC reporting, the 2019 EMEP/EEA
Guidebook suggesteporting only NH emissions solely where electricity is produced directly by
geothermal energy in this subsector. In Hungary the general use is heat only production and electricity
or CHP production from geothermal energy started only in 2017, according to HCSO andr¢igA Ene
Statistics. The associated (quite negligible) NH3, Hg and As emissions were included in the 2020
submission for the firsime.

Trend

The aggregated trend of emissions in this sector is interesting only for NMVOC since all the other
pollutants are to be reported only in one or two subsectors as it is detailed above. The trend is
decreasing which is caused inter alia by the decline aadtewal disappearance of underground mining
activities in Hungary, which is in direct correlation with NMVOC emissions from this subcategory. In
general, emissions are decreasing in almost all source categories. Most importantly, oil and gas
production decease. The ongoing leak detection and repair programme (LDAR) at the refinery is also
contributing to NMVOC emission reductions. In contrast, emissions are slightly increasing in 1B2av
Distribution of oil products due to increasing gasoline consumption.

[
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Figure 3.7.1Aggregated NMVOC emissions from sector 1.B

It is worth mentioning that it is especially complicated to define realistic time series and trends of
emissions in this sector, since the spread of environmentally sound technologies and improvement of
abatement efficiencies has been a continuous proaessiffuse or plenty of point sources. The time
series presented in this chapter are mainly calculated using the default factors presented in the latest
edition of the Guidebook, which usually reflects the state of the technology by the time of the
prepardion of the Guidebook.

Consequently, on one hand the later in time the more realistic the estimation of emissions is, on the
other hand the trends of emissions reflect the change of activity rather than the change caused by
application of abatement and control options. Howewée application of default factors is necessary

in order tofulfil the completeness and consistency criteria of inventory preparation until better data
becomes available.

In the case of subsectors Refinery and Distribution of Oil products, a trend is already included in the
emission factors. For details, please see the relevant chapters.
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Non-combustion emissions arising during coal mining and transformation into coke are reported in
this sector.

Reported Emissions: NMVOC, TSPyoFRM 5
Measured Emissions: NMVOC

Methods: T1, T3

Emission factors: T1, T3

First of all, it is important to state that indigenous production of coal is not significant anymore in
Hungary. The production used to be larger but a fast decline started after the change of regime
especially in the case of underground mining. It is fidsgo see the trend of indigenous production

of coal mined undergroundnd total production of coal ifiable 3.7.2The 202 EMEP/EEA Guidebook
suggests reporting NMVOC and BMmissions in this sector. Emissions are reported using country
specific metlods. The country specific method is taken from UNFCCC reporting,san@issions
originating from coal mining. NMVOC and,@k both the components of igitu gas originating from

coal mines. Issitu gas content (quantity and composition) was measured in the one single
underground coal working until 2017 in Hungary. The results are published in USGS, 2002. (Please see
the Refa@ence list). Methane is reported based on the results of these measurements in UNFCCC
reporting. In this present LRTAP reporting ND/ emissions are reported by proportioning the
methane emissions. It is worth mentioning that the same method is used by determination of the
emission factor of the 2009, 2013, 2016, 2019 and 2023 EMEP/EEA Guidebooks: "The NMVOC factor
is based on an assa@went of the emission factors for methane from an earlier version of the
Guidebook, in combination with a species profile (Williams, 1993). This profile suggests an average
bath/ O2yiSyd 0SG6SSy n YR wmMH 22 AYy (KS FANBRIF YL
Surface (opeftast) mining is located in two area of the country, for the largest area 1sdurgas

content is assumed, since the lignite exploited there is very young in coalification. (Net calorific value
of the lignite mined there is under 10 MJ#rand presented in sector 1.A.) As no methane emissions

are reported from surface mining in UNFCCC reporting, no NMVOC emissions are assumed either. At
the end of 2014 an old surface mine wasogened with relatively high (20.753€H/t coal) in-situ
methanecontent, but the amount of mined coal was almost negligible. However, asr@isision was
reported in the UNFCCC regime, NMVOC emissions was also included here.

As far as our knowledge, Hungarian mines are not drained and there are nebaorimieg or burning

coal waste piles. From the older coal waste piles, the combustible part has been extracted for decades.
Methane emission from abandoned mines is now calcddbe the UNFCCC greenhouse gas inventory
according to 2006 IPCC Guidelines, but not covered by this inventory.

To sum up, it is important to be aware that the decreasing and relatively low emissions (and implied
emission factors) of NMVOC originating from coal mining presented in the figure below are due to the
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low in-situ gas content and NMVOC content ofsitu gases of coals of Hungary and the decreasing
percentage of underground mining activity.

NMYOC emission (Gg) — e=|)nderground mining (Mt coal)

(wa) eod pauiyy
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Figure 3.7.2Trend of NMVOC emissions in sector 1.Bahd production data of underground coal
mining in Hungary

Emission factors for particulate matter

TPS, PM and PM s emissions from coal production are reported using T1 emission factors from the
2023 EMEP/EEA Guidebook. In this submission, emissionshfrodiing of imported coahre also
calculated using the relevant emission factors (Tak#g.3

Emission factor for NMVOC

Methane emissions originating from coal mining are calculated in UNFCCC reporting where emission
factors are based on individual measurement data. Between 2006 and 2014 the only one operating
dzy RSNENR dzy R YAYS KI R 0 S/6opal minedlsiziniehah@ comekhtiiThe n @ o
methane content of the irsitu gas (firedamp) is 95% based on the research conducted by the
Hungarian Geological Service (Somos 1991, please see the Reference List for other references also), so
NMVOC content oftte gas is lesthan 5%. This is in line with the 2019 EMEP/EEA Guidebook 1.B.1.a
chapter 3.2.2, where it is stated that an average NMVOC content of the firedamp is between 0 and 12
%. The methane emission from coal mining reported in NIR is the 95% ofdite gas (fedamp), so

NMVOC emissions are calculated as the 0,05/0,95=0,05263 part of the methane emissions. In 2014 an
old surface mine (in Mecsek region, where gassy mines of Hungary are located)apeneel with

relatively high (20.75 ACH/t coal) insitu methane content, but the amount of mined coal was almost
negligible in the first year, however emission was reported in UNFCCC reporting, so NMVOC emissions
also presented here. In the last two years production of this mine was very low, but underground
production was also marginal, so this mine represented significant proportion in emissions, therefore
the implied emission factor changed significantly. Since 2015 only one minor underground mine was
working after the closure of the mine of the last bituminésih-bituminous coal fired power plant,

and in 2018 underground mining ceased eventually.

Please note that the implied emission factor calculated based on NMVOC emission and AD reported in
NFR Table might be misleading, since the latter is the TOTAL indigenous production and not the
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amount mined underground. However, in the case of PMs and TSP, the whole amount (TOTAL
indigenous production) is to be taken into account.

Activity data

Detailed data on coal mining is available from both IEA (IEA_COAL_Total indigenous proeuction)
energy statistics and the Hungarian Mining Authority (MBFH). Data is compared and they are
corresponding. Underground mining of coal decreased significantte 4i880. Nowadays the open

cast mining of a coal has become more important. One single underground mine was operating until
2017, and open cast mining is also limited almost to one area of the country and it is combusted mainly
in one single power plant.tAhe end of 2014 an old surface mine wasopgened to produce coal for
resident population. However, this coal production is very limited (falls below the threshold of
reported amount in the IEA publication) according to the information of Mining ando@ieal Survey

of Hungary (former Hungarian Office for Mining and Geology) there is some CH4 and NMVOC emissions
because of relatively high-situ methane content.

Please note that the Activity data reported in the NFR Table is the data of Total indigenous production
of coal including underground and surface (ogmErst) mining. PMs and TSP emission factors have this
data as the unit of measure of the emission factouf NMVOC emissions are correlated to activity
data of underground mining.

Table 3.7.2Activity data in sector 1.B.1.a

1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024

Underground mining (Mt) | 10.91 6.94 5.19 125 0.81 0.022 NO N NO NO NO
Total production (Mt) 17.83 14.77 14.03 9.57 9.11] 9.26 6.13 4.99 4.93 4.07 3.89
Imported coal (Mt) 1.76 2.21f 189 216 2.06) 160 129 1.20[ 087 0.41 0.18

Recalculations, QA/QC activities and planned improvements

There was an error correction relating totaity data onimported coalwhich caused changes in PM
emisisons NMVOC emission from abandoned underground coal mines will be calculated after the
revision of methane emission for the UNFCCC as the NMVOC calculation is based on methane emission.
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Lastupdate: 205

Reported Emissions: NOx, SA@MVOC, CO, NH3, PM10, PM2.5, TSP, HMs (Pb, Cd, Hg, As, Ni), PCDD/F,
PAHs

Measured Emissions: none

Methods: T1

Emission factors: T1

Key source: Trend PCDD/F

It is important to take into account the definition of the 2023 EMEP/EEA Guidebook in order to avoid
double counting and separate the combustion emissigng: KA & & 2 dzZNOS OF 6 S32NE R
from coke ovens (only fugitive emissions including emissions from charging, door and lid leaks, off

leaks, quenching, pushing. Emissions from combustion stacks and preheater are included in chapter
MP! OmybpddT YGd dzZNBE 2F &d2f AR FdzSfa yR 2GKSNJ SySNBHe@
divided inb coal handling and storage, coke oven charging, coal coking, extinction of coke and coke
ovengas purification. Combustion in coke oven furnaces is treated in chapter 1.A.1.c; the fugitive
emissions from leakage and extinction are covered by this chdmakage and extinction lead to

emissions of all major pollutants including heavy metals and POPs.

For fugitive emissions, the default Tier 1 approach is used. NMVOC, NH3, PMs, TSP, several HMs (Pb,
Cd, Hg, As, Ni), PCDD/F and PAHs are reported here. Also NOx, SOx and CO emissions have been
included.

Emission factor

Tier 1 default emission factors of the 2023 EMEP/EEA Guidebook are used for all emission calculation
reported in 1B1b sector. However, the company producing coke in Hungary is reporting to LAIR, but
not all the substances, where default EF is providedhinGuidebook (e.g. no reporting of PCDD/F,
PCB, HCB, etc.). It might be the case that there is no emission at all from certain pollutants, but in the
absence of detailed information, we prefer to use the default factors. In this way the results are
probably a very conservative overestimation of several substances.

Activity data

Production of coke is available from IEA Energy statistics.
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Figure 3.7.3Activity data and P emission in 1.B.1.b sector

Recalculations, QA/QC activities and planned improvements

None.

FUGITIVE EMISSIONS FROM OIL AND GAS OPERATIONS (NFR SECTOR 1.B.2)

In this sector fugitive emission arising during exploration, production, transport, transmission,
distribution, storage and processing of Natural Gas and Oil are reported including emissions from
venting and flaring operations of these processes. NMV@e@ isiost important pollutant, but in the

case of subcategory Venting and flaring also NOX, SOx and CO is reported within this sector (and not
in sector 1) as it is suggested by the 2023 EMEP/EEA Guidebook.

In Hungary all the operations mentioned above present,but the processes related to indigenous
production of natural gas and oil are not significant due to the relatively low volumes exploited.

In the case of natural gas, the fugitive emissions of methane are of higher concern, which is reported
under UNFCCC reporting, NMVOC emissions are less important.

Also, in this sector default emission factors and activity data from statistics areluBe?La.iv Refinery

and 1.B.2.a.v Distribution of Oil productabsectors are the two exceptions. In the former case plant
specific data and extrapolation is used. In the case of subsector Distribution of Oil products, the
emission factor is timeélependent since the date and effect of change of technology was qagig te
define. For details, please see the relevant chapters.

The most important time series of activity data and NMVOC emissions by subsector are presented in
the following tables.
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Table3.7.3Activity data and NMVOC emissions in 1.B.2.a Oil operations subsector
vear ir?drilé_l:]iiglljls va}\?cz)aclk(ii(isg) Refinc(al:t); intake Nbl?/gg(lélg) To;acilga(igline Nl\l/l.\?(.jzc.:a(\gg)
prod. (kt)
1990 1915 3.849 8147 1.628 1790 3.580
1991 1841 3.645 7655 1.531 1567 3.134
1992 1769 3.541 7458 1.492 1463 2.926
1993 1654 3.355 7717 1.543 1488 2.976
1994 1575 3.181 7043 1.409 1445 2.890
1995 1668 3.370 7506 1.501 1427 2.854
1996 1477 2.987 6787 1.357 1345 2.473
1997 1360 2.806 7022 1.404 1353 2.092
1998 1260 2.653 7171 1.434 1386 1.711
1999 1243 2.599 6982 1.396 1402 1.330
2000 1136 2.408 6801 1.360 1336 0.950
2001 1065 2.269 6842 1.368 1391 0.569
2002 1050 2.199 6035 1.207 1409 0.576
2003 1134 2.372 6382 1.276 1427 0.583
2004 1077 2.282 6371 1.274 1442 0.590
2005 948 2.110 7032 0.774 1486 0.608
2006 886 2.028 6915 0.761 1527 0.624
2007 839 1.941 7087 0.780 1575 0.644
2008 811 1.877 6967 0.766 1565 0.640
2009 791 1.764 6324 0.696 1565 0.640
2010 734 1.680 6389 0.703 1372 0.561
2011 659 1.555 6594 0.726 1271 0.520
2012 649 1.510 6114 0.671 1256 0.513
2013 599 1.415 5968 0.657 1160 0.474
2014 584 1.431 6507 0.799 1278 0.522
2015 623 1.510 6477 1.117 1288 0.527
2016 712 1.658 6637 0.23% 1312 0.536
2017 714 1.660 6525 0.162 1344 0.549
2018 808 1.873 7039 0.236 1409 0.576
2019 930 2.057 6805 0.195 1506 0.616
2020 841 1.896 6714 0.195 1377 0.563
2021 881 1.962 6723 0.220 1458 0.596
2022 890 1.977 6416 0.236 1543 0.631
2023 931 2,065 6920 0.298 1506 0.616
2024 1.06 2,268 6779 0.387 1503 0.615

Notes regarding 1.B.2.a.v Distribution of oil products subsector:
Numbers in italics = Emissions calculated using Tierl EF (Stage | control)
Numbers in green= linear interpolation

Numbers in bold= Emissions calculated using Tier 2 country specific EF (Stage Il control)
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Table 3.7.4Activity data and NMVOC emissions in 1.B.2.b Natural Gas operations subsector and 1.B.2.c
Venting and flaring subsector

Vear iné\i‘g;‘:]roatfsrso o 1B2bii 1B2¢ i 1B2¢ i
s NMVOC (Gg) | NMVOC (Gg) | NMVOC (Gg)
1990 4874 6.464 0.023 0.019
1991 4976 6.574 0.024 0.018
1992 4753 6.212 0.023 0.017
1993 5042 6.596 0.024 0.018
1994 4851 6.390 0.023 0.016
1995 4886 6.509 0.023 0.017
1996 4668 6.383 0.022 0.016
1097 4369 5.991 0.021 0.016
1998 3877 5.446 0.018 0.016
1999 3401 4.922 0.016 0.016
2000 3194 4.660 0.015 0.016
2001 3231 4.822 0.015 0.016
2002 3106 4.684 0.015 0.014
2003 2945 4.610 0.005 0.015
2004 3051 4718 0.003 0.015
2005 3028 4.740 0.003 0.016
2006 3095 4.745 0.005 0.016
2007 2615 4123 0.003 0.016
2008 2643 4.139 0.009 0.016
2009 2968 4.344 0.003 0.015
2010 2900 4.342 0.003 0.015
2011 2766 4.140 0.003 0.015
2012 2234 3.432 0.002 0.014
2013 1960 3.063 0.003 0.014
2014 1858 2.890 0.004 0.015
2015 1772 2.838 0.003 0.015
2016 1841 2.965 0.003 0.015
2017 1821 3.006 0.004 0.015
2018 1905 3.065 0.003 0.016
2019 1716 2.860 0.002 0.016
2020 1708 2.890 0.005 0.015
2021 1526 2.736 0.002 0.015
2022 1549 2.608 0.002 0.015
2023 1640 2.615 0.001 0.016
2024 1726 2,716 0.001 0,016
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Last update2026

Reported Emissions: NMVVOC
Measured Emissions: none
Methods: T1

Emission factors: D

NMVOC emissions arising during exploration, production and transport of oil are reported using Tier 1
method from 2023 EMEP/EEA Guidebook. Emissions are calculated both for domestic and imported
oil.

Oil production is not significant in Hungary and the whole production-shame of course, and almost
exclusively conventional. Due to the declaration of the producer company, the exploration and
production is performed with high standard equipment.

Emission factor

The emission factors used are Tier 1 default emission factors from the 2023 EMEP/EEA Guidebook for
domestic (1.8 kg/Mg oil) and imported oil (0.054 kg/oi).

Activity data

Production and import of crude are available from IEA Energy statistics.
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Figure 3.7.4Activity data and NMVOC emissions in 1.B-Aisubsectors

Recalculations, QA/QC activities and planned improvements

We noted that the new emission factors are based on the 2019 IPCC Refinement assuming higher
emitting technologies. Consequently, any future methodological change in the GHG inventory (that
mostly applies the 2006 IPCC Guidelines) will be reflected here.
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Last update2026

Reported Emissions: NMVOC.3@Q3, TSP, PMs, CO, HMs, PCDD/F
Measured Emissions: §0OIQ, CO, TSP

Methods: T1, T3

Emission factors: T1, T3

Emissions of NMVOC, $@0IQ, TSP, PMs, CO, HMs and PCDD/F arising only from processes are
reported in this category. All combustion emissions are reported in catehdyl.band refinery
venting and flaring emissions are reported in subcatedoBy2.c

Emission factor
HMs and PCDD/F are reported using Tier 1 emission factors from the 2023 EMEP/EEA Guidebook.

Plant specific data on SOx, NOx, TSP, and CO of oil refinery is available in LAIR database (see description
in chapter 1.5). Thanks to the fact that in LAIR database emissions are reported by technology, it is
possible to separate combustion and processissions in this case. Therefore, process emissions
(catalytic cracking and sulphur recovery (Clplasts)) can be allocated to 1.B.2.a.iv and all other
emissions and technologies are reported in 1.A.1.b.

The sectoral splits between 1.A.1.b and 1.B.2.a.iv in case of SOx and NOx are presented together on
the following Figure.
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Figure 3.7.%RAllocation of SE@and NQ emissions from Petroleum Refining between 1.A.1.b and
1.B.2.a.iv subsectors

Reporting to LAIR database is compulsory only from 2002. So, for the years before 2002 extrapolation
is applied using implied emission factor (Gg PROCESS emission/ kt Refinery intake) of year 2002. The
application of IEF of year 2002 for extrapolation é$tér than the application of an average as the

trend of IEF of the years after 2002 is decreasing.
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Extrapolated process emission time series of SO2, NOx, TSP, PMs and CO are of course also subtracted
from the time series of 1.A.1.b for the years before 2002 in order to apply the allocation between
1.A.1.b and 1.B.2.a.iv consistently.

Activity data

Data on refinery intake is available from IEA Energy statistics which is also used for extrapolation for
the years before 2002 and for the calculation of IEF.

Recalculations, QA/QC activities and planned improvements

None
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Last update: 03.2019
Reported Emissions: NMVVOC
Measured Emissions: none
Methods: CS

Emission factors: T1, T2

NMVOC emissions are reported using cowsipgcific method that combines Tier 1 and Tier 2 method

included in 2016 EMEP/EEA Guidebook in order to reflect more the trend of emissions. However, only
emissions originating from petrol stations are reported diveabsence of other data since it is

regarded anyway less significant than the emissions originating from service stations. Marine terminals

are not relevant for Hungary.

G/ 2yAARSNI 6f S NBRAZOGAZ2Y 2F KE@RNROINDB2Y SYAaarzy
¢tKSaS Syraarzy O2yiNRfa KIFI®S 6SSy YIFIyRFGSR dzyRSN
| controls refer to a variety of techniques reducing NMVi@iGsgons at marketing terminals (Stage IA)

YR ¢KSy 3AF&a2tAyS A& RSEtAGSNBR (2 aSNBAOS adl Ga
systems between automobile fuel tanks during refueling and the service station tank supplying the

3l &2t PP EMEP/EBAGUIdebook)

Control options to be used by distribution of oil are regulated by 94/63/EC (Stage |) and 2009/126/EC
(Stage II) directives. In Hungary the Stage Il control option was mandatory from 2001 due to 9/1995
(VI11.31.) KTM Ministerial Decree. It is now withdraavmd both directives are fully implemented in
Hungary by 118/2011 (XII.15.) VM Ministerial Decree.

It is very obvious in this subsector that the Tier 2 emission factor is not realistic for the whole time
series. It is very probable that before the entry into force of the abmemtioned legislation the most
service stations had only limited control idape. Tier 1 emission factor of the 2016 EMEP/EEA
Guidebook takes into account Stage | control level and the Tier 2 emission factor is calculated taking
into account Stage | and Il control levels. 9/1995. (VIII.31.) KTM Ministerial Decree prescribed the
compulsory implementation of Stage Il control option within 6 years for service stations with gasoline
throughputs higher than 100 m3/year in Hungary.

So, in the time series Tier 1 emission factor was used before 1995 and calculated Tier 2 emission factor
was used after 2001. Between 1995 (the entry into force of 9/1995 (VIII.31. KTM Ministerial decree
prescribing Stage Il) and 2001 (6 years after theyento force as the deadline for implementation) a

linear interpolation was made.

Emission factor

Tier 2 emission factor is calculated taking into account Stage | and Il control. The abatement efficiencies
related to this control options provided in the 2016 EMEP/EEA Guidebook are taken into account. Two
country specific properties are needed: the aage mean temperature of Hungary is taken from the
public website of the HMS and the maximal RVP is determined by Government decree 30/2011.

Please find below the calculation of the country specific Tier 2 emission factor incorporating abatement
efficiencies as it is suggested in the 2016 EMEP/EEA Guidebook:

¢+t I ANEt Pmn
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Calculation of TVP in Hungary
Table 3.7.5 Calculation of TVP in Hungary

A= nennnnnTnAanTtTR

B= n®nnnHomMMRPR wt

¢ Ad GKS GSYLISNI GdNB 6Ay

Average temperature of Hungary: 10

RVPis the Reid Vapour Pressure (in kPa).

Maximal RVP determined by Government decl

30/2011. 60
A 0.01362282
B -0.509734
A*T+B -0.3735058
10°™B 0.423149859
TVP 25.38899151

Table 3.7.6Calculation of Tier 2 NMVOC emission factor in category 1.B.2.a.v

NMVOC default

EF. True Vapour
Category Emission source (g/m3 Abatement Pressurep NMVOC EF g/
ffici % EF *TVP
throughput/ etaiency 7 (TVP). (kPa) (EF abated )
kPa TVP)
0,
Storage tank Filling witf 95%
no Stage 1.B 24 (stage 1) 25.4 30.48
Gasoline in Storage tank Breathing 3 25.4 76.2
i A il fuelli
ser\(lce gtomoble re u_e !ng 85% 140.97
stations with no emission
controls in operation 37 (stage I1) 254
Automobile refuelling:
drips and spills 2 25.4 50.8
SUM: 298.5 g/n?

Using the assumptioriThe assumed liquid gasoline density is 730 Ry(@019 EMEP/EEA Guidebook

-1.B.2.a.v. chapter 3.3.2.3.) the 298.5 §imsults0.4088 kg NMVOC /t gasoline.

Activity data
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Data on total sold gasoline is available from IEA Energy statistics.

The following statements of the 2016 EMEP/EEA Guidebook are confirming that significant part of the
emissions is reported in this way:

"Due to the volatility of gasoline, the majority of NMVOC emissions in the distribution of oil products
occur during its storage and handling, and thus this chapter focuses on gasoline distrib@ddn." (
EMEP/EEA Guidebook 1.B.2.a.v, chapter 2

Time series using the methodology described above are presented in the following Figure.

-
Total gasoline sold | kt)
P 1 =3 R ] F 5.0
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Figure 3.7.8Comparison of the time series calculated with or without adjustment

Recalculations, QA/QC activities and planned improvements

Yearly average temperature instead of climatic average temperature is planned to be applied for the
next submission. Resulted changes are assumed to be lower than 10% of the actual emission of the
category. Inclusion of refinery dispatch stations is plahifielata will be available.
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Last update2026

Reported Emissions: NMVVOC
Measured Emissions: none
Methods: T1

Emission factors: D

In this category NMVOC emission from natural gas production, processing, transmission, distribution
and storage are reported using the new Tier 1 methodology from the 2023 EMEP/EEA Guidebook.

Natural gas is not a significant natural resourcélahgary,we heavily rely on import. As production
is the largest source of emission, declining production defines the trend @&dsemns (see Figure
below). %.3% of all natural gas pduction was conventional in 232

Emission factor

Default emission factors from the 2023 EMEP/EEA Guidebook are used, i.e. 1.12 g NKy&3@dm
production and processing of domestic gas and 0.09 g NMV&asfor transport and distribution of

ALL gas consumed. We noted that the new T1 emission factors were derived from the 2019 IPCC
Refinement representing high emission technologies, therefore our current estimates can be regarded
as highly conservative.

Activity data

Activity data of natural gas production and consumption are available from IEA Energy Statistics.

Recalculations, QA/QC activities and planned improvements

For this submission, emissions were recalculated applying the 2023 EMEP/EEA Guidebook. For future
adzoYA&dadA2yazr ¢SQfft SyadaNB GKFdG Fyed AYLNRGSYSy
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Figure 3.7.MNatural gas indigenous production and NMVOC emissions
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Reported Emissions: NG5Q, CO, NMVOC, TSP, PM10, PM2.5, BC, Pb, Cd, Hg, As, Cr, Cu, Ni, Se, Zn,
PAHs

Measured Emissions: none

Methods: T1, T2

Emission factors: T1, T2

Key source: Trend S@d, Hg

This section includes emissions arising from venting and flaring during gas and oil and gas extraction
and refinery processes. Tier 1 methodology contains emission factor for natural gas and oil production
and refinery venting and flaring. In addition t&/INOC, also NOX, SOx, and CO are reported based on
the suggestion of 2023 EMEP/EEA Guidebook.

Tierl emission factor is used for emissions from gas production venting and flaring provided in the
2023 EMEP/EEA Guidebook.

In case of oil refinery flaring only NMVOC and SOx emissions are calculated with Tier 1 emission factors
from 2023 EMEP/EEA Guidebook, Tier 2 emission factors were used for all other pollutant.

Please note that the implied emission factor calculated simply based on NMVOC emission and AD
reported in NFR Table might be misleading since gas flared in natural gas production is only one of the
several activity data to be taken into account in thiseggtry.

Activity data (Natural Gas flared, Crude Oil production, Crude Oil refined) is available from IEA Energy
Statistics.

Please note that activity data reported in NFR Table Crude oil production but total emissions from
subsector 1.B.2.c contain also emissions from gas production flaring and oil refinery flaring.

Activity data for Tier 2 method in case of oil refinery flaring is the annual flared amount for each
refinery. Since 2006 this information can be found in EU ETS database. For years before 2006
extrapolation was applied using the ratio of measured flangwant and IEA refinery intake.

Collection of plant specific information on oil refinery venting and flaring in Hungary would allow more
realistic estimation of emissions. NOX, SOx and CO emissions are reported to the LAIR database also
by oil and gas production sites. It could be inelddinstead of Tier 1 emissions, but further
investigation is needed to decide whether all sites are reported to the database. In addition, data are
available only for 2004 and after 2007.
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4 INDUSTRIAL PROCESSES AND PRODUCT USES (NFR SECTOR 2)

4.1 Overview of sector

In this chapter the methodologies of estimating emissions originating from the industrial processes
and product uses sectohéreinafter: IPPYJare described. Methodologies are based on the 2023
EMEP/EEA Guidebook.

It is very important to emphasize that as it is suggested by the 2023 EMEP/EEA Guidebook and earlier
versions of the Guidebook, all emissions originating from combustion during industrial processes are
reported in sector 1A, as the separation of combust@missions and process emissions are not
possible in most cases. That is whyxN&Qand CO are reported in sector 1.A.2., while NMVOC, PMs
and other pollutants are reported in sector 2 following the recommendation of the 2019 EMEP/EEA
Guidebook. In the case any NSQ, or CO emissions are reported in sector 2, these are always process
emissions separated from combustion emissions. The only exception is chemical industry where also
combustion emissions are reported together with process emissions in sector 2, wheresproc
emissions occur. Combustion emissions from the section of chermidastry without process
emissions are still included in 1A2c. The reason for this change is the consistency with the allocation
required by 2006 IPCC Guidelines.

As it is described in the general chapter, different data sources for activity data and emission factors
are taken into account to prepare NFR. The data sources for activity data include: Hungarian Central
Statistical Office (HCSOQ), activity data reporgdcompanies for UNFCCC reporting purposes and
other international statistics (FAOStat, EUROSTAT). Emission factors used are taken from 2019
EMEP/EEA Guidebook and 2006 IPCC Guidelines.

In several cases emission data reported directly by individual companies are taken into account. This
data is available in the LAIR (Hungarian Air Emissions Information System) andRRTiREeporting
(please see more detailed description in chapter).1\WWhere directly reported data is used, activity

data is taken either from statistics or it is also reported by companies for UNFCCC (and EU ETS)
purposes.

In several significant sectors of the Industrial Processes afilprbducing companies are present in
Hungary that are also well known and they usually reportRFRER and EU ETS, too. This is especially
true for sectors: Cement and Lime production, Anmao Nitric Acid production, Iron and Steel
industry. This situation provides the possibility of verification of the directly reported data so in these
cases the use of LAIR or direct reporting of companies result a more realistic data.

Hungary became Member State of the EU in 2004. So, the relevant environmental regulation of the EU
(including Integrated Pollution Prevention and Control directive prescribing the use of BAT for the
installations under its scope andHRTR Regulation) implemented and enforced. Compliance and
reporting of emissions are regularly checked by the Department of Environmental Protection and
Nature Conservation of the regional Government Offices. So, in the cases when emission factors are
differentiated for Eatern European countries/ EU countries, Hungary has to apply the latter at least
from 2004.
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Pollutants

NMVOC emissions determined usually by using default emission factors provided in the 2019
EMEP/EEA Guidebook have the biggest volume in this sector. Direct reporting of NMVOC emission is
usually not available because in the LAIR (see description in cHaptefthe IIR) NMVOCs are usually

not reported in group but several organic compounds are reported separately (depending on the
content of the environmental permit of the given installation).
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4.1. Figure:Trend of NMVOC emissions of subsectors within IPPU

In the case of particulate matter emissions, we adopted the approach that TSP (Total Suspended
Particles) includes P PMy includes PMs, and PMsincludes BC. This means that there is always
TSP emission when either PMr PM:sor BC emissions are present.

In LAIR the companies are reporting only TSP (Total Suspended Particles) emission apamd/éVi

PM.s (This is probably due to the fact that nor IPPC, neitReRRER regulation indicate explicitly the
disaggregation of the particulate matter emissions.) In these cases, the emission data is regarded as
TSP and PM emissions are calculated based on TSF/MNAsproportion of emission factors. In LAIR
ASOSNIf O2YLI yASa IINB NBLRZNIAYy3I Gaz20¢é3x odzi Al
whether any relationship with BC in NFR might be stated. Therefore, BC is always reported based on
default EFs (percentage of R§from the Guidebook.
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4.2. Figure:Trend of PMsand PMo emissions of subsectors within IPPU
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Trend

The declining trend of emission is probably due to the restructuring of industrial sectors on one hand
because the most emitting sectors have fallen or ceased after or around the change of regime in
Hungary. On the other hand, the improvement and spreadmission control technologies play also

a significant role partly introduced following the evolution of environmental regulations.

Volume indices of industrial production in general show a really instable trend, therefore correlation
between emissions and industrial production can only be found in subsector level.

PM emissions are determined mostly by mineral industry, especially the category of construction and
demolition. Road construction volume rose moderately in 2024 following a rpalr low in 2023,
GKAETS GKS O2dzyiNERQAa 2yfeé LAI ANRY LINRPRdAzOSNJ Of 24 S

General description of sectors reported in Industry and Other Products use category

OTHER categories in the B3ibmission include:

2.B.10.a Other chemical industryProduction of sulfuric acid, chlorine, carbon black, ethylene,
propylene, 1,2 diclorethane and vinilcloride balanced, PE (LD and HD), PP, PVC, polystyrene,
formaldehyde, urea, ammonium nitrate and other fertilizers

2.C.7.cOther metal productsCoating (galvanizing) of metals and casting

2.D.3.g Other chemical productsfanufacture of shoes, manufacture of pharmaceutical products,
paints, glues and rubber tyres and processing of foams

2.D.3.i Other solvent and product uséat, edible and noedible oil extraction from oil seeds including
sunflower, rape, soybean and maias well as aircraft d&ing

2.G Other Product us€€onsumption of tobacco, use of fireworks, use of lubricants in cars and other
vehicles.

The sectors not described in the chapters following are not reported because they are assumed to be
negligible or not occurring in Hungary. Please see the reasons in the following table.
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4.1. Table: Sectors not reported in the 208ubmission
Sector Explanation

aLG Aa aadzySR 0KIUG (K¢
2.A.5.c Storage, handling and transport of miner;\y- GKS NBt SOyl YAYySNI

products Guidebook)

2.A.6 Other mineral products No method available.
2.B.3 Adipic acid production Not occurring in Hungary.
2.B.5 Carbide production Not occurring in Hungary.
2.B.6 Titaniumdioxide production Not occurring in Hungary.

Emissions are not to be reported in this category

2.B.10.b Storage, handling and transport of chemic the case of application of Tier 2 methodology sir
products: they are included in the specific sectors due to t

2016 EMEP/EEA Guidebook.
2.C.2 Ferroalloys production No data is available on occurrence.
2.C.6 Nickel production No data is available on occurrence.
aLG Ara laadzySR GKFd SY

2.C.7.d Storage, handling and transport of met and transport of metal products are included in tt
products Tier 1 from the relevant chapter in the met

AYRdzZGNEEé¢ OHnAMCc 9a9t k9
2.J Production of POPs Not occurring in Hungary.

2.L Other production, consumption, storage & ¢ K_S 02y iNRodziA2y 2 ¥ G
transportation or handling of bulk products Uz 0S AYaAIyAFTAOIYyued «

Time series consistency and recalculations in recent years

Before the 2014 May submission, no tireeries were submitted. Emissions were calculated for
individual years using different methods in several years. The calculation methods of old submissions
were not documented in detail. Due to restructuring of thgentory compilation system, significant
changes occurred since 2012. As the compilation of NFR has become the task of the same unit of HMS
and the same experts as the UNFCCC reporting, the practice and QA/QC and a lot of data became
available and were impted. In 2014 May submission Hungary submitted whole recalculated time
series based on 2009 EMEP/EEA Guidebook and CLRTAP Reporting Guidelines (ECE/EB.AIR/97).

In 2015 submission the timseries have been recalculated based on 2013 EMEP/EEA Guidebook, the
new version of CLRTAP Reporting Guidelines (EME/EB.AIR/125) and using the calculation methods
described below.

These recalculated time series are now fully consistent with the time series reported in UNFCCC GHG
Inventory of Hungary in the case of IPPU sector. However please note that several subsectors are
aggregated in the UNFCCC GHG inventory as CRF reporiearsoftoes not always follow the
allocation of NFR Table.

The2026 submission relied mostly on the 2019 EMEP/EEA Guidebook.
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In the 2026 submission, the following recalculations were done:

2.A.1 ¢ Because of changes in officially reported emissions in the LAIR system, T§PNR)Mand BC
emissions were recalculatedrf2022 and 2023.

2.C.1¢ Because of changes in officially reported emissions in the LAIR system, T§PNed&nd BC
emissions were recalculatdcbm 2020 onward.

2.C.7.a; Misprinted Pb emissiondatafor the year 2023 was corrected
2.D.3g¢ NMVOC emissions from pharmaceuticals production were recalculated for the year 2023.

2.D.3.i¢ In the 2026 submissionde-icing of aircrafts agew source wasonsideredin this category,
thusNMVOGmissionswvere recalculated from 2015 onward

2.D.3.i¢ LAIR systenemissions data wereeviewed and reconciled for the whole timeseriesT@P,
PMesand PMo emissions

2.G¢ SQ, Pb, Cd, Cu, Se, Cr, Ni and Zn emissionsreeatculatedirom 2006 onwargbecauseof the
changesn lubricant consumption activity data.

2.H.1¢ According to the 2025 NECD review recommendatinotgtion keysNAwerereplaced byNO
for SQemissions frsm 2007 onward.

2.H.2¢ According to the 2025 NECD review recommendations, notationlkeyere replaced by AN
for the whole timeseries of S@nd NH emissions.

2.H3 ¢ According to the 2025 NECD review recommendations, notation Eeyele set for thewhole
timeseriesof everypollutant.
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4.2 Mineral Products (NFR sector 2.A)

Reported Emissions: TSP, BNWMs, BC
Measured Emissions: TSP

Methods: T3, T1

Emission factors: PS

Key source: Trend TSP, 8MPM 5

Cement production is a typical case where combustion emissions and process emissions-are non

separable. Reporting follows the recommendation of the 2016 EMEP/EEA Guidebook, sq,t8&NO

CO emissions originating from cement production are reported in sector 1.A.2. In sector 2.A.1 only TSP,
PMyand PM s, and BC emissions are reported as it is suggested by the 2016 EMEP/EEA Guidebook.

It is important to state that the 5 cement producing plants in Hungamhich are included in the time
seriesg are regulated based on EU requirements. In 2011 one of the 5 plants was closed down and a
new one was opened. Since 2014 there are only 3 cémealucing plants (2 companies) in Hungary.

All have Integrated Pollution Prevention and Control permit which describes the use of BAT.
Compliance is regularly checked by the regional Inspectorates for Environment and Nature.

The decreasing trend of emissions (especially the solid particles) is reflecting the improvement of
abatement technologies and the very strong decline of mineral industries production in Humbary

strong decline stopped in 2014 and a rise has begun since then. The decrease in the emissions of
mineral industry (mainly in cement production) in 2020 proved to be temporary, and in 2021 it
increased again by 2% compared to the previous year.

Thereare only 3 cement producing plants and statistics are confidential, therefore activity data and
implied emission factors have not been reported since 2018 submis$ioe of the plants
permanently doesiot give permission for disclose even the aggregated production data.

Methodological issues, emission factors

Tier 3 methodology is applied using facility level data. Emissions reported to LAIR by the cement
producing companies of Hungary are used. However, only TSP data is reported. PM emissions are
calculated based on TSP/ RMPM,s/ BC proportion of Tier 1 emission factors (applicable for EU
countries) of PMs presented in the following Table.

4.2. Table: Proportion of size fractions calculated from Tier 1 default emission factors

TSP 100.0%
PM10 90.0%
PM2.5 50.0%
BC 1.5%

Implied emission factors for the Hungarian cement industry derived from reported emissions and
reported clinker production are summarized in the table below. In 2018, IEF is C again because of the
confidential activity data. At the end of the tinseries EFs are very close to the ones described in the

EU BAT Ref. document (2013).
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4.3. Table: Implied emission factors for cement production in Hungary, 20024
2000 2001 2002 2003 2004 2005 2006 2007 2008

IEF (g
TSP/t 599 504 333 198 139 129 128 111 101
clinker)
2009 2010 2011 2012 2013 2014 2015 20162024
IEF (g
TSP/t 75 80 82 54 51 24 26 C
clinker)

As plant specific data is usually available only from 2002, extrapolation is needed for the years before
2002. Extrapolation was performed in 2014 submission and kept henceforward using data by plant (as
IEF by plant are quite different).

IEF of 2002 is applied for extrapolation for 2000 and 2001 in the case:

- 2002 IEF is higher than T1 emission factor from 2009 EMEP/EEA Guidebook (it is still relevant
because IEFs are also higher than EF in 2016 EMEP/EA Guidebook), or

- documented information is available on the presence of the same abatement option in 2000
than in 2002.
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4.3. Figure:Activity data and implied emission factor in sector 2.A.1 Cement production-2223)

Activity data

Cement production data is available both from the HCSO and from the individual companies. Also, EU
ETS reports of all companies are checked for production data. Latter is used in NFR table as activity
data and for the calculation of IEF consistent with GRE GHG Inventory reporting. Since 2018 one

of the companies has been reporting activity data in the LAIR system, not in EU ETS marking it as
confidential.
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Uncertainty, recalculations, QA/QC activities and planned improvements
TSP, PM, and PMsemissions have been recalculated for 2022 and 4682Be 2026 submission

Further verification of plant specific data is planned: since LAIR database also contains data about the
filtered TSP, use of these data to verify the efficiency of abatement technology and the plant specific
emissions are possible.

Reported Emissions: TSP, BNPMs BC
Measured Emissions: TSP, R{tom 2013)
Methods: T3, T2

Emission factors: T3, T2

Key source: none

Reporting follows the recommendation of the 2016 EMEP/EEA Guidebook. So, th8®/@nd CO
emissions ariginating from lime production are reported in sector 1.A.2. In sector 2.A.2 only &8P, PM
and PMsand BC emissions are reported. Three lime producing companies of Hunghigh are
included in the timeseries- are also covered by IPPC directive, also application of BAT is required.
Since 2013 only two companies exist.

Methodological issues

Tier 3 methodology is applied by using facility level data, Tier 2 methodology is applied in all other
cases. Emissions reported to LAIR by the 3 (nowadays 2) lime producing companies of Hungary are
used.

Emission factor

Only TSP data is reported directly for all plants. In 2011 reported &kission turned up in case of

one plant in the LAIR database. For the first two years (2011 and 2012) proportions of measuyed PM
and TSP were very low (15% and 40% on the average), then this proportion stabilized around at 50%
which is the default value in the Guidebook, as wedb only the measurements after 2012 were taken
into account in the calculations. For the other limerks the original calculation was kept. Besides thi

PM emissions are calculated based on TSPHPRM. s/ BC proportion of Tier 2 emission factors of
PMs presented in the following Table (Tahlé.) that is the same in 2009, 2013 and 2016 versions of
the Guidebook.

4.4. Table:Proportion of size fractions calculated from Tier 2 (controlled) default emission factors

TSP 100.0%
PM1o 50.0%
PMz2.s 7.5%
BC 3.45%

Please note that in this sector Tier 1 emission factors in 2016 EMEP/EEA Guidebooks do not include
abatement option (uncontrolled process) therefore they are much higher than Tier 3 implied emission
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factor. The directly reported plant specific emissions correspond to the Tier 1 emission factor with cc.
90% abatement efficiency.

As plant specific data is usually available only from 2002 a linear extrapolation is used for the years
before 2002.

Activity data

Lime production data is provided both by the HCSO (for the years until 2013) and from the individual
companies. The latter is used as activity data in NFR table and for the calculation of implied emission
factor consistent with UNFCCC GHG Inventory ramgpriProduction is declining until 2013 with the
number of lime works. In recent years production fluctuates according to the demand of construction.

Despite the fact that there are only 2 factories activity dgtaggregated production data are
presented with the permission of the plants in the NFR and limes IIR, as well.

Uncertainty, recalculations, QA/QC activities and planned improvements

There was no recalculation in the ZD&ubmission.

Reported Emissions: NMVOC,sNFSP, PM, PM.s BC, HMs
Measured Emissions: NMVOC, TSP

Methods: T1, T2, T3

Emission factors: T1, T2, T3

Key source: None

In this sector only process emissions originating from Glass production are reported.

Flat glass, container glass, other glass (technical), glass wool and mineral wool production are all
present in Hungary, although production is declining. Since disaggregated activity data is available, Tier
2 methodology can be used for estimating processssions.

Emissions from mineral wool production are reported for the first time in 2015 submission using plant
specific data as it is available from LAIR.

Also, in this subsector combustion related emissions are reported in sector 1.A.2. In sector 2A3 the
following pollutants are reported: NMVOC, NHSP, PN, PM:s, BC and HMs.

Emission factor
Tier 2 technology specific emission factors of 2013 EMEP/EEA Guidebook are used.

No further abatement efficiency is taken into account due to absence of data. Plant specific emissions
from mineral wool production are available for TSP; Biftl organic compounds. The sum of organic
compounds is reported as NMVOC while PM emissions are calculated based on T65PM2M BC
proportion of Tier 2 emission factors of Glass wool production.
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Activity data

Technology specific, disaggregated activity data is available from HCSO and LAIR database for several
years. Unfortunately, more and more data from HCSO is missing from official report due to declining
number of producers.

More detailed data request was sent to HCSO to verify the information from LAIR database. Also glass
manufacturers were asked to declare their used technology and amount of production for the
calculation of GHG inventory. The recalculation of @@ission did not affect the calculation of air
pollutant, because in most cases T@ieasured emissions have been reported in this inventory for
several years. Activity data are different for the two inventories, because this inventory includes
manufactuing of saéty glass and other technical glass, which does not involye@@sion.

Uncertainty, recalculations, QA/QC activities and planned improvements

There was no recalculation in the ZD2ubmission.

Reported Emissions: TSP, igbhd PM s
Measured Emissions: none

Methods: T2

Emission factors: T2

Key source: Level TSP

Emission factor

Until the 2022 submission, Tierl emission factors provided in 2016 EMEP/EEA Guidebook were used.
In the 2023 submission, the 2019 EMEP/EEA Guidebook Tier 2 template for 2A5a was used for
pollutants TSP, PMand PMs, for years 2018, 2019 and 2020 and aggregated emission factors for
2005. For the other reported years, averaged for the years emission factors were used for

the above pollutants .

Activity data
Activity data is collected from HCSO database and contains the following categories of mining
activities:

- ores

- stones (mostly limestone and dolomite), gypsum

- gravel, sand and clay

- other minerals

- minerals for chemical industry or fertilizer.

In the 2018 submission mining of peat was taken out of calculation assuming wet conditions without
PM emission. Also, activity data were changed in the period, because mining of ore was
confidential in HCSO database, however the Mining and Giealo§urvey of Hungary (former
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Hungarian Office for Mining and Geology) published these data, so these data were included in this
submission. Since there are confidential data is some categories, only aggregated activity data were
used until the 2022 submission.

Recalculation of activity data

In the 2023 submission, the 2019 EMEP/EEA Guidebook Tier 2 template for 2A5a was used for years
2018, 2019 and 2020 for correcting the activity data. The template works with the following aggregate
production data: crushed rock, sand&gravel and recyclegiegptes. Based on data received directly

from HCSO, crushed rock and sand&gravel data were aggregated for the years 2018, 2019 and 2020.
Moreover, according to the announcement of the Concrete Technology Center, in 2015, 3.4% of all
crushed rock and sandfavel production was from the shredding of recycled aggregatgsically

from demolished concrete. Based on this information, Tier 2 template was used for the years 2005,
2018, 2019, 2020 and 2021. For other years, activity data was corrected by tlaga\deviation of

the years calculated by the template.

Uncertainty, recalculations, QA/QC activities and planned improvements

During the 2022 review for category NFR 2A5a and pollutantssBMI PMy in all years the TERT

noted that a Tier 1 method is used which is not best practice and could result in an over and/or under
estimate of emissions. In response to a question raised during the review, it was explained that
emissions are predominantly froextraction of the minerals and primary processing stages such as
crushing, therefore emissions are generally fugitive in nature and difficult to quantify. Subsequently,
revised estimtes were provided for years 2005, 2018, 2019 and 2020 using the 2019 EMEP/EEA
Guidebook Tier 2 spreadsheet for 2A5a. The TERT agreed with the revised estimate and a technical
correction was performed. After a review of the activity and assumptions appliettie Tier 2
methodology, the whole time series were recalculated for pollutants TSR, &M PMs, using
recalculated activity data and averaged emission factors (see above).

For using the 2019 EMEP/EEA Guidebook Tier 2 spreadsheet for the whole time series and calculating
a revised estimate with the same methodology for every year, we got the detailed geographical data
of every working mines for 2017 in Hungary in shapeHilem that we calculated the area and position

of every sand, gravel and rock quarries as well as their total areas. For years 2018, 2019 and 2020 we
assumed the same geographical picture of quarries. In the Data input and defaults worksheet of the
Tier2 céculation template, the aggregate production for crushed rock and sand and gravel for 2018,
2019 and 2020 are data reported by the Hungarian Statistical Office. Production of recycled aggregates
were calculated according to the announcement of the Concletehnology Center (see above). As
these mines are crucially quarries, we assigned to each mine a part of the total production proportional
to the area othe mine.For sand and gravel quarries which are mainly located in the alluvial cones of
the Danule and Tisza rivers, it is a good assumption. For crushed rock quarries, an inspection showed
good agreement based on the data of the two largest limestone quarries used by the main cement
factory of Hungary. Based on the environmental use permit of a &wgelgravel and limestone
quarries, an average distance travelled on paved and unpaved roads and the percentage of road
watering could be calculated, showing a good agreement with the default distance data given in the
Tier 2 calculation template, which wesproportioned to the territory of Hungary.

There was no recalculation in the 2026 submission.
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Reported Emissions: TSP, {5NPM s
Measured Emissions: none

Methods: T1

Emission factors: T1

Key source: Level and trend TSP PM

Methodological issues

TSP, PM and PMs are reported using Tier 1 method of 2016 EMEP/EEA Guidebook. The 2016
EMEP/Guidebook requires more detailed activity data compared the previous version in the following
categories:

1 residential housing, singler two family
9 residential housing, apartments

1 non-residential building

9 road construction.

Collection of required information was finished for the 2018 submission.

Activity data

Detailed annual statistics for residential housing is available from HCSO, but statistics about non
residential construction is very limited and road construction statistics is not available from this data
source.

In case of residential housing number of completed residential buildings is reported in Yearbook of
Housing Statistics (HCSO, 2@016) in 5 types of buildings: family house; group of buildings; multi

storey, multidwelling buildings; building in reside®dz LJ- NJ] T K2dzaAy3 Sadl G4S o0dz
average useful floor area and duration of construction are also available. Average useful area is taken

into account in case of the family house and group of buildings, for all other categories the affecte

area was calculated with default parameters for apartment on building basis (3&itding). The

average duration of construction in Hungary is quite long {800 days), especially in case of family

houses, and also economic crisis has an important effect on all construction. Therefore, default
duration length of Guidebook was applidulit affected area was modified with the area of those years

on which the construction was started.

In case of nosriesidential construction number of new construction permits is available only, also the
0dzAf RAy3aQ dzaS¥FdzZ FE22NJ aLIF OS Aa 3IABSY Ay GKS
commercial, educational and health care, lodgemyd catering; were taken into consideration as
apartment buildings by calculating the affected area. Affected area of all other type of buildings
OAAYRAZAONRLF £ ¢ G INROdz G dzNT £ ¢ | yRootprdtiarkesSpeEmd O (S 32
utility floor area as it was suggested in the 2016 Guidebook.

~N,

In road construction category only the total length of public road owned by the state is published,
which is a small part of all national roads (state public roads, private roads and roads of local
governments). Therefore, data request was sent to the dfeti Infrastructure Developing Private
Company Limited (NIF; 100% property of the Hungarian State, the ownership rights are controlled by
the Ministry of Transport), which company is responsible for development of public roads and railways
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to calculate the total affected area of road construction in each year in the-20Q6 period. Very
detailed calculation was made by NIF for the whole teées.

In Hungary duration of infrastructural investments could be as long&agéars. In these cases, only
those projects were taken into account where PM might be emitted. The affected area for road
construction was estimated from the length of new road consted multiplied with the appropriate

width of exposed area of each road construction. Latter depends on the type of action, the topology
and the horizontal and vertical alignment of road; so, the width of road was taken into account with
20, 25, 30, 50160 m. According to the regulations included in contracts of construction entrepreneurs
are bound to minimalize PM emissions both during extensive earthmoving and in case of maintenance
of transport roads.

Activity data for road construction for 2017 and 2018 was estimated using databases of NIF, from
where total length of new roads can be calculated. However, NIF has not sent us detailed road
construction data from 2016 onward. Affected area was estimatdgidefault width of exposed area
from the 2016 Guidebook.

Activity data were reduced significantly using the 2016 Guidelines instead of the 2014 Guidelines. In
specific years (2000, 2006 and 2012) the originally applied and in 2017 submitted activity data were
obtained from CORINE land cover database. Accorditieet2018 calculations affected area are much

lower than in CORINE land cover databases, while emissions increased significantly. Previously used
method cannot be compared to the actual calculation, where country specific parameters have been
taken into &count instead of global average values.

Emission factor

Default PMo emission factors for uncontrolled PM emissions from all types of construction activities
were applied in the calculations according to the 2016 Guidebook.

Tier 1 method has four parameters which modify the emission factors profoundly.

One of these parameters is the correction factor for soil moisture, where precipitation
evapotranspiration index should be calculated for each year based on monthly average temperature
and precipitation data. Nationwide average temperature and nationwiderage precipitation data

are available from the Hungarian Meteorological Service.

Soil silt content is another very important factor in Tier 1 calculation for all categories. The average silt
O2yGSyd 2F a2Afta Ay |1dzy3IINE gl a OFfOdAgFiSR FNRY
al., 2012) which is the most detailed raiivide spatial dataset which covers the whole area of
Hungary, using the Hungarian classification of soil texture to keep consistency. In Hungary the particle
size of silt fraction varies between 0.02 and 0.002 mm. The resulted average silt content anyHang

22.2%.

Default values were kept for parameter of duration of construction in all categories due to the reasons
mentioned at description of activity data and also for the control efficiency factor of applied emission
reduction measures.

Uncertainty, recalculations, QA/QC activities and planned improvement

Remarkable changes due to methodological changes for the years before 2017 were reported in
previous submissions. As the National Infrastructure Developing Private Company Limited (NIF) has
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not sent any data for 2017 and 2018, road construction data were estimated (and recalculated for
2017) based on publicly available data of NIF.

The 2021 and 2022 NECD reviews again addressed the issue that a Tier 1 method is used for a key
category. The TERT noted that the issue is below the threshold of significance for a technical correction.

Hungary uses Tier 1 method in category 2A5b because activity data are hardly available. Some basic
annual data for the algorithm of Tier 1 method (area affected by construction activity and duration of
construction for construction of houses, apartmentspnrresidential construction as well as
Thorntwaite index) are available from the Hungarian Central Statistical Office. The same for road
construction is not available from 2017 as the former source, the National Infrastructure Developer
Ltd has not resporel to any inquiries and finally ceased to exist in 2021. Because of this situation,
application of AP42 method is not possible at all.

Nevertheless, in 2023 we started to develop a mathematical method for calculating the length and
thus the affected area of constructed roads based on pricel volumenindexes published by the
HCSOAs we could get an information on that 22 km of road was built in 2024 with state furttieg

area affected by road construction for years 2018, 2019 and 2020 was recalculated and for 2021 was
calculated with the new method. Thus, TSP fPMd PM s emissions for the 2D2b source category

for years 2018, 2019 2020 were recalculated as well using the new activity data and the old method
and emission factors. Activity and emission data for road construction of the last three years were
slightly corrected in the 2024 submission.

There were no recalculations in the ZD&ubmission.
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4.3 Chemical industry (NFR sector 2.B)

Ammonia, hydrogen, nitric acid production and activities classified as Other Chemical Industry are
present in Hungary. Other chemical industry sector (2B10a) includes the following processes:
production of sulfuric acid, chlorine, carbon black, ethylenegpglene, 1.2 diclorethane and
vinilcloride balanced, PE (LD and HD), PP, PVC, polystyrene, formaldehyde, urea, ammonium nitrate
and other fertilizers.

No emissions are reported in sector 2.B.1§.8torage and handling of chemical products since it is
assumed that emissions arising during storage and handling are included in emissions of the specific
subsectors based on statement of the 2016 EMEP/EEd#eaok.

Different from other subsectors, in the case of chemical industry also combustion emissions are
reported together with process emissions in this sector, where process emissions occur. Combustion
emissions from the section of chemical industry without pssemissions are still included in 1A2c.
The reason for this change is the consistency with the allocation required by 2006 IPCC Guidelines.

In this industrial sector many changes have been taking place since 1980 because older factories were

Of 2aSR R2gy Ay GKS wmMopdnQa FyR airA3ayAFAOryild SYra
operating.

In the case of ammonia and nitric acid production directly reported emission data is used. In this case

the quality of the data is verifiable since the same data is reporteeRRER, too. Well known company

having IPPC permit (including BAT prescribe) the abatement technology causing a significant

reduction of NQ and NO was implemented by the means of a wedicumented (partly publicly

available) JI project. Further details are described in chapter ¢ RiRic acid production.

Reported Emissions: NMVOC,NCO, SQONH;
Measured Emissions: N O, SONH
Methods: T2, T3

Emission factors: T2, T3

Key source: none

In 1990 three ammonia producers were operating in Hungary, at the moment two companies are
working. One of them produces hydrogen (and synthesis gas) within the plant while the other one
acquires hydrogen from a different company.

The strong interannual changes in the timeries of emissions are related to the changes of the
production, e.g. decline in 1992 is caused by the strong decrease of the production, and in addition
one of the tree production sites was also closed.

Due to the increase in the price of natural gas, ammonia and urea based fertilizers production started
to decrease in 2021 and suffered a sharp decline in 2022 causing a 35% decrease in the emissions of
this sector in 2022In 2023 and 2024, ammonia production increased again as a result of lower and
more stable natural gas prices, stronger demand for fertilizers, and the restart of previouslyosinut
production capacities.
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4.4. Figure:Emissions and production of ammonia

In the 2015 submission timseries have been recalculated as the allocation rules of combustion and

process emissions are slightly changed in 2006 IPCC Guidelines, as it is stated in chapter 1.2.1 of Vol.3.:

oCombustion emissions from fuels obtained directly or indirectly from the feedstock for an IPPU process
LJI

gAtt

Therefore, in the case of ammonia production all emissions from Natural gas use are reported in 2B1

Y2NXIFtt& oS Ftt20F0SR (2

iKS

NI

27

iKS

sector in the GHG inventory. In order to remain consistent, we follow the same allocation here. So, in
this sector also combustion emissions are reportedaddition, the natural gas used for hydrogen
production is also reported in the GHG inventory within this sector, so plant specific emissions reported

by hydrogen producers has been included from 2016 submission.
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Emission factor

NMVOC, NQCO, Nkland SQare reported. The following table summarizes the used factors for each
process.

4.5. Table: Used emission factors in 2.B.1 category

Ammonia Hydrogen
production production
SOk (kt) T3 T3
NOx (kt) T2, T3 T3
CO (kt) T2, T3 T3
NH3 (kt) T2, T3 -
NMVOC T2 -

Activity data for Tier 2 emission calculations are available from the HCSO and it is reported also by the
companies for UNFCCC reporting purposes. Measured emissions are obtained from LAIR database.

Uncertainty, recalculations, QA/QC activities and planned improvements

There was no recalculation in tl2026 submission.

Reported Emissions: NONH:

Measured Emissions: NONH

Methods: T3

Emission factors: T3

Key source: Trend NO

However only N@emission factor is provided in the EMEP/EEA 2016 Guidebook, aisprdddss
emissions are reported besides Néxsed on direct emissions reported by company in the LAIR.

Nitric acid (HNg) is produced by oxidizing ammonia. The process end gas cont@nard NQ In
order to control the emissions, the latter is reduced to nitrogen using natural gas and the carbon
content of the natural gas is released in the form of carbon dioxide.

In this industrial sector many changes have been taking place since 1980. Among the old factories using
obsolete technologies, one was abandoned in 1988, another in 1991, and a third in 1995.

Between 1996 and 2012 only one plant was operating. Until 2006 two production lines were operated
in this plantg the older one was established in 1975 and used GIAP technology which consists of four
units. These four units represented the major part (ab80%) of the production volume. Emissions
from this process were measured from 2004. The other existing technology represented only 20% and
had been operational since 1984 (combined acid factory producing diluted and concentrated nitric
acid).
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Since 1995 several abatement technologies have been introduced. Then, the implementation of a new
and more advanced production technology was started in 2005 in the framework of a UNFCCC joint
implementation project (further information please see belowhd it was installed in September
2007. At the same time, the old production lines were closed down. Now aatdle-art technology

is used therefore drastic emission reduction was achieved by application of the ktedd@ology.

In 2012 another plant has been restarted using catalytic abatement technology as well based on its
IPPC permit. However, the latter plant produces significantly lower volumes yet.

Nitric acid plants in Hungary
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4.5, Figure: Nitric acid plants in Hungary (198918)

Emission factor

Tier 3 method is used. Directly reported plant specific data on nitric acid process emissions is applied
from 2007. For earlier years, implied emission factor was extrapolated as it was presented in the

previous submission.

The low implied emission factor for N@fter 2008 is reflecting the statef-the-art NO and N@
abatement technologies implemented by the main nitric acid producer company. The increasg of NO
emission factor from 2011 is due to the restart of the other producer company. The sharp reduction
in the last two years reported emissions from the reopened plant were investigated because the IEFs
were very low. According to the information receivedrfrdhe plant, in August 2015 during the
summer repairs the Deld catalyst was removed and during the assembly of the reactor 50% of the
catalysts were replaced by new catalysts. With the new cataly€dsakd also N(rontent of the flue

gas reduced significantly. Further explanations and description of the EnviNOx technology was
presented in the previous submissions.

Activity data

Activity data is available from the HCSO and it is reported also by the companies for UNFCCC GHG
Inventory reporting purposes. Instead of reporting as confidential, in the 2024 submission, nitric acid
production data are reported from the year 2016, bage¢’ ( KS LINE RdzZOSNIDa LISNX A & 3
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Uncertainty, recalculations, QA/QC activities and planned improvements

There was no recalculation in tl2026 submission.

433 OTHER CHEMICAL INDUSTRY (NFR SECTOR 2.B.10.A.)

Reported Emissions: NONMVOC, SONH, PM:s, PMo, TSP, BC, CO, Hg
Measured Emissions: NGBQ, NH, TSP, CO, Hg

Methods: CS, T2, T3

Emission factors: CS, T2, T3

Key source: Trend Hg, BJi*Mo, PMsand Level NMVOC, SO

Emissions from several inorganic and organic chemical activities are reported in this sector. The new
allocation described in chapte4.3.1 Ammonia productiombove has resulted the inclusion of
combustion emissions and thus the recalculation of tiseeies in previous submission.

However, the inclusion of combustion emissions did not result a significant change in this sector,
especially not in the case of NMVOC, in which case the category is key as it is possible to see at the
Figure below.
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C=ONMVOC from carbon black production
E=NMVOC from ethylene. prophylene production
EmmNMVOC from PE and PP production
EERNMVOC from DCE and PVC production
CNMVOC from combustion

s production of PE and PP

4.6. Figure:NMVOC emissions in 2.B.10.a sector

Activities, pollutants and the emission calculation methods used are presented in table below. In
addition, all the combustion emissions are plapecific data.
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4.6. Table:List of processes and pollutants and emission estimation method used within 2.B.10.a
Other Chemical industry sector

SNAP code. activity

040401 Sulphuric acid

040413 Chlorine

040409 Carbon black

040501 Ethylene

040502 Propylene

040505 1.2 dichloroethane
vinylchloride (balanced)

Pollutant

Hg

NMVOC

NGk

SQ

TSP

PM.s

PMuo

BC

Cco

NMVOC
NMVOC

" NMvOC
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Emission factor used
20022017: LAIR

1990-2001: linear interpolation of
the IEF between Tier 2 and 20(
LAIR

20052017: plant specific
(www.eurochlor.org

1990-2004: linear interpolation of
the IEF between Tier 2 and 20(
plant specific data

Tier 2

20052017: LAIR
1990-2004: LAIR 2005 IEF
20042017: LAIR
1990-2003: LAIR 2004 IEF

20052017: LAIR
20002004: LAIR 2005 IEF

CS: Tier 1 proportion of TSP (i
gaseous fuel in 1.A.2) as
combined factor for process an
combustion emissions

CS: Tier 1 proportion of TSP (1
gaseous fuel in 1.A.2) as
combined factor for process an
combustion emissions

CS: Tier 1 proportion of TSP (i
gaseous fuel in 1.A2) as
combined factor for process an
combustion emissions

20052017: LAIR

19902004: LAIR
average |IEF

2008013

Tier 2
Tier 2

Tier 2


http://www.eurochlor.org/

HUNGARY

040506 Polyethylene Low Densit

+ 040507 Polyethylene Higl
Density

040509 Polypropylene

040508 Polyvinylchloride

040511 Polystyrene

040517 Formaldehyde

Fertilisers

040405 Ammonium nitrate

040408 Urea

NMVOC

TSP

NMVOC

TSP

NMVOC

TSP

PMe.s

PMo

NMVOC

TSP

CO
NMVOC
TSP

NH:

TSP

NH;

TSP

Informative Inventory Report9902024
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Tier 2 for LD

20052017: LAIR
2000-2004: LAIR 2005 IEF
Tier 2

20052017: LAIR
2000-2004: LAIR 2005 IEF
Tier 2(EPVC)

20052017: LAIR
20002004: LAIR 2005 IEF

CS: Tier 1 proportion of TSP (i
gaseous fuel in 1.A2) as
combined factor for process an
combustion emissions

CS: Tier 1 proportion of TSP (i
gaseous fuel in 1.A2) as
combined factor for process an
combustion emissions

Tier 2 (GPPS)
20052017: LAIR
20002004: LAIR 2005 IEF

Tier 2 (EMEP/EEA Guidebook
2019 Chapter 2B Table 3.55)

20022017: LAIR

1990-2001: linear interpolation of
the IEF between Tier 2 and 20(
LAIRY

20022017: LAIR

19902001: linear interpolation of
the IEF between Tier 2 and 20(
LAIRY

20022017: LAIR

1990-2001: linear interpolation of
the IEF between Tier 2 and 20(
LAIRY

20022017: LAIR
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19902001: linear interpolation of
the IEF between Tier 2 and 20(

LAIRY
PMes Tier 2 proportion to TSP
PMho Tier 2 proportion to TSP
BC Tier 2

20022017: LAIR

NHs 19902001: linear interpolation of
the IEF between Tier 2 and 20(
LAIRY

20022017: LAIR

Other fertilizers TSP 1990-2001: linear interpolation of
the IEF between Tier 2 and 20(
LAIRY
PMes Tier 2 proportion to TSP
PMho Tier 2 proportion to TSP
BC CS: same as for urea production

1) Extrapolation of fertilizers are performed together as activity data is not yet detailed by
fertilizer type

Please find the detailed description of LAIR database in Chapter 1.4 of the IIR.

Emission factor

Emission factors used are included in the Table above. Directly reported emission data is prioritized in
every case it is available and verifiable (usually for TSP af)dDéfiault factors are used in other cases
(usually for NMVOC). In LAIR only TSP data is reported, so PM emissions are calculated baged on PM
PM:sand BC proportion to Tier 2 emission factor of TSP, where available. This is the case by production
of PVC and fertilizers.

As directly reported emissions are available usually only from 2002, extrapolation is needed in order
to complete the time series. Extrapolation is performed in the following ways:

- in the case of TSP (and PMs calculated based on TSP) the earliest and/or highest available implied
emission factor (usually data of year 2002) is used for the calculation of the years before 2002;

-in the case of carbon black Sd fertilizers Nk an implied emission factor calculated using a linear
interpolation between the earlier available directly reported data and the Tier 2 emission factor is
used.

- combustion emissions: using production volumes as surrogate data and implied factor of either 2005
or average of 2002013 in the case there is no trend.
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Activity data

Activity data is available from the HCSO and in several cases it is reported also by the companies for
UNFCCC GHG Inventory reporting purposes.

Uncertainty, recalculations, QA/QC activities and planned improvements

Since the coverage of the sector 2.B.10.a is very wide, continuous efforts are needed to explore further
possible emitters in order to improve completeness. However, it should be taken into consideration
that the eventually missing emissions are expectede nonsignificant compared to the National
Totals.

From 2018, C£emissions have been reported in the ETS system from formaldehyde production. As
the company have been producing formaldehyde from 1998, €ssions are reported in the IIR

from formaldehyde production from 1998 onward. In the NFR, CO, NMVOC and TSP emissions are
calculated and reported from 1998. Activity data is the produced amount of formaldehyde provided
by the company. Emission factde CO, NMVOC and TSP are from the EMEP/EEA 2019 Guidebook,
2B Chemical Industry, Table 3.55 (Tierethmd, silver process, thermal or catalytic incineration).

There was no recalculation in the 2026 submission.
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4.4 Metal Production (NFR sector 2.C)

Reported Emissions: TSP, &M s, BC, Pb, Cu, Zn, NMVOC, Cd, Hg, As, Cr, Ni, Se, PCB, PCDD/F, HCB
Measured Emissions: TSP, Pb, Cu, Zn, PCDD/F

Methods: T1, CS, T3

Emission factors: T1, CS, T3

Key source: Level Pb, Hg, Cd; Trend TSR, PMs, Cd

In this sector only process emissions from Iron and steel production are reported an8®énd CO

are reported entirely in sector 1A as it is suggested by the 2016 EMEP/EEA Guidebook. Emissions from
combustion during production of Iron and steel are reported in sector 1A2a. Combustion emissions
from production of coke are reported in 1A2b angjitive emissions arising during production of coke

are reported in sector 1B1b.

In Hungary both pig iron and steel are produced and both basic oxygen furnace and electric arc furnace
technologiesvere presentuntil the second half of 2023.

From2024,asthe BOF plant hadeenfinally closed, iron and steé production is limited to electric
steelmaking based on recycling of scrap metal

Emission factor

Tier 3 method, i.e. direct emissions reported by companies are used in the CBS® oPb, Cu and Zn

PM emissions are calculated basedRiviio, PM.s, BCproportion to TSP of Tier 1 emission factors. As
directly reported emission data in LAIR database is available only from 2002, extrapolation is applied
by using IEF of year 2002 or the average of or Tier 1 EF, whichever is the higher. Pleade fin

the implied emission factors in the following table.

4.7. Table: Comparison of Tier 1 and Tier 3 emission factors used for extrapolation for the years
before 2002

IEF applied for the year:

Tier 1 EF before 2002 source of the IEF
g/Mg steel
TSP 300 1372
P Mo 180 823 average of 2002003
PMs 140 640 LAIR
BC 0,36% of PMs= 0.5 2.3
Pb 4.6 4.92 2002 LAIR
Cu 0.07 0.28 2002 LAIR
Zn 4 4.00 Tier 1

PCDD/Femissions are reported usingHRTR data. ASHRTR data is available usually only for year x
3, IEF of the year-X% and activity data of yearX is used. Although the use ofFRTR data results
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higher emission of PCDD/F than the use of Tier 1 default factor, former is applied to ensure consistency
with EPRTR reporting. It seems that emission factor from UNEP Toolkit 2005 was used to calculate
PCDD/F emissions fofHRTR reporting purposes.

NMVOC, As, Cr, Ni, Se and P&iissions are estimated based on Tier 1 default factor of the 2016
EMEP/EEA Guidebook.

For Hg and Cd emissions, the 2020 NECD review proposed to calculate a revised estimation using Tier
2 method without abatement instead of the formerly used Tier 1 method. The revised estimate was
accepted and recalculation was completed and reported fergyear. The new estimation calculates

Cd and Hg emissions according to Tier 2 (without specifications on abatement technologies) of
EMEP/EEA 2016, 2C1 chapter, using the following tables: Table 3.2 for sinter production, Table 3.8 for
pig iron production blast furnace charging, Table 3.14 for BOF steel production and Table 3.15 for EAF
steel production. However, during these calculations, the sinter and pig iron production were
calculated following the next conversion ratios: for every kg pig iron predul.16 kg sinter is used

and for every kg steel produced, 0.94 kg pig iron is used.

Total PAH emissions have been reported in the Tutelae LAIR database by the BOF steel producing
company from 2015. For calculating total PAH emissions before 2015, produced pig iron and the
average emission factor of reported years were used.

The use of default factors for TotaldlPAHs emissions would result an unreasonable vast value and
no directly reported data is available either, therefore no emissions are reported.

Activity data
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Figure4.7 Production of steel in Hungary and comparison of PM10 time series calculated with
T1 and T3 methods

In 2024, pig iron producing has been finished in Hungary.
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Uncertainty, recalculations, QA/QC activities and planned improvements

Because of changes in officially reported emissions in the LAIR system, TLsPPMMand BC
emissions were recalculatdtbm 2020 onward in the 2026 submission.

Reported Emissions: TSP, igNPM s, PCDD/F, heavy metals
Measured Emissions: PCDD/F

Methods: T2, T3

Emission factors: T2, T3

Key source: Level and trend HCB

Process emissions from primary and secondary metal production are reported within this sector. Since
2006 there is no primary aluminium production in Hungary. However, alumina production is present
in the country, these process emissions are not estimatad to absence of emission factors or
directly reported emissions except for PCDD/F emissions. Combustion emissions of production of
alumina are included in sector 1A.

The following pollutants are reported in this sector:
Primary aluminium (19902005): NQ SQ, CO, PAH
Secondary aluminium (199Q: TSP, PN, PM:s, PCDD/F, heavy metals, HCB.

Activity data

For primary aluminium production, activity data is available from HCSO. Reliable secondary aluminium
production data are available only from 2003, also from HCSO. Extrapolation of secondary production
for earlier years was based on the ratio of primary aedondary production during the 202806

period assuming that the secondary aluminium production varied in proportion to primary production.
Meanwhile, a new piece of information was found on that the total (primary and secondary) aluminium
production in1989 was the half of the total (only secondary) production of 2009. Production data for
1990 was calculated based on these information and secondary aluminium production data from 1991
to 2002 was calculated by interpolation.

Emission factor

Tier 2 default emission factors were used for process emissions of NOx, SOx, CO, PAH from primary
aluminium production until 2005.

Tier 2 default emission factors are used for primary (22005) and secondary (200p aluminium
production for TSP, P PMsand BC emissions.

Tier 2 default emission factor is used for HCB emissions from secondary aluminium production from
1990 to 1995. IPPC permits are available from 2003 onwards in the LAIR database in case of aluminium
plants. IPPC permits declare that in the second halfhef 1990s, technology with current world
standards was introduced in the metal purification process. In 2007, emission measurements were
performed at the main secondary aluminium plant by accredited laboratories in the frame of the
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National POP Action Plan of Hungary. Based on these informations, a new, country specific emission
factor was calculated from 2007 onward, and an interpolation was performed from 1995 to 2007.

Tier 2 revised emission factor is used for PCDD/F emissions from secondary aluminium production. Our
investigation found that default Tier 2 emission factdThermal Al processing, scrap greatment,

good controls, filters with lime injectioncouldbe valid only for one producer. The others belong to
other emission factors defined in UNEP (2005) as " Optimized for PCDD/PCDFccafterblurners,

lime injection, fabric filters and active carbon" or "Thermatadéng of turnings, rotary furnaces,
afterburners, and fabric filters" with much lower emissions (two order of magnitude). Emission
measurements can be found in the PRTR database for one, new producer fe @IB.Based on this
information (and the new activity data), a revised estimation wasulated for every year, which was
agreed by the TERT.

Heavy metals reported are the directly reported data by the secondary aluminium processing facilities.

Uncertainty, recalculations, QA/QC activities and planned improvements

HCB emission calculation is included in the NFR for the proposal of the 2020 NECD review. Estimation
was made for 1990 based on revised secondary aluminium production data and revised Tier 2 emission
factors. The new estimates were accepted and recal@natias completed for every year.

Secondary aluminium production data was estimated and recalculated from 1990 to 2002. Based on
new activity data, TSP, PM10, PM2.5 and BC emissions were recalculated for 2000, 2001 and 2002 and
PCDD/F emission was recalculated from 1990 to 2002 usingalrégnission factors.

For PCDD/F, a new emission factor was calculated based on emission measurements reperted in E
PRTR database. New EF was used for PCDD/F emissions from 2015 onward, whileZ01£2@03
extrapolation was performed.

There was no recalculation in the Z&ubmission.
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Reported Emissions: g0 SP, PN, PMs, Pb, Cd, As, Zn, PCDD/F, PCB
Measured Emissions:

Methods: T2, D

Emission factors: T2, D

Key source: None

During its 2023 review, for category 2C5 for all pollutants and all years the TERT noted that the NFR
submission uses the notation key 'NO' (not occurring), while the https://chargethefuture.orgbfiap
eu-lead-battery-capacity/ and here https://jp.hu/en/#mpcesses suggests that lead acid battery
recycling and manufacture have been occurring in Hungary for several years. Based on this notification,
possible Hungarian lead production was investigated and the 2C5 lead production category was
modified. In the priod from 2002 to the present two companies were found with secondary lead
production, primary lead production did not occur in the contry.

hyS 2F GKS O2YLI yASa owhal tftlaldalo Aa GKS £ SI
the above website. This secondary lead smelter uses pyrometallurgical processes including battery
breaking and processing, smelting of battery scrap malkerand refining. The other company
(Metalloglobus), which was involved in recovery of lead from waste lead, changed its profile to trade

in 2017. For the mentioned period, based on the official environmental use permits of the companies,

the 2019 EMEP/EE DdzA RS6221 Qa4 NBO2YYSyYyRIFIGA2ya T2NJ KS &
average technology in the E28 were taken into account

However directly reported emission data from lead production are available in the LAIR (Hungarian Air
Emissions Information System) andPBTR reporting systems, these data need further investigations.
As a first calculation, Table 3.5 from the 2019 EMER/Buideline was used to calculate emissions
from this sector. The recommended emissions,(S@P, PN, PMs, Pb, Cd, As, Zn, PCDD/F, PCB)
with the upper values of recommended Tier 2 emission factors were used from Table 3.5 based on the
intercomparism with the reported LAIR emissions data.

Activity data

Reported activity data series of both companies are incomplete. Metalloglobus data are in good
agreement with the lead production data reported by the HCSO, therefore the data series could be
filled. Activity data series reported by the lead acid battexgycling company were statistically filled
and smoothed using the reported emission data by the same company.

Uncertainty, recalculations, QA/QC activities and planned improvements

There was no recalculation in the 2026 submission.
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Reported Emissions: TSP, BN?M s, BC, Pb, Cd, Hg, Zn, As, Cu, Ni, PCB, PCDD/F, SO
Measured Emissions: none

Methods: T1

Emission factors: T1

Key source: none

Only process emissions frosecondarymetal production are reported within these sectors using
default Tier 1 emission factors of the 2016 EMEP/EEA Guidebook.

Secondary copper: TSP, BMPM:s, BC, Pb, Cd, As, Cu, Ni, PCDD/F.
Secondary zinc: TSP, BMPM: s, BC, Pb, Cd, Hg, Zn, PCB, PCDD/F, SO

However, the companies processing Hemrous metals (secondary production) in Hungary are
reporting to LAIR but not all the substances where default EF is provided in the EMEP/EEA Guidebook
(e.g. no reporting of PCDD/F, PCB, HCB, etc.). It might besth¢hed there is no emission at all from
certain pollutants but in the absence of detailed information we have used default factors. So, the
results are probably a very conservative overestimation of several substances.

SQ emissions from secondary zinc production have been calculated from 1990 using Tier 1
methodology and default Tier 1 emission factor of the 2016 EMEP/EEA Guidebook. However, further
investigation is needed concerning the overestimation of several substantmtioned in the
previous paragraph.

Emission factor

In case of copper production R)MPb and As emission factor was changed in the guidebooks. In this
submission emissions of these pollutant were recalculated according to Tier 2 (secondary production)
methodology of the 2016 Guidebook. No abatement efficiency is taken into account neithiee
reported pollutant due to absence of data.

There are significant changes between the EFs of 2009, 2013 and 2016 versions of the EMEP/EEA
Guidebook in 2A6 Zinc production sector. As emission factors in the new guidebooks for unabated and
current technology differ extremely. In this submission Biemission factorsvalid for El28 current

tech. level- from 2016 Guidebook were used. It was assumed that all installations in the EU must
achieve the required standard of BAT Ref. Document. Investigating the reported abatement efficiency
of selected on-ferrous metal producers in the LAIR database this assumption seems reasonable.
Before 2004 the old calculation was kept, because Hungary became part of the EU in this year. In
addition, uncertainty of all emissions before 2008 is very high in this eatelgecause activity data is

not available from the HCSO, for years before 2008 they were extrapolated with fuel consumption of
non-ferrous metal producers as surrogate data.
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Figure4.8 Comparison of emissions for RMnd Pb calculated using EMEP/EEA 2009(old GB09), 2013
(new GB13) and 2016 versions from 2C6 Zink Production (secondary)

Activity data

Activity data is available from HCSO. Due to confidentiality problems activity data were reported in
aggregated way as secondary zinc and copper production.

Uncertainty, recalculations, QA/QC activities and planned improvements

Misprinted Pb emissions data for the year 2023 was corrected in the 2026 submission.

445 OTHER METAL PRODUCTION (NFR SECTOR 2.C.7.C)

Reported Emissions: Zn

Measured Emissions: Zn

Methods: T3

Emission factors: T3

Significant amount of zinc emissions is reported to tHeRH' R database from coating of metals and
casting. However, the database is incomplete, there are years where no emissions were reported. To
have complete and consistent tirreeries emission reports from coating (galvanizing) and casting
were collected from LAIR database. Zinc emission from these sources is reported first time in the 2018
submission.

Emission factor

NMVOC emissions are reported using directly reported data from LAIR, where no activity data is
reported.
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Activity data

Activity data is created using the volume index of coting of metals from HCSO database.

Uncertainty, recalculations, QA/QC activities and planned improvements

There was no recalculation in the ZD&ubmission.
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4.5 Productuses (NFR sector 2D)

The main difficulty in this sector is to gather activity data, since mostly consumption data is needed of
a wide range of products that is usually not directly available from statistics. This is why several
assumptions and estimation are needed which iases the uncertainty of the emissions reported.
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Figure4.9 NMVOC emissions of product uses

451 DOMESTIC SOLVENT USE (NFR SECTOR 2.D.3.A)

Reported Emissions: NMVVOC

Measured Emissions: none

Methods: T1 (1992015), T2 (2015
Emission factors: T1 (192015), T2 (201%
Key source: Level NMVOC

The coverage of this sector is defined in 2019 EMEP/EEA Guidebook as follows:

Gba+th/a FNB d&aSR Ay | fFNBS ydzyo6SNI 2F LINRRdzOG &
a number of categories.

- Cosmetics and toiletries: Products for the maintenance or improvement of personal appearance,
health or hygiene;

- Household products: Products used to maintain or improve the appearance of household durables.

- Construction/DIY: Products used to improve the appearance or the structure of buildings such as
adhesives and paint remover. This sector would also normally include coatings; however these fall

outside the scope of this section and will be omitted.
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- Car care products: Products used for improving the appearance of vehicles to maintain vehicles or
GAYGSNI LINPRdzOG A &dzOK & | yGAFNBST Sopé

dbaxh/ & FNB YIAyfte LINBaSyd Ay O02yadzySNI LINRRdAzOG &
FYR LINBLIYS INB |faz2 dzaSR Fa LINRPLIStflydaod t NBLIST
occur due to the evaporation of NMVOCSs contained in tAeRpdzO i & RdzNAYy 3 GKSANJI dza Sé
limited data available on the NMVOC species present in consumer produkis.

t £t SFasS iis&ton doésinot include the use of decorative pailits A G A& Ay Of dzRSH
2D3d Coating applications.

Methodologies

The whole time series of 2D3a sector was recalculated in the 2024 submission based on the latest ESIG
recalculation of NMVOC emissions for the years 2013 and-2028 in Hungary. With the aid of
comparative calculations, in which the mydar population nmber, ESIG emissions from ethanol
consumption and ESIG emissions from the 2D3a source for the above mentioned years were taken into
account, new emission factors were determined for the 1pédr population number as activity data.
Based on the calculatien emission factot.5 kg NMVOC/capites used for the period 199 2018,

while 1.44for 2019,1.95for 2020,1.54for 2021 andlL.53for 2022. The higher value for the year 2020
represents the extreme usage of hand and other sanitizers during the €@\fiEndemicTable 4.10.
includes the emissions reported in the 2023 and 2024 submissions. Differences are well below the
threshold of significance to the total national NMVOC emissifinem the 2025 submission this
calculation method was continued. For 20ESIG has calculated lower NMVOC emission vatues f

this sector

Table4.8 NMVOC emissions from the 2D3a sector calculated by the new methodology introduced in
the 2024 submission compared to the latest values

Emission, kt NMVOC
Submission 2023  Submission 2024  Difference

1990 8.78 15.56 6.78
1991 8.78 15.56 6.78
1992 8.78 15.56 6.78
1993 8.77 15.55 6.78
1994 8.76 15.53 6.77
1995 8.75 15.51 6.76
1996 8.73 15.48 6.75
1997 8.72 15.45 6.74
1998 8.70 15.42 6.72
1999 8.68 15.38 6.70
2000 8.65 15.33 6.68
2001 8.63 15.28 6.65
2002 8.61 15.24 6.63
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2003 8.58 15.19 6.61
2004 8.56 15.16 6.60
2005 8.53 15.13 6.60
2006 8.53 15.11 6.58
2007 8.52 15.08 6.57
2008 8.50 15.06 6.56
2009 5.89 15.03 9.14
2010 5.66 15.00 9.34
2011 5.43 14.96 9.53
2012 5.18 14.88 9.70
2013 4.95 14.84 9.89
2014 6.70 14.80 8.10
2015 8.64 14.76 6.13
2016 7.39 14.72 7.33
2017 9.69 14.68 4.99
2018 8.70 14.66 5.97
2019 10.11 14.06 3.95
2020 10.58 19.05 8.47
2021 9.22 14.93 571
2022 14.72

2023 17.47

2024 12,59

Emission of Hg in this category is not reported since submission 2021. 2019 EMEP/EEA Guidebook is
not containing an emission factor for Mercury emission from fluorescent tube ordatizording to

the Guideboolg due to the uncertainty of around theseleases, so Hungary reports emission of Hg

Fa WYboQo

Further investigation is planned to improve NMVOC emissions in the whole 2D3 category. Hungary will
make further efforts the new methodology developed by TERT. In the mean time we keep contact with
the ESIG and further investigate the 2D3 category anghtissible allocation of sources and activities.

There was no recalculation in the 2026 submission.
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Reported Emissions: NMVOC, TSP,,PRM 5, BC

Measured Emissions: TSP

Methods: T2, T3

Emission factors: T2, T3

NMVOC is reported using Tier 1 method. In the 2015 submission, time series of TSP and PMs had been
recalculated using the Tier 3 method, i.e. direct emissions reported by companies. In the LAIR system
hot mix asphalt plants are reporting TSP. PM emissimascalculated based on R PM:sand BC
proportion to TSP of Tier 1 emission factors. As directly reported emission data in the LAIR database is
available only from 2002, extrapolation is applied by using IEF of year 2002, as the trend of implied
emisson factors is decreasing over time.

Tier 1 EFs provided in the 2019 EMEP/EEA Guidebook are used for NMVOC, and the proportion of
PMy, PMesand BC to TSP from the Guidebook Tier 1 factors. These are the same as in the earlier
version of the Guidebook. Total TSP emission of the category is retrieved from LAIR database.

Total Production of Hot Mix Asphalt in Hungary published by EAPA (European Asphalt Pavement
Association: www.eapa.org) is used as activity data for the extrapolation before 2002 and for NMVOC
calculation.

TSP (PMs and BC as well) emissions of the beginning of 2000s are significantly higher (also IEF is very
high for 2002). Reported values were checked. These high values seem to be realistic as the emitters
had to pay environmental penalty according to thesported emissions. Some of the emitters were

also closed down in few years because they could not meet the environmental requirements.

There was no recalculation tH#926 submission.
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Reported Emissions: NMVOC, CO, TSk, PM:s, BC

Measured Emissions: none

Methods: T1

Emission factors: T1

NMVOC, CO and TSP emissions are reported as it is required by the 2019 EMEP/EEA Guidebook using
¢CASNI m SyYraairzy FrOG2NR FyR FOGAGAGE RFEGF FNRBY
the old version of the Guidebook. Emission from this sectaoissignificant, all of the pollutants are
generally below 0.1 Gg.

Unfortunately, there are very few data available on production asphalt roofing material. The data used

in this sector is provided by HCSO, however unfortunately it is consistent only for the yea204007

Therefore, extrapolation is used for other yeatza A y 3 @2t dzYS AYyRSE 2F 420KS
surrogate data for the years 202D14. Since 2015 activity data from HCSO has been giveh in m
instead of tons, so data should be converted which increases the uncertainty of the calculation.

Activity data for 2019 was revised in the 2023 submission. There was no recalculation in éhe 202
submission.

Reported Emissions: NMVVOC
Measured Emissions: none

Methods: T2

Emission factors: CS

Key source: Level and Trend NMVOC

In this sector NMVOC emission from the use of several types of paints (including solvents) is reported.

In 2018 investigation was started to use higher Tier method and because Tier 1 method could not
reflect changes in components of paints, especially the NMVOC contents controlled by the Directive
2004/42/CE of the European Parliament and of the Council. effext of the abovementioned
directive was significant, because the emission from coating application subcategory was reduced.
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Figure4.10 Emission of NMVOC from 2.D.3.d between 1990 and 2023

Calculations based on the amount of imported, exported and produced coatings. Data about content
of NMVOC in paints is available for all the 3 types of paints. Between 1990 and 2006 amount of applied
paint (importedexported+produced) by types was multgdi by the values of NMVOC content by the
appropriate type. After 2006, emission was taken into account as the quantity of NMVOC content of
applied paints are reported by manufacturers or by first starters. The reporting is regulatory for those
companies tat manufacture or target more than 100 kg NMVOC content paints.

Hungary has used country specific values to give the emission from this activity, so Tier 2 methodology
was used. According to this approach, quantity of emitted NMVOC is the same amount as the NMVOC
content of the applied paints.

The expert judgement for solvent content for wateorne coating, solverAborne coating and oil
colors is derived by an expert of Industrial Paint ReseBxfelopment and Entrepreneur Ltd., at the
request of the Ministry of Environment. The following résare reported:

1 water-borne coating: contains glycol ethers§3%),

1 solventborne coating (50%): contains xylene (22%), white spirit (22%) and esters and
alcohols (6%)

9 oil-colors contains white spirit (25%)

4.9. Table NMVOC content of several types of paints

water-borne coating 6
solventborne coating 50
oil-colors 25
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Production data from HCSO PRODCOM (in Hungarian: ITO) categorization and trade data frqm HCSO
Eurostat Combined Nomenclature categorization was used. Activity data of applied paint is calculated
as apparent consumption (e.g. impakport+production) urit 2006, after 2007 Hungary has exact
O2yadzYLJiAz2y RI Gl Fo2dzi GKS lY2dzyd 27F | LILX ASR
according to 25/2006 Government Decree on the regulation of the organic solvent content of certain
paints and varnishes and vel@gefinishing products. This decree is based on Directive 2004/42/EC of
the European Parliament and of the Council of 21 April 2004 on the limitation of emissions of volatile
organic compounds due to the use of organic solvents in certain paints andhesrmand vehicle
refinishing products.

Hungary has used the sum of NMVOC contain of sold paints according to the Directive 2004/42/EC
categories A. and B. (A. Paints and varnishes, B. Vehicle refinishing products). These values are
available for 2007 and between 2011 and 2018.These activity ate also emission data from 2007

in the Hungarian inventory. Between 2008 and 2010 the overlap method was applied to complete the
time series. To estimate emissions for these years, relationship between sold paints and used paints
(imported-exported+poduced) for 2007 and 2011 was used.

There was no recalculation in ti226 submission.

Reported Emissions: NMVVOC

Measured Emissions: NMVOC

Methods: T3

Emission factors: T3

NMVOC emissions are reported using directly reported data from LAIR, where no activity data is
reported. Therefore, no implied emission factor has been expressed.

During a revision of the directly reported data from LAIR, new data were discovered, therefore a
recalculation was made from the year 2007.

There was no recalculation in the 2026 submission.
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Reported Emissions: NMVOC
Measured Emissions: none
Methods: T2

Emission factors: CS

From the 2020 submission, NMVOC emissions from dry cleaning are reported using Tier 2 approach
based on technologgependent emission factors and the quantity of material cleaned. Activity data
are available from the year 2004, for earlier years an extiatjmn was made based on an estimated
factor of emission per capita using population data.

According to the 2019 EMEP/EEA Guidebook, a number edadechnologies exist that are aimed at
reducing the emissions of specific pollutants. The resulting emissions can be calculated by replacing
the technologyspecific emission factor with an abatethission factor as given in the formula:

EEechnoIogyabated: (J-‘habatemenb Eéchnogg)@nabated

The unabated emission factor for NMVOC is 177 g/kg textiles cleaned (2019 EMEP/EEA Guidebook,
Chapter 2.D.3.f, Table-d, while the abatement efficiency{paemen) Was calculated based on the
analysis of the available technology data in Hungary. Activity data (quantity of material cleaned) is
reported by the companies to the LAIR system, while technology data are partly available. The
estimated abatement efficiendpr Hungary is approximately 88 %. Further investigation is needed on
technology data.

Activity data from 2004 is the quantity of material cleaned reported by the companies to the LAIR
system. For earlier years an extrapolation was made based on an estimated factor of emission per
capita using population data. Data on population is availf&l@ HCSO.

Further investigation of the countrgpecific emission factor is planne€there was no recalculation in
the 2026 submission.

Reported Emissions: NMVOC, benzo(a)pyrene
Measured Emissions: NMVOC

Methods: T2, T3

Emission factors: T2, T3

Key source: Level NMVOC

In spite of the name of the sector not exclusively chemical products has been reported here, but also
shoes and production of foams based on suggestion of EMEP/EEA Guidebooks.
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Although there are several potential sources included in the Guidebook, the estimation of emissions
in this sector contains solely where both default emission factor and required activity data is available.
Unfortunately, the availability of production (cpnsumption) data of these special products is poor.

Activities reported until the 2023 submission were manufacture of shoes, processing of polyurethane
and polystyrene foams, manufacture of paint and glues (ink is not manufactured in Hungary),
manufacture of pharmaceutical products and asphalt blowing.rigutie 2023 revision the TERT noted
with reference to 2D3i Other solvent use, NMVOC, that there may be an @stierate of emissions
because some activities may have not been included in the estimates. An investigation started for the
possible missing soces in the whole 2D3 sector and production of rubber tyres was found at first,
which belongs to the 2D3g sector.

Activity data for the production of rubber tyres is the weight of new pneumatic rubber tyres and inner
tyres for motor cars, bicycles and motorcycles for which production data are available from 2008 from
the HCSO. Earlier data and possible other typeasitatber production is under further investigation.

Tier 2 emission factor of 10 g NMVOC/Kkg tyres (Table 3.6 Chapter 2.D.3.g of EMEP/EEA Guidebook
2019) and 65% abatement efficiency (Table 3.21 of EMEP/EEA Guidebook 2019) were used to calculate
NMVOC emissits.

The 2019 EMEP/EEA Guidebook provides an emission factor for chemical products manufacture where
the unit of measure is g/kg solvents used. Unfortunately, the amount of the solvents used is not known
in addition it is probably confidential information spicifor every manufacturer, technology and
process. So, it was not possible to use the default emission factor. However, in LAIR the emissions of
several organic compounds are reported by the pharmaceutical products manufacturers. Due to
absence of other mthodology this data was aggregated and inserted within this sector. In the 2024
submission, a new calculation was introduced for the NMVOC emissions from pharmaceutical products
from the year 2012 based on the VOC balance reports of the LAIR system.

Emission from asphalt blowing was not accounted until last submission because of the high value of
emission factor for PAH. The emission factor for PAH was replaced in the 2019 EMEP/EEA Guidebook
and it seems to be more correct than the previous in 20L&€&book. Emission of benzo(a)pyrene is
appearing only between 1990 and 2002, because gases are treated with afterburner since 2002.
According to the expert of one of the plants where this activity takes place the efficiency of afterburner

is 100%. So, ession of PAH was not appeared after 2002 in this category.

Used activity data for subcategory paint production were revised for the 2020 submission. Emission

from paints and glues manufacturing has been included into national inventory for the first time in the

2017 submission. The calculation is based on Tierethaa. In 2019, more accurate data were

collected about paints and varnishes based on polyesters, acrylic or vinyl polymers; oil paints and

G NYyAaKSa o0AyOfdzRRAY3 SylryYSta +tyR fFOljdzZSNaEOD LYy |
colourswe6 O2ff SOGSR a ¢Sttt .dzi FOGAGAGE YIydzFl O«
mastics has been left out from activity data. Wabased paints are not included in the Hungarian

inventory (as also TERT recommended it in Draft Review Report 2020).
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Figure4.111 NMVOC emissions in kt from different activities in 2.D.3.g between 2008 a#hd 202

Emission factor

Tier 2 default emission factor of 0.045 kg NMVOC/pair of shoes; 60 g NMVOC /kg polystyrene foam
processed and 120 g/kg polyurethane foam processed; 11 g NMVOC/kg paint and glues manufactured;
2.55 g/Mg asphalt produced and 10 g NMVOC/kg tyres producedised in addition to directly
reported emission data from manufacturers of pharmaceutical products.

Activity data

Production data of shoes and of paints and glues are available from HCSO. Foam processed is
calculated using import, export and production data from EUROStat Combined Nomenclature trade
data. Production of asphalt (in tonne) is available directly fromntzufacturer between 1990 and

20109.

Uncertainty, recalculations, QA/QC activities and planned improvements

NMVOC emissions from the production of rubber tyres are included in this sector from 2008. Emissions
from the production of pharmaceuticals were recalculated from 2012.

NMVOC emissions from pharmaceuticals production were recalculated for the year 2023 in the 2026
submission.

4.5.8 PRINTING (NFR SECTOR 2.D.3.H)

Reported Emissions: NMVOC
Measured Emissions: none
Methods: T2

Emission factors: T2

Key source: Trend NMVOC
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Emission factor

Followed by the technical correction of the 2022 review of TERT, from the 2023 submission, Tier 2
emission factors taken from the 2019 EMEP/EEA Guidebook: Additional Guidance for Solvent and
Product Use, Table 26 (page 24) are used. The EFs are availd§iged, 2000, 2010 and 2019. For the
other years, linear interpolation and extrapolation have been applied.

Activity data

Printing ink applied was calculated as apparent consumption, e.g. iregpdrt+production, Trade
data from HCS@Q EUROStat Combined Nomenclature categorization (code 3215) was used. Printing
inks production data is the timseries of Prodcom Code 203 024.

Data of production of printing inks is available from HCSO from 1995 (before this submission data was
available only from 2003, but due to the revision of timeseries is now available). In order to complete
the timeseries, linear extrapolation was used éarlier years (using 199519 timeseries). Values of
exported and imported inks are available from 2001 from PRODCOM statistics and between 1990 and
2001 also extrapolation was used.

In order to have a consistent timeseries, we were able to generate a new AD timeseries for production
by contacting the HCSO again (for submission 2021). However, these activity data are more accurate
than the previous unfortunately, a higher method wag moproved until now, due to the lack of
activity data.

Emission (kt NMVOC)
(%] w F-Y (] =31 - L]

[y

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023

Figure 4.12Emission of NMVOC from 2.D.3.h between 1990 and 202

Uncertainty, recalculations, QA/QC activities and planned improvements

Followed by the technical correction of the 2022 review of TERT, from the 2023 submission, Tier 2
emission factors taken from the 2019 EMEP/EEA Guidebook: Additional Guidance for Solvent and
Product Use, Table 26 (page 24) are used together with nati@mreduonption data. The EFs are

available for 1990, 2000, 2010 and 2019. For the other years, linear interpolation and extrapolation

have been applied.

¢KS OdNNByGte dzaSR FOGA@GAGE RIEGE gl & fFad 0O2NNBC
consumption, e.g. imposexport+production using trade and production data from EUROStat
Combined Nomenclature categorization (code 20302450 and 208)24\5 the production of printing
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inks is not significant in Hungary, the volumes of imports and exports are the main determinants of
emission. Emissions were recalculated using the emission factors given by TERT in the latest technical
correction (PTC_HRD3h20190001_Final_v1.xIsx) fevery year. Other sources of information have

not been investigated yet.

There was no recalculation in the 2026 submission.

Reported Emissions: NMVOC, TSPyPRIM 5
Measured Emissions: TSP

Methods: T3

Emission factors: T3

This was a new source category in the 2019 submission and it was created to include emissions from
GFFLGZ SRORADIISYRA2YSEGNI OGA2y£éd | dzyal NB gl a GKS
2017 (according to statistics of FEDIOL) and itkmas/n that the largest plant in Hungary use solvents

for oil extraction. Also, oil producefall within the scope of the directive 2010/75/EU of the European
Parliament and of the Council, so VOC balance and direct emissions are reported to the LAISedatab

from 2002. For years before 2002 emissions were calculated using oil seed production knowing the
typical industrial consumption rate and applied abatement technologies.

In the 2026 submission, Hungary estimated NMVOC emissions from aircieiftiglender NFR section

2.D.3.i using a Tier 2 method based on the 2023 EMEP/EEA Guidebook. NMVOC emissions were
estimated from the volume of d&ing fluid used, applying the defiadTier 2 emission factor for
propylene glycebased decing fluids. Activity data for 2023 and 2024 were based oitihg fluid

use reported at Budapest Airport. For earlier years (20@82), deicing fluid use was estimated
retrospectively using a mebrological proxy linked to winter aircraft departures and reflecting the
severity of weather conditions relevant to 4&ng.

Figure below shows activity dateom oil seed productiorand NMVOC emissiofrom sector2.D.3.i
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Figure4.13.Oil seed processed and NMVOC emissions {220

Tier 3 measured emissions are taken into account from 2002 onwards. Before that, implied emission
factors and information about abatement technologies were used in the calculations.

For aircraft deicing, annual décing fluid use reported or estimated in litres was converted to tonnes
using a density of 1.039 kg(Cryotech Deicing Technology, 202dphd NMVOC emissions were
calculated using the 2023 EMEP/EEA Guidebook default Tier 2 emission factor of 53 kg NMVOC/t de
icing fluid:

O00wd 00 "TpmmTOO

where6’O is annual decing fluid use iritres,
in kg NMVOC/te-icing fluid

is fluid density in kg/l, an® "G the emission factor

The amount of processed oil seedsansideredirom 2002 onwards. Before that, data of oil seed
production and rate of its industrial processing were used obtained from HCSO.

Regarding aircraft deeing, activity data for 2023 and 2024 are based osict® fluid use reported at
Budapest Airport. For 2018022, annual decing fluid use was estimated retrospectively using winter
aircraft departures and a meteorological proxy reflecting the relative severity-afidg conditions at
Budapest/Ferihegy Airport. The proxy was constructed from freezing andirigeset weather
conditions and calibrated to the years for whichidig fluid consumption data were available. Annual
de-icing fluid consumption for the retrospective years was estimated as follows:

00 1 © 0QO0 "0 QQ
where6'O is annual decing fluid use in litresQ is the number of winter departing aircraft

movementsy) Q0 "Od 1@ the meteorological index, ahdis a correction coefficient derived from
the years with reported fluidise data.
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From the 2023 submission, TSP,.Pand PM.semissions fronfat, edible and notdible oil extraction

are estimated from the year 2000 using the same activity data as for NMVOC emissions. Hungarian oll
producersreport controlled TSRmissions to the LAIR database from 2014. Before that, implied
emission factors and information about abatement technologies together with extrapolation based on
activity data were used in the calculations. Emission factors fopRNd PM swere calculated based

on the ratioof Tier 2 emission factors in the 2019 EMEP/EEA Guidebook.

TSP, PM and PM;s emissions were reported first in the 2023 February submission using Tier 2
methodology which was recalculated with Tier 3 methodology in the 2023 March submission.

LAIR system emissions data were reviewed and reconciled for the whole timeseTigR 0P sand
PMo emissions in the @6 submission

In the 2026 submission, emissions from aircrafticddag were included in NMVOC emissions under
sector 2D.3.i for the 2024 inventory year. The inclusion was applied retroactively from 2015 onward
therefore, NMVOC emissions for the period 2083 were recalculated accordinglfhe method can

be considered a temporary backward estimate and will be refined as longer time series become
available on decing fluid use reported by the airport or ground handler.
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4.6 Other product use (NFR sector 2)G

Reported Emissions: NQCO, SQNH, NMVOC, TSP, RMPM: s, BC, Cd, Ni, Zn, Cu, As, Cr, Hg, Pb, Se,
PCDD/F, PAHs

Measured Emissions: none

Methods: T2

Emission factors: T2

Key source: Level and trend Cd

Activities are reported within this sector in Hungary are the tobacco consumption and use of fireworks.
In the 2024 submission emissions from lubricants used for cars and other vehicles were also calculated
in this sector. Pb, Cd, Cu, Se, Cr, Ni and Zessams are calculated from 1990, ,Snissions are
calculated from 2005.

Tier 2 default emission factors for all pollutants are used from 2019 EMEP/EEA Guidebook.

Tobacco combustion:

Production, import and export data of tobacco is published by HCSO. Two assumptions are made:
- Consumption of tobacco of a given year = Produetmport+import;
- 1 piece of cigarette is 1g.

Use of fireworks:

Using the quantity of manufactured, imported and exported firework for these 2 years we can provide
a first estimation of emissions. For these two years, the activity data would be 535 and 679 tonnes,
respectively. By applying the Tier2 methodology from #9019 EMEP/EEA Guidebook,

In response to a recommendation of TERT, after submission 2020 the emission from use of fireworks
is included in the inventoryAs database use of fireworks in Hungary is incomplatdy (available for

the years 2003 and 2004)o give an estimation for emission of pollutants from this category,
calculation was made with the following assumptions. First of all, for those years when quantity of
imported, exported and manufactured products is available, the quantity of exporpesdlction is

quite the sameThe quantity of exported fireworks is in the same order of magnitude as compared to
the quantity of manufactured fireworks. Therefore, those years, when trade of these products and also
production data is available, the activity data is calculated with ¢lj@ation of importexport+
production. In that case if database is incomplete, the quantity of imported product is the activity data,
moreover for some years Hungary used an interpolation method for consumption.

For 1990 and 1991 imported data is not available, so the emissions are estimated from 1992.

The following table includes the consumption of fireworks in Hungary (activity data).
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4.10. Table: Consumption of fireworks in Hungary between 1990 and 2020

Consumption Consumption

(tonne) (tonne)
1990 35 2006 711.3
1991 35 2007 727.7
1992 35 2008 838.0
1993 12.9 2009 522.5
1994 15.3 2010 564.4
1995 6.0 2011 606.4
1996 34.5 2012 648.3
1997 9.0 2013 690.3
1998 415 2014 732.2
1999 82.5 2015 774.2
2000 143.9 2016 816.1
2001 207.4 2017 858.1
2002 187.3 2018 900.0
2003 535.1 2019 1097.9
2004 678.6 2020 30.0
2005 695.0

Emissions from use of fireworks has been significantly affected by the coronavirus epidemic. Due to
government decisions and curfew, emissions have decreased significantly. For example, August 20 is
on of the biggest public holiday, when fireworks are gpecial part of the holiday. In 2020, this
programme was not organized. In addition, New Year's Eve fireworks were also cancelled due to
curfew restrictions. According to the commercial director of the market leader in pyrotechnics in
Hungary, thanks to #habove mentioned measures, the market for fireworks has fallen to around 5%

of the previous year. For this reason, our estimate is based on 5% of the volume of imported fireworks.

Lubricant useAmount of different lubricants used for passenger cars, light and heavy duty vehicles,
buses, mopeds and motorcycles are taken into account.

Beacuse of different types of activity data, AD data were changed to NA in the 2024 submission.

During the 2019 reviewthe TERT notes with reference to category 2G that there may be an
underestimate of emissions, so Hungary was made an effort to give the emission from use of fireworks.
Emission from use of fireworks is not calculated until the 2019 submission because of lack of activity
data. Using the quantity of manufactured, imported and exported firework for these 2 years we can
provide a first estimation of emissions by applying the emission factors of Tier2 methodology from
2019 EMEP/EEA Guidetho

SQ, Pb, Cd, Cu, Se, Cr, Ni and Zn emissions were recalculated from 2006 onward, because of the
changes in lubricant consumption activity data in the 2026 submission.
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4.7 Pulp and Paper (NFR sector 2.H.1)

Reported Emissions: NMVOC, TSP,PRM:.s5, BC, NQ CO, SO
Measured Emissions: none

Methods: T2

Emission factors: T2

Process emissions of NMVOC, TSRy BiMI PMsand BC from Paper and Pulp Industry are reported
using Tier 2 method. During its 2023 review for category 2H1 the TERT noted that there is a lack of
transparency about whether emission estimates ofyNOO and S@re included elsewhere or not
estimated. During the investigation Nénd CO emission values were found from the year 2005 in the
LAIR system reported by the company producing mainly hygienic papetsal$€3 are reported only

for 2005 and 2006, after that it is not applicable based on therenwiental use permission of the
company.

Due to the limited number of paper producer companies of Hungary, the use of directly reported
emission data in LAIR would have also been possible. On one hand the completeness was not
satisfactory neither in the number of reporting companies nor the palits reported; on the other

hand, combustion emissions were not separable from process emission in this case. In addition, the
estimation using default factors seem to be quite realistic, since Tier 2 factors provided in the 2019
EMEP/EEA Guidebook areriged from BAIBREF document including scrubber and electrostatic
precipitator abatement technology, which is probably the case by the most paper and pulp producer
facilities in Hungary.

Tier 2 default emission factors of the 2019 EMEP/EEA Guidebook for Kraft process are used, as this is
the most common technology. The hygienic paper company uses sodium hydroxid regeneration
technology for paper fibres, therefore Tier 2 default emissiartdies can be used for NMVOC, TSP,
PMo, PMes, and BC emissions. In the case of,NED, SQlirectly reported data can be used.

Emissions almost doubled between 2019 and 2020, because of an additional company entered the
market and started significant production in 2020. The quantity of production have been confirmed by
the HCSO and also the company.

146



HUNGARY Informative Inventory Report9902024 INDUSTRY

0,30
025 NMVOC TSP WMPM10 PM2.5 EBC
_ -
= M -
— 0,20 I
T -
~ I I
S o015 I
=10
) B
4(_6 I-—- T -— -
o 0,10 — 111 —
o - ——
5 | HITL
& 005 " R_EzE B
) ]
5
0,00
O N ™ o &P O O > L D O AN L DO N N
o o e & OO $ PN G N R R,y
FIEIITETITETTTTTFTST TS

4.124. Figure:Emission from 2.H.1 between 1990 and£02

Activity data

Activity data on Pulp for paper of Hungarian Central Statistical Office (HCSO) was used. Between 2016
and 2018 activity data could be found in thePRTR reports and for these 3 years data from LAIR
database was used last submission. Before this submistiogary used FAOStat data before 2016.

In order to have a consistent timeseries, we were able to generate a new AD timeseries for production
by contacting the HCSO again. These data are more accurate than the previous.

Uncertainty, recalculations, QA/QC activities and planned improvements

ForNQFr YR / h y2GlFGA2y 1S& Wb!Q gl a OKFy3aSR (42 WboQ
2005. For Njly 2 GF GA2y (1S@ WLO9Q 41 & OKI yyISIR (k22 yWh|oS@E oLl
OKFYy3ISR (2 Wha@>FTHNRYSMO@PAAZY OFfdzSa F2N uwunnp YR
emission data were slightly corrected for year 2021.

NQ, and CO emission values were found from the year 2005 in the LAIR system reported by the

company producing mainly hygienic papersx\&lues are reported only for 2005 and 2006, after that

it is not applicable based on the environmental use permission of the company. These emissions are

reported here as combustion emissions can be separated from process emission in LAIR in this case.
Data before 2005 and the quality of reported data in the LAIR need further investigation.

According to the 2025 NECD review recommendations, notation keys NA were replaced by NO for SO
emissions from 2007 onward in the 2026 submission.
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4.8 Food and drink (NFR sector 2.H.2)

Reported Emissions: NMVOC

Measured Emissions: none

Methods: T2

Emission factors: T2

Key source: Level and trend NMVOC

NMVOC emissions are reported in this category, using Tier 2 method. Combustion emissions arising
during production of food and drinks are reported in category 1.A.2.e.

Tier 2 default emission factors from 2019 EMEP/EEA Guidebook are used for the production of bread
(Europe), sugar, coffee roasting, wine, champagne, beer and spirits. No abatement efficiency is taken
into account due to absence of data.

Activity data is available from HCSO database. Prodcom codes (ITO Code in Hungarian) and detailed
time series of the activity data used is presented in Table 4.5.3.

Further verification and eventual consolidation of time series of the activity data would be needed due
to the inconsistencies and code changes in production statistics.

According to the 2025 NECD review recommendations, notation keys IE were replaced by NA for the
whole timeseries of S@nd NH emissions in the 2026 submission.
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4.11. Table:Activity data and NMVOC emissions in 2.H.2 Food production subsector

PRODCOM 107111

2012 Code 000055
NMVOC
T2 EF 4.5
(kg/hl or t)

Bread

t
1990 673000
1991 587000
1992 485000
1993 384000
1994 336000
1995 293000
1996 283873
1997 284232
1998 285111
1999 381689
2000 334713
2001 356073
2002 346754
2003 344977
2004 367219
2005 351129
2006 327165
2007 295198
2008 334485
2009 326563
2010 332969
2011 352515
2012 358284
2013 476442
2014 495616
2015 465832
2016 326,359
2017 316434
2018 319529
2019 304563
2020 299055
2021 276584
2022 310256
2023 470499
2024 460597

Informative Inventory Report9902024

108110
000 055

10

Sugar

t
512334
605475
399192
392883
439348
479690
555538
487174
439421
438277
280466
443447
352201
258600
493440
517049
357282
223092
65874
139873
122723
158585
136902
177152
154123
136637
165003
148275
115880
124504
86705
77328
81486
68148
90184

108311
000 055

0.55

Coffee
roasting

t
17600
17400
16900
13600
15800
13700
25600
28300
21000
26100
27289
53477
30084
27450
23364
12087
11535
11570
11272
10617
10896
9036
9452
8393
2675
1977
1,728
4259
3859
3828
3947
2099
162
190
1057

110212
000 703

0.08

Wine of
grape

h
1691920
1027670
1179460
1089380
1086830
992300
946520
809790
1074760
2220040
2137270
2252820
1961180
2189740
2095440
1984380
1700070
1715950
1765390
1741680
1074300
1201860
1665720
1884850
1820300
2344330
2,012,050
2237030
2712780
2076650
2654660
2839900
2819970
2159530
2738810

149

110211 000
703

0.035

Champagne
white wine
h
284980
178900
300400
358780
324960
296150
284840
198050
217100
195820
220390
209080
236020
195320
130350
172680
190860
199450
178560
210430
209390
157200
241300
180790
244420
219440
203790
180680
196470
195410
159410
156630
140990
151590
158080

110510

000 703

0.035

Beer

h

9917830
9569500
9161870
7877330
8081850
7697440
7270440
6973180
7163970
6995860
7194280
7141920
7275280
7245110
6292000
6627630
7208200
7565700
7050340
6512130
6163570
6453280
6387650
5999990
5946360
5817700
6075130
6135930
5885480
5774190
5338140
5540520
5342350
5252380
5119420

110110
000 271

15

Spirits

abs hl
180182
158236
128513
160994
193474
225955
258436
121917
122648
156230
153674
204778
149659
161340
177036
153674
170831
125568
206603
202952
217758
202780
202663
157804
161713
170688
193002
162561
162562
162563
162564
167825
176036
154316
174457

INDUSTRY

NMVOC
emitted
Gg
11.36
11.50
8.54
8.45
9.20
9.87
11.06
8.31
7.87
8.89
7.06
9.58
7.76
7.01
9.65
9.46
8.01
5.86
5.66
6.29
6.31
6.55
6.39
6.65
6.56
6.42
6.40
5.75
5.47
5.43
5.06
5.04
5.27
5.47
6.00
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4.9 Wood processing (NFR sector 2.1)

Reported Emissions: TSP
Measured Emissions: none
Methods: T1

Emission factors: T1

Wood processing is only important for particulate emissions. This subcategory includes mainly the
manufacture of plywood, fibreboard, chipboard, pallet and sawn timber products.

It is only a minor source of emissions and not a key category, thus Tierl default approach suggested
by EMEP/EEA air pollutant emission inventory guidebook 2019 was applied. So, the activity data is the
mass of wood products processed.

According to the 2019 EMEP/EEA Guidebook, 1 kg TSP/Mg wood product was used as emission factor.

Activity data for wood production have been taken from HCSO database.
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4.13. Figure:Wood production and TSP emission from NFR 2.I category

None.
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4.10Consumption of POPs and heavy metals (NFR sector 2.K)

Reported Emissions: Hg
Measured Emissions: none
Methods: T1

Emission factors: T1

Key source: Level Hg

The use of PCBs in open systems was banned by OECD in 1970s. Hungary was not produced PCB and
consumption of PCBs from import was stopped in 1980s. From the beginning of 1990s only insignificant
(1-2 kg) amount was use®CB contained oils have not been filled into Hungarian produced electrical
equipment since 1984.

Mercury emission arise mainly from the use of batteries, electrical equipment and lighting. Tierl
method was applied to estimate the emission of this substance.

For calculating Hg emission from this subcategory default emission factor2@dsh EMEP/EEA air
pollutant emission inventory guideboakas used, which is 0.01 g Hg per capita.

According to the guidebook emission was calculated by using the abovementioned emission factor and
0KS O2dzy iNBEQa (201t LRLzZ I GA2Yy O

LGiQa F LXFYYSR AYLINR@GSYSydG G2 OFtOdAIGS G4KS Sy,
capacitors for the earlier years to have more accurate emissions data (emissions are not significant
due to bans (in 2010) of use of PCB contained electrical segnp).
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5 AGRICULTURE (NFR SECTOR 3)

Last update: March 2026

Agriculture sector comprises NHNQ (as NQ), NMVOC, SOCO, particulate matter (PM), heavy
metals (HM) and persistent organic pollutant (POP) emissions from the NFR sector 3. Agriculture.
However, agriculture is a minor source of;SOO, HM and POPs (except HCB): these emissions are
generated only from field burning.

The Hungarian national system takes advantage of parallel inventory preparation and reporting of
greenhouse gases (GHG) and air pollutants ensuring efficiency and consistency in the compilation of
emission inventories, because a wide range of substancesa®mmon datasets and inputs. Annual
greenhouse gas reporting under the UNFCCC requires the reporting of indideenhissions through
volatilization of NbHland NQ. Therefore, a link is established between thesN¥H3 and NO emission
estimates followilg the Nbudget concepts in the agricultural emission inventories. Consequently,
consistency between the two inventories is a principle of agricultural emission estimates.

5.1 Sector overview

¢KA&d OKFLIISNI O2yiGlAya SYAaaarzy SaildAayYlidAizya F2NJ
I ANRA Odzf GdzNI £ &a2AftaQ YR WoC CAStR o0dzNYyAy3 2F | 3N
in the Hungarian inventory therefore, emission estimiate T N2 Y (1 KSaS &2 dzNOS&a I NB
occurring).

'YRSNJ OF 1S3I2NE Wo. al ydz2NB YI yI 3divSaftié, SheépYShiaei A 2 y &
Buffalo, Goats, Horses, Mules and Asses, Laying hens, Broilers, Turkeys, Other poultry and Rabbits as
WhiGKSNI FYAYEFEaQ | NB NI L3 NSRS NJ yLIAIdkE SG NBdg/ 30 2N LINR S
Guinea Fowls.

Insubd SOG2NJ 05 SYAAaA2YyASHNNRVAWSBEMORYDNHREEO b &
[ A@Sai201 YIydaNBE | LILXASR (2 a2AftaqQs Wos5lHo {S
FSNIAEAT SNA | LILX A SR (3 Urheand dung depasi@d kizifraznd livedtack; LJ2 &
Wo 5 O -le@dl Agricultural operations including storage, handling and transport of agricultural

LINE RdzOG A Q> Wo5S /dzZ G§AOFGSR ONRLBEAQ YR Wo5F ! asS 2

2
oI
0 (

To give an overview of Hungarian agriculture the main characteristics are as follows:

In Hungary, agricultural production practically stopped growing in the late 1980s. This was followed by

a dramatic drop in the 1990s, as a result of the economic and political transition taking place in the
country. The gross value of agricultural prodantdropped by 20% to 40% from the level of the 1980s.

The drop was smaller for crop production {30%) than for animal husbandry. The output of the latter

gla 2yte (g2 GKANRA 2N fSaa 2F (GKS fS@St 2F wmopop
agricultural production reached a minimum in 1993 of 69.1% of the level of 1990. The crop production

has fluctuated considerably since 1993. It dropped in and 2007 due to drought. In contrast,
agricultural production was relatively high due tcetBignificantly high crop production in 2004 and

2008. Animal husbandry remained at a low level between 1993 and 2004 and decreased after the
European Union accession (2004) (Laczka, 2007). Swine population decreased further until 2023, but
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in 2024 it increased 6.2% from the previous year, due to the establishment of newslzatgeswine
husbandries. Cattle population increased as a result of the state incentives to promote the recovery of
livestock sector until 2020, however the populatidecreased by 6.7% since 2021. The volume of the
G2d0Ff 2dz20Lddzé 2F | ANROdzf GdzNB 6AdGa G £dzS 4 GKS LN
contributors to the decline in the output were cereals (accounting for 11 percentage points) and
industrial crops (accounting for 3.9 percentage points) (HCSO, 2023a). In 2023 the output volume of
the agricultural sector increased by 25.2% compared to 2022. The largest contributors were the cereals
again with their 65.4% increase. Besides fertilizer priwere 37% lower than a year earlier. (HCSO,
2024a) In 2024 there was a decrease of 5.4% of the output volume of the agricultural sector in spite of
the 4.0% increase of the output value of animal husbandry. The largest contributors to the total output
were cereals (accounting for 4.2 percentage points) and industrial crops (accounting for 0.9 percentage
points) (HCSO, 2025). The agricultural land area was 55% of the total (HCSO, 2024b).

5.2 Trends in emissions

Agriculture is the main source of Blemissions, with 92.9% share of the national total in 2024 (Table
5.1). Agricultural soils (3D) accounts for the bulk of national total ammonia emissions in Hungary, it
was responsible for 52.9% and 41.97 Gg share of national total in 2024. FertiliZébad¢ at 38.0%

(30.17 Gg) is the largest contributor to the national total ammonia emissddaaure management

(3B) contributed 38.6% (31.78 Gg) to national emissions in 2024. Under 3B Cattle, Poultry and Swine
accourted for the majority of agricultural total Nd¢missions. Distribution of main sources of ammonia
from agriculture for 2024 is shown in Figure 5.1.
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3Dal InorganicN-
fertilizers
40.9%

3B4 Manure

management-All

other animals
3.2%

3B4g Manure

management-
Poultry 3Da2a Manure
10.5% application
12.5%
3B3 Manure 3Da3 Grazing
management-Swine 1.9%
9.5%

3Da2b+3Da2c
3B1 Manure 3B1 Manure 3DadCrop  Sewage sludge
management- Non- management- Dairy 3F Field tesidues applied  and Compost
Dairy Cattle Cattle burning to soils application
9.6% 10.2% 0.0% 0.0% 1.7%

Figure 5.1 Ammonia emissions from Agriculture, 2024

Agricultural NH emissions have decreased by 46.6itce 1990 and reduced by 9.4% in the period
20052024 (Table 5.;Bnd Figure 5.2). One of the main drivers of this reduction is the significant
decrease in the emissions from swine and cattle, due to the dramatic drop in livestock numbers at the
beginning of the inventory period. Also, focusing on the period from 20@B24 NH emissions from

the agricultural sector have further decreased due to the shrinking livestock population. Although, a
slight incrase in the NElemissions has been detectable from 2012 to 2021 due to the increasing
fertilizer use and the increasing population of cattle, in particular {we¢tie livestock. The other main
drivers of the reduction of Nd€missions are the dramatic drop of fertilizer use at the beginning of the
inventory period, and the notable changes in the market conditions of fertilizers, which caused a
significant drop in fertilizer use in 2022, and consequently in emissions. Thiswdod trend
continued in 2023. blwever, emissions increased again in 2024 due to the stabilization of the fertilizer
market.
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Table 5.1 Emission trend of ammonia 199024

3B Crop progtﬁction and 3
Year Manure Management agricultural soils Agriculture Total
Gg

1990 68.5 69.5 138.1
1991 62.0 47.3 109.3
1992 52.8 40.7 93.5
1993 45.9 37.3 83.2
1994 42.1 38.2 80.3
1995 42.6 36.8 79.4
1996 41.8 37.1 78.9
1997 40.7 37.1 77.8
1998 42.1 41.1 83.2
1999 42.7 41.3 84.0
2000 44.5 42.7 87.2
2001 43.2 43.4 86.6
2002 43.7 45.5 89.2
2003 44.1 45.1 89.1
2004 41.9 45.9 87.8
2005 39.6 41.9 81.5
2006 38.3 43.4 81.7
2007 38.0 45.1 83.1
2008 37.1 38.8 75.9
2009 35.3 35.6 70.9
2010 35.5 36.1 71.6
2011 34.7 37.5 72.2
2012 34.0 37.5 71.5
2013 33.3 41.5 74.8
2014 34.3 41.7 76.1
2015 35.2 45.7 80.9
2016 35.2 47.4 82.6
2017 34.0 50.7 84.8
2018 34.1 50.3 84.4
2019 33.9 49.9 83.8
2020 32.8 52.5 85.3
2021 33.6 52.3 85.9
2022 31.7 44.3 76.0
2023 30.6 36.6 67.2
2024 31.8 42.0 73.8
Sh?;fa'lninH;ggj‘“a” 40.0% 52.9% 92.9%
Trend 19962024 -53.6% -39.6% -46.6%
Trend 20052024 -19.7% 0.3% -9.4%
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Figure 5.2. Emission trends in the main sources 0%,NK<1962024

The significantly shrinking solid urea use from 1990 to 2021 also contributes to the downward trend.
In 2022, however, the demand for solid urea increased due to rising fertilizer prices, as urea became
the most costeffective type of fertilizer. Since 282 use of solid urea dropped again due to the
stabilization of fertilizer prices resulting in a lower demand for it. Emissions from 3Dal Fertilizer use
have reduced by 14.0% since 1990, despite the fact that the total N content of the fertilizer applied
has increased until 2021. Urea use reached its lowest level in 2009, but thereafter the urea
consumption, in particular the use of urea solutions, increased strongly, contributing to the upward
trend in NH emissions from 3D Crop production. However, the reduction in livestock numbers and
therefore in the amount of livestock manure available for use, as well as the use of emission mitigation
technologies in manure application, significantly offset the insee&n emissions from the use of
synthetic fertilizes. The total N content of applied fertilizers decreased by 42% between 2021 and
2023 as fertilizer use declined. However, in 2024 it increased by 27.5% compared to the previous year,
a change that can be attributed to the stabilization of the fertilizerkea

5.2.2 PARTICULATE MATTER

In 2024 Agriculture accounted for 2.2% (0.7 Gg), 19.0% (8.7 Gg) and 20.5% (12.9 Gg) of the national
total PMes, PMyo and TSP emissions, respectively. Agriculture sector was a significant contributor to
the PMyo and TSP emissions in 2024, because of the high emissions from crop production. The
contribution of the 3Dc Fardevel agricultural operations including storage, handling and transport of
agricultural products sector was 13.6% (6.2 Gg) to the nationdlRdte emissions. The relatively high
emissiam level from this source is reasonable, considering the fact that 44% of the total area of the
country is cropland.
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PM emissions from agriculture have decreased in the period-2024 as a result of the continuously
decreasing emissions from 3B Manure management. However, emissions from 3Ddevdrm
agricultural operations including storage, handling and transportagficultural products have
increased modestly, but this increase was offset by the decreasing livestock (Table 5.2 and Table 5.3).
TSP emissions from Agriculture are shown in Figurard3rable 5.4.
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Figure 5.3 TSP emissions from Agriculture, 220Q4
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Table 5.2 Emission trends in agricultural Rdmissions2000-2024

3B 3D 3F 3
Manure Crop production and Field Agriculture
Year Management  agricultural soils burning Total
Gg
2000 0.56 0.22 0.02 0.80
2001 0.55 0.25 0.01 0.82
2002 0.58 0.25 0.02 0.86
2003 0.60 0.26 0.02 0.87
2004 0.57 0.26 0.02 0.84
2005 0.51 0.26 0.02 0.79
2006 0.50 0.25 0.01 0.77
2007 0.49 0.26 0.02 0.77
2008 0.49 0.26 0.02 0.77
2009 0.49 0.26 0.02 0.76
2010 0.51 0.25 0.00 0.77
2011 0.51 0.25 0.02 0.78
2012 0.49 0.25 0.02 0.76
2013 0.49 0.25 0.02 0.77
2014 0.50 0.25 0.02 0.77
2015 0.50 0.25 0.02 0.77
2016 0.52 0.25 0.02 0.79
2017 0.48 0.25 0.02 0.75
2018 0.51 0.25 0.02 0.78
2019 0.51 0.25 0.02 0.77
2020 0.44 0.24 0.02 0.70
2021 0.46 0.24 0.02 0.72
2022 0.42 0.24 0.02 0.68
2023 0.43 0.24 0.01 0.69
2024 0.43 0.24 0.01 0.69
share n HUPganan 149 0.8% 0.0% 2.2%
Trend 20002024 -23.0% 7.7% -19.0% -14.4%
Trend 20052024 -15.2% -6.7% -9.3% -12.3%
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Table 5.3 Emission trend in agricultural RMemissions, 2002024

3B 3D 3F 3
Year Manure Crop .production.and Fie!d Agriculture
Management agricultural soils burning Total
Gg
2000 3.63 5.78 0.02 9.43
2001 3.63 6.60 0.01 10.24
2002 3.89 6.63 0.02 10.54
2003 4.03 6.64 0.02 10.70
2004 3.72 6.69 0.02 10.44
2005 3.30 6.67 0.02 9.98
2006 3.24 6.60 0.01 9.86
2007 3.17 6.69 0.02 9.88
2008 3.19 6.64 0.02 9.85
2009 3.13 6.65 0.02 9.79
2010 3.28 6.59 0.00 9.88
2011 3.29 6.48 0.02 9.78
2012 3.08 6.56 0.02 9.66
2013 3.12 6.55 0.02 9.69
2014 3.10 6.59 0.02 9.71
2015 3.11 6.49 0.02 9.62
2016 3.20 6.49 0.02 9.72
2017 2.93 6.51 0.02 9.47
2018 3.11 6.45 0.02 9.59
2019 3.08 6.47 0.02 9.56
2020 2.54 6.11 0.02 8.67
2021 2.71 6.27 0.02 8.99
2022 2.36 6.37 0.02 8.75
2023 2.45 6.35 0.02 8.81
2024 2.45 6.22 0.02 8.69
Sh":‘(;fa'l”mH;gzgj”a” 5.4% 13.6% 0.0% 19.0%
Trend 20062024 -32.4% 7.7% -19.0% -7.8%
Trend 20052024 -25.6% -6.7% -9.3% -12.9%
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Table 5.4 Emission trend in agricultural TSP emissions, 2022

3B 3D 3F 3

Year Manure Crop .production.and Fie!d Agriculture

Management agricultural soils burning Total
Gg
2000 10.68 5.78 0.02 16.48
2001 10.63 6.60 0.01 17.25
2002 11.11 6.63 0.02 17.75
2003 11.35 6.64 0.02 18.02
2004 10.35 6.69 0.02 17.06
2005 9.42 6.67 0.02 16.10
2006 9.28 6.60 0.01 15.90
2007 9.07 6.69 0.02 15.78
2008 8.89 6.64 0.02 15.55
2009 8.41 6.65 0.02 15.08
2010 8.51 6.59 0.00 15.11
2011 8.31 6.48 0.02 14.80
2012 7.91 6.56 0.02 14.49
2013 7.99 6.55 0.02 14.57
2014 8.02 6.59 0.02 14.63
2015 8.18 6.49 0.02 14.69
2016 8.15 6.49 0.02 14.66
2017 7.65 6.51 0.02 14.19
2018 7.85 6.45 0.02 14.32
2019 7.73 6.47 0.02 14.22
2020 6.98 6.11 0.02 13.11
2021 7.09 6.27 0.02 13.38
2022 6.56 6.37 0.02 12.95
2023 6.50 6.35 0.02 12.86
2024 6.67 6.22 0.02 12.91
Share in
Hungarian total 10.6% 9.9% 0.0% 20.5%
in 2024

Tre28224009 -37.6% 7.7% -19.0% 21.7%
Treggzz;loo\% -29.2% 6.7% 9.3% -19.8%

In 2024, NQ emissions from agriculture amounted to 19.6 Gg and 20.7% of the national total
emissions, which is 23.2lwer than the level of 1990. This decrease is the result of the reduction in
livestock population and ffertilizer use (Table 5.5). However, focusing on the period ZA, a
significant increase is detectable due to the increasing fertilizer use@mtrgears. In 2022, emissions
dropped due to the decrease in fertilizer use, which further declined in 2023. In 2024, they increased
by 21% compared to the previous year as a result of the stabilization of the fertilizer market.
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Table 5.5 Trends in N@missions, 1992024

3B 3D 3

Year Manure Crop production and Agriculture

Management agricultural soils Total
Gg

1990 2.37 23.08 25.48
1991 2.00 13.83 15.84
1992 1.78 13.03 14.82
1993 1.46 12.60 14.08
1994 1.45 14.36 15.82
1995 1.48 13.02 14,51
1996 1.30 13.36 14.67
1997 1.33 13.30 14.64
1998 1.37 15.09 16.47
1999 1.32 15.73 17.05
2000 1.50 15.67 17.18
2001 1.52 16.24 17.76
2002 1.49 17.42 18.91
2003 1.49 16.89 18.39
2004 1.44 16.94 18.40
2005 1.37 15.42 16.79
2006 1.30 16.47 17.77
2007 1.28 17.68 18.96
2008 1.31 16.51 17.83
2009 1.31 15.59 16.90
2010 1.35 15.84 17.19
2011 1.35 16.66 18.02
2012 1.28 17.21 18.50
2013 1.23 18.54 19.78
2014 1.28 18.62 19.90
2015 1.33 20.19 21.52
2016 1.34 21.16 22.50
2017 1.29 21.91 23.21
2018 1.29 21.88 23.18
2019 1.28 21.54 22.83
2020 1.19 22.67 23.87
2021 1.25 23.11 24.37
2022 1.16 17.68 18.84
2023 1.17 15.06 16.24
2024 1.20 18.36 19.57
Sh?(;fa'lan;ggj”a” 1.3% 19.4% 20.7%
Trend 19962024  -49.6% -20.4% -23.2%
Trend 20052024  -12.3% 19.1% 16.5%
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In 2024 Agricultural NMVOC emissions amounted to 26.2 Gg and 24.2% share of the national total
(Table 5.5. The main agricultural source of NMVOC emissions is the 3B Manure management,
accounting for 21.7% of the national total emissions. NMVVOC emissions from animal husbandry mainly
originate from silage feeding and partly digested fat, carbohydrate and prdesomposition in the

rumen and in the manure. Consequently, cattle husbandry is the most important source of agricultural
NMVOC emissions. While tuéted crops are an insignificant source with a share of 2.4% of national
total. Agricultural NMVOC emissions have decreased by 50v8%the period 1992024, as a result

of the decreasing livestock.
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Table 5.6 Emission trend for NMVOC from Agriculture, 19004

3B 3D 3
Manure Crop production and  Agriculture
Year Management  agricultural soils Total
€0
1990 50.1 2.9 53.2
1991 45.5 2.9 48.5
1992 39.1 2.8 41.9
1993 33.5 2.5 36.0
1994 30.7 2.7 33.5
1995 30.5 2.8 334
1996 30.1 2.6 32.7
1997 29.6 2.7 32.3
1998 29.7 2.6 32.4
1999 29.7 2.5 32.3
2000 30.8 2.3 33.1
2001 29.9 2.6 325
2002 29.9 2.7 32.6
2003 29.5 2.7 32.2
2004 28.2 2.7 30.9
2005 26.8 2.7 29.5
2006 26.0 2.7 28.8
2007 259 2.7 28.6
2008 25.6 2.6 28.2
2009 24.8 2.6 27.5
2010 24.9 2.7 27.5
2011 24.6 2.7 27.3
2012 247 2.7 27.4
2013 24.9 2.7 27.6
2014 25.3 2.7 28.0
2015 25.9 2.7 28.6
2016 26.1 2.7 28.8
2017 25.4 2.7 28.1
2018 26.0 2.6 28.6
2019 25.3 2.6 27.9
2020 24.6 2.5 27.1
2021 247 2.7 27.4
2022 23.5 2.6 26.1
2023 23.4 2.6 26.1
2024 23.5 2.6 26.2
Sh?(;tea'lnin"';ggj“a” 21.7% 2.4% 24.2%
Trend 19902024 -53.1% -9.9% -50.8%
Trend 20052024 -12.2% -2.6% -11.3%
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5.3 Manure mangement(NFR sector 3B)

From category 3B Manure management emissions of NB&, NMVOC and PM are estimated.

Activity data used in the agricultural air pollutant inventory are the same as, or consistent with, those
used in the GHG inventory, as a result of streamlining efforts made in recent years. The common
approach to UNFCCC and UNECE reporting enables tlué thee same countr¥specific values and
research results.

The HCSO has been producing two censuses of animal numbers per year since 2009. One survey is
conducted in June and the other in December. The annual average population for a certain year was
calculated by using the chronological mean of censuses as fllow

MBED g 00 5 TWHED g
C

0€0

Where
NoA = chronological mean of the annual population of a livestock category in a ye@0® (1
head)
NoAvest-1 = population of a livestock category in December of the y&g000 head)
NoAwune= population of a livestock category in June of the yeaf0Qlhead)
NoAvec:= population of a livestock category in December of the yea®d@(@lhead)

¢tKS YSGiK2R RStAYySIGISR 0620S ¢l a &a4dA3SaiSR o0& (K
seasonal changes in the livestock population.

Until the end of 2008 the HCSO collected data on livestock population three times a year, namely April,
August and December. For the calculation of the annual average population for the years before 2009

the chronological mean was used similarly, basetherthree surveys data.

Ly GKS OFrasS 2% as¢gAiAyS (G4KS 1 /{h dzaSa | tA@Saiz201 ¢«
LINE ARSA SYAadaarzy FIFO02NER T2 N-vwan2 6183 Qo Rt KLSA 387 FrtyS
under 20 kg have been split into piglets <8 kg antefsdetween 8 and 20 kg. The share of piglets <8

kg was calculated on the basis of daily weight gain according to Benedek (2019).

The annual average livestock populations used to the calculations are provided in Takddbde.3.10.
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Table 5.7 Animal populations and their trends for 192024

Livestock numbergl 000 head)
3Bla 3Bilb 3B2 3B3 4B4a  3B4d 3B4e  3B4f 3B4g 3B4h

Year Non- Mules

Dairy dairy Sheep Swine Buffalo Goats Horses and Poultry Other
cattle (Rabbit)
cattle Asses

1990 5636 1053.0 1958.3 87085 0.1 35.1 755 4.3 70325.6 2587.2
1991 526.6 1017.8 1898.4 7809.1 0.1 39.3 78.0 4.2 58 827.4 2629.5
1992 4795 8339 18396 62374 0.1 50.0 775 4.1 52 168.4 2 389.5
1993 436.3 6485 1314.6 58054 0.1 60.6 73.0 4.1 43429.1 2149.5
1994 4085 5544 9944 50069 0.1 71.3 76.0 4.1 44 477.4 1909.4
1995 3945 548.8 10259 5023.0 0.2 76.1 76.0 4.1 448745 1669.4
1996 389.4 5459 9156 54935 0.3 80.9 68.1 4.1 38537.7 1148.9
1997 387.8 520.8 900.9 5012.7 0.4 85.7 71.0 4.1 40416.6 1071.3
1998 381.3 493.8 9545 5246.7 05 90.5 725 4.1 42 707.6 1051.8
1999 385.0 488.5 980.7 5609.0 0.6 95.3 735 4.1 40 260.3 1040.4
2000 362.8 479.2 1192.2 5146.2 0.7 96.6 778 3.6 48562.1 9425
2001 353.0 443.3 11628 48233 0.8 107.2 675 35 51074.0 1087.2
2002 3445 433.7 1138.2 5050.0 0.9 96.7 63.2 3.4 51333.7 1179.7
2003 330.0 433.2 12265 50775 1.0 94.5 625 3.3 52 486.2 1088.8
2004 309.3 4243 1380.2 43850 1.1 84.5 645 3.2 50492.0 1181.7
2005 299.8 419.7 1446.7 40217 1.2 77.8 67.0 3.0 46 404.7 1002.7
2006 275.2 428.2 1358.2 3943.7 1.3 81.2 64.8 2.3 44 653.3 1084.3
2007 2675 442.3 1300.7 4039.0 14 71.5 59.0 2.1 43 159.7 1055.0
2008 263.8 436.2 1269.7 3664.7 1.4 72.8 58.3 2.0 45 032.7 903.5
2009 2575 4443 1260.8 3248.0 1.5 65.0 598 1.9 44789.3 871.3
2010 2445 4540 1203.0 3208.0 25 79.3 65,5 3.1 46 587.0 916.3
2011 250.6 440.2 1159.1 31313 3.7 83.8 73.0 35 46 283.8 949.1
2012 256.0 4748 11793 29815 34 86.0 76.2 35 43 063.7 1367.1
2013 2485 518.7 12049 29439 3.7 85.2 66.1 2.7 41 674.3 1560.1
2014 252.0 5385 12226 30649 3.7 76.7 63.0 21 42 683.1 1643.2
2015 2521 562.8 1193.9 3127.0 3.7 79.5 61.3 2.5 44 459.1 16104
2016 247.0 592.2 1189.3 3020.8 54 84.0 56.5 3.2 44907.6 1300.4
2017 2448 617.7 1160.3 28476 6.1 85.0 53.7 4.1 427111 11499
2018 242.7 6358 11456 2865.1 6.6 75.3 519 4.6 43 136.9 1204.6
2019 2439 660.0 1100.3 27964 6.9 69.0 516 5.0 42 875.1 1195.7
2020 238.4 688.7 9979 28311 7.8 56.1 58.0 4.4 37835.1 1218.4
2021 2454 679.2 9369 28372 7.9 50.8 505 3.3 40244.0 1183.2
2022 2437 6545 9039 26784 8.3 44.6 51.1 3.2 36568.0 1147.9
2023 2655 608.7 9059 2565.0 8.5 38.5 46.7 4.0 37046.6 1070.3
2024 267.8 594.8 897.8 27250 8.4 334 482 4.0 37534.3 1130.7
Trend

1990 -52.5% -43.5% -54.2% -68.7% 8275.0% -4.9% -36.1% -8.8% -46.6% -56.3%
2024
Trend
2005 -10.7% 41.7% -37.9% -32.2% 597.9% -57.2% -28.0% 33.5% -19.1% 12.8%
2024
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Table 5.8 NorDairy Cattle populations and their trends for 19924
Livestock numbergl 000 head)

<1 year 1-2 year >2 year
Bovines  Bovines .
for for Heifers .
vear slaughter slaughter Bovines for Matur(_a Heifers First calf Beef
and other and other  (male) slaughter  NorDairy for heifers Cow

calves calves and'other (male) slaughter

(male) (female) heifers
1990 212.6 241.2 169.6 256.9 171 15.7 65.6 74.4
1991 204.7 237.8 162.2 251.9 16.4 14.9 61.8 67.9
1992 164.1 206.5 110.7 219.5 13.1 11.0 55.1 54.0
1993 128.7 162.9 86.2 170.9 9.7 7.0 44.7 38.5
1994 109.1 143.9 68.3 151.2 8.0 5.0 41.2 27.8
1995 107.4 143.4 65.9 149.1 7.9 4.9 42.7 27.5
1996 105.5 139.3 70.1 144.3 7.8 4.8 43.8 30.3
1997 99.5 133.0 63.5 138.8 7.4 4.3 47.3 27.0
1998 98.7 131.8 41.5 137.5 6.9 3.7 49.5 24.3
1999 97.4 130.1 47.8 135.7 6.8 3.6 44.3 23.0
2000 96.0 132.6 36.2 136.7 5.8 2.7 41.9 27.4
2001 88.0 125.9 29.4 131.4 4.8 2.7 37.1 24.0
2002 85.0 124.7 27.0 130.0 4.7 2.2 37.2 22.9
2003 87.8 121.4 26.6 124.4 4.5 2.3 36.0 30.1
2004 81.5 113.7 25.3 122.4 6.0 2.7 34.2 38.5
2005 84.7 109.2 22.6 119.1 5.8 2.0 32.8 43.4
2006 84.6 106.5 30.3 116.9 5.5 25 30.6 51.3
2007 86.6 106.2 37.0 116.4 6.2 2.2 33.0 54.7
2008 78.9 109.5 32.1 114.7 6.0 2.3 32.0 60.6
2009 81.5 108.2 31.7 120.2 6.5 2.0 32.5 61.7
2010 75.7 108.2 35.0 120.7 7.2 3.2 35.5 68.5
2011 74.5 105.6 26.4 115.7 7.0 2.6 35.6 72.8
2012 86.9 113.5 31.8 117.5 7.0 4.2 35.6 78.3
2013 89.1 119.6 41.5 130.1 8.2 4.3 35.3 90.5
2014 90.2 122.9 44.2 131.2 8.4 2.7 37.0 101.9
2015 90.3 129.9 43.2 135.7 9.2 3.7 38.3 112.5
2016 98.6 133.3 38.3 138.1 10.1 4.7 39.1 129.9
2017 104.0 138.9 37.8 137.4 10.5 5.2 37.8 146.2
2018 107.8 140.7 43.0 140.4 11.3 3.3 34.0 155.3
2019 107.4 146.7 44.9 146.4 11.1 4.3 33.3 166.0
2020 115.9 149.0 51.4 142.3 13.6 5.7 35.7 175.2
2021 116.6 159.4 39.2 129.6 16.8 19.1 27.8 170.7
2022 108.6 156.5 33.6 123.8 155 20.5 22.0 174.2
2023 101.5 156.2 30.8 119.4 141 17.0 18.3 151.4
2024 100.9 150.9 32.2 119.9 14.6 17.8 20.6 137.8
Trend
1990 -52.5% -37.4% -81.0% -53.3% -14.3% 13.6% -68.6% 85.3%
2024
Trend
2005  19.1% 38.3% 42.5% 0.6% 151.5% 792.6% -37.1%  217.3%
2024
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Table 5.9 Swine populations and their trends for 192024
Livestock numbergl 000 head)

Year Pigs Pigs Yqung Pigs for Breeding Breeding Guilts  Sows m?ted
<8kg 8 20 Kg pigs, fattening boars SOWS notyet for the first
2050 kg over 50 kg mated time
1990 1008.0 945.0 2626.3 3239.6 27.2 657.5 116.3 88.5
1991 832.1 780.1 2349.7 3090.6 25.1 563.0 104.0 64.4
1992 676.2 633.9 1844.5 2436.3 20.4 486.7 81.7 57.8
1993 631.1 591.6 1744.1 2245.4 18.0 446.0 77.2 52.0
1994 541.9 508.0 1499.5 1958.4 154 372.5 66.4 44.8
1995 571.5 535.7 1458.5 1921.6 15.3 404.7 64.6 51.1
1996 648.7 608.1 1523.9 2146.8 15.7 429.8 67.5 53.0
1997 612.9 574.6 1302.1 2039.4 14.3 356.3 56.7 56.3
1998 643.8 603.6 1407.0 2073.5 14.0 364.0 65.0 75.8
1999 661.3 620.0 1503.1 2299.8 14.8 396.9 56.3 56.8
2000 623.5 584.5 1302.8 2143.5 14.2 359.8 56.7 61.2
2001 650.6 609.9 1108.0 1984.5 12.5 342.2 54.7 61.0
2002 702.6 658.6 1136.7 2043.0 12.8 368.0 60.3 68.0
2003 661.6 620.2 1157.8 2150.9 12.0 362.3 56.0 56.7
2004 549.3 515.0 1015.0 1885.3 9.8 309.2 50.0 51.3
2005 515.4 483.2 916.5 1701.9 10.0 291.5 50.7 52.5
2006 503.7 472.2 933.1 1635.4 8.7 282.2 54.8 53.5
2007 524.0 491.3 934.2 1700.3 7.8 279.0 52.0 50.3
2008 452.9 424.6 848.3 1595.3 6.8 249.7 46.3 40.7
2009 390.9 366.5 795.4 1374.1 6.0 226.5 45.0 43.5
2010 394.0 369.4 751.7 1374.1 6.5 225.2 42.2 44.7
2011 387.9 363.6 748.6 1326.9 5.7 217.6 43.4 37.8
2012 365.0 342.1 726.7 1256.8 5.0 205.8 42.0 38.1
2013 373.7 350.3 683.6 1250.4 4.8 194.2 44.1 42.8
2014 392.9 368.4 725.0 1288.5 4.9 198.5 43.5 43.2
2015 404.8 379.5 741.4 1308.3 4.7 201.1 44.8 42.5
2016 366.9 344.0 665.9 1370.3 4.2 184.9 43.7 40.9
2017 352.5 330.5 636.8 1271.5 3.4 175.0 41.0 36.9
2018 359.2 336.7 633.9 1275.1 3.0 176.6 44.1 36.4
2019 356.2 334.0 626.4 1228.9 2.7 167.9 45.3 35.0
2020 377.1 353.5 574.1 1277.3 2.7 164.2 46.1 36.1
2021 380.2 356.4 596.0 1254.5 2.4 163.4 48.3 36.0
2022 367.2 344.3 573.2 1154.1 2.4 155.6 45.5 36.1
2023 360.8 338.2 522.6 1111.4 2.2 149.8 44.6 35.3
2024 391.6 367.1 554.9 1168.3 2.0 162.8 44.3 34.0
Trend
1990 -61.2% -61.2% -78.9%  -63.9% -92.6% -75.2% -61.9% -61.6%
2024
Trend
2005 -24.0% -24.0% -39.5%  -31.4% -79.7% -44.1% -12.6% -35.2%
2024
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Table 5.10 Poultry populations and their trends for 192024
Livestock numbergl 000 head)

3B4gi 3BA4gii 3BA4giii 3B4gv
Year .
Laying hens Broilers  Turkeys poolmtra;* Ducks  Geese ?:lé'\?vfsa
1990 22 735.0 40178.1 17726 56399 2463.6 2926.5 249.8
1991 23 460.1 29487.6 12527 46269 2216.7 21675 2426
1992 20 187.3 27 392.8 916.7 3671.7 1969.9 1459.2 2426
1993 193144 192895 1080.1 37451 20084 14941 2426
1994 17 092.6 21666.5 12888 44294 2339.1 18549 2355
1995 157325 233494 1599.1 41935 21446 18339 215.0
1996 16 368.0 16430.5 1979.1 3760.1 19553 1616.4 188.3
1997 15491.1 18816.0 21569 39525 2139.8 1634.8 178.0
1998 15 824.0 20158.3 21569 45684 27257 1623.8 219.0
1999 15 255.0 17749.4 20843 51716 32221 1689.9 259.6
2000 137443 242237 40298 65643 32495 3080.3 2344
2001 15 396.5 25290.0 34493 6938.2 3790.2 29155 2325
2002 16 051.5 23327.7 3789.8 81647 4490.0 34743 200.3
2003 16 384.8 23645.2 34958 8960.3 4770.7 3986.3 203.3
2004 15 398.8 23187.2 46373 72687 3898.0 3177.3 193.3
2005 14 232.3 220583 40365 60775 3704.0 2183.2 190.3
2006 14 424.7 20268.5 42703 5689.8 3117.3 2387.3 185.2
2007 13 063.8 20359.0 44308 5306.0 27805 23745 151.0
2008 13 376.3 218658 40712 5719.3 3070.0 2487.8 161.5
2009 127323 223645 34223 62703 3736.3 23848 149.3
2010 12 5445 23163.5 33650 7514.0 5155.0 2211.3 1478
2011 11 453.4 238783 31528 77994 5208.1 24555 1359
2012 11 088.8 22003.7 30236 6947.6 44892 2311.0 1474
2013 11 839.9 19959.2 24328 74424 45331 27747 134.6
2014 11 291.9 215055 26927 71931 47813 2280.7 131.1
2015 117225 22963.7 29283 68447 4687.6 20275 129.6
2016 11 246.6 233079 30223 7330.8 48545 23541 1223
2017 10 748.7 22990.4 28884 6083.6 39527 2016.1 114.8
2018 10 891.7 221183 2834.1 72929 4898.8 2290.3 103.8
2019 10 732.0 22176.7 28250 71415 4768.1 2270.9 102.6
2020 9312.4 211769 30138 43320 28296 14049 97.6
2021 8 647.6 23326.2 29125 53577 37567 15328 68.2
2022 8503.8 217398 25570 3767.5 2490.8 1238.0 38.7
2023 8032.3 22086.0 2361.2 45672 31072 1419.0 410
2024 8 254.3 22419.0 21724 4688.6 35749 10651 486
Trend 19962024 -63.7% 44.2%  22.6% -16.9% 45.1% -63.6% -80.5%
Trend 20052024 -42.0% 1.6% -46.2% -22.9% -3.5% -51.2% -74.5%

*Ducks, Geese and Guinea Fowls are reported here
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Animal populations, which have significant influence on the air pollutant inventory, have decreased
considerably over the period 199D24. The swine population decreased by 68.7%, whereas the cattle
population dropped by 46.6%ver the period 199€2024. However, livestock has started to increase

in recent years, thus Nedairy Cattle livestock has shown a 41 i@&sease over the period 20e024.

The increase in the Nethairy Cattle livestock population in the period of 2€20R1 is due to a change

in the statistical method, the corrected data of the HCSO with the information from the Identification
and Registration System (ENAR).

Activity data on allocation of manure to animal waste management systems is based on processing
and synthesizing statistics:

0KS 1 /{hQa DSYSNIf ! ANAOdz GdzNI f / SyadzaSa Oz2yf¥
HCSO Farm Structure Surveys, conducted in 2003, 2005, 2007, 2013, 2016 and 2023,

annual data for the period206d nHn FNBY GKS bC/{hQa bAGNRISY
reports on agricultural waste such as manure the Hungarian Energy and Public Utility
wS3dzt  §2NBE ! dziK2NAG&Qa [yydzZ f NBLR2NI 2y | INRK (
In Hungary the first comprehensive study on animal waste management system distribution for
SYA&aaA2Y AYyO@SYyiu2NEB LlzN132aSa gtk a OF NNASR 2dzi o0& w
Agricultural Census 2000. This study focused on product prodag@s and provides data by farm

aAT S aiGNH2OGdz2NBd ¢KS NBadzZ Ga 2F GKS 1/ {hQad DSySN
information on the manure management distribution again. The census provides data on housing
practices for cattle, swine ardying hens, and in addition on grazing for all animal species for the year

2010. The surveyed housing systems are as follows:

1
1
1
1

Cattle housing system:
9 Tied systems, solid and liquid slurry system
9 Tied systems, liquid slurry system
9 Loose houses, solid and liquid slurry system
9 Loose houses, liquid slurry system
9 Other system
Swine housing system:
9 Partial grid floor
1 Grid floor
1 Deep litter
1 Other system
Farm Structure Survey data was applied to get representative activity data from the different datasets

published by farm size structure, and it was applied as surrogate data to the interpolation of the 2000
2010 time series. Farm structure survey condudted013 and 2016 contained a more detailed data
collection on grazing than former surveys. These data on proportion of grazing animals, as well as
grazing period, was also taken into account in the preparation of the inventory.

Agricultural census is taken every 10 years, thus for the recent years statistics from the Nitrogen
Database provide the most reliable data on animal waste management system distribution. Annual
statistics from the Nitrogen Database are supplied by théddat Food Chain Safety Office (hereafter
NFCSO) for the inventory compilation. Data collection for the Nitrogen Database is based on the Decree
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of the Ministry of Agriculture and Rural Development No. 59/2008 (IV. 29). Annex 6 of the Decree
contains a questionnaire. Data supply obligation is prescribed for farmers, whose animal production
exceeds the household requirements. The first version @ Decree (Government Decree No.
49/2001 (V. 3)) entered into force in 2001. The collected data have been stored in a database since
2003. This database contains data on cattle and swine bycatdgories, poultry (laying hens, cocks

and broilers, duckgjeese, turkey), sheep and goats, horse. Six different management systems were
distinguished: liquid, solid, deep litter, grazing, farmyard/paddock and other. Amendments of this
decree in 2008 resulted in a minor change in the structure of the data colhedtintil 2007 only the
livestock numbers for six housing systems were collected, while since 2008 the amount of manure has
also been surveyed. In 2009 a more detailed livestock characterization was introduced for cattle and
swine. At the same time sheema@ goats were separated into two different categories. The former
paper questionnaires were replaced by-lime forms in 2014. This measure contributed to the
improvement of compliance with data provision obligations. In 2013 Hungary revised the area of th
soOF ff SR WbAGNRIASY =+dzZf ySNIo0fS %2ySaQ 6KSNBIFTFIESNI I
to approximately 6869% of the country from the former 47%, further increasing the number of farms
under the data provision obligations.

In 2016 the data provision obligations of farmers were amended. The new regulations were developed
in line with the data needs of emission inventories. The former six categories of management systems
were improved by more detailed categories.

The number of questionnaires received has been increasing since 2003, although the

representativeness of this sample varies between different years and livestock categories. The dataset
is most representative for cattle, swine and poultry, abouta®9s6 ofthese livestock are covered. It

can be considered to be reliable for sheep, too. About 60% of the livestock is reported. It is least

representative for goats and horses, about 10% coverage.

The applied data sources sometimes contain information on housing practices rather than manure
management storage systems in many cases, therefore additional qualitative information was needed
to define the relationship between the housing and manure mamagnt systems. Two studies
6aSalt NPaz Hnetg, 2006) Rere appliedl fo Get §dditional information.

Despite the abovementioned methodological differences between the applied databases, the trend in
the animal waste management systems distribution can be tracked.

Trends in manure management of Cattle and Swine

For cattle and swine, a slight increase in the use of liquid manure and extensive housing technology,
i.e. grazing in the case of beef cattle, can be identified. The former may be explained by the increasing
proportions of the farms holding at least 100imals. The increasing proportion of grazing probably is

the result of the high fodder prices and increasing proportion of beef cattle.

Activity data for 1990, 2005 and 2023 are presented in Table-T-afhle 5.13 respectively. In the case
of cattle and swine interpolation and surrogate data were used to complete the time series.
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Table 5.11Animal waste management distribution for Cattle and Swine for the year 1990

Building Outside the building
Proportion of Proportion of
1930 livestock housed livestock housed Excreta on vards Excreta on pastur
on slurrybased on FYMbased y P
system system

Dairy Cows 4.2% 95.8% 3.2% 8.0%
Non-dairy Cattle 2.5% 97.5% 3.6% 14.9%
(Calves)
Non-dairy Cattle 3.2% 96.8% 3.2% 15.8%
(all other cattle)
Breeding sows 39.3% 60.7% 1.3% 0.0%
Fattening pigs 40.7% 59.3% 1.5% 0.0%

Table 5.12Animal waste management distribution for Cattle and Swine for the year 2005

Building Outside the building
Proportion of Proportion of
2005 livestock housed livestock housed Excreta on vards Excreta on pastur
on slurry-based on FYMbased y P
system system

Dairy Cows 6.4% 93.6% 4.5% 8.1%
Non-dairy Cattle 3.5% 96.5% 5.8% 13.4%
(Calves)

Non-dairy Cattle 2.9% 97.1% 5.5% 15.7%
(all other cattle)

Breeding sows 63.4% 36.6% 1.8% 0.0%
Fattening pigs 54.6% 45.5% 1.3% 0.0%

Table 5.13 Animal waste management distribution for Cattle and Swine for the year 2024

Building Outside the building
Proportion of Proportion of
2024 . .
livestock housed livestock housed Excreta on vards Excreta on
on slurry-based on FYMbased y pasture
system system

Dairy Cows 15.6% 84.4% 9.7% 2.4%
Non-dairy Cattle 9.1% 90.9% 13.7% 7.7%
(Calves)
Non-dairy Cattle 5.0% 95.0% 12.6% 17.2%
(all other cattle)
Breeding sows 74.1% 25.9% 1.6% 0.0%
Finishing pigs 72.1% 27.9% 1.3% 0.0%

The Nflow tool provided in both the 2019 and 2023 version of the EMEP/EEA Guidebook differentiates
between tied and loose housing systems regardingéiiission factors for Dairy Cattle. As mentioned
previously, the HCSO censuses provided data on tied and loose housing of Dairy Cattle in 2000 and
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2020. Due to lack of data for the period 1990 and 2000, the data from the 2000 census was applied.
(The period between 1990 and 2000 was the period after the change of regime, when the
modernization of the stables was not common. This was the rationalenfalsing constant data.)
Gaps in the time series were filled by interpolation between 2000 and 2020. For 2024, we used the
data for the year 2020.

Time series of tied housing system is providetlable 5.27

In Hungary, the first biogas plant utilizing animal manure was established in 2004, so the inventory
takes into account the amount of manure treated in the biogas plants from 2004 onwards. Detailed
data on agricultural wastes treated in biogas plants Haeen collected by the Hungarian Energy and
Public Utility Regulatory Authority (HEPURA) based on Regulation No 11/2017. (VIIl. 25.) since 2017.
However, according to the Hungarian Statistical Act (Act CLV of 2016 on Official Statistics), these
detailed fealstock statistics are confidential, i.e., some feedstocks are used by less than three plants.
Based on the amount of manure used in biogas plants, we determine the proportion of slurry and
farmyard manure (FYM) treated in biogas plants for thboW NH model and based on this data
collection we also calculate the emissions from the application of biogas digestate for the 3Da2c sector.
Proportions of slurry/FYM treated in biogas plants are showrainle 5.14

Table 5.14 The proportions of slurry/solid manure used for biogas production

Animal manure 2000 2005 2010 2015 2020 2024

xbiogas_slurry Swine 0.0% 02% 23% 51% 56% 4.9%
xbiogas_solid_Swine 0.0% 00% 01% 03% 06% 0.7%
xbiogas_slurry_Cattle 0.0% 44% 31.5% 41.8% 26.3% 21.7%
xbiogas_solid_Cattle 0.0% 0.1% 0.8% 1.6% 1.7%  0.9%
xbiogas_solid_Broiler 0.0% 0.0% 0.5% 1.2% 1.4% 1.6%
xbiogas_solid_Turkey 0.0% 00% 01% 02% 06% 0.6%
xbiogas_solid_Laying_hen 0.0% 00% 00% 01% 0.0% 0.4%

The share of manure used in biogas plants peaked in 2018 and has declined slightly in recent years, on
one hand due to a decrease in other biogas production (see also 5B2) and the other hand due to a
decrease in the share of animal manure in other biogasipction compared to other agricultural and

food waste.

Ly 1dzy3FNEBX |o62dzi wp: 2F GKS SySNHe& LINRPRdzZOSR A\
manure.

The technological specificities of the use of animal manure in biogas plants were investigéted by

Institute of Agricultural Economics Nonprofit Kft (hereafter AER2D21. The study was financed by

0KS aAyAadNEB 2F ! ANAROdzZ GdzNBE FYyR F NBLRNI |y ac¢K
ddzo YAOGGSR (2 GKS aAyAadNBo ¢KS ! 9wLQa LINRB2SOU ¥F:
livestock farms, ¢her on the site of the biogas facilities. In the biogas plant, manure is fed
continuously, so the manure is transported via pipeline to the biogas plant, which is mostly located on
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the farm. Therefore, the proportions of manure used in the biogas plas§txsiury is subtracted from
the amount of manure stored e siurry-

Most of the solid manure treated in biogas plants comes from calves and is stored for up to two weeks
before being used in biogas plants. As this storage time is significantly shorter than for solid manure
not treated in biogas plants, we do not count maawstorage in this case either, so, as with slurry, the
proportion of solid manure used in the biogas planfof¥ soid iS subtracted from the amount of
manure stored(Xore_solig-

N-input from straw

In line with theEMEP/EEA Guidebook (EEA, 2023)put from straw use in manure management
systems was taken into account. Due to lack of cousprgcific data on annual straw use in litleased
manure management systems, the N added in straw were estimated using the default values provided
in Table 3.0f the EMEP/EEA Guidebo@kEA, 2023).

For values of annual average nitrogen excretion rates country specific (Tier 2) coefficients derived
based on the Equation 10.31 of the IPCC Guidelines (IPCC, 2006) were used for Dairy Gdtiey Non
Cattle, Swine, Laying hens and Broilerexisretionrates for Dairy Cattle are updated annually, in line
with the milk production and foragto-concentrate ratio in the diet. For laying hens and broilers, the
N-intakes and retention rates were updated annually for the period 12024 as well. For pigs and
breeding boars data were last updated for the year 2018. However, the annual data revealed that
there is no significant change in the data year by year, therefore for the yearZiP®the data for

the year 2018 were applied.

Ly OFfOdzZ GA2y F2NJoONBSRAYy3I 4244 GKNBES RAFFSNBy
6SFYAY3 YR YFGAY3IQ 6SNBE RAAUGAYIdAEAKSR® ¢KS RIFAf
period and annual values were calculated as theghtsd mean using the length of periods as
weighting factorsAccording to the Hungarian practictree length of gestation and lactation are 114

and 21 days, respectively. While the period between two successive farrowing decreased gradually
across the timeseries. Annual values for the period 192024 are provided ifTable 5.18 (For the

year 20192024 the data for the year 2018 were applied.)

For broilers fowphase feeding was assumed for the period 2Q2024 and three phases from 2004
backwards. Timaeries consistency was ensured based on the time series overlap approach of the
IPCC Guidelines Volume 1, Chapter 5 (IPCC, 2006). Thereftie, fears 2002007 the three and
four-phase feeding systems were assumed, parallelly.

There was no need to distinguish between different stages in case of laying hens.
Nitrogen intake

To the above equation Nitrogen intakes were determined from the crude protein content of the
dietary components for all subcategories of these animals. The crude protein intakes were multiplied
by 0.16, which is the fraction of nitrogen in protein, to cerivthe protein content into nitrogen. In

the case of cattle and swine subcategories (breeding sows and breeding boars excepted) crude protein
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content in the diet was calculated from feed ingredients. Data on crude protein contents of each
component were taken from the sOF £ f SR WO2YLl2dzyR FSSR RIGlFol asSQ
measurements of all kinds of feed used for animal nutrition in Hondgehe compound feed database

is available in the Hungarian Nutrition Codex (2004).

In respect of breeding swine, laying hens and broilers data on crude protein content of the feed (CP%)
in proportion of dry matter intake (DMI) was provided from the livestock feed monitoring system
operated by the AERI. Therefore, the nitrogen intakeafoertain livestock subcategory and stage was
calculated using the following equation:

ol ») R
0 P00 a—p—(p&”U”

Where

Nintake(r,i= daily N consumed per animal of category T and stage i, kg N ahitayt
DMk = dry matter intake per animal in a certain stage (kg DMI animalday

CP% = per cent crude protein in dry matter

6.25 = conversion from kg of dietary protein to kg of dietary N, kg feed protein-tkg N)

In Hungary a feed monitoring system started to operate in 2016, with a retrospective data collection

for the year 2005. For the year 1990 standards of the DMI and CP% intakes taken from the Hungarian
Nutrition Codex (1990) were applied and interpolationswased to complete the time series.

According to the expert opinions and the depth interviews of the AERI, the Hungarian Nutrition Codex
provided the most appropriate values of DMI and CP% for swine. While for broiler and laying hens the

0 NB S R S NIeémeditdde Bn& riiostieliable sources before 2005. However, as the research of the

AERI revealed, in the years between 2Q087, the crude protein content of the laying hen and broiler

RASG O2dzZ R 06S atAakKaGfte f 2¢SNuidek Thereford, timelseridsd LINE
overlapping was applied to avoid tirseries inconsistency arising from the use of data from two

different sources.

Table 5.15hows the trends in the crude protein content in the diet of breeding sows and breeding
boars. For the year 2024 data for the year 2018 were applied. These trends in the CP% for sows are
the result of two opposite effects. Rising productivity resultethareasedrotein demand and higher
nitrogen intake. This upward trend continued until 2010, after which the amino acid supplements led
to decreasing trends in the crude protein content in the breeding sow diet. Trends in the CP% for
breeding boashows a slight increase over the inventory period.

176



HUNGARY Informative Inventory Report9902024 AGRICULTURE

Table 5.15 Crude protein content in the diet of breeding sow and breeding boar in proportion of
DMI 19962024

Weighted

v Gestating sow Lactating average for Breeding
ear sow breeding sow Eesl
%
1990 13.8 16.1 14.1 15.0
1991 13.8 16.2 141 15.1
1992 13.9 16.3 14.2 15.3
1993 13.9 16.3 14.2 15.4
1994 13.9 16.4 14.2 15.6
1995 14.0 16.5 14.3 15.7
1996 14.0 16.6 14.3 15.9
1997 14.0 16.7 14.3 16.0
1998 14.1 16.8 14.4 16.1
1999 141 16.8 14.4 16.3
2000 14.1 16.9 14.5 16.4
2001 14.2 17.0 145 16.6
2002 14.2 171 14.5 16.7
2003 14.2 17.2 14.6 16.9
2004 14.3 17.2 14.6 17.0
2005 14.3 17.2 14.7 17.0
2006 14.3 17.2 14.7 16.9
2007 14.3 17.2 14.7 16.9
2008 14.3 17.2 14.7 16.8
2009 14.3 17.2 14.7 16.8
2010 14.3 17.2 14.7 16.8
2011 14.3 17.0 14.6 16.7
2012 14.0 171 14.4 16.7
2013 13.9 17.2 14.3 16.6
2014 13.7 16.9 14.1 16.6
2015 13.6 16.7 14.0 16.5
2016 134 16.7 13.8 16.5
2017 13.3 16.9 13.8 16.5
2018 134 16.9 13.9 16.4
2019* 134 16.9 13.9 16.4
2020* 134 16.9 13.9 16.4
2021* 134 16.9 13.9 16.4
2022* 134 16.9 13.9 16.4
2023* 134 16.9 13.9 16.4
2024* 13.4 16.9 13.9 16.4
Source: AERI

*No data were available for 2018024, therefore, data from 2018 were used.
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The trend in the Nntake of broiler(Table 5.1pis also driven by the aboveentioned two contrary
effects. The increase in live weight has resulted in higher crude protein demand and, consequently,
higher nitrogen intake. In 2007 theiiNtake reached a peak. After thatiNtake decreased gradually,
dueto the amino acid supplements. Finally, tharthke started to increase slightly again in the last
two years. For the period 2022024 data for the year 2021 were applied.

Table 5.16 Crude protein content in the diet of broilers in proportion of DMI 12004

CruQeAprvotgin content Crude protein content
00NBESRSNRa NBOz (AERI data collection)
ea Starter Grower Finisher ~Year  Starter Grower|. Grower Il. Finisher
% %

1990 23.0 20.0 18.5 2005 22.1 20.3 20.2 194
1991 23.0 20.0 18.5 2006 22.0 20.3 20.0 19.2
1992 23.0 20.0 18.5 2007 22.0 20.3 19.9 19.1
1993 23.0 20.0 18.5 2008 22.0 20.3 19.7 19.0
1994 23.0 20.0 18.5 2009 21.9 20.3 19.6 18.9
1995 22.9 20.0 18.6 2010 21.9 20.3 19.5 18.7
1996 22.9 20.1 18.6 2011 21.9 20.2 19.2 18.6
1997 22.8 20.1 18.7 2012 21.6 20.1 19.0 184
1998 22.8 20.2 18.8 2013 21.4 19.9 19.1 18.3
1999 22.7 20.2 18.8 2014 21.3 19.8 19.0 18.5
2000 22.7 20.3 18.9 2015 21.1 19.9 18.9 18.3
2001 22.6 20.3 19.0 2016 21.2 19.8 19.0 18.2
2002 22.6 20.4 19.1 2017 21.4 20.0 19.3 18.3
2003 22.5 20.4 19.1 2018 215 20.1 19.4 18.5
2004 22.5 20.5 19.2 2019 21.4 20.0 19.2 18.4
2005 2020 215 20.1 19.3 18.4
2006 2021 21.6 20.1 19.3 18.5
2007 2022* 21.6 20.1 19.3 18.5
2023* 21.6 20.1 19.3 18.5

2024* 21.6 20.1 19.3 18.5

*No data were available for 2022024, therefore, data from 2021 were used.

The overall slightly decreasing trend in thenitake of laying hens reflects the improvement of the
feeding practices and the importance of the amino acid supplem@iaislé 5.17. For the period 2022
2024 data for the year 2021 were applied.
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Table 5.17 Crude protein content in the diet of laying hens in proportion of DMI 12824

Crude protein content Crude protein content
Year 00NBSRSNRa NJ vear (AERIdata collection)
% %
1990 17.4 2005 17.2
1991 17.5 2006 17.2
1992 17.6 2007 17.2
1993 17.6 2008 17.1
1994 17.7 2009 17.1
1995 17.8 2010 17.1
1996 17.6 2011 17.4
1997 17.5 2012 17.5
1998 17.4 2013 16.8
1999 17.4 2014 16.7
2000 17.4 2015 16.7
2001 17.4 2016 16.7
2002 17.4 2017 16.6
2003 17.4 2018 16.4
2004 17.4 2019 16.7
2005 2020 16.6
2006 2021 16.5
2007 2022* 16.5
2023* 16.5
2024* 16.5

*No data were available for 2022024, therefore, data from 2021 were used.
N retention
N retained by gestating sows and lactating sows were calculated using the following equation:

0 FE 0 5 O

¢

Where:
Nretenion,= @mount of N retained by the sow in the stage i (head'Hay
Ngain,= amount of N retained in the sow in the stage i (head'jlay
Noigiets,i=amount of N in piglets in the stage i (heads 8ay
ATaidlr3sS oAarm 3SaGFHdA2yT ATH fFOGFEGA2YT ATo L3S
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0 T8I C udp OYYTWO  j

Where:

LITSIZE litter size, in the stage i, heads;
WGiges,T $SA3IK JIFLAYy 2F LAIESGaZT Ay
0.0256 = N content of weight gain (kg/kg) Lfl, 2013
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e
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For sows in the period between two successive farrowing and breeding boars the nitrogen retention
was calculated based on the daily weight gain.

Background data such as litter size, weaning weight and days between two successive farrowing are
provided inTable My @ 5F GF ¢l a O2YLIAEtSR o6& (KS la{X ol &aSR
t A3 . NB SPoirsymmiisheddytipe NFCSO. Piglets weight at birth was assumed to be 1.3 kg.
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Table 5.18 Background data to the calculation of nitrogen retention rate of breeding sows 1990

2024
Piglet Number  Number of Period between
ey weight of piglets piglets two successive
at weaning at birth at weaning farrowing

kg head head day
1990 6.3 10.1 8.8 178.1
1991 6.2 10.1 8.9 178.8
1992 6.2 10.2 8.8 181.2
1993 6.2 9.8 8.5 181.2
1994 6.2 9.8 8.4 182.2
1995 6.4 10.0 8.4 181.3
1996 6.5 10.1 8.5 181.0
1997 6.5 10.1 8.5 182.9
1998 6.2 10.2 9.1 181.6
1999 6.2 10.3 9.3 178.6
2000 6.3 10.4 9.3 180.2
2001 6.4 10.3 9.2 173.4
2002 6.5 10.2 9.1 173.3
2003 6.3 10.2 9.2 172.1
2004 6.4 10.2 9.2 170.7
2005 6.6 10.2 9.2 170.6
2006 6.7 10.3 9.2 170.4
2007 6.8 10.3 9.4 169.1
2008 7.0 10.4 9.4 168.9
2009 7.3 10.4 9.5 167.5
2010 7.6 10.5 9.5 166.6
2011 7.7 10.6 9.6 166.0
2012 7.7 10.7 9.8 162.6
2013 7.7 10.9 9.9 162.2
2014 7.7 11.1 10.0 162.0
2015 7.8 11.2 10.1 161.9
2016 7.8 11.3 10.2 161.8
2017 7.8 115 10.3 161.4
2018 7.9 11.4 10.2 161.8
2019* 7.9 114 10.2 161.8
2020* 7.9 11.4 10.2 161.8
2021* 7.9 11.4 10.2 161.8
2021* 7.9 11.4 10.2 161.8
2022* 7.9 11.4 10.2 161.8
2023* 7.9 11.4 10.2 161.8
2024* 7.9 11.4 10.2 161.8

Source: NFCSO
*No data were available for 2012024, therefore, data from 2018 were used.
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N retention for laying hens was calculated from the production data using the following equation:
0 2000
PTTT

0 0 VWO

Where:
Newinl RFEAf & yYyAGNRISY NBGOSYdak2y 2F fleéAyd KSyaz
Nwl' F @SN 3S O2yiSyid 2F yA 'NRfEu valudiof0.0R8\ S ¢S A IK
provided in the 2019 Refinement was applied;
52D ' F @SN} 3IS RIAfiGRWSAIKEG I+ Ays 131 KSIR
Newlk F @SN IS O2yGSyid 27F ‘yDefauNPameSof0.0A8frovBetitha = 1 3 b
the 2019 Refinement was used.
9DD ' §$33 YI&a LINBPRIROGA2Y> 3 S$33i KSIR

Data on egg production was obtained from the HCSO (Table 5.19). Average daily weight gain (DWG)
was calculated from the daily weight gain of the typical laying hen breeds, as Tetra, Lohman and Hy
Line. Data on the distribution of typical breeds in Hungaeye provided by the Hungarian Poultry
Board. The average egg weight was calculated similarly, based on the egg weight of the typical laying
hen breeds.
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Table 5.19 Background data to the calculation of nitrogen retention rate of laying hens 13394

Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

Source: HCSQ025

Egg production
eggheadi & §I 1
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206
189
206
218
227
220
200
212
207
202
208
213
212
210
212
208
205
218
215
215
218
214
217
208
214
218
225
227
233
240
273
293
286
290
291
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Nitrogen retention for broilers was calculated using the following equation:

0w 0w 0
ni € Q6 QONEE Q

Where
Nretenior= @mount of N retained in animal (head) day
BWkina= Live weight of the animal at the end of the stage (kg)
BWiiial = Live weight of the animal at the beginning of the stage (kg)
Ngain = the fraction of N (kg) retained per kg BW gaink@gg)
production period = length of time from chick to slaughter (fattening period)

Ngainwas assumed to be 0.0304 kg'kzpsed on Haengtalé H n My 0 F YR 1 I Sy St | yR
Data on BWhawas obtained from the slaughterhouse statistics of the AERI. This statistic provides data
on living weight before slaughtering. The value ofigMWas estimated to be 0.042 kg based on expert
judgement. The fattening period was estimated to be 49, 42, 40 and 41 days for the years 1994, 2007,
2018 and 2021 based on the Breeders Management Manuals of Arbor Acres and Aviagen, respectively;
and interpolation was used to complete the time series. Background data to calculate nitrogen
retention rate for broilers are shown in Table 5.20.
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Table 5.20 Background data to the calculation of the nitrogen retention rate in broilers 12024

BWhna Production period

Year (fattening duration)
kg day
1990 1.9 49.0
1991 1.9 49.0
1992 1.9 49.0
1993 1.9 49.0
1994 1.9 49.0
1995 1.9 48.5
1996 1.9 47.9
1997 1.9 47.4
1998 1.9 46.8
1999 2.0 46.3
2000 2.0 45.8
2001 2.0 45.2
2002 2.0 44.7
2003 2.1 44.2
2004 2.0 43.6
2005 2.0 43.1
2006 2.1 425
2007 2.1 42.0
2008 2.1 41.8
2009 2.2 41.6
2010 2.2 41.3
2011 2.3 41.1
2012 2.3 40.9
2013 2.3 40.7
2014 2.4 404
2015 2.4 40.2
2016 24 40.0
2017 2.5 40.0
2018 2.5 40.0
2019 2.5 40.3
2020 2.6 40.6
2021 2.6 40.9
2022 2.6 40.9
2023 2.7 40.9
2024 2.7 40.9
Source: AERI

Values of fraction of annual-Mtakes that are retained by animals{Mion) and their sources are
summarized iMable 5.21The resulted values of-&kcretion for Dairy Cattle and Nafairy Cattle are
provided inTable 5.27and Table 5.28respectively. While values of N excretion for Swine are
presented inTable 5.22
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Table 5.21 Newenion rates and their sources

Livestock category

Dairy Cattle
Non-Dairy Cattle
Swine
Piglets under 20 kg
Young pigs, 260 kg
Pigs for fattening over 50 kg

Breeding sows, weighted
mean

Gestating Sows

Lactating Sows

Sows between

weaning and mating
Breeding boars

Guilts not yet mated
Sows mated for the first time

Laying hens

Broilers

Nretention

(kg N retained/animal/day)
(kg N intake/animal/day)

0.20
0.07

0.48
0.34
0.34
0.34

0.30
0.42

0.26

0.08

0.34
0.34
0.001

0.002

186

Source

Table 10.20 of IPCC (2006)
Table 10.20 of IPCC (2006)

C S Gafidf Gundel (2007)
CSo6St FyR Ddzg
CSo6St FyR Ddzg
countryspecific (calculated
based on the Hungarian
production data)
countryspecific
country-specific

country-specific

countryspecific (calculated

based on the Hungarian
production data)

CSo6St FyR Ddzg
CSo6St FyR Ddzg

countryspecific (calculated
based on the Hungarian
production data)2024

countryspecific (calculated
based on the Hungarian
production data)2024
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Table 5.22 Annual average Nitrogen excretion ratesNor Swine

. Nex

Livestock Sukzategory v leeebyeEr
Piglets under 20 kg 3.0
Young pigs, 260 kg 8.6
Pigs for fattening over 50 kg 12.3
Breeding sows (weighted average, 1990) 15.7
Gestating Sows 13.3
Lactating Sows 33.7
Sows between weaning and mating 134
Breeding sows (weighted average, 2024) 15.8
Gestating Sows 12.6
Lactating Sows 38.1
Sows between weaning and mating 12.9
Breeding boars (1990) 24.4
Breeding boars (2024) 22.1
Guilts not yet mated 9.9
Sows mated for the first time 13.8
Swine, weighted average (1990) 9.5
Swine, weighted average (2024) 9.2

For other livestock categories the default values of Eastern Europe nitrogen excretion provided in Table

10.19 of the IPCC Guidelines (IPCC, 2006) were used. Except Buffalo for which-9rableh&

EMEP/EEA Guidebook (EEA, 2023) were applied. For tikesttegories the developed country's

default values of body weights in IPCC Guidelines (IPCC, 2006) were used. Nitrogen excretion rates for
WhiKSNI FYAYIFfaQ FyR (KS TWdblé5.2BdabieB.RLE ¢SAIKGA | NB

Table 5.23 Annual average Nitrogen excretion ratesNor other livestock

Nex

Livestock Category Source
kg head year?!

Buffalo 82.00 Table 39 O]EEEIQAAEF;/OEZES? Guidebook
Sheep 15.93 Table 10.19 of IPCC (2006)
Goats 17.99 Table 10.19 of IPCC (2006)
Horses 41.28 Table 10.19 of IPCC (2006)
Asses & Mules 14.24 Table 10.19 of IPCC (2006)
Poultry (2024) 0.63 Weighted average for 2024

Laying hens (2024) 0.71 Countryspecific, calculated annually

Broilers (2024) 0.46 Countryspecific, calculated annually

Turkey 1.84 Table 10.19 of IPCC (2006)

Ducks 0.82 Table 10.19 of IPCC (2006)

Geese 0.55* Table 39 OEEEIQ/IAEF;/OEZ%)A Guidebook

Guinea Fowls 0.36 as default for Broilers provided ifable

10.19 of IPCC (2006)
Rabbit 8.10 Table 10.19 of IPCC (2006)

*There is no value provided in the IPCC (2006)

Typical animal weights to calculate the annuai¢retion per head are provided frable 5.24
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Table 5.24 Typical animal weight for other livestock

Livestock category Wekgght Source/Note
Buffalo 380.0 Table 1046 of IPCC (2006)
Sheep 48.5 Table 1049 of IPCC (2006)
Goats 38.5 Table 1049 of IPCC (2006)
Horses 377.0 Table 1029 of IPCC (2006)
Asses and Mules 130.0 Table 10A9 of IPCC (2006)
Poultry 2.2 Weighted average for 2023
Laying hens (2024) 2.0* Countryspecific, calculated annually
Broiler (2024) 1.6* Countryspecific, calculated annually
Turkey 6.8 Table 1049 of IPCC (2006)
Ducks 2.7 Table 1049 of IPCC (2006)
Geese 35 Table Al1.5 of EMEP/EEA Guidebool
(EEA, 2023)
Guinea fowls 0.9 Default for Broilers provided ifiable
10A9 of IPCC (2006)
Rabbit 1.6 Table 1049 of IPCC (2006)

*Please note that Tier 2 is applied, therefore TAM is not used in the calculation. These values are reported for information.

For information on the proportion of manure deposited in the house, and within this the distribution
of slurry and solid manurbased systems, see section 5.3.1.2

The EMEP/EEA Guidebook (EEA, 2023) differentiates between tied and loose housing for Dairy Cattle
which were considered in the emission estimate as well. Tied and loose housing for dairy cattle and
other cattle is surveyed during agricultural censusesaonfstructure surveys.

A detailed survey of tied housing, distinguishing between dairy and other cattle, was carried out in
Hungary in 2000 and 2020. The inventory therefore used the data from this survey and used
interpolation in the intermediate period for gap filling. It sHdue noted that for the period 2000 to
2020 only the proportion of tied/loose housing was measured for the total cattle population, therefore
in the previous submissions we used these data and trend extrapolation was applied for the period
2010 to 2019, epecting that the animalvelfare measures may have significantly reduced the
proportion of tied cattle housing. However, the ZD@ata for the dairy herd show that the proportion

of tied housing in the dairy herd has stagnated or, rather, increased slightly. Proportions of tied dairy
cattle housing are shown in Table 5.27. Due to the lack of new surveys, for the peric@2the

data for the year 2020 was applied.

Following the recommendation from the CLRTP Stage 3 Review in 2023 this submission provides
information on nonrdairy cattle housing spreading. In the agricultural census, there were also data
about nondairy cattle housing spreading in 2000 and 2020. Tiweritory used the data from this
survey and used interpolation in the intermediate period for gap filling.

In addition, detailed information on housing technologies, such as flooring and air handling (ventilation
and air scrubbing), which are crucial for the emission calculation, there are no systematic surveys in
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Hungary. The general agricultural censuses and farm structure surveys are used to assess the
technologies used in cattle, pig and laying hen houses. Information on tied housing for dairy cows,
partially slatted floor for pigs and (enriched) cages with nrarhelt for laying hens is taken from these
censuses/surveys in the inventory. In addition, the Ministry of Agriculture commissioned detailed
adzNIBSea 2y K2dzaAy3d GSOKy2f23& AYy wWwnno YR Hnawmc
related studiesvere used in the inventory to derive supplementary data or; Albhtement housing
technologies.

Some emission abatement technologies in swine and poultry barns were also considered in the
calculation. Abatement efficiency and the implementation rate for these technologies are provided in
the Table 5.25.

Table 5.25 NEImitigation methods in animal house in Hungary

Abatement Penetration (implementation)

Abatement measure ~ Emission source - .
efficiency* 1990 2005 2010 2020 2024

Partly slatted floor with  Piglets after

. - 30% 9% 15% 20% 18% 19%
reduced pit weaning
Partly slatted floor with e rcfinishers ~ 18% 9%  15% 20%  18%  19%
reduced pit
Enriched cages,
ventilated manure belts, Laying hens 35% 0% 7% 18%  35%  35%
two removals a week
Aviaries Laying hens 78% 0% 0% 0% 1% 1%
Nondeaking drinking g, e 25% 0% 19% 27% 76%  84%

system

*Bitmannet al. (2014). For intervals, the middle of the interval is taken into account

Manure storageg cattle, swine, Laying hens and Broiler

In the case of manure not used in biogas plants, manure storage is expected in the absence of adequate
data. As follows were used:

Xstore_slurry=1-Xbiogas_slurn@Nd Xstore_solid=1-Xbiogas_solid

As a result of improvements in recent years, this submission includes the covering of manure stores in
the calculation of Nk emissions. In submissions prior to this development, only natural crust
formation was considered, based on expert judgement, in the calculation@féwissions during
manure storage in the emission inventories. Data on slurry storage covering have been provided by
the Nitrate Database since 2015. Since slurry management is typical for pigs and cattle, it is considered
for these twospecies.

As regards manure storage, there are regulations in Hungary since 2001 (Government Decree 49/2001
(IV.3) on the protection of waters against pollutions of agricultural origins, repealed by Government
Decree 99/2008 (IV. 29.); the legislation currently ancé is Ministry of Agriculture and Rural
Development Decree 59/2008 (IV. 29.) on the detailed rules for the action program for the protection
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of waters against nitrate pollution from agricultural sources and on the procedure for the provision of
data and record keeping), which made it necessary to modernize the former ground floor basins, thus
allowing the manure storage systems to be covereaalveler, the problem in Hungary is still that most

of the liquid manure stores are ground floor basins (lagoon) with plastic coating and are not suitable
for covering. Therefore, the manure stores were considered uncovered until 2001, and linear
interpolation was used for gap filling for the period 2001 and 2015. The implementation and the
abatement efficiency for covering technologies of the different cattle and swine slurry storage systems
are shown in Table 5.26.

Table 5.26 Slurry storage covering technologies in Hungary

Mitigation Emission Source Ab.at'ement Penetration (implementation)

efficiency* 1990 2005 2010 2020 2024
"Low technology" floating covers 40% 0% 0% 0% 1% 0%
"Tight" lid, roof, or tent structure Cattle 80% 0% 1% 3% 7% 16%
Plastic sheeting (floating cover) 60% 0% 1% 2% 12% 11%
Natural crust 40% 0% 52% 52% 35%  43%
"Low technology" floating covers 40% 0% 0% 0% 0% 0%
"Tight" lid, roof, or tent structure Swine 80% 0% 1% 2% 2% 5%
Plastic sheeting (floating cover) 60% 0% 1% 1% 1% 3%
Natural crust 40% 0% 53% 53% 63% 79%

*Bitmann et al. (2014). For intervals, the middle of the interval is taken into account

Manure management is a major source of IN#nissions, contributing 43% to agricultural \NH
emissions in 2024. The main part of this emission relates to Cattle, Poultry and Swine housing,
corresponding to 46%, 24% and 22% of the emissions from 3.B (Figure 5.4).

Emissions from 3B1 Cattle, 3B2 Sheep, 3B3 Swine, 3B4gi Laying hens and 3B4gii Broilers are calculated
based on the Tier 2 method of the EMEP/EEA Guidebook (EEA, 2023) and-speaifig values
whenever possible.

The Nflow tool provided for EMEP/EEA Guidebook (EEA, 2023) was used for the calculations.
However, we have made it suitable to take into account Bidission mitigation measures thanks to

the 2021 EU capacity building. The emission factors for livestock housing, manure storage and
application in the tool are therefore adjusted according to the efficiency and the implementation of
certain technologies.
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Since we do not have detailed faflevel surveys on the implementation of each \batement
technology at each stage of thefddw but combine data from administrative, natiodalel surveys

at each stage. Thus, we calculate a compound weighted mean from the penetration of each technology
and its abatement efficiency and adjust thealmated emission factor by a compound adjustment
factor. Abated emission factors for a certain stage i of thgolW are calculated using the following
eguation:

00 | 00 D 0 Q Dy 00 FOp

C
S5

Where
ERbatedi=adjusted emission factor in the stage of thdldwv i, i=1,2,3 (1=housing, 2=storage,
3=manure application).
ERnabatea, =Tier 2 emission factor in the stage i, i=1,2,3, taken ffaivle 3.9 of the EMEP/EEA
Guidebook (EEA, 2023).
AEI'F 0 GSYSyld STFTAOASyOe 2F GKS FolkidiSYSyid YSI a
PIrLISYSGONY A2y 2F GKS 1ol dGSYSyid YSI&adNB 23 Ay

Unfortunately, the EMEP/EEA Guidebook (EEA, 2023) does not contain information on which
technology the Tier 2 emission factors refer to, nor whether they are consistent with the technology
considered as the reference technology in thesititigation guidebook (Bittmaset al., 2014). In the
absence of this information, the guidelines were considered consistent, and the Tier 2 emission factors
were considered as the emission factors for the reference technology.

In the Nflow tool values of the Mexcretion, proportion of solid, liquid, yard manure, manure treated
in aerobic digesters, etc. were replaced by the couspgcific values year by year for each livestock
sub-category. The activity data and their soure@es presented in Section 5.3.1.

Proportions of manure deposited in the barn, open yard area and during grazing are applied directly
to the model and the housing period is calculated just for information purposes. (The EMEP/EEA
Guidebook (EEA, 2023) methodology assumes that no data ose thetios are available and
determines the ratio of manure excreted in the barn, on the yard and during grazing based on the
housing period.)

The resulting time for housing is significantly higher than the EMEP/EEA default values. In 2024, in the
case of Dairy Cattle 355 days were estimated, whereas forDdory Cattle calves and all other cattle

332 and 293 days were assumed, respectively.réason for the higher values is the low proportion

of grazing in Hungary. In addition, it should be noted that since the housing period in the Hungarian
inventory is indirectly estimated based on the proportion of the manure excreted, the calculated value
assumes 24 hours of grazing, which also contributes to the high value by international comparison.

For the remaining input data as well as for the emission factors, standards and default values provided
in the EMEP/EEA Guidebook (EEA, 2023) were applied.

For the other livestock the emission calculation is based on the Tier 1 methodology provided in the
EMEP/EEA Guidebook (EEA, 2023).
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See Chapter 5.3.1

Cattle and Sow Housing

For cattle and sheep, no emission reduction was considered in the house due to lack of available data,
so the Tier 2 emission factors given in Table 3.9 of the EMEP/EEA Guidebook (EEA, 2023) were applied.

We also applied the default Tier 2 emission factors for sow, in which case we identified the use of
"flushing gutters" as an accountable N#nission reduction measure, but both its penetration and its
emission reduction efficiency are so low that accounting for it would have an insignificant impact on
emissions.

In the case of dairy cattle, tied and loose housing were distinguished as required by the EMEP/EEA
methodology. Proportions of tied housing together with the other key drivers of emissions from dairy
cattle and the resulted implied emission factors for @aBdanure Management covering housing and
storage are provided in Table 5.27, and the Table 5.28 shows the implied EFs for other cattle, as well
as the typical body weight and-&kcretion.
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Table 5.27Countryspecific NHemission factors for 3B1la Dairy Cattle and background data for the
period 199@2024

Body Proportion Implied
Mass, Milk Yield N-excretion of tied Emission Factor
Year  Average housing for 3Bla
kg head kg headyear?! e Y hiad % kg NH hfadl
year year
1990 633 13.78 83 12.5% 17.3
1991 636 12.91 81 12.5% 16.8
1992 639 13.10 82 12.5% 17.0
1993 641 13.03 82 12.5% 17.0
1994 641 12.92 82 12.5% 17.0
1995 641 13.67 88 12.5% 18.7
1996 640 13.87 89 12.5% 18.9
1997 640 14.01 90 12.5% 19.2
1998 641 15.10 94 12.5% 20.2
1999 639 14.94 94 12.5% 20.2
2000 641 16.13 97 12.5% 21.0
2001 641 16.58 99 12.7% 21.4
2002 641 16.86 100 12.8% 21.7
2003 642 16.86 100 13.0% 21.8
2004 642 16.80 103 13.2% 225
2005 642 17.61 106 13.3% 23.3
2006 642 18.37 109 13.5% 24.0
2007 643 18.83 111 13.7% 24.3
2008 643 19.10 112 13.9% 24.5
2009 642 18.67 110 14.0% 23.8
2010 642 18.84 110 14.2% 23.7
2011 640 18.73 109 14.4% 23.3
2012 639 19.46 112 14.5% 24.0
2013 641 19.55 112 14.7% 23.7
2014 641 20.39 115 14.9% 24.7
2015 642 21.10 119 15.0% 25.7
2016 643 21.28 120 15.2% 26.1
2017 643 22.02 123 15.4% 27.1
2018 643 22.00 119 15.5% 26.2
2019 643 22.05 125 15.7% 28.1
2020 643 23.14 129 15.9% 29.7
2021 640 23.23 131 15.9% 30.5
2022 640 22.94 129 15.9% 30.0
2023 637 20.93 114 15.9% 26.1
2024 636 21.42 120 15.9% 28.1
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Table 5.28 Countrgpecific NHemission factors and background data for 3B1b Ndairy Cattle,
1990, 2005 and 2024

1990

Calves
All other cattle

2005

Calves
All other cattle

2024

Calves
All other cattle

Live weight

kg
182
437

Live weight

kg
181
446

Live weight

kg
180
492

N excretion

kg N headiyear?
42
46

N excretion

kg N headiyear?!
43
51

N excretion

kg N headiyear?
43
58

NHs Emission Factor for

3B1b

kg NH head! year!

8.73
9.61

NHs Emission Factor for

3B1b

kg NH head! year!

9.28
11.01

Emission Factor for

3B1b

kg NH head! year?

10.43
13.01

Ly GKS FTAYAAKAY3 LIAIQa &dzoOF GSIA2NB 06020SNAY T
laying hens and broilers, as mentioned in the section of 5.3.1.5;altamonia emission housing
technologies were accounted. In this case, the emis&ctors provided in the EMEP/EEA Guidebook
(EEA, 2023) were considered as unabated emission factors, and the abated emission factors were
calculated in accordance with the Equation 5.7.

LIA 3

The resulting abated emission factors and their trends are shown in Table 5.29.

Table 5.29%bated NH emission factors for housing (kg N#l/kg TAN housing)

Source 1990 2000 2005 2010 2020 2024 19239;32 . 20359232 .
Swine (finishing pigs), slurn 0.27 0.27 0.26 026 0.26 0.26 -2.3% -1.2%
Laying hens, solid 0.20 0.20 0.20 0.19 0.17 0.17 -12.7% -10.5%
Broilers, solid 021 021 020 020 0.17 o0.17 -21.0% -17.1%

In the case of Swine (finishing pigs), solid housing systems the Tier 2 emission factors provided in Table
3.9 of the EMEP/EEA Guidebook (EEA, 2023) were applied.

Sheepg Housing

The Tier 1 emission factor for Sheep assumes-da§dong housing period according to Table 3.7 of

the EMEP/EEA Guidebook (EEA, 2023). In Hungary the length of the housing period is significantly
longer, 135 days in a year. Thus, an adjustment was madeetdier 1 emission factor, using the
Manure Management Mlow tool. In the Excel spreadsheet, the housing period was replaced by the
country-specific value, and the default values were used for the other parameters. This correction
resulted in a value df.63 kg Nkla* AAP! for the emission factor for 3B, Housing, Storage and Yard.
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Cattle and Swine& Manure storage

As described in section 5.3.1.6, the covering of slurry storages in the cattle and pig categories was also
considered as NHreduction methods. Consequently, emission factors given in Table 3.9 of the
EMEP/EEA GuidebofkEA, 2023) were adjusted as described in section 5.3.2.1. The resulting reduced
emission factors are summarizedTiable 5.30

Table 5.30 Abated N¥Emission factors for slurry storages (kg MN/kg TAN housing)

Trend Trend

Source 1990 2000 2005 2010 2020 2024 o) Looeooo,
Dairy cattle, slurry 020 020 019 0.19 018 0.16 -21.5% -19.1%
Nondairy cattle, slurry 020 0.20 019 0.19 018 0.16 -21.5% -19.1%
I AIET Galifls 020 020 019 019 018 0.16 -21.5% -19.1%

(calves), slurry

For storage of solid manure, no emission reduction technologies were considered, and the Tier 2
emission factors given in the EMEP/EEA Guidebook (EEA, 2023) were applied.

Sheep, Laying hens and broilegdManure storage

In these categories only solid manure is used, and the Tier 2 emission factors of the EMEP/EEA
Guidebook (EEA, 2023) were applied.

Other livestock (Laying hens and Broilers exclude#jousing and Manure storage

This section covers the 3B4a Buffalo, 3B4d Goats, 3B4e Horses, 3B4f Mules and asses, 3B4giii Turkeys,
3B4giv Other poultry and 3B4h Other animals (Rabbits) NFR categories. Emission factors were taken
from Table 3.2 of the EMEP/EEA Guidebook (EEA, 2088),auSier 1 methodology. The EMEP/EEA
Guidebook (EEA, 2023) does not provide emission factor for Rabbits; therefore, the emission factor
LJdzof AAKSR Ay LGFrfeQa LLwX wnanmn ¢gla | LILXASR®

NH; emissions from 3B Manure management decreased by 53.6% and 19.7% over the period 1990
2024 and 20022024, respectively. The decrease in emissions over the period2@®was the result

of the decline in livestock numbers. Although, in the case of Battle the increasing milk production

LISN) O2¢ LI NIfe 2FFasSdid GKS AYLIOG 2F RSONBIaAy3
CFNX¥YAY3 {GNIGS32Q | OOSLIWISR AY HnAamMH AY |dzy3lF NE
decreased in the rece# years. Therefore, the contribution of pigs to emissions from manure
management is decreasing. In contrast, other cattle, including beef cattle, have become an increasingly
important source of Nklemissions due to the increase in other cattle, including beef cattle. Trends in
emissions from 3B Manure management are shown in Figure 5.4.
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Figure 5.4 NElemissions from manure management 192024
5.3.3 NOx

Manure management is an insignificant source of Bl@issions. In 2024, 6.1% of the agricultural total
NO, emissions generated ianuremanagement.

Emissions were calculated using the Tier 1 methodology provided in the EMEP/EEA Guidebook (EEA,
2023).

See chapter 5.3.1.

Emission factors were taken from Table 3.3 of the EMEP/EEA Guidebook (EEA, 2023), using a Tier 1
methodology in line with the manure type. Two housing types were distinguished for Cattle liquid
(slurrybased) and solithanurebased housing. For swine thrdeusing types were taken into
account, namely liquid (slurdyased), solidnanurebased housing and outdoor (yard). The
characteristic manure type for each livestock was determined according to the Hungarian manure
management system usage data, as itulined in Section 5.3.1.2.

NQ emissions from manure management decreased by 49.6% and 12.3% for the period202490
and 20052024, respectively. The main reasons for this decrease are the reduction in livestock
numbers, mainly poultry and pig, and the increase in the proportion lofrysbased manure
management systems in dairy cattle. Only Ngthissions from other cattle husbandry increased
significantly between 2005 and 2023, due to the increase in livestock.
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The main source of agricultural NMVOC emissions is Cattle husbandry. In 2024, 21.7% of the national
total NMVOC emissions related to manure management and 66.4% of the emission from manure
management generated in the Cattle husbandry.

Following the recommendation from the NECD Review, 2017 Tier 2 techrggegific approaches in

EMEP/EEA Guidebook (EEA, 2023), were used for NFR categories 3Bla Dairy Cattle -@&fya Non

Cattle and 3B4giv Other poultry and the Tier 1 methodology wdsd A SR F2NJ 6 KS WNBYI A
categories.

See chapter 5.3.1.

Cattle

NMVOC emissions from Cattle (3B1) are estimated using Tier 2 emission factors, calculated in
accordance with the Equations 43 of the EMEP/EEA Guidebook (EEA, 2023). Estimates are made for
silage stores, silage feeding, livestock housing, manure stoeagk application. The EMEP
methodology for Cattle is based on feed intake, for which couaithdS OA FA O @I f dzSa G+ 1Sy
GHGemission inventory was applied. Data used for UNFCCC reporting was multiplied by 365 to obtain

feed intake in MJ per heackpyear.

Proportions of time cattle spend in the animal house in a yeatsikare the same as those used to
estimate the Tier 2 emission factors for N#issions.

FraGiagewas calculated from the fraction of silage in the dry matter during housing divided by the
maximum proportion of silage possible in the feed composition. Data on silage content in feed rations
by subcategories were taken from the GHG inventory. The masinmioportions of silage in feed
rations are also used in the GHG inventory for quality check. These values were calculated using the
following assumptions: according to the Hungarian livestock feeding practices, the maximum
proportion of silagen feed rations of cattle depends on the quality, dry matter, and acetic acid content

of the silage. Based on the acetic acid content of silage used in Hungary for cattle feeding and the
acetic acid tolerance of the Hungarian cattle species the maximunuanud the silage was assumed

to be about 55 g good quality (maize) silage per body weight per day for Dairy cattle. In the case of
Non-dairy Cattle, an average of 35 g silage per body weight per day was assumed as the maximum.

For Fragiage stordhe default value of 0.25 from the EMEP/EEA Guidebook (EEA, 2023) was used for all
sub-categories.

Emission factors (Rfvoc_silage_feedind=Rmvoc_building ERMmvoc_grgr Were based on the defaults provided in
Table 3.11 of the EMEP/EEA Guidebook (EEA, 2023).
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Parameters used to estimate NMVOC emissions from Dairy cattle andalgncattle are shown in
Table 5.31 and Table 5.32, respectively.
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Table 5.31 Parameters used to estimate NMVOC emissions from manure management of Dairy
Cattle, 19902024

Feedintake  Xwsse FraGisge Bwmvoc, Ewvoc, Bwvoc, EBwmvoc, EBwmvoc, BEwwmvoc,
Year sillage_store sillage_feeding house manure_store appl graz
MJ yrl head?! % % kg yrt head?!

1990 92998 0.89 0.64 2.64 10.55 2.92 7.51 6.20 0.07
1991 89748 0.89 0.62 2.46 9.83 2.81 7.20 5.95 0.07
1992 89647 0.88 0.61 2.44 9.74 2.80 7.21 5.97 0.07
1993 89088 0.88 0.61 241 9.63 2.78 7.16 5.94 0.07
1994 88685 0.88 0.61 2.38 9.53 2.76 7.13 5.92 0.07
1995 90300 0.88 0.59 2.35 9.39 2.80 7.43 6.16 0.07
1996 90937 0.88 0.59 2.36 9.42 2.82 7.50 6.22 0.08
1997 91294 0.88 0.59 2.35 9.40 2.83 7.55 6.27 0.08
1998 93931 0.88 0.58 2.40 9.60 2.91 7.86 6.52 0.08
1999 93980 0.88 0.58 2.40 9.59 2.91 7.85 6.53 0.08
2000 96271 0.88 0.58 2.45 9.81 2.98 8.11 6.74 0.08
2001 97536 0.88 0.58 2.48 9.94 3.01 8.16 6.83 0.08
2002 98665 0.87 0.58 2.51 10.04 3.05 8.18 6.74 0.09
2003 98749 0.87 0.58 251 10.03 3.04 8.10 6.56 0.09
2004 98238 0.87 0.57 2.46 9.84 3.03 8.03 6.42 0.09
2005 100370 0.87 0.57 2.50 10.01 3.09 8.17 6.40 0.09
2006 102144 0.87 0.57 2.54 10.16 3.15 8.28 6.36 0.09
2007 104038 0.87 0.57 2.58 10.30 3.21 8.39 6.35 0.09
2008 105137 0.87 0.56 2.59 10.35 3.24 8.46 6.31 0.09
2009 104496 0.87 0.56 2.55 10.18 3.22 8.34 6.14 0.09
2010 105659 0.87 0.55 2.56 10.22 3.26 8.41 6.07 0.09
2011 105807 0.87 0.55 2.54 10.17 3.26 8.44 5.99 0.09
2012 108225 0.87 0.55 2.59 10.36 3.34 8.49 5.85 0.09
2013 108602 0.87 0.54 2.59 10.35 3.35 8.75 5.90 0.10
2014 110220 0.87 0.54 2.62 10.47 3.40 8.64 5.76 0.10
2015 112493 0.87 0.54 2.67 10.67 3.47 8.58 5.63 0.10
2016 114101 0.87 0.54 2.69 10.77 3.52 8.49 5.55 0.10
2017 115339 0.87 0.53 2.67 10.70 3.56 8.24 5.36 0.10
2018 116364 0.87 0.62 3.15 12.58 3.59 7.98 5.22 0.10
2019 115011 0.87 0.53 2.66 10.66 3.55 7.69 4.93 0.10
2020 117921 0.87 0.53 2.72 10.89 3.64 7.64 5.04 0.10
2021 120707 0.87 0.54 2.84 11.34 3.72 7.53 4.50 0.11
2022 120839 0.88 0.54 2.87 11.46 3.73 7.61 4.12 0.10
2023 114909 0.87 0.57 2.87 11.49 3.54 7.41 3.99 0.10
2024 115859 0.88 0.52 2.65 10.58 3.60 8.07 4.01 0.10
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Table 5.32 Parameters used to estimate NMVOC emissions from manure management of Non
Dairy cattle, 2024

Cattle <1 year Cattle 12 year Cattle> 2 year
Parameters o Male Female Male Female Male Hf%n;er Ot_her Cows,
slaughter heifers  beef
Feed intake MJ yrthead?! 34 369 34296 58795 59443 72531 69584 70156 58984
Xnouse % 0.79 0.79 0.80 0.81 0.75 0.75 0.75 0.58
Fragilage % 0.80 0.83 0.73 0.70 0.70 0.77 0.75 0.69
Enmvoc, silage store kg yrthead?! 1.08 1.11 1.70 1.69 1.90 2.00 1.98 1.18
Enmvoc, sillage_feeding kg yrthead? 4.33 4.46 6.80 6.76 7.58 8.02 7.94 4.72
BEwmvoc, house kg yrthead?! 0.95 0.95 1.65 1.70 1.92 1.85 1.86 1.21
Enmvoc, manure_sore Kg yrthead? 2.40 240 475 488 554 5.31 535  3.49
Enmvoc, appl kg yrthead! 1.09 1.08 1.99 2.05 2.32 2.23 2.24 1.46
BEumvoc, graz kg yrthead! 0.05 0.05 0.08 0.08 0.12 0.12 0.12 0.17
Other poultry

Tier 2 approach for other animals slightly differs from the methodology for cattle. It is based on the
volatile solid excretion rate (VS) instead of gross energy intake. Equations of Tier 2 approach require
preferably countryspecific values of VS. NFRegpitry 3B4giv Other poultry covers geese, ducks, and
guinea fowls, in Hungary. These livestock species share of agricultural total emissions is rather low in
the air pollutant as well as the GHG inventory, therefore courgpecific values are not availabl

Therefore, default values of VS from Table -B0#f the IPCC Guidelines (2006) were used to calculate

the Tier 2 emission factors. VS and NMVOC Tier 2 EFs for Geese and Guinea Fowls, since IPCC default
values are not available, were taken as values igexy for Ducks and Broilers, respectively. IPCC
default values of VS were multiplied by 365 to get kg per year values.

Table 5.33ummarizes parameters used in the equations6B50f the EMEP/EEA Guidebook (EEA,
2023) to calculate NMVOC emissions from Other poultry.
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Table 5.33 Parameters used to estimate NMVOC emissions from 3B4giv Manure management of
Other poultry, 2024

Parame ) .
ters Unit Ducks Geese Guinea Fowls Source
Based on defaults from EMEP/EEA
Xnouse 1.00 1.00 1.00 GuidebookEEA, 2023)
Based on Table 162.0f the IPCC (2006)
VS kg yrthead! 7.30 7.30 3.65 Geese as Ducks and Guinea Fowls a:
Broilers due to lack of information
Fragilage 0.00 0.00 0.00 Silage is not used for poultry feeding
EnHastorag kg NH-N Defaults from Table 3.9 of EMEP/EEA
] (kg TAN} 024 0.57 0.21 Guidebook (EEA, 2023)
EnHabuildi kg NH-N Defaults from Table 3.9 of EMEP/EEA
g (kg TAN} 024 0.16 0.30 Guidebook (EEA, 2023)
kg NH-N Defaults from Table 3.9 of EMEP/EEA
Bursapel 10 TANY 054 045 0.38 Guidebook (EEA, 2023)
EF kg(l':'MQ/SOC 000 0.00 0.00 Defaults from Table 3.12 of EMEP/EE/
Nmvoc, gvs ' ' ' Guidebook (EEA, 2023)
silage feed excreted)
EF kg NMVOC
N Defaults from Table 3.12 of EMEP/EE/
NMYOC, (kg VS1 0.0057 0.0057 0.0091 Guidebook (EEA, 2023)
building excreted)
EF k%EMXSC 000 000 000  Defaults from Table 3.12 of EMEP/EE/
Nvoc, gvs : ' : Guidebook (EEA, 2023)
Grazing excreted)

*Default for Broilers
Other animals- Swine, Buffalo, Goats, Horses, Laying hens, Broilers, Turkeys, Rabbit

NMVOC emissions from 3B Manure management of other animals than Cattle and Other poultry were
calculated using the Tier 1 approach and default emission factors outlined in the EMEP/EEA Guidebook
(EEA, 2023). The EMEP methodology distinguishes emissianNd@ct Wg A G K &aAfl 3S FSSR.
WgAGK2dzih aAt+F3aAS FSSRAYIQd ¢2 3ISG GKS Yzad NBEAL
| dzy 3 NA LY AYy@Syi2NEB ¢gSNBE OFf OdzZ F iSR FTNRY RSTI dzf &
YR Wg A BR2 dBS SRMfy 3Qd ¢KS | dadzyYSR fSy3dK 2F WgAGK
goats were estimated as 145 and 220 days, for the remaining livestock species silage feeding was not
assumed. The resulting emission factors are shown in Table 5.34
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Table 5.34 Implied Tier 1 emission factors for NMVOC emissions from 3B Manure management

Emission Factor

NFR category  [jvestock kg NMVOC/ head

3B3 Fattening pigs 0.55
3B3 Sows 1.70
3B2 Sheep 0.21
3B4e Horses 5.67
3B4qi Laying hens 0.17
3B4gii Broilers 0.11
3BA4giii Turkeys 0.49
3B4h Rabbit 0.06
3B4d Goats 0.57
3B4f Mules and asses 2.08
3B4a Buffalo 6.24

NMVOC emissions from manure management have decreased significantly since 1990. The most
significant decrease in emissions occurred in the early 1990s due to a significant reduction in livestock
numbers following the change of regime. Emissions then stagnantil 2003, before falling again
following EU accession in 2004. In the early 2010s, a slight temporary increase was observed, but in
recent years a slight decrease has been noticed again. The trends in recent years have been driven not
only because othe reduction in animal numbers, but also to the introduction of covered manure
storage facilities.

Cattle husbandry is the main source of NMVOC emissions. However, while emissions from dairy cattle
have been steadily decreasing slightly, emissions from-dairy cattle have been increasing
significantly since the 2010s.

In 2024, manure management contributed 10.6%the national total TSP emissions, with poultry
production accounting for 51.9% of the sectorial emissidtsee second largest contributor is swine
production with its37.3%share of TSP emissions from 3B.

Emission estimation is based on the Tier 1 methodology of the EMEP/EEA Guidebook (EEA, 2023).

See chapter 5.3.1
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PM.s, PMo and TSP emission factors were taken from Table 3.5 of the EMEP/EEA Guidebook (EEA,
2023), using the default emission factors of the Tier 1 methodology. Particulate matter emissions from
rabbit are not reported, because there is no emission factor providetthe EMEP/EEA Guidebook
(EEA, 2023).

After a small, temporary increase in the early 2000s, PM emissions (given in TSP are shown in Figure
5.5) declined after 2004 due to a reduction in the number of animals in the transition period following
EU accession. Thereafter, emissions stagnated e tlecreased to a lesser extent in recent years

and to a greater extent in 2020. The most important source of PM emissions in Hungary is poultry
husbandry, therefore the reduction in animal numbers due to avian influenza pandemic in 2020
contributed sigrficantly to the decrease in emissions. Emissions increased slightly in 2021. During
2022-2023, moderate decreases were observed compared to 2021 due to the minor reduction in
poultry and swine populations. In 2024, a slight increase in emissions occuwgradesult of the
moderate growth in the swine population.
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Figure 5.5 TSP emissions from manure management 12@%
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5.4  Agricultural soils (NFR sector 3D)

NFR sector 3D contains Naehd NQ emissions from Inorganic-fértilizer (3Dal), Animal manure
applied to soils (3Da2a), Sewage sludge applied to soils (3Da2b), Other organic fertilizers applied to
soils (3Da2c), Urine and dung deposited during grazing (3Da3) as well as PM and NMV©OQsemissi
from Farmlevel agricultural operations including storage, handling, and transport of agricultural
products (3Dc), Crop production (3De) and HCB emissions from Use of pesticide (3Df) are reported.

NH; and NQ emissions are estimateflom this source. Ammonia emissions from synthetic fertilizer
use are a key source in Hungary, 40.9% of the agricultural total ammonia emissions derive from
inorganic fertilizers. Fertilizer use is the most important source gfflfth agriculture, contributing

to 69.2% of agricultural total.

The Tier 2 methodology provided in the EMEP/EEA Guidebook (EEA, 2023) is applied to esmate NH
emissions from inorganic fertilizers. Thus, emissions were estimated based on the N content of
fertilizers by main types and soil pH. Whereas calculation @ENi3sions is based on the total amount

of N in synthetic fertilizers consumption, according to the Tier 1 methodology.

Data on the mass of fertilizer type consumed nationally was derived from sales statistics by product
lines. Annual synthetic fertilizer consumption data by so detailed manner as it is required to the
emission estimate is not available for Hungary. Amouwfitsold fertilizer are reported quarterly, and
annually by the AERI. The data collection is executed in the frame of the National Statistical Data
Collection Program (OSAP). The HCSO publishes only the total amount of ino+igatiiiz&s, based

on thisdata collection.

Mass of fertilizer typel consumed nationally, which is required to the emission estimate, was
determined from the amount and the N content of sold fertilizer products. In the case of mixed
fertilizers, the N content was taken into account according to the proportion of the ¢hdil/fertilizer
O2YLRYySyliad 69d3IdW5! {1 Q A& | YAEGdINB 2F | YY2YAdzy
N content of this fertilizer was disaggregated into ammonium sulphate and ammonium nitrate
according to the proportion of the two compounds.)

The EMEP/EEA Guidebook (EEA, 2023) requires data on mass of fertilizer by type as well as by region.
In Hungary further disaggregation of mass of fertilizer type is not applicable.

Table 5.35 shows the distribution of fertilizer N used by major fertilizer types, such as solid and solution
urea and other fertilizer NAlthoughfertilizer N data are availablat more disaggregated level by
fertilizer types for the emission estimate, here is published aggregated, because of data confidentiality.
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(According to the Hungarian Statistical Law (Act No. CLV of 2016) data is confidential if it was derived
from data of less than three data suppliers. This is the case of Anhydrous ammonia; therefore, all non
Urea fertilizers are published aggregated here.)

Table 5.35 Trends in nitrogen fertilizer application by sources 12094

Quantity (1 000 t N)

Year Solid Urea Urea Other Total N
b_a_sed Solg.tlon Fertilizer N  content
Fertilizers N  Fertilizers
1990 102.8 9.2 246.0 358.0
1991 48.0 4.4 87.7 140.0
1992 34.0 4.0 110.0 148.0
1993 28.8 2.2 130.1 161.0
1994 28.3 0.0 193.7 222.0
1995 27.5 8.8 154.7 191.0
1996 27.1 7.4 168.5 203.0
1997 28.0 7.7 170.3 206.0
1998 29.7 10.9 207.4 248.0
1999 30.6 14.3 217.0 262.0
2000 29.9 21.6 206.6 258.0
2001 31.8 23.0 220.2 275.0
2002 35.1 25.3 242.6 303.0
2003 40.3 20.1 228.7 289.0
2004 48.5 17.1 227.5 293.0
2005 46.6 16.7 196.7 260.0
2006 51.8 18.5 218.7 289.0
2007 47.7 245 247.8 320.0
2008 13.8 30.0 250.1 294.0
2009 12.6 28.9 2335 275.0
2010 16.2 21.6 243.2 281.0
2011 22.0 27.6 252.2 301.8
2012 19.3 30.0 263.7 312.9
2013 29.8 38.5 274.7 343.0
2014 24.2 44.0 273.0 341.2
2015 34.7 51.3 292.3 378.3
2016 34.4 53.6 316.0 404.0
2017 41.0 61.8 321.7 4245
2018 34.4 70.3 319.6 424.3
2019 35.1 73.3 307.5 415.9
2020 43.0 83.5 318.6 445.2
2021 35.9 86.5 333.9 456.3
2022 60.2 59.9 206.3 326.4
2023 445 475 173.5 265.5
2024 43.4 57.1 238.1 338.5
Trend 19902024 -57.8% 522.1% -3.2% -5.4%
Trend 20052024 -6.9% 242.5% 21.0% 30.2%

Both the total amount of fertilizer N and the types of the fertilizer applied have changed significantly
over the period 1992023 affecting a considerable change in the;Mhtissions. The most marked
change is the sudden drop in Urea use in 1991 and 2008 (Table 5.35). At the same time, the use of the
Calcium ammonium nitrate (CAN) and the Nitrogen solution fertilizer has increased gradually over the
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time series. However, CAN fertilizers do not represent a significant source of ammonium emissions, as
they possess one of the lowest emission factors among fertilizers. In fact, only Anhydrous ammonia
exhibits a lower emission factor than CAN fertilizers.

While the overall amount of solid urea fertilizer has decreased over the time series, it experienced an
increase from 2005 to 2022. In 2022, the use of solid urea significantly increased compared to 2021,
which was attributed to market conditions. The ugfairea solution has increased significantly for both
periods examined. The amount of N from other fertilizers also shows an increase until 2021,
contributing to the increase in the total fertilizer N, both for the period 12821 and for the period
20052021. In 2022, due to the significantly increased fertilizer prices, fertilized use dropped
considerably, causing a 28% decrease in total fertilizer N, and it further decreased in 2023. In 2024, as
a result of stabilization in the fertilizer market, thetabfertilizer N increased by 28% compared to the
previous year.

In 2024, 13% of the N content of the fertilizer used came from solid urea, and another 17% came from
urea solutions.

NH; emission factor

For the calculation of Nd¢missions from synthetic fertilizers countspecific emission factors were
applied. Method provided in the EMEP/EEA Inventory Guidebook (EEA, 2023) gives specific NH
emission factors for different types of synthetic fertilizers depending on soil acidity. To summarize,
NH; emissions can be calculated by means of the following equation:

o a r 0@

Where
Bert nvs= NH emission from fertilization (kg'aNH)
Meer = Mass of fertilizer type i consumed nationally (RgNg
ER e= for fertilizer type i in pH region j (kg NKg N)*)

The proportion of soil with normal pH and high pH was determined based on the méstdagte high
NBaz2ftdziAz2y O6wupn eYal, 2612 MEcarding koltie $oit reap, 426 obtlde areas were

Fd KFE@AYy3a y2N¥YIFf a2Af LI OLI XKToX oKAES pdiz 6SNB
is illustrated in Figure 5.6.
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Legend

PH
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[]5.51-6.80
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[ 8.51-9.00
R

Figure 5.6 Soil acidity in Hungary

Emission factors provided by soil pH in the EMEP/EEA Guidebook (EEA, 2023) were weighted by the
resulting proportions. Weighted national average emission factors were then calculated for each
fertilizer type, as shown in Table 5.36.

Table 5.36 Emission factors for hlemissions from 3Dal

Fertilizers IEFs by soil pH
kg NH kg N
Ammonium nitrate 0.041
Anhydrous ammonia 0.020
Ammonium phosphate, NP 0.145
Ammonium sulphate 0.145
Calcium ammonium nitrate 0.041
Other straight N compounds (Calcium nitrate 0.145
Nitrogen solutions 0.131
Urea 0.193
NK mixtures 0.041
NPK mixtures 0.145
Implied EF (2024) 0.089

NOemission factor

The Tier 1 methodology of the EMEP/EEA Guidebook (EEA, 2023) and the default emission factors
provided in Table 3.1 of the Guidebook were applied.

NH; emissions have decreased since 1990 because of the significant drogentlixer use, in
particular the sharp decline in solid urea use in 1991. However, focusing on the peric@ @05
there has been an increase of 39%, as indicated in Table Hhi37in€rease is not solely attributable
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to the rise in fertilizer use and its N content, but also to a substantial increase in the use of urea
solutions. In 2024, 28% of the emissions from fertilizers came from solid urea, 25% from urea solutions
and the remaining 47% from other fertilizers Ncbntrast, in 1990 and 2005, the contribution of urea
solutions to NHemissions from fertilizers was 3% and 10% respectively.

Table 5.37 NEklemission and trends by fertilizer types 192024

el e Ure.a Other Total NH-
Year ba_ged Sollu.uon Fertilizer N  emission
Fertilizers  Fertilizers
Gg

1990 20.7 1.2 13.0 34.9
1991 9.7 0.6 4.7 14.9
1992 6.9 0.5 5.8 13.1
1993 5.8 0.3 7.0 13.0
1994 5.7 0.0 10.5 16.2
1995 55 1.1 8.0 14.7
1996 55 1.0 8.3 14.7
1997 5.6 1.0 8.8 15.4
1998 6.0 1.4 11.3 18.7
1999 6.2 1.9 10.4 18.5
2000 6.0 2.8 10.5 19.4
2001 6.4 3.0 11.2 20.7
2002 7.1 3.3 12.4 22.8
2003 8.1 2.6 11.7 22.4
2004 9.8 2.2 12.4 24.4
2005 9.4 2.2 10.1 21.6
2006 10.4 2.4 11.2 24.0
2007 9.6 3.2 135 26.3
2008 2.8 3.9 14.0 20.8
2009 25 3.8 12.3 18.6
2010 3.3 3.3 12.8 19.3
2011 4.4 3.6 13.2 21.2
2012 3.9 3.9 14.0 21.8
2013 6.0 5.0 15.1 26.1
2014 4.9 5.7 15.6 26.2
2015 7.0 6.7 16.5 30.2
2016 6.9 7.0 18.1 32.0
2017 8.3 8.0 19.7 35.9
2018 6.9 9.2 19.8 35.9
2019 7.1 9.6 19.1 35.8
2020 8.6 10.9 19.2 38.7
2021 7.2 11.3 20.6 39.0
2022 12.0 7.8 12.9 32.7
2023 8.9 6.2 10.4 25.5
2024 8.3 7.5 14.4 30.2
Trend 19902024 -60% 522% 11% -14%
Trend 20052024 -11% 243% 43% 39%

NOx emissions after the significant drop in the early 1990s started to increase, and due to the
continuous increase in the N content of the synthetic fertilizer applied until 2021, NOx emissions
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exceeded the level seen in 1990 (Figure 5.7). However, the decrease in NOx emissions in 2022
compared to 2021 was significant, and this downward trend continued in 2023. In 2024, emissions
compared to the previous year, but they did not reach the levekoled in 2022.
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Figure 5.7 NEland NQ emissions from 3Dal Inorganic-fértilizers, 19962024

542 NFR 3DA2A LIVESTOCK MANURE APPLIED TO SOILS

In this sector NEHand NQ emissions from livestock manure applied to soils are estimated.

In 2024, livestock manure use contributed 3%. and 19.5% to agricultural emissions ot it NQ,
respectively.

NHs emission
Cattle, Swine, Sheep, Laying hens and Broiler

NH; emissions were calculated using thefldw tool provided to the EMEP/EEA Guidebook (EEA,
2023), similarly, to the calculation of emissions from housing and storage. For more details see also
Section 5.3.2.1

As with housing and manure storage, both slurry and solid manure application we consideyed NH
reduction measures and the emission factors of manure application were adjusted according to the
penetration and abatement efficiency of the given solid/liquid manure application technology, using
Equation 5.7.

Other animals- Buffalo, Goats, Horses, Turkey, Other Poultry, Rabbit

Tier 1 method provided in the EMEP/EEA Guidebook (EEA, 2023), and default emission factors given
in Table 3.2 were applied.
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NOemission

NO,emissions from animal manure applied to soils are estimated using the Tier 1 method given in the
EMEP/EEA Guidebook (EEA, 2023).

NHsemission

The input parameters for the-llow model as well as the Tier 1 calculations, such as animal humbers,
share of liquid and solid manure;éxcretion etc., are given in 5.3.1.

Slurry application technologies cattle and swine
In the case of Cattle and Swine l@mission liquid manure application technologies were accounted.

Hungary started a regular data collection on liquid manure spreading technologies in 2016. In this data
collection, the amount of manure applied, and the size of the application area are collected according
to application technologies.

In Hungary, the Nitrate database has been collecting data on slurry application technology since 2016.
Therefore, we have estimated the implementation of the different {aik fertilizer application
technologies for the years before 2016, considering the following information:

The first regulation on fertilizer application entered into force in 2001 (Government Decree 49/2001
(IV.3) on the protection of waters against pollutions of agricultural origins, repealed by Government
Decree 99/2008 (IV. 29.); the legislation currentty force is Ministry of Agriculture and Rural
Development Decree 59/2008 (IV. 29.) Therefore, for the period -P88Q the broadcast application

not followed by incorporation was assumed, exclusively, while for the period-200% interpolation

was appliedor gap filling. Data on the abatement efficiency was taken from the Ammonia Mitigation
Guidebook (Bittmaret al, 2014). Time series of capacities controlled and abatement efficiency for
application of cattle and swine liquid manure are shown in Table 5.39.

The implementation and the abatement efficiency for slurry and solid manure application technologies
are shown in Table 5.38.
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Table 5.38 Livestock manure application technologies in Hungary

L Emission Abatement Penetration (implementation)
Mitigation .
source efficiency 1990 2005 2010 2020 2024
Band spreading with a 33% 0% 6% 13% 19% 16%
trailing hose
Incorporation of
surface applied slurry, 88% 0% 3% 6% 13% 10%
immediately
Incorporation of Catl
surface applied slurry, I'attlg, 30% 0% 7% 15% 25% 25%
within 24 hours qul
Deep injection manure
0, 0, 0, 0, 0, 0,
(1218 cm) 90% 0% 2% 5% 8% 9%
Shallow injection o
(58 cm) 80% 0% 2% 4% 13% 23%
Ba.n.d spreading with a 45% 0% 1% 206 1% 10%
trailing shoe
Band spreading with a 33% 0% 5% 12% 24% 36%
trailing hose
Incorporation of
surface applied slurry, 88% 0% 1% 3% 12% 14%
immediately
Incorporation of _
surface applied slurry, ~ Swine, 30% 0% 7% 17% 20% 6%
within 24 hours liquid
Deep injection manure
90% 0% 3% 7% 11% 11%
(12-18 cm)
Shallow injection 80% 0% 5% 12% 21% 23%
(58 cm)
Ba_n_d spreading with a 45% 0% 1% 204 20 6%
trailing shoe
Immediate ploughing gat_“e’ 87% 0% 6% 14% 29% 29%
i o wine,
Incorporation within 4 Laying 5506 0% 3% 6% 13% 5706
hours hen
; . Broiler
Incorporation within A o o o o o o
24 hours solid 30% 0% 9% 21% 45% 11%
manure

Cattle, Sheep, Swine, Laying hens and Broitesslid manure application

Emission reduction technologies for solid manure application for the animal species listed in the title
are considered for the first time in 2022 submission. This was made possible by the assessment of
different solid manure application technologies in tt@urse of the 2020 General Agriculture Survey.

In Hungary, the 2001 Government Decree, mentioned earlier, included a requirement for the
application of manure as soon as possible (unfortunately, this legislation does not yet include a specific
time limit for the maximum time between the application and the incorporation of the manure).
Therefore, it was assumed that the solid manure was applied without incorporation before 2001 and
an interpolation was applied for gap filling for the period 2€mPR0.
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In September 2021, the Decree No. 59/2008. (1V. 29.) of the Ministry of Agriculture was amended, and
the amended regulation requires the application of manure within 4 hours on nitrate sensitive areas.
As the legislation was amended in the middle of thary@ was assumed that in the first half of 2021

the rate of penetration of certain manure application technologies was the same as in the 2020 census,
and in the second half of the year it was in line with the amended regulation.

This explains the significant increase in the manure application rate within 4 hours from 2020 to 2023
for the solid manure in Table 5.38.

NOemission

In accordance with the Tier 1 methodology, animal humbers are used as the activity data, which can
be found in chapter 5.3.1.1.

NH: emission factor

In the case of cattle and swine liquid and cattle, swine, laying hens and broiler solid mantre low
ammonia emission manure application technologies were accounted. In these cases, the emission
factors provided in Table 3.9 of the EMEP/EEA Guidebook (BE3),\ere considered as unabated
emission factors, and the abated emission factors were calculated in accordance with the Equation
5.7.

The resulted abated emission factors and their trends are shown in Table 5.40

Table 5.39 Abated Ndtmission factors for liquid manure application (kg hN/kg TAN applic)

Trend Trend
Source 1990 2000 2005 2010 2020 2024 19902024 20052024
Swine 040 040 035 029 0.20 0.18 -56% -51%
(finishing pigs)
Swine (sows) 0.29 0.29 0.25 0.21 0.14 0.13 -56% -50%
Cattle 0.55 0.55 0.49 0.42 0.32 0.26 -52% -47%

Table 5.40 Abated N¥tmission factors for solid manure application (kg NN/kg TAN applic)

Source 1990 2000 2005 2010 2020 2024 192§282 . 203:;82 .
Cattle 068 068 061 053 037 0.27 -60% -55%
Swine 045 045 041 035 025 0.8 -60% -55%
Laying hen 045 045 041 035 025 0.18 -60% -54%
Broiler 038 038 034 030 021 0.15 -60% -56%

Other animals (Buffalo, Goats, Horses, Turkey, Other Poultry, Rabbit)

Tier 1 method, and default emission factors given in Table 3.2 were applied to calcutamissions
from 3Da2a Livestock manure application.
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The EMEP/EEA Guidebook (EEA, 2023) does not provide emission factor for Rabbits; hence, the
emission factor (0.54 kg NE5SAAPWW LJdzof AAKSR Ay LGlIfeéQa LLwX HAawmn

NOemission factor

The default emission factor of 0.04 kg M@ fertilizer N given in EMEP/EEA Guidebook (EEA, 2023)
was used.

NHsemission

NH; emissions from manure application decreased by 71bg¥ween 1990 and 2024 and by 49.4%
between 2005 and 2024. The reasons for this significant decrease are a significant reduction in
livestock on the one hand, and stricter manure application rules since 2001 on the other.

NOemission

NQemissions from manure spreading decreased by 49.5% in the period2D290and by 10.2% from
20052024 due to a reduction in livestock numbers. According to the CLRTP Stage 3 Review in 2023,
there was a significant decrease in Ngnissions at the beginning of the inventory period. This is
mainly due to the significant reductior0%) in the cattle population between 1990 and 1994.

As the Tier 1 default emission factors for ,Né&nissions contain the emissions from manure
application, all the NQemissions are reported under the 3B Manure Management sector. The Tier 1
EFs assume that all manure is stored before application according to the Guidebook.

The activity data applied for livestock manure application are available (lgpter5.3.1.

Under sector 3Da2b Nnd NQ emissions from sewage sludge application are estimated. Emissions
of NH; and NQ from sewage sludge applied to soils contributed less than 1% to the emissions from
agriculture in 2024 (Figure 5.1).

NH: emission

As with the application of livestock manure, the emissions from the application of sewage sludge were
calculatedusingNgY A GA I GA2Y (SOKy2t23ASad ¢KSNBPHaNb: G(KS
N applied) provided in the Table 3.1 of the EMEP/EEA Guidebook (EEA, 2023) was adjusted according

to the Equation 5.7 to account for the emission reduction technologies and their efficiency.

213



HUNGARY Informative Inventory Report9902024 AGRICULTURE

NOemission

In accordance with the Tier 1 methodology the N content of the sewage sludge is multiplied by the
emission factor given in Table 3.1 of the EMEP/EEA Guidebook (EEA, 2023)

Amount of sewage sludge N applied

Data on annual amount of total sewage N that is applied to agricultural soils has been available in the
Urban Wastewater Information System (UWIS) since 2011. For the perioe20994 data were taken

from EUROSTAT statistics. EUROSTAT provides dateagie stwdge disposal for agricultural use, but
these statistics also contain the sewage sludge disposal for recultivation. 40% of the reported disposed
sewage sludge based on expert judgment was assumed to be applied on agricultural lands and the
remaining60% for recultivation. Activity data was extrapolated for the period 19994. The N
content of sewage sludge was assumed to be 4.2% in line with the measured data provided by the
NFCSO. The resaly activity data for the period 19902024 are shown in Table 5.41.
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Table 5.41 Activity data to estimate emissions from 3Da2b Sewage sludge applied to soils, 1990

2024
Sewage
Year sludge N
1000td.m. 1000t
1990 471 0.20
1991 5.59 0.23
1992 6.47 0.27
1993 7.35 0.31
1994 10.00 0.42
1995 13.36 0.56
1996 12.44 0.52
1997 10.32 0.43
1998 12.52 0.53
1999 9.84 0.41
2000 10.84 0.46
2001 10.56 0.44
2002 11.80 0.50
2003 11.52 0.48
2004 13.28 0.56
2005 22.40 0.94
2006 21.20 0.89
2007 20.16 0.85
2008 24.72 1.04
2009 25.36 1.07
2010 22.72 0.95
2011 20.27 0.85
2012 18.50 0.78
2013 13.55 0.57
2014 15.07 0.63
2015 14.24 0.60
2016 17.69 0.74
2017 15.69 0.66
2018 16.35 0.69
2019 17.67 0.74
2020 17.59 0.74
2021 23.23 0.98
2022 23.42 0.98
2023 33.30 1.40
2024 42.33 1.78
Trend 19962024 900% 900%
Trend 20052024 189% 189%
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NH; abatement technologies

Hungary has had legislation (Government Decree 50/2001 (1V.3.)) on the rules for the agricultural use
and treatment of wastewater and sewage sludge since 2001. According to this legislation, sewage
sludge must be either injected deep into the soil or immrated into the soil immediately after the
applied sludge has been desiccated. As with slurry application, the Nitrate database has been collecting
data on sewage sludge application technologies since 2016. Therefore, surface application of sewage
sludgewas assumed before 2001, linear interpolation was used between 2001 and 2016, and from
2016 onwards the ratio of injection to surface application was determined using the nitrate database
data. Table 5.42 shows the penetration of the sewage sludge apphidatichnologies in Hungary.

Table 5.42 Sewage sludge application technologies in Hungary

Abatement Penetration

Abatement measure -
efficiency 1990 2000 2005 2010 2020 2024

Incorporation of surface applied
sewage sludge within 24 hours

Deep injection 90% 0% 0% 1% 9%  42% 44%

30% 100% 100% 96% 91% 58% 56%

NHs emission factor

The value of 0.13 kg Nkkg N applied) given on Table 3.1 of the EMEP/EEA Guidebook (EEA, 2023)
was used as unabated emission factor and the unabated emission factor was multiplied by the
weighted averages of abatement efficiency and penetration. Table 5.43 provides abated emission
factors forNH; emissions from sewage sludge application.

Table 5.43 Abated emission factors for 3Da2b Sewage sludge application

1990 2000 2005 2010 2020 2024

Abated emission 0.13 013 0.09 0.08 0.06 0.06

factors 3Da2b

NOemission factor

The value of 0.04 kg N@kg N applied)L provided in Table 3.1 of the EMEP/EEA Guidebook (EEA,
2023) was applied to calculate Bi€@nissions.

As can be seen from the Figure 5.8, the trend of Biissions follows the trend of the amount of
sewage sludge applied. The same is true fog &hissions until 2000. However, from 2001 onwards,
in addition to the change in the amount of sludge applied, the use ofNbwemission technologies
has also had an impact on the downward trend in emissions, which has stagnated in recent years.
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Figure 5.8 Nkland NQ emissions from 3Da2b Sewage sludge application, 12924

544 NFR 3DA2C OTHER ORGANIC FERTILIZERS APPLIED TO SOILS (INCLUDINC
COMPOST)

Under sector 3Da2c NHind NQ emissions from compost application are estimated. The compost
covers here the composted sewage sludge/municipal solid waste (hereafter MSW) and the digestate
from anaerobic digestion. The emissions of;MdHd NQ from compost applied to soils contributed
1.4% and 4.0% to the emissions from agricultural soils in 2024, respectively (Figure 5.1).

The Tier 1 methodology of the EMEP/EEA Guidebook (EEA, 2023) was applied. The N content of
compost was multiplied with the default emission factors.

Composted sewage sludge

For the calculation of emissions from the application of sewage sludge compost, the amount of
composted sewage sludge reported as activity data in the NFR sector 5B1 is used. The Wastewater
Sludge Processing and Use Strategy Z2B (General Directoratef Water Management, 2013)

shows that 38% of composted sewage sludge is used in agriculture. The N content of the sewage sludge
compost was assumed to be 2% based on Table 4.1 of Vol. 5. Ch. 4 of the 2006 IPCC Guidelines.

Composted MSW

Activity data was taken from the NFR sector 5B1. The IPCC default parameters on moisture content
and N in dry matter given in Table 4.1 of Vol. 5. Ch. 4 of the 2006 IPCC Guidelines was used. According
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to the NHKV (National Coordination of Waste Management and Asset Management PlIc.) reports for
the last years, loss during composting approximately 25% and 50% of the sewage sludge compost
generated is used for agricultural purposes (NHKV, 2020).

Digestate (other than animal)

Agricultural emission inventories include anaerobic digestion, and in parallel, emissions from the
application of digestate are also taken into account under NFR sector 3Da2c. The N content of the
biogas compost applied is calculated based on the N comérfeedstock. As biogas feedstock
statistics are only available from 2017 onwards, the N consumption per TJ energy production was
determined for the previous years based on the feedstock consumption in the period22207 N

per TJ is estimated at 4.2rnines N per TJ, based on the average of N in feedstock and energy
production in 20172020. The N content of biogas feedstock was revised by experts in this inventory
year; therefore, this IIR reflects the resulting changes.

The resulting activity data for the period 192024 are provided in Table 5.44.
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Table 5.44 Activity data to estimate emissions from 3Da2c Other organic fertilizers applied to soils
(including compost), 199Q024

Composted LSRG
Composted  (other than Total N
Year sewage MSW N animal applied
sludge N
manure) N
kg N

1990 152 000 - - 152 000
1991 152 000 - - 152 000
1992 152 000 - - 152 000
1993 152 000 - - 152 000
1994 152 000 - - 152 000
1995 212 800 - - 212 800
1996 220 400 54 000 - 274 400
1997 197 600 57 000 - 254 600
1998 174 800 54 000 - 228 800
1999 243 200 54 000 - 297 200
2000 228 000 51 000 - 279 000
2001 205 200 51 000 - 256 200
2002 281 200 141 000 - 422 200
2003 425 600 141 000 - 566 600
2004 182 058 116 199 223138 521 394
2005 399 932 124 182 212711 736 825
2006 326 414 177 321 269 016 772 751
2007 388 672 184 608 521 349 1094 630
2008 469 573 246 075 1021 845 1737 493
2009 683 795 262 797 1530 682 2 477 273
2010 624 935 396 942 1872 687 2 894 564
2011 618 408 403 674 2786 091 3808 173
2012 685 342 463 623 2 304 364 3453 329
2013 708 761 487 764 4 258 381 5 454 906
2014 739 125 596 301 4204 161 5539 587
2015 754 845 629 079 4074 866 5458 790
2016 773726 656 496 4 097 806 5528 027
2017 779 684 803 250 4 524 504 6 107 438
2018 749 154 863 802 4141 339 5 754 295
2019 695 815 1001 709 3781759 5479 283
2020 704 836 1077 990 3899 874 5682 700
2021 859 978 1102 413 3724 869 5 687 260
2022 771993 1072677 3700 585 5 545 255
2023 784 282 1110996 3828481 5723 759
2024 781 440 1177 896 12021394 13980 730

The emission factors for Nldnd NQ emission from compost applied to soil were taken from Table
3.1 of the EMEP/EEA Guidebook (EEA, 2023). A value of 0.08ey MgIN applied was used for NH
and 0.04 kg Ngper N applied to calculate N@missions.
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Figure 5.9 shows emissions from the use of organic waste. The emission trend follows the trend of the
N content of the applied organic waste. The emission trend is determined by the biogas compost.
Emissions are thus low and staghant between 1990 and 200@flthen increased significantly between
2001 and 2017, mainly due to the increasing use of agricultural waste in biogas plants and stagnated
until 2023 as the energy production of biogas plants, and thus the use of feedstock, has stagnated or
slightly dereased in that period. In 2024 however, emissions showed a remarkable increase, due to
the development of the database, which has enabled the processing of more detailed and accurate
data.
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Figure 5.9 Nkland NQ emissions from 3Da2c Other organic fertilizers applied to soils (including
compost), 1992024

NFR 3DA3 URINE AND DUNG DEPOSITED BY GRAZING LIVESTOCK
For this sector, NHand NQ emissions from urine and dung deposited by grazing livestock are
estimated

Emissions of NHrom urine and dung deposited by grazing livestock contributed in 2024 with 1.9% of
the NH emissions from the agriculture sector. Emissions of fi@n urine and dung deposited by
grazing livestock contributed in 2024 with 2.3% of the Bi@issions from the agriculture sector.
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NH:- Dairy cattle, Nondairy Cattle and Sheep

In accordance with the Tier 2 methodology emissions of urine and dung deposited by grazing cattle
and sheep are based on N excreted by animals and length of grazing period. Calculations are performed
in the Nflow tool.

NHs- Other animals

For other animals the Tier 1 methodology and the default emission factors provided in the EMEP/EEA
Guidebook (EEA, 2023) are applied.

NG - all livestock

Tier 1 methodology given in the EMEP/EEA Guidebook (EEA, 2023) is applied for all livestock
categories.

The activity data (livestock numbers;eXcreted and proportions of dxcreted during grazing) are
provided in Section 5.3.1.

NH: emission factors for Cattle and Sheep

The Tier 2 emission factors providedrliable3.9 of the EMEP/EEA Guidebook (EEA, 2023) are used.

NH: emission factors for other animals
Default emission factors provided in Table 3.2 of the EMEP/EEA Guidebook (EEA, 2023) are applied.
NGO, emission factors

The default emission factor (0.04 kg N@er N excreted during grazing) given in the EMEP/EEA
Guidebook (EEA, 2023) is applied for all livestock species.

The emissions of Nknd NQ from grazing are largely determined by the number of grazing animals,
mainly other cattle. Emissions decreased significantly in the early 1990s due to a drastic decline in
livestock numbers, stagnated from the ri@90s until around 2012 and increasedistly thereafter,

mainly due to an increase in beef cattle numbers. Trends ireNONH emissions are shown in Figure
5.10.
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Figure 5.10 NEand NQ emissions from 3Da3 Urine and dung deposited by grazing animals, 1990
2024

546 NFR 3DA4 CROP RESIDUES APPLIED TO SOILS

Under sector 3Dad4 NHemissions from crop residues agstimated Emissions of NHfrom crop
residues contributed less than18% to emissions from the agriculture sector (Figure 5.1).

In the GHG inventory detailed methodology was used to calculate the N content of crop residues.
Consequently, the parameters required for the estimation ot Biission with Tier 2 methodology

were already available. Therefore Tier 2 methodology was used based on EMEP/EEA Guidebook (EEA,
2023).

To ensure the consistency between air pollutant inventory and GHG inventory, the activity data are
the same as those used in the Gih@entory for calculating the emissions of crop residues. The activity
data were provided by HCSO. Unfortunately, covepg@nd green manure data are not fully available
yet, only data about sequential crops were provided. This is an opportunity to further improve both
inventories.

Table 5.45 shows the total area of relevant crops, for which the emission factor is not 0. These crops
are potatoes, sugar beet, lucermy, red clovehay, meadows (see Table 5.46).
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Table 5.45 Total area of the relevant crops

1990 2000 2005 2010 2020 2024
Relevant area (ha) 1290502 819670 873419 747325 864948 828266

The main parameters for Nleémission calculations and emission factors are given in Table 5.46. The
fractions of residues from crop removed are consistent with those in the GHG invelttisrgssumed

that if the crop residue is removed following harvest or after another management actions, e.g. cutting
clover for silage or hay, then this will be completed within 3 deigsvever, no data were available on

the incorporation of crop residues, therefore the fractions of residues incorporation within 3 days are
considered as 0 for alt@ps. In addition, burning of crop residues is prohibited, except in special case
of rice production, but rice is not relevant in this case.

Table 5.46 Main parameters and emission factors for 3Da4 Crop residues applied to soils

Crops Dry matter fraction N content of EF Fraction of residues from
of harvested product  aboveground crop removed within 3
(DRY) residues days
(N AG(T)) (FraGemove(t), 2024
(kg N (kg DM))
Potatoes 0.220 0.019 0.0237 0.00
Sugar beat 0.220 0.019 0.0237 0.00
Lucernehay 0.864 0.027 0.0565 1.00
Red clovetay 0.855 0.027 0.0565 1.00
Meadows 0.874 0.015 0.0073 1.00

Table 5.47 shows the implied emission factors fog Bitdissions from crop production. The implied
emission factor is defined as ratio of the total {\dhissions from cultivated crops to the total area of
relevant crops given by activity data.

Table 5.47 Implied emission factor for Nemission from crop production

1990 2000 2005 2010 2020 2024
IEF (kg N&ha) 0.13 0.11 0.11 0.05 0.03 0.03

NH; emissions from crop residues have reduced by 84.0% and 73.2% over the perioe&)29%nd
20052024. The reason for the decrease inzMFhissions is the significant reduction in the potatoes
and sugar beet areas in the periods examined.
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PM emissions from field operations during the usage of machines on agricultural soils are reported
here. TSP emissions from field operations contributed 48.2% to agricultural TSP emissions.

The Tier 1 method provided in the EMEP/EEA Guidebook (EEA, 2023) is used to estimate PM emissions.

I NBI O20SNBR o6& ONRLAZI RSNAGSa FTNRY GKS I /{hQa |
2y Wazgy FNBIF 2F YIFIAY ONRLAQ O2yidlFAya G4SYLRNF NE
nursery gardens, fallow lands and areas of extinah{d. Therefore, this data cannot be used directly

Fa I OGAGAGE RFEGE Ay GKS AN LRffdzilyd Ay@Syia2NEd
FNBlF 2F YIAY ONRLBAQ (2 3S0i GKS NBIdZANBR tyOlA QA G
RFGF FNRY GKS 1/{hQad aGrGArAairda FT2NI HAHNOD

Table 5.48 Estimation of area covered by crops for 2024

Areas
Sown areas
ha
Total sown area of main crops 4132323
Greenhouse and plastic tunnels 1808
Nursery gardens 2120
Fallow lands 139827

Area covered by crops (calculated) 3988568
Based on HCSO, 2025

Particulate Matter (PM.s, PMio, TSP)

For each pollutant the Tier 1 method and default emission factors provided in the EMEP/EEA
Guidebook (EEA, 2023) were used.

PM emissions given in TSP have increased by 7.7% from 2000 to 2024, due to the increase in the area
of cultivated crops (Figure 5.3).
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NMVOC emissions from crop production are reported under 3De Cultivated crops. NMVOC emissions
from crops contributed 10.1% to agricultural NMVOC emissions in 2024.

According to the 2023 NECD review, the estimation of emissions was developed using Tier 2
methodology instead of Tier 1 to avoid the overestimation of NMVOC emission from cultivated crops.

¢KS FOUAGAGEe RIEGE INB GKS G2d0rft |INBIF 2F FNrofS f
(Table 5.49).

Table 5.49 Area of arable land and grassland

1990 2000 2005 2010 2020 2024
Wheat harvested area (ha, 1221000 1024434 1130719 1010731 936624 922 907
Rye harvested area (ha) 92000 43097 41823 37002 26323 22 633
Rape harvested area (ha) 60000 115788 122430 259303 310016 172 434
Other arable land (ha) 3204616 2521109 2978224 2917808 2643949 2870594

DN} aathyR OM 00000 548079 628054 570924 634308 606 301
harvested area (ha)

Based on HCSO data

¢KS SyraaArzy FIFLOG2NARA F2N gKSIFGZ NESZ NILS FyR 3N
/| KFLJYISN) o5 ¢+F-6tftS odn ¢gSNBE dzaSRd C2NJ AN} aatlyR N
except wheat, rye and rape the Tier 1 EF (0.86) wead.urable 5.50 shows the implied emission factors

for NMVOC emission from crop cultivation. The implied emission factor is defined as ratio of the total
NMVOC emissions from cultivated crops to the total area of arable land and grassland.

Table 5.50 Implied emission factor for NMVOC emission from crop production

1990 2000 2005 2010 2020 2024
IEF (kg NMVOC/ha) 0.51 0.53 0.55 0.56 0.55 0.58
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The emissions of NMVOC from cultivated crops are largely determined by the area of arable land and
grassland. According to the CLRTP Stage 3 Review in 2023, detailed emissions are presented in Figure
5.11. The emissions ranged between 2.50 kt and 2.98rkhé period 1992024, except for the year

2000, when it was only 2.27 kt due to the low area of arable land and grassland. NMVOC emissions
from crops cultivation have reduced by9% and 2.6% over the periods 192024 and 20082024,
respectively.
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Figure 5.11 NMVOC emissions from 3De Cultivated crops,-202@
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The use of the most dangerous pesticides has been prohibited by international agreement; therefore,
only emissions related to pesticide use that shall be reported are the HCB emissions from the HCB
contamination of the used pesticides (EEA, 2019).

HCB emissions from use of pesticides contributed to the national total HCB emissions with 8.3% share
in 2024.

A Tier 1 methodology provided in the EMEP/EEA Guidebook (EEA, 2023) is used for calculating
emissions from 3Df Use of pesticides.

Data on the amount of active substances (as Atrazine, Clopyralid, Chlorothalonil, Endosulfan, Lindane
and Picloram) in the pesticides used was given by the NFCSO, which is the licensing authority for
pesticides. In accordance with the information providdy the NFCSO, DCPA, Dachtal,
Chlothaldimethyl, Pentachloronitrobenzene, Propazine, Simazine and Pentachlorophenol were not in
use in Hungary over the period 1990 and 2024.

In accordance with the Hungarian Statistical Law (Act No. CLV of 2016) the quantities of the sold
Picloram for the years 2017 and 2018 are confidential, therefore the aggregated activity data on the
total amount of the active substances are provided in #€R Table as well as in Table 5.51.
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Table 5.51 Activity data and HCB emissions from 3Df Use of pesticide;2@50

Total amount of Total HCB
Year active substances emissions
kg

1990 993 937 4.63
1991 966 920 6.61
1992 696 706 4.19
1993 876 142 2.46
1994 559 205 2.52
1995 380 487 2.68
1996 292 945 2.36
1997 301 900 2.33
1998 479 230 2.04
1999 660 530 251
2000 841 830 2.81
2001 937 671 2.55
2002 626 252 2.81
2003 623 426 1.82
2004 620 601 1.10
2005 540 384 0.67
2006 460 168 0.67
2007 346 252 0.52
2008 39 636 0.29
2009 43 647 0.32
2010 77178 0.66
2011 95 072 0.84
2012 116 171 1.02
2013 123 380 1.14
2014 161 190 1.58
2015 151 307 1.43
2016 153 143 1.49
2017 156 229 1.56
2018 122 853 1.24
2019 166 128 1.68
2020 66 848 0.66
2021 12 263 0.12
2022 17 555 0.16
2023 13192 0.15
2024 8024 0.12

Trend 19962024 -99.2% -97.4%

Trend 20052024 -98.5% -81.8%
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Impurity factors for different ingredients were taken from Table 4 of the EMEP/EEA Guidebook (EEA,
2023), except the impurity factor of Chlorothalonil for the period 2010 and 2019, for which the NFCSO
provided data based on the information given from thesticide producer. Impurity factors used in

the emission estimate are provided in Table 5.52.

Table 5.52 Impurity factors to calculate HCB emissions from 3Df Use of Pesticides

Active substance 1990 1995 2000 2005 20102019 2020 2024
. use use
Atrazine 25 1.0 1.0 1.0 use stopped stopped stopped
Clopyralid not used not used 2.5 2.5 2.5 2.5 2.5
10.0
use use
Chlorotalonil 300.0 300.0 155.0 10.0 10.0 stopped
. stopped
in May
2020
use use
Endosulfan 0.1 0.1 0.1 0.1 use stopped stopped stopped
Lindane 1000  50.0 500 50.0 use stopped use use
stopped stopped
Picloram 50.0 50.0 50.0 50.0 50.0 50.0 50.0

Impurity factors in italics are countgpecific values.

As Table 5.51 reveals, the total amount of active ingredients has decreased across the time series,
however the active substances used since 2005 contain a higher proportion of impurities, leading to
an increase in emissions.

HCB emissions from the use of pesticides reduced big®dver the period 1990024, and 81.8%

over the period 2002024. Between 2019 and 2020, HCB emissions from pesticides decreased
significantly, as EU Member States had to withdraw authorizations for the fungicide chlorothalonil by
20 November 2019 but werstill allowed to use existing stocks until 20 May 2020. (See also
Commission Implementing Regulation (EU) 2019/677 of 29 April 2019.) From 2021, chlorothalonil use
is no longer expected.

229



HUNGARY Informative Inventory Report9902024 AGRICULTURE

5.5 Field Burning of Agricultural Residues (NFR sector 3F)

This category comprises the field burning due to plant protection reasons. In Hungary open burning of
standing crops and crops residues is legally banned, the plant protection reason could be the only
exception when the authority may issue a permit forex@mption from the ban of field burning.

In Hungary, the first legislation in order to control field burning of agricultural residues entered into
force in 1986. According to the regulation No. 21/1986. (VI. 2.) of the Council of Ministers a burning
permit was required by the local authority forop residue burning. This legislation had been in force
until 2001, when the Government Decree No. 21/2001. (Il. 14.) was issued. The new decree banned
the field burning of agricultural crop residues, unless otherwise provided by law. Plant health
emergercy was the special exception, when burning of crop residues had been allowed. This
Government Decree was amended at the end of 2010. The Government Decree No. 306/2010. (XI11.23.)
is currently in force, which explicitly bans the field burning of crop residiéccording to this, field
burning of standing crops and crop residues are prohibited unless otherwise provided by law. The only
exception is if there is a plant disease in the agricultural field that can only be eliminated by field
burning. In this casthe plant protection authorityc the county government office in principle may

issue a burn permit. In practice such permits are issued rarely. According to the information and data
provided by the plant protection authority, burn permits have been ésstor only rice lands due to
AYFSOGAZ2Y 2F Wt @NAROdzZ  NAI 2NEBTIFSQ 2N WI StYAY(K?23

Emissions from 3F Field burning were estimated using the Tier 1 method from the EMEP/EEA
Guidebook (EEA, 2023).

To estimate the emissions from rice field burning the Directorate of the NFCSO, which is the plant
protection authority, provided data on the areas for which burn permits were issued for the period
2010-2016. Due to unavailability of data for other yean time series from 1990 to 2009 was gap
filled by calculating an average proportion of the rice cropping area affected by plant disease from the
available data. The burnt areas for the period 22024 were estimated similarly.

In 2024, 780 ha was burnt in Hungary, which equates to 0.02% of the areas covered by crops in 2024.
Activity data to the calculation of emissions from 3F Field burning are shown in Table 5.53.
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Table 5.53 Activity data to the calculation of emissions from 3F Field burning -P22@

Year Rice field area burnt

ha
1990 3974
1991 2980
1992 1656
1993 1656
1994 1656
1995 1325
1996 1031
1997 726
1998 937
1999 748
2000 1067
2001 775
2002 696
2003 848
2004 932
2005 882
2006 799
2007 867
2008 839
2009 898
2010 257
2011 882
2012 1037
2013 1089
2014 993
2015 932
2016 1034
2017 916
2018 971
2019 877
2020 989
2021 900
2022 770
2023 776
2024 780

Data on average yield on rice (kg@aNB &K ¢SAIKGO ¢l a GF 1Sy FNRY |/
between the mass of crop residues and the crop yield (Y), the dry matter content of the yield (d) and

the combustion factor @ G KS Lt/ / RSFl dzZ & @I f dzS&dan2@F8ween > 5 dy
taken, respectively. Proportion of those residues thar are burngdips assumed to be 1 due to plant

protection reasons.
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Tier 1 default emission factors provided for rice from Table 3.1 of the EMEP/EEA Guidebook (EEA,
2023) were used.

Emissions from field burning are insignificant for all pollutantsotitributes about 0.05% of national
total PMbsemissions.
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5.6 Uncertainties

The uncertainty assessment was carried out using Tier 1 methodology. This chapter presents the
estimated uncertainties for the 2026 inventory period. Table 5.54 shows the estimated uncertainties
for activity data and for the emission factors for each agtizal source and pollutants.

3B Manure Management

Activity data for manure management covers the livestock number for cattle and swine
housing/manure type, because the livestock numbers for cattle and swine should also be stratified by
slurry and solid manure and in case of dairy cattle by tied and uibeing systems. For grazing
animals, the length of housing period also affects the emission estimate.

The uncertainties in livestock numbers are provided by the HCSO for each livestock category. The
uncertainties for the most important livestock categories are rather low e.g., for cattle and swine the
uncertainties are estimated as 1.3% and 0.4%, respgtiThe uncertainty is similarly low for the key
poultry subcategories as laying hen®@@) and broilers (0%). For the minor poultry subcategories as
waterfowls and turkey the uncertainties varies between 0.1% and 21.5%. The uncertainties are
generallyhigher for sheep, goats, buffalo, and horses, ranging fr@1.0.7%. The overall uncertainty

for livestock numbers is estimated as 1.0%.

The allocation of cattle and swine housing and manure management systems is based on data provided
from the Nitrate Database which is handled by the NFCSO. All livestock farms above 5 livestock unit
(hereafter LSU), and in the case of poultry 3 LSU mpsttrannually on the livestock population and

the amount of manure produced according to the animal housing technologies. The exclusion of herds
with less than 5 LSU from the database does not increase the uncertainty of the data, as it is known
that suchsmall farms use solid type manure management systems. Therefore, the uncertainty of these
data is estimated to be low, around-1%. The uncertainties in housing/manure type are not
considered for poultry, because the animal population does not need tstiadified by the type of
manure.

Thus, uncertainties for activity data are the uncertainties in livestock numbers and in the case of cattle,
swine, and other grazing animals the combined uncertainty of livestock numbers and manure
management system usage, resulting in an overall weigite@n of combined uncertainties for
activity data 1.04%.

The uncertainty for the emission factor covers the nitrogen excretion and TAN, housing periodsand NH
emission factors for housing and storage of the manure. For cattle, swine, laying hen and broiler
country-specific Nexcretion rates are applied and the emission factors for housing and manure
storage are refined according to the abatement measures agpltowever, there are no specified
uncertainty estimates for the derived countspecific emission factors, therefore based on the
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information provided in the EMEP/EEA Guidebook (EEA, 2023) an overall 30% uncertainty is assumed
for the countryspecific Tier 3 EFs and a significantly higher 60% for the others.

3Dal Inorganic Nertilizers

The activity data for emissions from inorganic fertilizers are the N content of fertilizers sold by fertilizer
type. The uncertainty in the N content of fertilizers sold is estimated as 2%. To which is added the
uncertainty in the classification of the fdizers sold into the type as defined in tHEMEP/EEA
Guidebook (EEA, 2028)¢erefore, the uncertainty of the activity data is estimated as 3%.

There are no uncertainty values for the emission factor provided in the EMEP/EEA Guidebook (EEA,
2023). Considering that the EFs, given inEMEP/EEA Guidebo(kEA, 2023)ere estimated with a
large number of measurements, we assumed the uncertainties in the EFs cannot be higher than 25%,
considering, that countrgpecific data on soil pH was also used to determine the cotsmegific EFs.

3Da2a Livestock manure applied to soils and 3Da3 Urine and dung deposited by grazing livestock

The activity data for emissions from the application of livestock manure and grazing are the N content
of the manure produced by each animal species in the case of Tier 2/ Tier 3 estimates. The uncertainty
of the activity data was determined as the comhinecertainty of animal numbers, N excretion rates

and the manure management system usage data for cattle, swine, and poultry. For the uncertainties
in livestock data see 3B Manure Management. The uncertainties in the N excretion rates were assumed
to be 10% for the countryspecific values in accordance with the 2006 IPCC Guidelines. The
uncertainties in the proportion of liquid/solid manure were estimated to b&084 for the animals for

which both liquid and solid manure occur.

In the case of the Tier 1 estimates, the uncertainty in the activity data is equal with the uncertainty in
the animal numbers (in these cases, the uncertainty iaxbretion and manure management is
included in the uncertainty in EFs).

The uncertainty of emission factors was estimated to be 30%, similarly to the EFs for 3B Manure
Management in the case of Tier 2/ Tier 3 estimates and 60% for the Tier 1 emission factors. The Tier 2
EFs were refined in line with the manure application reabgies for solid and liquid manure as well.

Since in this case emission is calculated per animal, and thus the uncertainty in emissions derives from
the sum of the emissions per animal, in Table 5.54 only the combined uncertainty in the emissions can
be reported, therefore in column E zero is entgre

3Da2b Sewage sludge applied to soils

Wastewater treatment plants must carry out laboratory tests on sewage sludge sold for agricultural
use, including the determination of the N content. At the same time, farmers must obtain a permit
from the soil protection authority for the use of sewagedgde on agricultural land. Therefore, the
uncertainty of the activity data should not be higher than 2% in accordance witlERhEP/EEA
Guidebook (EEA, 2023)

TheEMEP/EEA GuidebofikEA, 2023)oes not provide information on the uncertainty of the emission
factor, so it was assumed to be relatively high as 50%.
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3Da2c Other Organic fertilizers applied to soils

The uncertainty for this source was estimated in a similar way to that for sewage sludge, with the
difference that a slightly higher uncertainty (5%) was assumed for the activity data. This is since the N
content of the applied compost is estimated basedthe composted waste rather than the applied
compost, which slightly increases the uncertainty of the activity data. However, the increase in
uncertainty could not be significant due to this approach, because the loss in the N content of the
composted wate during composting cannot be significant.

3Da4 Crop residues applied to soils

An uncertainty of 25% was assumed for the activity data regarding the application of agricultural
residues to soil. This uncertainty arises from the uncertainty of area of relevant crops and the amount
of crop residue. TheeMEP/EEA GuidebodEEA, 2023Yoes not provide information on the
uncertainty of the emission factor, so it was assumed to be relatively high as 50%.

3F Field burning of agricultural residues

An uncertainty of 25 % for the activity data for field burning of agricultural residues was assumed. This
uncertainty is a combination of the uncertainty of area of rice, amount of crop residue and yield burnt.
The uncertainties for the emission factors feach pollutant are calculated based on the upper and
lower limit of the 95% confidence intervals for EFs provided in the EMEP/EEA Guidebook (EEA, 2023).

Uncertainties of activity data foBB Manure Managementire the combined uncertainties in the
livestock population and manure type, similarly to,N@d NH emissions. The uncertainty of EFs is
estimated to be very high (300%).

The activity data foBD Agricultural soilgs the sowing area of crops, which uncertainty is estimated
as 5%. The uncertainties for the PM emission factors have been calculated from the upper and lower
limit of the 95% confidence intervals provided in tBRIEP/EEA Guidebo@kEA, 2023)

3B Manure Management

For NQ and NMVOC emissions froBB Manure Managementthe activity data is the livestock
number, and the proportion of solid/liquid manure. Therefore, the uncertainty of the activity data is
estimated similarly to that of N\d&nd PM emissions. The uncertainty for theJd@d NMVOC emission
factors is based on expert judgement. (EFs fox &® estimated to be50-100% and for NMVOC as
200-300%.)
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3D Agricultural soils

The activity data used for the calculation of Ngissions fron8Dal Inorganic Mertilizers, from
3Da2b Sewage sludge applied to sadlsd from3Da2c Other organic fertilizers applied to sodse

the same as in case of NEmissions. Therefore, the uncertainty of the activity data is estimated
similarly to that of Nklemissions. However, the activity data are quite different for the emissions from
3Da2a Animal manure applieth soils and fol3Da3 Urine and dung deposited by grazing animals
since the N@emissions are also affected by the proportion of N excreted on pasture. The uncertainty
of the activity data was determined as the combined uncertainty of animal numbers, N excretion rates
and the manure management systemage regarding the rate of N excreted on pasture for cattle,
swine, and poultry. For the uncertainties in livestock data see 3B Manure Management. The
uncertainties in the N excretion rates were assumed to be 10% for the cespémgific values in
accordane with the 2006 IPCC Guidelines. The uncertainties in the proportion of manure excreted on
pasture were estimated to be-50% for animals for which grazing occurs.

The uncertainties for the emission factors for Nte calculated based on the upper and lower limit
of the 95% confidence intervals for EFs provided in the EMEP/EEA Guidebook (EEA, 2023).

For NMVOC emission fro@De Cultivated Cropshe activity data is the sowing area of crops.
Therefore, similarly to the NHand PM emissions, the uncertainty of activity data is 5%. The
uncertainty for the NMVOC emission factor has been considered as 30% provided EyVEREEA
Guidebook EEA, 2023)

The uncertainty for activity data for the emission of HCB from pesticides is estimated to 2% and the
uncertainty for the emission factor is estimated to be 30%.

3F Field burning of agricultural residues

Emission of BC, CO, ;S@eavy metals, dioxin, PAHs, HCB, and PCB from the agricultural sector
originates from field burning of agricultural residues. The uncertainty for activity data for these
emissions is a combination of the uncertainty for crop production, which is lowthanghcertainty of

the amount of crop residues, which is high. The uncertainties for the emission factors are based on
EMEP/EEA Guidebook (EEA, 2023). The uncertainties for field burning are relatively high.

Table 5.54 Estimated uncertainty associated with activities and emission factors for the Agriculture
sector, 2024

Emissions Combined
Pollutants NFR Sector (2024) UO(AD) U(ER Uncertainty
%o %
kt %
3B Manure Management 1.2 0.0 55.1 55.1
3Dal Inorganic N
fertilizers (also includes
NOX urea application) 13.5 3.0 160.0 160.0
3Da2a Livestock manure
applied to soils 3.8 19.1 160.0 161.1
3Da2b Sewage sludge
applied to soils 0.0 2.0 160.0 160.0
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NFR Sector

3Da2c Other organic
fertilisers applied to soils
(including compost)
3Da3 Urine and dung
deposited by grazing
livestock

3F Field burning of
agricultural residues

3B Manure Management
3De Cultivated crops

3F Field burning of
agricultural residues

3F Field burning of
agricultural residues

3B Manure Management
3Dal Inorganic N
fertilizers (also includes
urea application)

3Da2a Livestock manure
applied to soils

3Da2b Sewage sludge
applied to soils

3Da2c Other organic
fertilisersapplied to soils
(including compost)
3Da3 Urine and dung
deposited by grazing
livestock

3Da4 Crop residues
applied to soils

3F Field burning of
agricultural residues

3B Manure Management
3Dc Farrdevel agricultural
operations including
storage, handling and
transport of agricultural
products

3F Field burning of
agricultural residues

3B Manure Management
3Dc Farmdevel agricultural
operations including
storage, handling and
transport of agricultural
products

Emissions

(2024)
kt

0.6

0.4

0.0
19.6
23.5

2.6

0.0
26.2
0.0

0.0
31.8

30.2

9.2

0.1

11

1.4

0.0

0.0

73.8
0.4

0.0

0.2

0.7
2.5

6.2
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%

5.0

27.5

25.0

0.0
5.0

25.0

25.0

0.0

3.0

0.0

2.0

5.0

0.0

25.0

25.0

0.0

5.0

25.0

0.0

5.0

U(ER
%

160.0

160.0

26.1

103.9
30.0

60.0

40.0

13.5

25.0

14.8

50.0

50.0

27.5

55.9

50.0

125.4

400.0
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Combined
Uncertainty
%

160.1

162.4

36.1
115.3

103.9

30.4

65.0
93.4
47.2

47.2
13.5

25.2

14.8

50.0

50.2

27.5

61.2

55.9

12.0
125.4

400.0

34.7

80.5
128.5
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Emissions Combined
Pollutants NFR Sector (2024) Uo(/AD) UE/EB Uncertainty
kt 0 ? %
3F Field burning of
agricultural residues 0.0 25.0 24.6 350
Agricultural total 8.7 288.6
3B Manure Management 6.7 0.0 0.0 144.2
3Dc Farmdevel agricultural
operations including
TSP storage, handling and 6.2 5.0 400.0 400.0
transport of agricultural
products
3F Field burning of
agricultural residues 0.0 250 224 336
Agricultural total 12.91 206.7
BC 3F Field burning of 0.0013  25.0 100.0 103.1
agricultural residues
Pb 3F Field burning of 0.0002  25.0 100.0 103.1
agricultural residues
cd 8F Field burning of 0.0004  25.0 100.0 103.1
agricultural residues
Hg 3F Field burning of 00001 25.0 100.0 103.1
agricultural residues
As 3F Field burning of 0.0002  25.0 100.0 103.1
agricultural residues
Cr 3F Field burning of
agricultural residues 0.0003 25.0 100.0 103.1
Cu 3F Field burning of
agricultural residues 0.0002 25.0 100.0 103.1
Ni 3F Field burning of
agricultural residues 0.0001 25.0 100.0 103.1
Se 3F Field burning of
agricultural residues 0.0001 25.0 100.0 103.1
Zn 3F Field burning of
agricultural residues 0.0025 25.0 100.0 103.1
PCDD/F 3F Field burning of
agricultural residues 0.0002 25.0 100.0 103.1
Benzo(a)pyrene  3F Field burning of
agricultural residues g 2300 <EL7 —
Benzo(b)fluorant 3F Field burning of
hene agricultural residues 0.0002 25.0 100.0 1031
Benzo(Kk)fluorant 3F Field burning of
hene agricultural residues 00l 250 (08T LB
Indenol(1,2,3 3F Field burning of
cd)pyrene agricultural residues 0.0009 25.0 100.0 1031
HCB 3Df Use of pesticides 0.12 2.0 30.0 30.1
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5.7 QA/QC and verification

General QA/QC procedures of emission inventories for Agriculture sector are described in Chapter 5
of the Hungarian National Inventory Report, 2ei{bmitted under the UNFCCC.

For all activity data, such as livestock populations, fertilizer use, AWMS system usage etc. consistency
is maintained with data application for GHG inventory.

As a standard QA/QC procedure Tier 2 emission factors were compared with the default emission
factors and reasons for differences were justified. The following sections discuss the verification of Tier
2 emission factors used to estimate N#nissions.

Tier 2 emission factors were compared with the default values given in the EMEP/EEA Guidebook (EEA,
2023). As the Niemissions are calculated following thefldw, the total emission factors calculated
for the whole life cycle of manure were compared.

Dairy Cattle

The countryspecific value of NfHemission factor for Dairy Cattle is increasing over the inventory
period and is out of the range of default values provided in the EMEP/EEA Guidebook (EEA, 2023) for
the years 2020 and 2021 (Figure 5.12). This trend is a direct result of the increasxdnebbn,
reflecting the rising milk production per cow. In the Hungarian inventory the N excretion ranged from
83to 131kg N head year! between 1990 and 2024, it reached its peak in 2021. While a significantly
lower value of 105 kg N hedd/ear! was applied in the calculation of the default emission factors in

the EMEP/EEA Guidebook (EEA, 2023). The higher capetrific value of N excretion partially
justifies the higher emission factors for the years 2020 and 2021, which slightly decregzPtand

showed further decrease in 2023 due to the lower milk yield. Another key aspect of the underlying
data for NH emission factors is the length of the housed period The EMEP/EEA Guidebook (EEA, 2023)
assumes 180 days' as a default, which is significantly lower than the cowsgpgcific average value,

which varies betweer833 and 355daysa’ for the period 1990 and 2024. The significantly longer
housed period is the main reason for the highersihhissions from Dairy Cattle.
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Figure 5.12 Comparison of NEmission factors for Dairy Cattle, 1991024

Non-dairy Cattle

The countryspecific values of IEFs for total Némissions from Nowairy Cattle slightly increased
between 1990 and 2011, but there has been a downward trend since 2012. At the very beginning of
the time series the countrgpecific values are approximately equal with the default value for
liquid/slurry. However, in later years, the countspecific emission factors are higher than the
EMEP/EEA default Tier 1 values given in the in the Table 3.2 of the EMEP/EEA Guidebook (EEA, 2023)
(Figure 5.13). The reass for the higher EFs in Hungary are, similarly to the Dairy Cattle, the higher N
excretion rates and the longer housed periods. Couspgcific N excretion rates ranged frotd to

53kg N & head! between 1990 and 2024. In contrast, the default value is 41 kg head! in the
EMEP/EEA Guidebook (EEA, 2023). It is worth noting that the IPCC default value is 3thé&gd\ a

for the EasterrEuropean Nosdairy Cattle according to the 2006 IPCC Guidelines. Therefore, the
EMEP/EEA default value seems to be extremely low, for the HungariaddityrCattle livestock. The
contrast between the lengths of housed period is similatiking. The EMEP/EEA Guidebook (EEA,
2023) default is 180 dayt, in contrast with 257332 days Hungarian countspecific values depending

on Nondairy Cattle subcategories for the period 1990 and 2024. The significantly higharétion

values and the longer housing period result in significantly higheehii$sion factors than the default
values. The countrgpecific total Nglemission factors are in the rangedH.7to 17.6kg NH a* head*

over the inventory period, whereas the default values are 10 and 15 kgaNkead? for solid and

slurry, respectivly. Considering the differences between the background parameters, the difference
seems to be reasonable.
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Figure 5.13 Comparison of NEmission factors for Nowlairy Cattle, 1992024

Swine

The EMEP/EEA Guidebook (EEA, 2023) providemilsion factors for sows and fattening pigs
separately, differentiating solid and slurbased manure management systems from which weighted
averages were derived for swine. (Figure 5.13). The implied value of default N excretion rates are in
the range ¢ 10.2 to 10.4 kg N-ehead!for the period 199€2024. In contrast, the Hungarian country
specific value ranged from3to 9.7 kg N & head! over the inventory period. The slightly decreasing
trend refleds the slightly decreasing trend in final weights of fattening pigs and the decrease in the
crude protein intake due to the amiracid supplements. The lower N excretion rates in the Hungarian
inventory led to significantly lower NHemission factors for Swine than the EMEP/EAA Guidebook
(EEA, 2023) default. The reported emission abatement techniques during the manure application also
contribute to the lower emissions.

Though the default N excretion rates were sourced from the 2006 IPCC Guidelines according to the
foot note of the EMEP/EEA Guidebook (EEA, 2023), neither our calculation nor the FAO GHG database
justify the EMEP/EEA defaults. Default values eaxtetionrates and weights provided in the 2006

IPCC Guidelines result in 7.7 and 9.3 for Market Swine and 17.3 and 27.6 kg&ti&for Breeding

Swine for Westernand EastersEurope, respectively. Consequently, the sNdthission factors for

Swine, in particulafor Sows in the 2023 EMEP/EEA Guidebook seem to be overestimated for the
Hungarian swine livestock.

The recent results of the examination of Hungarian pig feeds also strengthen that the N Intake of pigs
is relatively low in Hungary.
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Figure 5.14 Comparison of NEmission factors for Swine, 1991024

The Tier 1 default emission factor provided by EMEP/EEA Guidebook (EEA, 2023) is higher than most
of the Tier 2 default emission factors. Only the emission factors related tchased fertilizer (urea

and nitrogen solutions) are higher than that. Accagdiio Table Al.1 of the EMEP/EEA Guidebook
(EEA, 2023), the default emission factor was developed based on IFA sales data for the year 2019. It
indicates that urea N constituted 20% and the nitrogen solutions N constituted 13% on average of the
total fertilizer N in the applied statistics.

The use of Tier 1 default emission factor indicates lower emissions than the cepetific value at
the beginning of the inventory period, when the proportion of Hesed N was above 25%. Between
1993 and 2018, the combined share of solid and liquehwas below 25% resulting in lower Tier 2
emissions compared to Tier 1 emissions.

Between 2004 and 2007, the Tier 2 methodology yields emissions similar to those calculated using Tier
1 methods. Despite an average share of solid urea N applicatiet8%, the increasing share of urea
solution fertilizers of 8% during this period adscontributes to the relatively high implied EFs.

In the period 2008018, especially at the beginning of the period due to the economic downturn, the
share of solid urea fertilizers continues to decrease and even the share of liquid urea fertilizers is barely
above 10%, so the Tier 2 methodology resintslightly lower emissions than Tier 1.

Between 2019 and 2021, the share of solid urea again reached around 10%, while the share of liquid
urea steadily increased, reaching close to 20%, resulting in slightly higher Tier 2 IEFs than Tier 1 default
EF. Since 2022, the share of solid urea N isg@aignificantly, reaching 13% by 2024, resulting in Tier

2 emissions significantly exceeding tier 1 emissions.

Comparison of Nkemissions from 3Dal Inorganic fertilizers, calculated with Tier 1 and Tier 2 emission
factors, are presented in Figure 5.15.
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Figure 5.15 Comparison of NEmissions from 3Dal Inorganic fertilizers, calculated with Tier 1 and
Tier 2 emission factors, 199024
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5.8 Recalculations

Table 5.55 summarizes the overall changes in the NB, NMVOC and PM emissions compared to

the 2025 submission. The main reasons for the changes in the abovementioned emissions are the
corrections of calculation errors and the update of mules and asses population for2P@21
Revisions caused a decreas®df7% on average in the total Blémissions for the period 2002023.

In case of NQemissions, there was also an update in the emission factor of sewage sludge. These
modifications caused changesnging from-0.31% to 0.16% in emissions over the entire time series.
NMVOC emissions changed insignificantly for the period -2028. For PM and TSP emissions, the
aforementioned revisions resulted in a negligible increase for the period-2023. Thedetailed
reasons for the recalculation are presented in the following subsections.
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Table 5.55 Changes in NHNQ. NMVOC and PM emissions in the 3.Agriculture sector between the
2025 and the 2026 submissions

NHs 1990 1995 2000 2005 2010 2015 2020 2021 2022 2023
2025~ 13807 79.35 87.18 81.46 7155 80.81 8534 8570 75.65 66.98
Submission
2026 13807 79.35 87.18 81.46 7157 80.86 8534 85.88 76.01 67.20
Submission

Difference % 0.00% 0.00% 0.00% 0.00% 0.03% 0.06% 0.00% 0.21% 0.48% 0.33%

NOx 1990 1995 2000 2005 2010 2015 2020 2021 2022 2023
2025. . 25.49 1453 17.20 16.83 17.22 2152 23.90 24.42 18.90 16.22
Submission
2026. . 25.48 14.51 17.18 16.79 17.19 21.52 23.87 24.37 18.84 16.24
Submission

Difference % -0.03% -0.15% -0.10% -0.20% -0.14% 0.01% -0.13% -0.20% -0.31% 0.16%

NMVOC 1990 1995 2000 2005 2010 2015 2020 2021 2022 2023
2025. . 53.15 33.37 33.08 29.49 2755 2856 27.06 27.42 25.87 25.85
Submission
2026. . 53.15 33.37 33.08 29.49 27.55 28.56 27.07 27.36 26.13 26.06
Submission

Difference % 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.06% -0.23% 0.99% 0.84%

PMes 2000 2005 2010 2015 2020 2021 2022 2023
éﬂiﬁq ission 080 079 077 077 070 0.72 0.68 0.69
éﬂi%ission 080 079 077 077 070 0.72 0.68 0.69
Difference % 0.00% 0.00% 0.00% 0.00% 0.01% 0.08% 0.45% 0.31%
PMio 2000 2005 2010 2015 2020 2021 2022 2023
éﬂi?n ission 943 998 9.88 962 867 899 874 881
éﬂi%ission 943 998 988 962 867 899 875 881
Difference % 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.05% 0.04%
TSP 2000 2005 2010 2015 2020 2021 2022 2023
éﬂi?n issio 16.48 16.10 15.11 14.69 13.11 13.37 12.94 12.86
éﬂi?nission 16.48 16.10 15.11 14.69 13.11 13.38 12.95 12.86
Difference % 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.08% 0.06%
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3B Manure management

The update of livestock population of mules and adse2021-2022 led to significant changes (10.6%
and 5.3%, respectively) in Beimissions from manure management.

Corrections of calculation errors regarding the manure management system of dairy cattidaingn
cattle and swine resulted in changes varied betwekfi% and 4.0% in NEmissions fron8B Manure
managementor the period 20172023.

Overall, as a result of the revisions, emissions fBBrManure managemerthanged between0.06
kt and 0.07 kt for the period 2017023.

3D Agricultural soils
3Da2a Livestock manure applied to soils

The update of livestock population of mules and asses for-2022 and the corrections of calculation

errors regarding the manure management system of dairy cattle;dairy cattle and swine led to

changes in Niemissions fronBDa2a Livestock manure applied tosBildzS 2 G KS LJ2 LJdzt | § A
effect on manure volumeThe revisions resulted in a 0.8% change on averagesiamiisisions for the

period 20172023.

3Da2c Other organic fertilizers applied to soils

The correction of calculation errors in this category caused changes varied betiv8&mand 13.9%
in NH; emissions for the period 2002023.

3Da3 Urine and dung deposited by grazing animals

The update of livestock population of mules and asses for-2022 and the corrections of calculation
errors regarding the manure management system of dairy cattle;dairy cattle and swine led to
changes in NHemissions from3Da3 Urine and dung deposited by grazing aninthle to the
LJ2 LIzt F GA 2y Q& RA NB Ol The visBiB ilesuted in-i.9%/ctizNge ordeddradeYirs
NH; emissions for the period 2037023.

3B Manure management

The update of livestock population of mules and adse2021-2022 led to significant changes (10.6%
and 5.3%, respectively) in Bleimissions from manure management.

Corrections of calculation errors regarding the manure management system of dairy cattidaimgn
cattle and swine resulted in changes varied betweef% and 3.7% in NEmissions fron8B Manure
managementor the period 20172023.
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Overall, as a result of the revisions, emissions fBBrManure managemerthanged between0.06
kt and 0.04 kt for the period 2012023.

3D Agricultural soils
3Da2a Livestock manure applied to soils

The update of livestock population of mules and asses for-2022 and the corrections of calculation

errors regarding the manure management system of dairy cattle;dary cattle and swine led to

changes in NOx emissions fr@Da2a Livestock manure applied to sBildzS (12 G KS LJ2 Lddzt I ( A
effect on manure volumeThe revisions resulted in a 0.4% increase on average iemidsions for

the period 20172023.

3Da2b Sewage sludge applied to soils

There was a change in the emission factor of sewage sludge update resulted in a decrease of
95.0% in N@emissions for the entire time series.

3Da2c Other organic fertilizers applied to soils

The correction of calculation errors in this category caused changes varied betiv8&mand 13.9%
in NQ emissions for the period 2002023.

3Da3 Urine and dung deposited by grazing animals

The update of livestock population of mules and asse2021-2022 and the corrections of calculation
errors regarding the manure management system of dairy cattle;dairy cattle and swine led to
changes in NQemissions from3Da3 Urine and dung deposited by grazing aninthle to the
LJ2 LJdzf F GA 2y Q& RA NB Ol The isBIE lesuted in-T.1%/ctizNgs ordedradeYirs
NH; emissions for the period 2012023.

The abovementioned changes in Nlémissions estimates partially contributed to the recalculation of

the NMVOC emissions from manure management for mules and asses fe2@P21and dairy cattle

and nondairy cattle for the period 20%:2023. This is because, in accordance with the EMERP/EE
Guidebook (EEA, 2023), the NMVOC emission factors should be derived based on the ratios of NH
emissions between different stages of manure management.

The changes of NMVOC emissions from 3 Agriculture varied bet@e8% and 0.99% for the period
2017-2023.
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The update of livestock population of mules and asses for-2022 and the corrections of calculation

errors led to changes in PM and TSP emissions. The revisions resulted in a 0.1% change on average in
PM. s emissions, 0.01% change on average indRvhissions and 0.02% change on average in TSP
emissions for the period 2037023.

5.9 Planned improvements

Accounting for Nklabatement emission technologies will continue to be a priority. In the next
submission, we plan to extend the calculation of ammonia emissions from crops residues by
considering green manure. In addition, depending on data availability, we plan to foethse feeding

data for animal feedings. According to the feeding monitoring program of AERI, the next inventory
report is planned to reflect the effect of low protein feeding and animal feeding supplements.
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6 WASTENFR SECTOR 6)

Emissions relating to MSW deposition and composting, wastewater handling, incineration of different
waste categories are presented in this chaptemitstbe noted that although emissions from waste
incineration for energy recovery are allocated to the energy sector as required by the guidebook, the
methodological description and background data of all incineration is discussed here.

6.1 Biological treatment of waste Solid waste disposal on land (NI-R
Code 5A)

Reported Emissions: NMVOC, Particulate Matter
Measured Emissions: None

Methods: CS, Tier 1

Emission factors: D

Key source:

A major but decreasing part of municipal solid wastes (MSW) is treated by managed disposal and a
smaller part by reuse, incineration or other means. The average specific municipal household waste
generation rate decreased from 1.3 to 0.9 kg/capita/dayhia tast few years. The total amount of
MSW wag1115Gg in2023. (The2024 data is expected to be published by the Statistical Office in May
2026.) Out of this, 1375 Gg (33%) was recovered by recycling and composiidg Gg (12%) was
incinerated for energpurposes, an@232Gg (55%) went to landfills.

In case of managed disposal, the waste is disposed in landfills where it is compacted and covered.
Under these circumstancemaerobicdegradation occurs during which mostly methane and carbon
dioxide is emitted. Degradation requires several decades and occurs at varying rates.

Considering NMVOC emissions, the following assumptions were made. The EMEP/EEA Guidebook
states, based on the evaluation of the US Environmental Protection Agency, that 98.7 % of the landfill
gas is methane and 1.3 % are other VOCs such as perchlorethgtamiane, butane, etc. Thus, our
NMVOC emission estimates were based on methane emission calculations in line with the UNFCCC
requirements. Once we had the results for methane emissions, the al@vegioned share of NMVOC

(1.3% of all VOCs) was used.

Methane emissions were calculated using a first order decay (FOD) methodology applied by the IPCC
Waste Model from the 2019 IPCC Guidelines. The FOD method produces a time dependent emission
profile which may better reflect the true pattern of the degraitat process.

For particulate matter emissions, Tier 1 method from the EMEP/EEA Guidebook was applied.
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Activity data

The calculation method requires total amount of disposed waste. For the NMVOC emission calculation,
disposed amount of municipal solid waste was used with some additional industrial waste with high
degradable organic content (agriculture, food processivapd products etc.). The IPCC Waste model
was used for emission calculation and the resulting methane emissions served as input for NMVOC
emissions estimates:or particulate matter emissions, total amount of disposed waste was taken into
account, includig relatively large amounts of neathegradable industrial aste. In2024, altogether
3682kt waste was disposed.

Emission factors

For PM emissions, default Tier 1 emission factors were applied as provided in Chapter 3.2 of the 2023
version of the Guidebook.

PM,s  0.033
PMu1o 0.219
TSP 0.463

Uncertainties and timeseries consistency

The time series is most probably consistent. As regards NMVOC emissions, a consistent time series is
presented inFigure 6.1.
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Figure 66.1 Time series of NMVOC emissions from solid waste disposal

Sourcespecific QA/QC and verification

None.
Sourcespecific recalculations
None.

Sourcespecific planned improvements

None.
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6.2 Biological treatment of waste Composting (NFR Code 5B1)

Reported Emissions: NH
Measured Emissions: None
Methods: Tier 1

Emission factors: D

Key source:

Ammonia emissions from composting of both municipal waste and sewage slvelggported here.
Generally, the Tier 1 method was used with the default emission factor. This method is easy to apply
for municipal waste. However, there is no default factor specifically for sewage sludge in the
Guidebook therefore a more general EF onilasis of N content of any kind of waste composted was
derived. Assuming 60% moisture and 2% N for organic municipal waste (see Table 4.1 in the Waste
chapter of the 2006 IPCQi@elines), the default madsased EF for MSW (i.e., 0.24 kg NH3/Mg waste)
was converted to an #ased EF as follows: 0.24/(40% x 2%) = 30 kg NH3/tonne N. Using this new EF,
NH3 from composting of sewage sludge could be estimated with an assuroedtéhtof 4.2% (see:

Table 2.4A in the 2019 Refinement).

The amount of composted municipal waste was received from the Hungarian Central Statistical Office.
In 2024, 392 kt waste was composted which represent&®®s of all generated MSW. This is what is
reported as AD in the NFR table. In additi8@ kt sewage sludge (in dry matter) was composted in
2023. Further activity data for selected years are presented in the table below.

COMPOSTING (kt 1990 1995 2000 2005 2010 2015 2020 2021 2022 2023 2024

Municipal solid

0 0 17 41 148 231 375 383 359 370 392
waste

Sewage sludge

20 28 30 53 82 99 93 93 88 91 88
(d.m.)

The default value i.e. 0.24 kg/Mg organic waste was used from the Guidebook. For sewage sludge, an
N-based EF was used: 30 kgsftibhne N.

The time series is most probably consistent.

None.
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None

None.

6.3 Biological treatment of waste- anaerobic digestion at biogas
facilities (NFR Code 5B2)

Reported Emissions: NH
Measured Emissions: None
Methods: Tier 1

Emission factors: D

Key source:

In this source category, ammonia emissions are estimated from (A) biogas plants using diverse
feedstock including manure, crops from agriculture, wastes from food processing industries, sewage
sludge, and municipal organic wastes, and (B) anaerobic digestisewage sludge at wastewater
treatment plants.

Starting with general biogas facilities (A), a very detailed database on various feedstock used for
anaerobic digestion was analyzed for the period 22024. This database contained information on

more than 40 types of feedstocks, including fresh weight and dry matter content. Nitrogen content

was then calculated by using mostly the default values from TaldleoBthe 2023 version of the

9a9t k99! DBmWlogi&Gareatrientdfwaste I Yy SNRPO6AO RAISaGA2Yy G o6A
the resulting toal N amount, NH3 emission was directly calculated using the default emission factor.

For earlier years, total N amount was derived from biogas production data as described later in this
chapter.

As for sewage sludge gas (B), our starting point was the energy statistics, i.e., sewage sludge gas
production from the IEA/Eurostat Annual Questionnaire for Renewables. From biogas data, the N
content of sludge was estimated, and then the same methoddcbelapplied as for agricultural wastes
described above in part (A).

In case of general biogas plants, the totatdnhtent of feedstock was estimated &5,720t N in2024.

At the same time, the produced biogas (classified as 'other biogases from anaerobic fermentation,’'
according to the IEA/Eurostat Annual Questionnaire for Renewables) amoun&@r&T1J in2024.
Combining these two datasets between 2017 &@P4, an average factor of 38t N/TJ could be
derived which then could be used for backward extrapolation of N content of feedstock for the period
20002016 using the available energy statistics on biogas production. Please note that biogas
production data refers to the energy conteintbiogas (and not to the power produced from biogas).
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In case of wastewater plants, N content of sewage sludge going into biogas plant had to be derived.
First, the same assumption of 4.2% N in dry matter was used as elsewhere in the inventories. However,
the amount of sewage sludge was not known. From ttexdture, the following parameters were

taken (see table below):

(1) methane yield = 21 liter/kg sludge in fresh weight (from the rang@Q)1Further, 34 MJ/m3 as a
net calorific value of methane was assumed. From these two values, a biogas yield of 0.714 MJ/kg fresh
sludge could be estimated (21 x 34 / 1000).

(2) dry matter content of sewage sludge = 7.5% (from the rarb@%b).

Combining these two parameters, we got an estimated biogas yield of 9.5 MJ / kg sludge in dry matter
(0.714/0.075).

In 2024, 1363 TJ sewage sludge gas was produced. Using the above parameters, for this amount of
biogasl42.42kt (d.m.) sewage sludge was need&d853/9.5=142.42) that had a N content of 98 kt
(142.42x4.2%=598).

Feedstock DM VS Methane yield Methane yield
Pig slurry 3¢8 70¢80 250¢350 6¢22
Cattle slurry 6¢12 70¢85 200¢250 8¢25
Poultry manure 10¢30 70c80 300¢350 21¢84
Maize silage 30¢40 90¢95 250c450 68¢170
Grass 20¢30 90¢95 300¢450 55¢128
Alfalfa 20¢25 90¢95 300500 57¢118
Potatoes 20¢30 90¢95 280c400 54¢128
Sugar beet 15¢20 90¢95 230380 31¢72
Straw 85¢90 80¢90 200¢250 136¢202
Vegetable waste 85¢90 80¢90 200¢251 136¢203
Organic waste 10c40 75¢90 350¢450 26¢180
Slaughterhouse 35 90¢95 550¢650 173216
residues
Sewage sludge 5¢10 75 300c400 11¢30

https://www.sciencedirect.com/science/article/pii/S096014811830301X

¢KS RSTlLdzZ G SYAaaAh2Nkg W in Gaedstdk) dronmbtheH 2028 veysidn db thé
Guidebook was applied.

The time series is most probably consistent.

None.

Due to changes in some categories of tiiteogen content (t N/t FM)and thebiogas or methane yield
6 Y wk (pardretérs, the Ncontent and the energy content expressed in TJ have also been revised
retroactively.
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None.

6.4 Waste Incineration (NFR Code 5C1)

Reported Emissions: Main Pollutants except,Ntrticulate Matter, CO, Heavy Metals, POPs
Measured/Plardevel Emissions: NOSQ, TSP, CO, (Pb, Cd, Hg, As, Cu, Ni, PCDD/F)
Methods: Tier 1/ Tier 3

Emission factors: D, CS

Key source:

In accordance with the Guidebook, if there is heat recovery in the incineration process it is good
practice to report the emission in the relevant combustion sector in the combustion section (1A). If no
heat recovery occurs, it is good practice to repdw £mission in the waste incineration sector (5C1).
Following the above recommendation, the categories under 5C1 cover only emissions from thermal
waste treatment without energy recovery. However, the used method was more or less the same for
waste incineated both in the energy and waste sectors. Similarly, to other parts of the inventory, a
mixture of the default Tier 1 methodology was used together with Tier 3 facility level measured data.

For our calculations, five main data sources were used. First of all, the Hungarian Waste Management
Information System (HIR) that comprises facility level data on mass and composition of waste in line
with the European Waste Catalogue (EWC codes) andBumitbpean Waste Classification (E\Bi@t)

but also on waste management methods in accordance with the Waste Framework Directive which
made it possible to distinguish between waste incineration on land (D10) and use of waste principally
as a fuel or other mans to generate energy (R1). Our second data source was the Waste Incineration
Works (FKF) of Budapest which is the biggest (and for long time the only one) municipal waste
incinerator in Hungary. i MSW incinerator in Budapest was reconstructed between 2002 and 2005.)
CKANRE&E faz2 9¢{ RIGFI 68NB G(I18y AydG2 I 002dzyiis
co-incinerator plant or by the four large cement factories in the country. Our fourth data source was
the oftenreferred Hungarian Air Essions Information System (LAIR). Input data for cremation
(number of bodies) were received from the Hungarian Central Statistical Office.
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Industrial waste incineration Hazardous waste incineration
Clinical waste incineration

Figure 6.2Activity data used for emission calculations (1:29@4)

As emissions are to be reported separately for different waste categories, the classification system of
wastes in HIR according to EM8Gt was used. In the NFR tables, the following waste categories are
reported:

1 Industrial waste incineration: all nemazardous waste;

1 Hazardous waste incineration: defined as all hazardous waste except clinical.

9 Clinical waste incineration: defined as E\8/@t code W05 (Health care and biological wastes);

1 Cremation
It might be an interesting fadhat 92 per cent of all incinerated waste in this source category was
hazardous waste of which most part was liquid. Incinerating sewage sludge is not a common practice
in Hungary. The above categories might however include some industrial sludges. Emissions from
municipal waste incineration are reported under the source category 1Ala.

Based on information from the Hungarian Central Statistical Office, on average 1250 kt waste was
treated either with energy recovery or incinerated without energy recovery between 2004 and 2019
out of which only 8% was burned without energy recovery.

As a general rule, default Tier 1 emission factors were applied with quite a few exceptions as
summarized in the following.

In Hungary, waste incineration is regulated by law. For example, all incinerators burning hazardous
glaitsS ySSR G2 2LISNIGS 6AGK Fy FFAOSNDAZNYSNI A 0K
The current legislation (Decree 29 of 2014 (XI1.28.) diNhe Ministry of Agriculture concerning
technical requirements, operational conditions and technological emission limit valued of waste
incineration) contains the following emission limit values: 0.1 ng/m3 for PCDD/F, 0.05 mg/m3 for both
Cd and Hg, and.5 mg/m3 for Sh, As, Pb, Cr, Co, Cu, Mn, Ni, V altogether. These ELVs are valid since
the second half of 2005. Assuming a calorific value of 10 GJ/t, these emission limit values could be
O2y@SNILISR (G2 SYAaaArzy Tl Ol 2 NB g/tifoa CdadiHg, anal .33 g/t dp n ¢
for the remaining heavy metals. Especially for dioxins and furans generally and heavy metals in case of
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clinical waste, these values are lower than the default T1 emission factors. Consequently, the following
approach was applied.

Forindustrial and hazardousaste, default T1 emission factors from Tablg 8f the 2023 Guidebook
are used for the main pollutants (NOx, CO, NMVOC, SOx).

NGO« 0.87 kg/Mg waste
CO 0.07 kg/Mg waste
NMVOC 7.4 kg/Mg waste
SGQ0.047 kg/Mg waste

For particulate matter, somewhat higher than the default are applied (i.e. 0.04 kg/t for TSP). Default
SYAaaArzy FILO02NAR 6SNB {SLI F2N KSIFI@ge YSalrtax t!|
from the emission limit value) is applied from 2006 When measured emissions were available (this

was mostly the case for incinerators with energy recovery reported in the energy sector), these were

used to the extent possible.

As regard<linical wastedifferent emission factors were used for the periods before and after 2005.

In the early period of the time series, the default emission factors from Tabl®f3the Guidebook

were applied with the exception of PCDD/F for which a couspeeific value 0b 1 x Ik i ¢ & dza
From 2006 on, the following nedefault EFs are applied derived from the average IEF of a clinical

waste incinerator from the years 204®: 1.3 kg/t for NOx, 0.2 kg/t for CO, 0.335 kg/t for SO2, and

0.045 kg/t for TSP. As for heavy mistdahe used EFs are as follows: 1.031 g/t for Pb, 0.003 g/t for As,

0.033 g/t for Cr, 1.629 g/t for Cu and 0.033 g/t for Ni. All these values were derived from the emission

limit value from the ministerial decree for Sb, As, Pb, Cr, Co, Cu, Mn, Nig&tladto(i.e. 2.73 g/t). For

Hg, an EF of 0.029 g/t was used derived from measured emissions. For Cd, Tier 2 EF was applied
assuming an abatement efficiency of 98% [3 g/t-98%) = 0.06 g/t]. Our PCDD/F emission factor is

again based on measurements ORAK G 0> FyR F2NJ I /. Fy FolGSyYySyid §
(0.1 mg/t). For this submissiaime emission factors were derived from the Tabld ®f the 2023

Guidebook.

Coming tamunicipal wasténcineration, & almost almunicipal waste is incinerated by one plant, the
Waste Incineration Works in Budapest, its measured emission data were used extensively (either
directly or for deriving country specific emission factors) for the following pollutants: NOx, SOx, CO,
TSP, Pi;d, Hg, As, and PCDD/F. Due to more stringent legislation and reconstruction of the plant, the
implied emission factors show mostly significantly decreasing values, for example:

1 NOx: from 1.8 kg/t before 1992 to 1.3 kg/t between 1992 and 2002 to around 0.7 kg/t in recent
years;
T SOx: from 1.8 kg/t before 1992 to €058 kg/t between 1992 and 2002 to less than 0.2 kg/t in
recent years;
1 CO: from 0.7 kg/t up to 1991 to less than 0.1 kg/t in recent years;
i Particulate matter: from 0.3 kg/t to close to 0.001 kg/t
As for heavy metals, the following counspecific emission factors could be derived from
measurements: 0.141 g/t for Pb, 0.025 g/t for Cd, 0.026 g/t for Hg, 0.03 g/t for As, 0.034 g/t for Cr and
Cu, and 0.046 g/t for Ni. For the remaining heavy methisdefault T1 emission factors were applied.
The above values are valid only for the period after reconstruction of the incineration plant (i.e. after
2005). For previous years, as we assume abatement efficiencies of 90%, the applied EFs are an order
of magnitude higher, (or T1 emission factors from a previous guidebook were used).
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C2NJ IfQ)\ZEAyé YR FdzNF yas YSIF&dz2NE RFEGF AYRAOFGS I
before 2005.

Although emissions are allocated to the energy sector, it is worth mentioning thatcateration

occur both in power sector and in cement plants. As regards industrial watsie of all incinerated

waste came from the biggestdoy OA Y SNI G2NJ LI | yi o6at GNI t26SNItfly
and TSP emissions were anyhow included under 1Ala regardless of the burned fuel. In source category
1A2f, 64% of the incinerated wastabocated here were from cement factories. All the rest was wood

waste. Measued NOx, SOx, CO, TSP, and Hg emissions from cement factories were taken into
consideration.

For the source catego®Clbv Crematiorthe default methodology with default emission factors was
applied. Only emissions from the incineration of human bodies in crematoria are included.

In earlier submissions, it was assumed that approximately one quarter of deaths were subject to
cremation. Later surveys indicated a significantly higher share, estimatéd.4% in 2019Recent
information from the funeral service sector suggests that the share of cremations has continued to
increase in recent years, reachiagproximately 80% in 202garticularly in larger cities. This increase
reflects changes in funeral practices and economic considerations.

The time series are most probably consistent.

None.

None

None.
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6.5 Open burning of waste (NFR Code 5C2)

Reported Emissions: NOx, SAKMVOC, Particulate Matter, CO, Heavy Metals, POPs
Measured/Plarievel Emissions: NA

Methods: Tier 1 and Tier 2

Emission factors: D

Key source: CO, BM PMy

Tier 2 method was used with the default emission factors.

Data on the amount of slash burned on site was received directly from the Forestry Directorate of the
Hungarian National Land Centre.

The amount of waste from orchard and vine pruning was estimated based on area data of orchards
and vineyards provided by the Hungarian Central Statistical Office and country specific data found in

| dzy A NRA LY €t AGSNI GdzNB 6. waAKR2AA I FR R NESH @ IMMTSVANTZKH .
t AYGSNI YR . NI T a brithemmomn of prdsing/asiekpibdiiced penheatar of land.
According to the abovwenentioned data the average amount of residues from orchard pruning are 2.23
tonnes/ha while esidues from vine pruning amount to 3 tonnes/ha. In order to estimate the
proportion of pruning waste burned on site we also used data provided by the Hungarian State
Treasury on orchards and vineyards supported by EU agricultural subsidies. As buagriguttural

residues on subsidized areas is strictly prohibited it was assumed that burning in these areas does not
take place. Regarding orchard and vineyard areas not subject to EU subsidies it is assumed that 70% of
pruning waste is open burned in thgeriod 19852007 (Gergely, 2005). For years after 2007 it is
assumed that open burning of agricultural residues takes place in orchard and vineyard areas not
subject to EU subsidies.

The total amount of garden waste was estimated based on data on the number of households with
garden collected by the Hungarian Central Statistical Office. An average garden waste production rate
of 288 kg per year (Eades, 2020) was assumed. In ordetinoads the proportion of burned garden
waste a survey on waste burning practices of the Hungarian population was used which was made by
Kantar Hoffman LTD (2017) together with two Hungarian NGOs the Clean Air Action Group and the
Anti-Poverty Network. Acading to this survey 17% of the population open burns garden waste which
means that 30% of households owning a garden burn garden waste outdoors. According to the survey
90% of garden waste burners do this activity tyaérly or even more rarely and onlY% burns it
monthly or weekly. Based on data collected in this survey it was assumed that households practicing
open burning of garden waste burn on average 3.6 times yearly. Taking into account the unpublished
results of a survey of the University of Mudc it was also assumed that 50 kg garden waste is burned
per occasion. Based on these amounts it was calculated that 63% of the amount of garden waste is
open burned in households which do burn garden waste outdoors. This leads to the conclusion that
19%of the total amount of garden waste available is burned outdoors.

260



HUNGARY Informative Inventory Report9902024 WASTE

Data provided by Hungarian Central Statistical Office on separate collection of garden waste is
available from 2009 onwards. The amount of garden waste collected separately has an increasing
trend. In year2024, 319,837tonnes of garden waste were collected separately.

Based on the abovmentioned data it was assumed that 19% of the amount of garden waste
remaining in gardens (ie. not collected separately) is open burned.

700
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kt waste
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Slash M Vine pruning Orchard pruning M Garden waste

Figure 6.3Activity data used for emission calculations: amount of waste open burned-gD28%

The table below displays the quantities of waste incinerated by burned waste categories.

Burned waste

Wet weight . . Burned
Burned waste from pruning  from pruning
Years of burned . garden waste
(vine crops) (orchard .
slash (wet weight)
crops)
t t t t

1990 97 782 196 347 176 925 126 409
1995 71 096 187 947 182 650 126 409
2000 74 666 153 047 188 458 126 409
2005 65 563 119 766 176 872 126 409
2010 62 892 115 283 142 080 108 391
2015 66 089 51 842 30 749 96 872
2020 57 945 11 498 16 110 66 933
2021 68 645 12 783 17 370 67 007
2022 74 507 12 263 20 058 70 782
2023 71 269 11 678 23999 67 210
2024 64 240 16 599 28 846 66 518
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Please note that in the NFR tables there is only one cell for activity data therefore only the amount
slash is reported there. However, emissions are calculated from the incineration of all above
mentioned agricultural and garden wastes.

Further note on completeness: In 1986 a decree on the protection of air quality came into force, under
which waste incineration (of any kind) required authorization. In 2001, decree 21/2001 (lI.14) came
into force explicitly prohibiting the open burning whste, including burning in household furnaces.
The same prohibition was included in the current Government Decree on air protection (306/2010 (XII.
23.). Based on the recent Government Decree, open burning of waste (or incineration of waste in an
installation that does not comply with the legislation setting the conditions for incineration of waste),
with the exception of household waste paper and incineration of untreated-lmemardous wood
waste is prohibited. In outside areas, as a general rule, openitg of standing vegetation, stubble

and waste from crop production is prohibited. However, as an exemption, Regulation 54/2014 of the
Ministry of Interior on national fire protection, the owner and user of the property may carry out
controlled incineraibn with the permission of the fire protection authority. This permission is usually
given in case of plant diseases. (According to the information and data provided by the plant protection
authority, incineration permits have been issued only some rigelda and the corresponding
emissions are reported under 3F.) We would also like to stress, that incineration of straw is prohibited
without exemption. So, we believe that by estimating emissions from orchards and vineyards, we
might include all emissiongdm agricultural waste burning (including possibly also some illegal
activities).

For open burning of forest residues, orchard and vine crops, the default Tier 2 emission factors were
used from Table -2 and 33 from the 2023 Guidebook, respectively. Compared to the previous
Guidebook, emission factors and consequently emissions of Elfeged quite significantly.

For open burning of garden waste, partly the default Tier 1 emission factors were used from-Iable 3
of the 2023 Guidebook. However, for particulate matter ands,NRe emission factors were taken
from US EPA assuming 58%%6 share of leaves and brush.

https://www.epa.gov/system/files/documents/20283/NEI_2020_Wagon_Wheel EFs_24mar2023.xIsx

The time series is most probably consistent.

None.

None.

None.
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6.6 Wastewater Handling (NFR Code 5D)

Reported Emissions: NMVOC sNH
Measured Emissions: None
Methods: Tier 1. Tier 2

Emission factors: D

Key source:

Following the latest EMEP/EEA Guidebook, NMVOC emissions are calculated from wastewater
handling. In addition, Nd&emission from latrines is taken into account. The resulting emissions are
almost negligible.

Tier 1 (NMVOC) and Tier 2 @ hhethods were used with default emission factors.

For the calculation of NMVOC emission, treated wastewater in m3 collected and published by the
Hungarian Central Statistical Office was used as activity data. Only at least biologically treated
wastewater was taken into account (which meant basically afitewater in the last three years). On
average, around 500 million m3 wastewater was treated (including also mechanical only) in the last 10
years. It is worth mentioning that the share of only mechanically treated wastewater dropped from
23% in 2009 to 3% 2010 and further to 0-D.2% in 2012.

Municipal waste water treatment [thousand m3]

Discharged or Discharged or Discharged or
transp.orted toa transp.orted toa transp.orted toa S o
public waste public waste public waste
transported to a
water treatment | water treatment | water treatment .
lant on a public | plant on a public | plant on a public public waste
Year P P P P P P water treatment Used AD
sewerage sewerage sewerage lant on a public
network only network also network also P sewerape
with mechanical | with biological with advanced g
network total
treatment treatment treatment
technology technology technology
1990 475968 280426 22979 779373 779373
1995 325451 244992 13001 583444 583444
2000 168910 252978 57304 479192 479192
2005 174815 188779 196784 560378 560378
2010 17607 280760 255008 553375 553375
2015 745 63437 418269 482452 482452
2020 551 44248 488232 533031 533031
2021 588 44613 479425 524626 524626
2022 307 42975 465367 508649 508649
2023 307 44 812 525767 570885 570885
2024 268 43063 518525 561856 561856

Sourcehttps://www.ksh.hu/stadat files/kor/en/kor0027.html

263



https://www.ksh.hu/stadat_files/kor/en/kor0027.html

WASTE

HUNGARY Informative Inventory Report9902024

Activity data for NElemission estimation is the number of people using latrines (see Tablef3he
Guidebook). For our recent calculation, it was assumed that tenants of urban flats and country houses
with either no connection to the public sewerage system or no domestiesage system have to use
latrines outside the house. It was assumed that 88.6% of all dwellings were connected to the public
sewerage network in 2023 whereas 8.9% used some domestic sewerage. Thus, we assumed that 2.5%
of the total ppulation (239,805 people) use latrines. For earlier part of the time series much higher
numbers are assumed: 1990: 16% (1,691,502 people), 2000: 10% (1,024,844 people), 2005: 6%
(587,067 people), 2010: 3% (322,001 people), 2015: 2,8% (249,843 people).

Emission factors

The default values, i.e. 15 mg/m3 (NMVOC) and 1.6 kg/person/yeafr@iiilatrines) were used from
the 2023 Guidebook Table1l3

Uncertainties and timeseries consistency

A consistent time series of NMVOC emissions is presentéidume 6.4
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Figure 6.4Time series of NMVOC emissions from wastewater handling

Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

None.

Sourcespecific planned improvements

2SQff OKSO|l GUKS LlRaaAoAfAd

w

@ (G2 NBLRNI SyAiaaizy

264

~

a



HUNGARY Informative Inventory Report990-2024 WASTE

6.7 Other Waste (NFR Code 5E)

Reported Emissions: PM, heavy metals, PCDD/F
Measured Emissions: None

Methods: Tier 2

Emission factors: D

Key source:

In this source category, emissions from car and house fires are reported.

Methodological issues

The Tier 2 approach was applied as suggested by the EMEP/EEA Guidebook. Activity data were
stratified basically into three categories: house fires, industrial building fires, and car fires.

Activity data

Two sources have been used for activity data: (1) Hungarian Central Statistical Office (for total number
of fires, 19962024, and fires in dwellings, 2000, 2005, 2€A@R0), and (2) National Directorate
General for Disaster Management, Ministry of the Interior (for car fires and other building fires, from
2011). Due to incomplete information, the time series, as shown in Fgcéntains also intraand
extrapolated data.

14,000
@ 12,000
‘% 10,000
E 8,000
€ 6,000
=2
4,000
2,000
0
N\ b‘ fo Q: > o "
9 & & N A A QL
FF P @Q’Qmmw'\?@w?m“'\?ﬂ?@m‘:’
W House fires M Industrial building fires Car fires

Figure 6.5Number of fires (1992024)

Emission factors

The used default emission factors were taken from Tabl2s3&3, 3-5, and 36. It was assumed that
60% of house fires were from detached houses, and the remaining 40% from apartment buildings.

Uncertainties and timeseries consistency

The time series can be regarded as consistent
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Sourcespecific QA/QC and verification

None.

Sourcespecific recalculations

No methodological change has been made.

Sourcespecific planned improvements

None.
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7 OTHER (NFR SECTOR 6A)

Last update: March 2@

The NFR 6A Other sector comprises NH3 emissions from animals that cannot be attributed to the
agricultural sector. The emissions reported under section 6A would thus include those arising from
animals raised or used for leisure purposes (horses for rigiatg) and domestic livestock used
primarily for nature conservation. The animals should not primarily be kept for producing agricultural
products; those kept for production purposes shall be considered agricultural livestock and reported
under section 3Agriculture).

For cats and dogs, which are not covered by Chapter 3B, only NH3 emissions are considered due to the
lack of specific data on other emissions. (NH3 emissions are estimated from this source.) Non
agricultural horses (horses ridden for pleasure and racet®raere not included in this chapter as

they were estimated in the Agricultural sector. Ammonia emissions from animals that cannot be
attributed to the agricultural sector contributed 3.0% to national emissions of NH3 in 2024.

7.1 Methodology

Emissions from 6A Other were estimated using the Tier 1 method of the EMEP/EEA Guidebook (EEA,
2023).

Estimates of the cat and dog populations of European countries are available from the European Pet
Food Federation (EPFF). Additionally, we used the Statista database to calculate the emissions for the
previous years (the data for the same years were @rae as in the previous source). In the case of

cats, some activity data were missing so we used interpolation for the period betweer20885

and the same method was applied to estimate the number of dogs for the period between 1985

2011. Data were not ailable for the years of 2011, 2013, 2015 and 2018 in the case of cats and for
2013, 2015, 2018 and 2021 for the number of dogs. These years were calculated using the average
value of the previous and the following years. We were unable to find data f3¥, 20 we used the

2023 data to estimate the figures for 2024 as well.

The annual animal populations used for the calculations are provided in Tdble
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Table7.1 Animal populations and their trends for 1992024

ear Cat population Dog population Animal Sc';)ulations
1 000 heads

BY 1926 1421 3347
1990 1964 1479 3443
1991 1976 1498 3474
1992 1989 1518 3506
1993 2001 1537 3538
1994 2014 1556 3570
1995 2 026 1576 3602
1996 2038 1595 3633
1997 2051 1614 3665
1998 2063 1633 3697
1999 2076 1653 3729
2000 2088 1672 3760
2001 2101 1691 3792
2002 2113 1711 3824
2003 2126 1730 3856
2004 2138 1749 3888
2005 2151 1769 3919
2006 2163 1788 3951
2007 2176 1807 3983
2008 2188 1827 4015
2009 2201 1846 4 046
2010 2 240 1865 4105
2011 2243 1885 4127
2012 2 245 2100 4 345
2013 2250 1950 4200
2014 2 255 1800 4 055
2015 2 258 1800 4058
2016 2 260 1800 4 060
2017 2280 2 050 4330
2018 2290 2 050 4 340
2019 2 300 2 050 4 350
2020 2 330 2 050 4380
2021 2380 2111 4491
2022 2 388 2172 4560
2023 2356 2772 5128
2024 2 356 2772 5128

Trend 19962024 20.0% 87.4% 49.0%
Trend 20052024 10.4% 67.0% 34.8%
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For the calculation of Ndtmissions, emission factors from EMEP/EEA Inventory Guidebook (EEA,
2023) were appliedTable 7.2.

Table7.2 Emission factors for 6A Other sector

6A Other Emission factor
kg NH/ head

Cat 0.125

Dog 0.745

7.2 Emissions

NH; emissions have increased since 1990 as both the dog and cat population increased during this
period. Focusing on the period between 268324, there is an increase of 56.7% in the 6A sector
(Table7.3). In 2024, 12.5% of the emissions came from cats and 87.5% from dogs
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Table7.3 NH: emission and trends in 6A Other sector, 192024

Cat Dog 6A
Year
Gg
BY 0.24 1.06 1.30
1990 0.25 1.10 1.35
1991 0.25 1.12 1.36
1992 0.25 1.13 1.38
1993 0.25 1.15 1.40
1994 0.25 1.16 141
1995 0.25 1.17 1.43
1996 0.25 1.19 1.44
1997 0.26 1.20 1.46
1998 0.26 1.22 1.47
1999 0.26 1.23 1.49
2000 0.26 1.25 151
2001 0.26 1.26 1.52
2002 0.26 1.27 1.54
2003 0.27 1.29 1.55
2004 0.27 1.30 1.57
2005 0.27 1.32 1.59
2006 0.27 1.33 1.60
2007 0.27 1.35 1.62
2008 0.27 1.36 1.63
2009 0.28 1.38 1.65
2010 0.28 1.39 1.67
2011 0.28 1.40 1.68
2012 0.28 1.56 1.85
2013 0.28 1.45 1.73
2014 0.28 1.34 1.62
2015 0.28 1.34 1.62
2016 0.28 1.34 1.62
2017 0.29 1.53 181
2018 0.29 1.53 1.81
2019 0.29 1.53 181
2020 0.29 1.53 1.82
2021 0.30 1.57 1.87
2022 0.30 1.62 1.92
2023 0.29 2.07 2.36
2024 0.29 2.07 2.36
Trend 19962024 20.0% 87.4% 75.1%
Trend 20052024 10.4% 67.0% 56.7%
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7.3 Uncertaintiesand time series consistency

The time series are most probably consistent.

7.4 References

EEA (European Environment Agency) (2023): EMEP/EEA Air Pollutant Emission Inventory Guidebook
2023 - Technical guidance to prepare national emission inventories. Publications Office of the
European Union, Luxembourg.
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European Pet Food Federation (FEDIAF) (2023): Facts & Figures Bo2zlles.
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8 RECALCULATIONS AND IMPROVEMENTS

8.1 Recalculations

Information is provided in the sectoral chapters above.

8.2 Planned improvements

- quantitative uncertainty analysis
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9 Reporting of griddedemissions and LPS

9.1 Gridded emissions

HungaobMet, in collaboration witHnstitute for Transport Sciences and Quality Control in Buildind
Hungarian Central Statistical Office, compiled a database of gridded emissions in a resolution of 0.1 x
0.1 degrees for the year 23 as required by the reporting guidelineBhe database was submitted

late 2025 and it isgenerally consistent with thmventory submitted at same time8.1) LPS data are
includedwithin the gridded data submissiohe latest EMEP/EEA air pollutant emission inventory
guidebook served as methodologicakkground for the gridding of emissions.

Emissions were distributed at source categang in some cases at sub source category |étehe
gridding process, we heavily relied on the EISSA software developed byeX€EQt for agriculture
and transport) Usingthis software, diffuse emissions wecdculated ata cell size of.01degree and
then aggregated to th&€MEP grisvith 1 ® m ¢ fesoldtimnc

In the following, the used data and applied methodologies are summarized sector by sector.

As mostly large point sources belong to this catedogether with smaller heating plantgmissions
data of aound 250-260 facilities (with known coordina reported to the National Environmental
Information System (OKIR) weuseddirectly (with some necessargrror corrections)for NO (260
plants),CO (254 plants), S5 plants), and N& (3 plants).For the remainingollutants, emissions
were calculatedbased onindividualfuel consumptiors for a subsetof the plantsgenerallyusingT2
methodologyas follows:

T NMVOC emissions were distributed amal@p plants(mostly large point sources, biomass
fired plants andgas engines).

1 PMemissions wereigdtributed among 55 plantsr(ostly large point sourceendbiomass fired
plants). PM fractionswere calculatedin many casedrom reported and measuredTSP
emissions.

1 Heavy metals and POPs enusswere distributed anong 2655 plantsas these pollutants are
less relevant for natural gas fired plants.

Whenever the location of the source and the corresponding emissions were kinomrOKIRthese
data were used directlgis point sourcesespeciallyin the following source categories:

1Alb(there is only one refineryllAlc(there was only one coking planf)A2a(6 plants), 1A2(24
plants),1A2¢c(69 plants) 1A2d 14 plants)1A2e(167 plants)1A2f(40 plants)1A2g (144 plantsPAL
(there are only three cement factorie®A2 (there are only 3 lime production site2A3 (2 plants),
2B1 @ ammonia and 2 hydrogen productioites), 2B2 (2 nitric acid production sites), 2B1@a (
chemical plants), 202 plants),2C3 {3 plants)2C5 (5 plantsRC6 (3(lants),2C7a (8 plantsD3c
(1 plant).
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Otherwise,emissions were distributedt source category level. In several cageg,in 1A2c, 1A2e,
1A2f 1A2gviij diffuse emissions were calculated usergployment datan combination withCORINE
land coverdata.

Combustionemissionsof heavy metas and POPsvere distributed among plants burning biomass

based ontheir biomass consumptiorPM emissions were distributed among plants that reported
GRdzaAG¢ Ay GKS hyYLw RIFEGFO6FasSo

Emissions from industrial procesgesher than point sourcesyere allocated to grid cells by different

methods according to different source categories as follows:

1 1Alc all remaining emissions were distributed by reportedxM@issions from oil and gas
extractionsites.

1 2AbaEmissions are allocated to operational mines other than coal and hydrocarbon obtained
from the database of Mining and Geological Survey of Hungary divided by the appropriate
area.

1 2A5h Total emissions from the construction of residential buildings were divided by the
number of constructions (per 10,000 inhabitants) as given by the HCSO per municipality. The
total output from the construction of nomesidential buildings has been dividdy the
number ofconstructionspermits per regions (19 region and Budapestalues was provided
by HCSO also). Emissions from road construction were determined according to the
coordinates of motorway constructions completed ir?30

1 2D3h Emissionsvere distributedamong 23 plants based on their reported TSP emissions.

2HZ1 Emissions were distributed amoridl point sources based amployment data.

1 2H2 Gridding wagerformed at subcategory level as follows:

A Amount of emission from coffee roasting is very small, so emission was divided by
population in the lack of specific geographic data of coffee roasting companies. Bread
production is divided by population because of its humerous appearances in the
residental area.

A Since we know the exact geographical coordinates of the breweries and the only one
sugar factory, we providkthese as point source

A Emission from manufacture of wine, spirits and champagne was divided by
employment information.

1 2K¢ Emission was divided by population statistics

]

Air pollution of the commercial and public sector was distributedcombination of point and diffuse
sources. Within point sources, specific emphasis was givdrazardous waste incinerator plants.
Diffuse emissions were distributedsing the algorithm multiresolution fixed weight dasymetic
mapping with CORINENd cover datatogether with data on commeial employment.Similarly,
agricultural (stationary) emissions were also allocated based @ombination ofland coverand
agriculturalemployment dita expressed in annu@bourforce.Otheremissions in the source category
1A5a were distributed aong known nilitary bases.

The distribution of domestic emissions whased onthe 2022 census datalhe statistical office
provided to us detailed information onthe numberand type (i.e. family house @partment) of
dwellings, theheating modei(e. individual centralor district heating, and the types ofuel (e.g. gas,
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fuel wood, coal)usedat a resolution ofl km.Furthermore, it was assumed thain averageamily
houses use 2.4 times more energy than flatapartment housesEmissions werealculated and
distributed separately for wood stoves, wood boilers, coad gasat the samel kmresolution and
then aggregated to the EMEP grid.

Emissions from fossil fuel production, transportation and processing were allocated to grid cells by
different methods according to different source categories.

In case of coal minin@.Bla) areal weighted distributioralgorithm wasapplied usinga map ofmines
with a weightof extracted coaper mine.

Only one production site existed in 2Bin eachcase of solid fuel transformatio(1B1b) refining
(1B2aiy, and geothermalpower generation(1B24d, so allfugitive emissions were allocated to ¢lse
point sources.

Production sites of both oil and natural gasr@available as mapsut the production volume of each
well was not available, so the total emissions were distributed amongptbductionfieldsin areal
proportion (1B2aiand 1B21.

Emissions from distribution of oil prodwc{LB2ay were distributed evenly among over 1000 known
petrol stations.

Emissions from flaring (1B2c) were distributed among two sites based on their flared volumes reported
under the ETS.

Here gain, emissions were distributed at a source category and in some cases at a sultatagogy
level.

Population statistics was usesblelyin case ofdomestic solvent use2D39, coating apfications
(2D3d),andother product use, e.gobacco consumption or firewts (2G)In case of printing2D3h),
emissions were distributed partly amopgint sourceslarger printing companiesand the rest with
population

Point source were consideredn the source categoriedegreasing (2D3e) and dry cleaning (2DI8f).
the latter caseguantitiesof material cleaned (kg) reported to the LAIR databaas alsaaken into
account

The source categorghemical products (2D3g) is a combined categeitir foam production, shoe
manufacturing pairts and adhesives, pharma and tyres dBenerally, emissions were distributed
among known point sources based mostly on their repoN&IC emissions, or in some caasnts
and adhesiveg)n employment data.

Emissions in thether solvent use category (2D3i) were distributed amdmgfive known vegetable
oil production plants
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Satial distribution of the emission inventory of road vehickespreparedaccording to the toglown
method (distributing all emissions). The methodology was based on the level of traffic flow (intensity),
the number of inhabitants and the distribution of the road network. The obtained result allowed for
the comparison of all diés and micreregions/counties.

In the case of the road emission distribution, the following sources were available:

1 National Road Data Bank (hereinafter: OKA) traffic count, 2023
1 Hungarian Central Statistical Office population data, according to a 1 square kilometer grid,
2022 (latest available data based on the census)
1 OpenStreetMap road sections
1 Hungarian Administrative Boundaries (Lechner Knowledge Center), 2022
0 country (1 pc)
0 county (20 pcs)
0 settlement (3177 pcs)
0 location (5537 pcs)

The calculation methodology consists of 2 main parts with different approaches. The basic data
required for the classes also form 2 main groups.

1 The names of the road condition categories belonging to the first group, according to our
terminology, are the class of motorways and the class of rural roads.
1 The second group consists of urban areas.

1. In the model used during the study, the following principle was used to define urban areas. All
settlements with a population of at least 5000 people, and roads used by vehicle traffic within the
inner area of the settlement, were classified as urbagearand urban roads. For filtering, we used the
Lechner database and the Central Statistical Office population data assigned to settlements. For
filtering the geometry of the roads, we also used the Lechner inner area boundary objects. (The term
& dzND lergfére apjilies to all settlement types, from metropolises to small towns).

2. In most cases, detailed traffic count information was available along the national road network.
During processing, the traffic count results were linked to the disagiint-like ¢ geolocation of the
traffic counting stations. Due to the differencessulting from the nature of the traffic, the traffic
counting stations directly related to motorways and the motorway road sections leading to them were
treated separately. The motorway class thus included motorways numbered®)lwith the
exception ofthe MO motorway.

3. Roads and their associated traffic counters that were not classified as motorways or urban areas
were assigned to the rural road class.

C2NJ GKS OFGS3a2NE 2F Y2Ui2NBlLea FyR NUz2NIt NRIFRAa:
C.D. et al. 2018) adapted to our situation. In the aggregated traffic count data table for the daily
average traffic of the crossectional traffic of nationalyblic roads for 2023 provided by the Hungarian

Public Roads, buses and trucks appeared in a more detailed breakdown than we needed, so in these
cases, aggregations had to be applied. In the case of buses, we combined the single and articulated
subcategorie, and in the case of trucks, the medidmeavy, heavy, trailer, sentrailer and special
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subcategories. Unlike previous years, passenger cars and light commercial vehicles were classified into
one group, so we could only treat passenger car and light commercial vehicle emissions from the
COPERT model together during the territorial breakdd@ategory 5 was the group of motorcycles.

The traffic counting points for motorways and rural roads were filtered and separated. Thus, a total of
133 traffic counting points belonged to the motorway class and 1167 traffic counting points to the
rural road class. These were further treated sepasatesing the same methodology, as we assumed
that these classes do not influence each other's traffic from the point of view of the study.

For each measuring poinbased on the traffic counting valuesve determined weighting factors for

each vehicle category. According to the group breakdown: high, medium and low traffic intensity levels
were determined. For this, we used Jenks' naturaialipoints. This is a method often used in area
based clustering research, which designates the most important breakpoints in such a way that similar
values are placed in the same category and the difference between the categories is the largest. As a
resut of the division, we obtained 3 intensity classes per vehicle category. The classification factors
belonging to the class groups represent the average values within each class group, normalized by the
average value of the class group one smaller. Fomela, using Jenks' breakpoints, we normalized

the high traffic intensity category class group with the average value of the medium traffic intensity
class group, and the average value of the medium traffic intensity class group with the average value
of the low traffic intensity class group. Finally, this value was rounded to the nearest integer. For the
low traffic intensity class group, the value is always 1.

Table9.6.1Intensity categories (according to Jenks' breakpoints) and their corresponding normalized
values corresponding to the traffic count values for motorways

€N6RE NI ¢of XYs Wl OGGWI o Eqc Ol _ J.g| Yric
HeqUnN RUqUUl GROGR| GRGR [ W2 R¢ cqRY
xYs NWMT| =W TO TWP=E| NMOW= N
Aogwew ~WUTl Re ZTWTY POWPIN Px YWPN| nNMwWwM o}
cRNG| ZYWNY NNZLWN n T Wo( YPUW= P
xYs NM= PLW=® Y'Y NW=Y| =wWwyo N
c?é ~JT Re] PWPMN| YWTS= = NWMM| = We= o)
c RNG| YWP=| NMWY T NY NWYP| NNLWOT n
xYs M Z 0P YP TP NNZ N
7 et ~T Re =P PYZ no T OT = n
cRNG TN N LN = P Nod s Y=T z
xYs n N M P =3 nn N
xgH e ql ~T Re NMY ZvY= on PN NT M P
cRNG od= Iz 0 NPT nyo b2

Table 9.62 Intensity categories (according to Jenks' breakpoints) and their corresponding normalized
values corresponding to the traffic count value for rural roads

€N6RHF NI ¢of xYs Wl OGGUI o pnJ EqcOT ) .4 Ylhidc

HcqldNDl RUqIJU 0 RuR 0 RuR I J2Rc CqRY
XxYs N ®LW=N YTT zwnn nwmn N

Aogwelw ~1T Reg @W=3| OPLWY) =TM nwy | NMLWMHA n
cCRNG6| MNTWTY ®NLWMC =M N=WT S=WPN NM
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As a next step, Thiessen polygongélygons) were fitted to the normalized traffic count points. In

the case of a point set, the Thiessen polygon associated with a given point encloses the area within
which the points are closer to the given point thanany other point (Voronoi, 1907). Each irregular
polygon can be uniquely assigned to a traffic count point and thus to the normalized traffic count data
associated with it. From a modeling perspective, we used the generalization that the distribution of
traffic within each polygon is homogeneous, including on the road segments within their area.

For both motorways and rural roads, the linear elements were segmented by the boundaries of the T
polygons. There is a clear relationship between the elementary sections thus created and the
normalized values associated with eachdlygon. The layer conitsing 1222 EMEP cells was applied

to this layer. A disaggregation factor was calculated from the road section lengths under the cells and
the normalized values belonging to the road sections. Then, the motorway and rural emissions from
the COPERT model wedivided into elementary sections by vehicle category according to the
disaggregation factors. Finally, aggregation was performed under the EMEP cells, which gave the
pollution values under the cells (annual air pollutants and greenhouse gas emissions).

In the case of urban areas, a modified version of the method of (Shu & Lam 2010) was used. During
the processing, we defined as urban areas the inner parts of settlements where the population
exceeded 5000 people.

The most accurate and highest spatial resolution Hungarian data on the population are provided by
the dataset linked to the Central Statistical Office 1 km2 grid. This network was prepared as a statistical
unit by the Central Statistical Office, in the E@¥SG:23700) projection system. The side lengths of
the regular grid are 1 km in both the easest and northsouth directions. We selected those Central
Statistical Office cells that affected the urban areas under study. One of the basic assumptlans of t
calculation is the population number for these cells. Furthermore, the basic data are the roads (or their
lengths) located within urban areas on which motor vehicles can travel.

The affected road sections were segmented with the KSH network lines. The resulting elementary
sections can be clearly linked to the individual KSH cells. Thus, the population and the density of the
road network were given for the relevant KSH cells. Thession distribution factor was formed as a
function of these values.

By proportionally comparing the total emitted amount of urban peiake and urban ofipeak
pollutants from the COPERT model per KSH cell with the emission distribution factor, the emission of
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the given KSH cell with respect to the given pollutant was obtained. Centroids-(geiiements
placed at the center of gravity of the cell) were derived for the KSH cells, which inherited the data
regarding the pollutants. The aggregation for EMER eehs based on these centroids, based on the
geometric relationship intersection.

The territorial division of waterway transport is done separately for each pollutant according to the

data provided. Such basic units are Lake Balaton, Danube and Lake Velence. Since waterway transport
mainly takes place on the Danube and Balaton, whiefthight and passenger transport of navigation

2y GKS ¢Arall Aa yS3atAaroftsSs GKS ¢Arall [F1S ¢Aaal

The Balaton Shipping Co. provided detailed consumption data for Lake Balaton, which -we pre
processed for the calculations.

The annual diesel consumption of ships can be classified into 3 main categories

M1 ferries
1 passenger ships
1 work ships

In the case of ferries, the emissions calculated from consumption were associated with the ferry
ONR&aaAy3d 0SGsSSy {1tyisRNBD YR ¢CAKIYy@NBOJd ¢KS
work boats were divided equally over the entire water suefa¢ Lake Balaton.

Based on the data provided by BAHART, the consumption data belonged to named passenger ships,

which had to be further broken down based on the principle of water division based on the schedule
and knowledge of the ships' routes:

9 tour boat arriving from a given port to another port
1 sightseeing and program boat navigating from a port to the open water area of the lake and
then sailing back

In the case of passenger ships, the departure and arrival times given in the navigation log can be used
to calculate how many hours a passenger ship with a given rieavelledin a given year in total. In

the case of sightseeing and program boats, the departure and arrival ports are the same. For these
categories, we calculated the sailing hours for named ships operating only in "sightseeing and program
boat mode" from the toth sailing hours, and then further divided them into the given ports. We
assignedcodes to theports andthen arranged the routes in alphabetical order based on the port
codes.

We also took into account how many hours a cruise ship spends on the open water and accordingly
determined short, medium and long category lengths. We also determined this using geospatial
information, and we assigned the routes S, M and L abbreviatiepgndling on their duration. During

the route, the ship travels an acutngled triangular route, and there are 3 sizes of the triangle based
on the travel time. The following table shows which categories a given cruise ship can fall into based
on the timespent on the water surface.
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Table 9.7.1Determination of trip categories for sightseeing and program boats, taking into account
the length of the trip

{FAfAYy3 ¢201t YA /I £ Odzs | a2y w2dziS Ol G§S3
MY nn cn HNF O aK2NI 0{
MYon dbn ONF O YSRAdzY 6 a
HYnn MH N NNFO f2y3 o[ 0
HYon MPp N NAFHbT A t2y3 o[ 0
oYnn MY N nNnfFHBMAN t2y3 o[ 0
oYon HMN NnNfFHBMON t2y3 o[ 0
nynn HNnN nNNfFHbBMCN t2y3 o[ 0
nyYon HT N nnfFgHbMGnN t2y3 o[ 0
pYnn onn NNFHBHHN t2y3 o[ 0
pYon oon NNFHBHPA t2y3 o[ 0
cYnn ocn NNFHbBHY N t2y3 o[ 0

The round trip can be 2R0, 3630, or 4040 minutes for short, medium, and long sightseeing
programs. The time spent on the water surface is 20, 30, 40 minutes for short, medium, and long trips,
and then increases by 30 minutes depending on the lengtkhefsailing hour. To calculate the
weighting factor, we also took into account how many times the given ship went to the 1:00, 1:30,
2:00, 2:30, etc. sailing hour rounds. With the resulting multiplication factor, we were able to distribute
the consumptiorin a given port to the sightseeing and program boats.

The total consumption given by the shipping company was distributed in proportion to the lake
surface.

The Ministry of Innovation and Technology, the predecessor of the Ministry of Construction and
Transport, as the data owner of the River Information Service (RIS) data from the operation of the
Automatic Identification System (AIS), has authorized the wmmus provision of traffic data to the

KTI for 2019. AIS uses VHF (Very High Frequend00B0Hz, Ultra Short Wave) technology to
broadcast location data with the name and basic information of the ship and receives similar signals
from other ships. Due tthe radio technology, information also arrives from places that are not visible
to the radar, for example from rock cover or river bends.

The ship traffic on the inland sections of the Danube can be determined based on RIS data, so their
ratio can be used to calculate emission factors. However, the departure and arrival ports cannot be
determined from the signal transmitted by the ship, o &xample, it is not possible to say within
Budapest where the ship departed from and where it arrived. Furthermore, due to the large amount
of data (24 GB of data), the most obvious way to calculate it was to sum up all the transmitted signals
under theEMEP cells affecting the Danube and calculate a multiplication factor. This allowed us to
distribute the 3 kt fuel consumption value given by the MEKH to the routes according to the volume
of shipping traffic, after deducting the fuel consumption of shigpon Lake Balaton and Lake Velence.
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Table 9.72 Distribution of fuel consumption in water transport [%]

?Rt ql RHa qRYU
E6RGGRUNDWHYOGG [elowWHAYUt 20(AYUt 20 GagRYUWRUW
AEe
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xect DWemppUawcamwUa
Gl Y3qlx ql IO © M5 N
2¢U02 HWWRNY q¢ d ZWN oM YOANO

After the calculations, the layers were aggregated under the EMEP grids and the distributed emission
values were obtained.

In the framework of the study, we obtained annual national emissions calculated from the LTO cycle,
so we had to examine the characteristics of the operational phases and which airports in Hungary are
affected by emissions from domestic and internationlighits. The ICAO Air Traffic Information
Publication (AIP) contains the most important air traffic information necessary for air navigation. In
this, we looked at all possible airports in Hungary and excluded airports without flights, heliports and
those tat only accept private aircraft and are mainly used for sports purposes. In this way, we
ascertained the three main domestic airports and created a distribution ratio from the number of
departing and arriving flights.

Table 98.1 Number of domestic commercial and roommercial flights in 2023 and the proportion of
these flights

RI'GY 20AUI WYnWARYGG IpHHREDILBRG | GOYHE qR
721¢G ®zZ WINo ®ZE
2 1A 1] PW=T® PE
ECI GW zwrTnn OE

lf 0K2dAK (GKS 9a9t k99! I3dZA RSt AYS a{ LI} GALI f Y I LILIA
emissions by airport, we considered it important to distinguish between the LTO operational phases,

Fda GKS aFAND2NYSE [ ¢h LKI a$adbouhdari@of the dirdort, thuzll & A R S
affecting several EMEP grids. Aircraft generally reach an altitude of 1000 meters after 20 km, so we
extended the runway in the direction of departure and arrival by 20 km each. We distributed the air
pollutants and greehouse gases within and around the airport according to the resulting distribution

ratio, which was determined as follows.

The LTO cycle defined by the International Civil Aviation Organization (ICAQ) includes all activities in
the vicinity of the airport that take place below an altitude of approximately 1000 m. This includes the
processes of taxiing, takeff, climb and appvach. The fuel consumption of the LTO operational phases

is illustrated in the table below.
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Table 98.2 Allocation factors for ground and air movements derived from average fuel consumption
per operational phase (Kurniawan & Khardi 2011, mod.)

xNEWYGWI ¢q [elawHYUt g 2131 R21IT W xN8§WYGWI ¢ qRYUH
G6ct 13t bt Nb aEe aEe
f10I1podd i == nx Nl Ya Ul
GGl Y¢ HE P= N M
f URqR¢ O LI YP NT ¢RI
N¢ pYid NO:Z= =T

We aggregated the domestic and international emissions determined by EUROCONTROL and filtered
according to LTO cycles for Hungary and calculated the spatial distribution of emissions using the
ratios. Following the spatial distribution, we aggregated th@ssions calculated for the ground and

air LTO operational phases under the 1222 EMEP grid required for the report, and then obtained the
spatial emission breakdown of the aviation subsector

In this aggregate category there are several sources of different characteristics from railway to garden
grass mowers which naturally require different approaches.

Emissions from agricultural mobile machinery was distributed according to the size of the sowing
areas. For industrial machinesmissiors were distributed separately for construction, minimgn-
metallic minerals and other. For constructiand miningthe samespatial patterrs were used ador
industrialsource categorie@Abband 2A5a, respectivelyin case ohon-metallic mineralsemissions

were distributed among the three cement plants based on clinker producEonall other industries,

the numberemployees in the manufacturing industry was used as proxy.

In the case of households, the (typically not too significant) emissions, mostly related to gardening,
were distributedalongthe CLGand useD | i S HigcohBnuaiis builup areas with family houses with
gardeng Borishing emissioB (G KS f I YR atkzébfdie®| 6 A2 NA SRo

Pipeline transport emissions were mostly allocated to compressor statioth®ther sites oFGSZhe

operator of the Hungarian higpressure natural gas pipeline systetrased on their reported NO
emissions¢ KS (201t SYAaarzya 2F YATAGFINEB | @AlLGAZ2Y o€
Force Base.

To determine the pollutant quantities of the 1222 grid related to individual railway transport, the total

jdzt yGAGE 6+ a RADGARSR Ayil2 NIAftgle fAyS aSOGAz2ya
“BNI @ BTARTE Art., GYSEV Zrt. and GYSEV CARGO Zrt

Processing of data received from railway companies

I OO2NRAY3 (G2 AYyTF2NX¥IFGA2Y FNRBY a#+ ®BLNI®I GKS aLISC
mandatory field for railway companies during tiefuelling transaction. The data relating to the

quantity of diesel fuel refuelled according to the specified series of traction vehicles was contained in

a separate table. Furthermore, we had at our disposal the identifiers of the trains and series numbers

of the traction vehicles operating on individual IT line sections, which contained the data rétated
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train transport. Since it is not a mandatory field to fill in the series of the traction vehicle during
refuelling there were some series of traction vehicles that did not have a consumption value. In order

to obtain these consumption values, we divided the consumption of the unmarked series based on the
train kilometer. In the next step, we assigned the consumptialtie required to travel 1 kilometer to

the given series of traction vehicles. This was necessary because a series of traction vehicles was
defined in a breakdown for the given line section, so train traffic data was included several times under
the given line section, and on the other hand, for the GIS processing, the consumption data was needed
in relation to the line sections. Finally, we danined the consumption values by aggregating them

for the line sections, from which the emission values could be calculated directly.

C2NJ GKS (NI TFAO -FARTIZrt. LiNRrEekeR® § Raffi® matrixg the: rows of which
contained the railway lines and the columns of which contained the calculated fuel consumption of
each locomotive type for the lines. The ratio of consumptiatugs broken down by line sections
provided the factors based on which the emissions could be assigned to the given line section.

GYSEV Zrt. provided consumption data linked to line sections and stations in tabular form. The value
of the mass of fuel used was calculated using the formula [t]=0.84*[L]/1000. The emission data
calculated from the consumption linked to the stations wdrgplayed as point sources.

GYSEV CARGO Zrt. deals exclusively with freight transport, and we calculated the mass of fuel
consumption for the given line sections from the data they received. The amount of coal used was

LINE JARSR o0& a#+ %NI® I yR D, { QeulatedNdordthd byried co& S S Y A :
were divided into the known narrow gauge line sections.

During the calculation, the amounts of harmful substances emitted by the companies operating on the
same railway line were added up, and the amounts of emissions emitted from the diesel and coal
consumption of locomotives operating on narrow gauge linesewadso added up. In each case, the
summation of the emission data assigned to the line sections belonging to each grid gave the EMEP
layer containing the emission values of the given railway company, which layers were aggregated as a
last step, thus obtaiing the emission values of the 1222 EMEP cells relating to the aggregated railway
transport.

Emissions reported for the year 2023 in 2025 submission were spatially distributed. Emissions were
spatially allocated to the grid cells based on the livestock data from the General Agricultural Census
2020, which provide detailed municipal farm livestsckvey statistics for Cattle, Swine, Sheep, Laying

hens, Broilers, Geese, Duck and Turkeys. Livestock data for Buffalo, Horses, Mules, Asses, Goats, Rabbit
and Guinea fowls were provided by the HCSO. All data were processed and allocated to the grid cells
by the AERI. The NH3, NOx, NMVOC, PM2.5 and PM10 emissions calculated for the grid each grid cell
as the sum of the emissions from the different livestock species. The use of such detailed livestock data
meets the requirement of the Tier 3 spatial mappiagproach for emissions from GNFR code
K_AgriLivestock.
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The NH3, NOx, NMVOC, PM2.5 and PM10 emissions reported for the year 2023 in 2025 submission
were spatially distributed. Emissions from 3.D were spatially allocated to the grid cells based on the
total sowing areas from the General Agricultural Census 2@20ch provide detailed municipal
sowing area survey statistics. Emissions of 3.F originate exclusively from rice field burning for which
the related data were provided by the HCSO. All data were processed and allocated to the grid cells by
the AERI. These of such detailed sowing area data meets the requirement of the Tier 3 spatial
mapping approach for emissions from GNFR code L_AgriOther.

Also here, sveral sources of different nature and different spatial distribution had tedmesidered
NMVOC and PM emissions from landfills were allocated to the location of landfilbaged orthe
amount of landfilled waste. For this, data®fmunicipal waste disposal sites were taken into account.
Similarly, NH3 emission from composting was allocated to composting faciities 10Q based on
the amount compostedlotal ammonia emission in biogas facilities wiatributed amongplants (~40)
usingtheir capacityas a proxy.

In cases of waste incineration, almost all air pollutants should be accounted for. These emissions were
distributed amonghazardouswvasteincinerators(without energy recoveryveighted by the amount

of waste incineratedEmissions from cremation were allocated according to the location of the known
crematoraweighted byregionalmortality statisticsIn the case of fire€5E) the number of inhabitants

was the basis of the distributioimissionsfrom wastewater treatment were distributed amorgp0
wastewater plantdased on the amount of wastewater treated

Open burning of wasteccursin forests, orchards and vineyards.addition, burning of garden waste
still happens.Emissions arealculatedseparatelyin these four categories and distributed using
different land use categories, ed.iRcontinuous builup areas with family houses with gardéns I y R
& Bcontinuous builup areas with greeneéy Ha&déd waste burning2 NJuititiees and berry
plantatong F2 NJ 2 NOKI NRa SGO0o

Ammonia emissions fromats and dogs were distributed using population statistics.
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9.2 Large Point Source$éLPS)

The general source of the LPS datahiss National Environmental Information Systef@KIR), and
especially its air pollution segmentAIRwhere emission datéespecially NQ SQ, CO, TSPeported
by companiesre availablenot onlyat facility orplant but alscat point source levelGenerally, these
emission datdrom the databasevere useddirectly, or with theneaessary correctios or anendments
(e.g. in cas¢he reported emission values welmsed onvalidatedaverageconcentrationvaluesin
line with the hdustrial Emissin Directivewhich means thathe value of the confidence intervalas
subtractedfrom the measured oncentrationvalue).

Emissias of he different PM fractions weranostly calculated from measure@SPvaluesusingthe
ratiosof the defaut emission factos PM,5/ TSP and PM/TSPin the EMEP/EEAUlebook.

In case of NMVOQeavy metals and POPssmissions weregenerally calculatedrom either fuel
consumptionor production datausing T2method.

In this submissie, ammonia emissions fromlose to 50Ggriculturd farmswere also includd.
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10 TABLE

A6.1

Informative Inventory Report 1992024

INCLUSION/EXCLUSION

OF

Condensable PM

THE

COMPONENT FROM PM10 AND PM2.5 EMISSION FACTORS

Source/sector name

PM emissions: the condensab
component is

EF reference and comments

NFR
included excluded
Stack measurements from LP9
. - installations are used. Unknow|
1Ala Public glectncﬂy and heat for the moment whether
production .
condensable component is
included. (probably yes)
1A1b Petroleum refining Unknown.
1A1C Manufacture Qf SO|Id. fuels and Unknown.
other energy industries
. s o e 20
. g . EMEP/EEA Guidebook are ust
construction: Chemicals
. s o e 20
1A2d . g EMEP/EEA Guidebook are ust
construction: Pulp, Paper and
. (except of one LPS plant.)
Print
Stationary combustion in
1A% manufacturing industries and Unclear. EFs from the 28
construction: Food processing, EMEP/EEA Guidebook are usg
beverages and tobacco
Mobile combustion in
.. |manufacturing industries and .
1A2gyii utacturing industries and - 2023 EMEP/EEA Guidebook
construction (please specify in
the IIR)
Stationary combustion in
1A2aviii manufacturing industries and Unclear. EFs from the 26
9 construction: Other (please EMEP/EEA Guidebook are usg
specify in the IIR)

L : L - Unknown. Eurocontrol data ar¢

1A3ai(i) |International aviation LTO (civil wn- =
used.
- . - - Unk .E trol dat
1A3aii(i) | Domestic aviation LTO (civil) usnegown urocontrof data ar
1A3bi Road transport: Passenger carg X COPERT®&2
1A3bii Rogd transport: Light duty COPERT®2
vehicles

1A3biii Rogd transport: Heavy duty X COPERT®2
vehicles and buses

1A3biv Road transport: Mopeds & X COPERT®2
motorcycles

1A3c Railways Unclear

1A3di(ii) |International inland waterways IE

. . L - Unknown. EFs from the 28
1A3dii National navigation (shipping) EMEP/EEA Guidebook are usd
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PM emissions: the condensab
NFR Source/sector name component is EF reference and comments
included excluded
. L Unclear. EFs from the 28
1A3el Pipeline transport EMEP/EEA Guidebook are use
1A4ai Commerual/lnsutuuonal: Unknown.
Stationary
1A4bi Residential: Stationary X For biomass: included. For
natural gas: unclear.
. Residential: Household and .
1A4bii aentias Hou X 2023 EMEP/EEA Guidebook
gardening (mobile)
1A4C] Agriculture/Forestry/Fishing: Unknown. EFs from the 26
Stationary EMEP/EEA Guidebook are usg
Agriculture/Forestry/Fishing: Of
1A4cii road vehicles and other X 2023 EMEP/EEA Guidebook
machinery
1A4ci Agr!culturg/F.orestry/Flshmg: Unknown.
National fishing
1A5a Ot.r_ler stationary (including Unknown
military)
Other, Mobile (including military
1A5b land based and recreational Unknown
boats)
Venti flari il
1B2c ent|r.1g ano! aring (ol gas, Unclear.
combined oil and gas)
. EF Refi : EMEP/EER
2A1 Cement production X . eterence ! 20
Guidebook
. . EF Reference: EMEP/EER20
2A2 L X .
ime production Guidebook
. EF Refi : EMEP/EER
2A3 Glass production X . eterence ! 20
Guidebook
The processes which result in
particulate emissions are large|
low-temperature mechanical
Quarrying and mining of activities, and emissions are
2A5a . X . . .
minerals other than coal unlikely to include substantial
guantities of condensable
particulate material. (EMEP/EE
Guidebook, 2@3)
The processes which result in
particulate emissions are large,
low-temperature mechanical
. . tivities, and issi
2A5b Construction and demolition X ac !VI 1es a.n emissions ar.e
unlikely to include substantial
guantities of condensable
particulate material. (EMEP/EE
Guidebook, 283)
2ABC Storgge, handling and transpor IE
of mineral products
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PM emissions: the condensab
NER Source/sector name component is EF reference and comments
included excluded
2AB Othe.r mmeral products (please IE
specify in the IIR)
2B1 Ammonia production IE
2B10a Chemlcgl industry: Other (pleag Unknown
specify in the IIR)
Storage, handling and transpor
2B10b | of chemical products (please IE
specify in the IIR)
2C1 Iron and steel production Unknown
- . EF Reference: EMEP/EER20
2C3 | Aluminium production X Guidebook, 2.C.3. Table 3.3
. . EF Reference: EMEP/EER20
2C6 Zinc production X Guidebook
. EF Reference: EMEP/EER20
2C7a Copper production X Guidebook
Storage, handling and transpor
2C7d of metal products IE
(please specify in the 1IR)
. . EF Reference: EMEP/EER20
2D3b Road paving with asphalt X Guidebook filterable
. EF Reference: EMEP/EER20
2D3c Asphalt roofing X Guidebookunknown
°G Other product use (please X EF Reference: EMEP/EER20
specify in the IIR) Guidebook-unknown
2H1 Pulp and paper industry X Unknown
o] Wood processing X Nq condensable component
exist.
The processes which result in
particulate emissions are large|
Farmlevel agricultural low-temperature mechanical
3Dc operations including storage, X activities, and emissions are
handling and transport of unlikely to include substantial
agricultural products guantities of condensable
particulate material. (EMEP/EE
Gb, 2@3)
Field burning of agricultural There is no information
3F e gorag available in the EMEP/EEA Gt
2023
Biological f
5A |o.og|ca trea}tment of waste X No condensable component.
Solid waste disposal on land
. . . . EF Reference: EMEP/EER20
5C1bi Industrial waste incineration X Guidebook Table-3
. o . EF Reference: EMEP/EER20
1 H X .
5C1bii azardous waste incineration Guidebook Table-3
- o . EF Reference: EMEP/EER20
5C1biii | Clinical waste incineration X Guidebook Table3
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Condensable PM

NFR

Source/sector name

PM emissions: the condensab
component is

included excluded

EF reference and comments

5C1bv

Cremation

X

EF Reference: EMEP/EER20
Guidebook Table-2

5C2

Open burning of waste

EF Reference: EMEP/EER20
Guidebook Tables-B, 32 and
3-3. Itis unclear whether the
EFs represent filterable PM or
total PM (filterable and
condensable) emissions.

5E

Other waste (please specify in
the IIR)

EF Reference: EMEP/EER20
Guidebook Tables-3, 33, 35,
and 36

It is unclear whether the EFs
represent filterable PM or total
PM (filterable and condensable
emissions.
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11 ABBREVIATIONS

EF emission factor

IEF implied emission factor (emission/activity data)

ADc activity data

GHG Greenhouse gas

GDP- gross domestic product

NCV- net calorific value

QA- quality assurance

QC- quality control

LAIR = Air pollution segment of the National Environmental Information System (partly available for
the public at:http://okir.kvvm.hu/lair/ )

HMS = Hungarian Meteorological Service

HCSO = Hungarian Central Statistical Office

Guidebook- EMEP/EEA 2009 = EMEP/EEA air pollutant emission inventory guidebook (European
Environmental Agency Technical Report No 9/2009)
http://www.eea.europa.eu/publications/emefeeaemissioninventory-guidebook2009

NFR- Nomenclature for Reporting (Required table format of reporting under CLRTAP and NEC) (NFR
tables are available alittp://www.ceip.at/submissionsunder-clrtap/2012-submissions)

CLRTAPUNECE Convention on Leragnge Transboundary Air Pollution

NEC¢ National Emission Ceiling Directive (Directive 2001/81/EC of The European Parliament And Of
The Council of 23 October 2001 on national emission ceilings for certain atmospheric polfuti#ds
Directive)

EMER Cooperative Programme for Monitoring and Evaluation of the krange Transmission of Air
Pollutants in Europe

EEA European Environment Agenayww.eea.eu)

IIASAc International Institute for Applied Systems Analygigg.//www.iiasa.ac.at/)

SNAR Selected Nomenclature for reporting of Air Pollutants

UNFCCC reporting = reporting required by the United Nations Framework Convention on Climate
Change (GHG inventories are available at:
http://unfccc.int/national_reports/annex_i_ghg_inventories/national inventories submissions/item

s/5888.php

CRF Common Reporting Format ((Required table format of reporting under UNFCCC)

NIR- National Inventory Report (Submission under the United Nations Framework Convention on
Climate Change)

IPCG Intergovernmental Panel on Climate Change

IPPG Integrated pollution prevention and control Regulation based on Council Directive 2008/1/EC of
15 January 2008 replaced by Directive on industrial emissions 2010/75/EU (IED)

BAT- Best Available Techniques

BREF Best Available Techniques Reference documents availabletat//eippcb.jrc.es/reference/
EPRTR- The European Pollutant Release and Transfer Register (Data is available at:
http://prtr.ec.europa.eu/)

EU ET& European Union Emission Trading Scheme

CORINE: CORINE Land Cover Inventory (CLC2000 project with 26 participating countries in Europe)
IEA- International Energy Agency
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FACQO¢ Food and Agricultural Organization
Chemical formulas
Definitions of pollutants to report are provided in Guidelines for Reporting Emission Data under the

Convention on Longange Transboundary Air Pollution ( ECE/EB.AIR/9Q&Available at:
http://www.ceip.at/fileadmin/inhalte/emep/reporting 2009/Rep_Guidelines ECE_EB_AIR 97) e.pdf

C carbon

CH methane

CO carbon monoxide

CQ carbon dioxide

HFCs hydrofluorocarbons
NMVOC nommethane volatile organic compound
N2O nitrous oxide

NCx nitrogen oxide
NHsammonia

PFCs perfluorocarbons
SQ sulphur dioxide

HM ¢ heavy metals (Pb. Cd. Hgs. Cr. Cu. Ni. Se)Zn
PMo ¢ particulate matter

PM. s¢ particulate matter

TSR; Total Suspended Particles

POR Persistent Organic Pollutants

PAHc Polycyclic aromatic hydrocarbons

HCB- Hexachlorobenzene

PCBs polychlorinated biphenyls

HCH hexachlorocyclohexane

PCDD/F dioxins/furans

CaCa@calcium carbonate. limestone
MgCQmagnesium carbonate

CaO calcium oxide. quicklime
Ca(OHslack lime

HNQ nitric acid

Units

PJ petajoule (16J)

TJ terajoule (18J)

Gg gigagram (2@)

kt kilotonnes (1000 t)

g FTeqg grammtoxic equivalent

Notation key of NFR Table recommended by ECE/EB.AIR/97. Guidelines

(NE) Not estimated: Emissions occur. but have not been estimated or reported.
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(IE) Included elsewhere: Emissions for this source are estimated and included in the inventory but not
presented separately for this source. The source where these emissions are included should be
indicated.

(C ) Confidential information: Emissions are aggregated and included elsewhere in the inventory
because reporting at a disaggregated level could lead to the disclosure of confidential information.
(NA) Not applicable: The source exists but relevant emissions are considered never to occur.

(NO) Not occurring: An source or process does not exist within a country.

(NR) Not relevant: According to paragraph 9 in the Emission Reporting Guidelines. emission
AYBSYi2NE NBLR2NIAY3 akKz2dzZ R O020SNJ Fff &@SIFNAR FTNRY
relevant) is introduced to ease the reporting where emissions are not strictly required by the different
protocols. e.g. for some Parties emissions of\NMCs prior to 1988.
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