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EXECUTIVE SUMMARY

ES.1 Background information

Pursuant to the United Nations Framework Convention on Climate Change (UNFCCC), Hungary, as a
Party of the Convention, has been preparing annual inventories of greenhouse gas emissions using the
IPCC methodology since 1994. The aim of a greenhouse gagi(@ét@ory is to givascomplete and

accurate as possible state of the art estimation of anthropogenic emissions by sources and removal by
sinks of greenhouse gases not controlled by the Montreal Protocol. In accordance witiodadities,
procedures ad guidelines for the transparenésamework for action and support referred to in Article

13 ofthe Paris Agreemer{Decision 18/CMA)]the following direct greenhouse gases aomsidered

carbon dioxide (C£ methane (CH, nitrous oxide (D), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), Sulphur hexafluoride)(8Rd nitrogen trifluoride (NJr. The quality of the
inventory is controlled by Hungarian and international experts regularly.

The GHG inventory is compiled HungaroMetHungarian Meteorological Servi@s laid down by a
government decree. The participationtbie Ministry of Agriculturgogether with the Forest Research
Institute of the University of Soproand National Food Chain Safety Office (NFCSO) as compilers of the
whole LULUCF sector is formalized by the same governmental dddrenstitute of Agricultural
Economics Nonprofit Kft. (AKpyrepares the agriculture part of the inventory also following the
regulations of te above governmental decredlso, other institutions and external experts are
involved in the process of inventory preparation, e.g., Hungarian Central Statistical Office, Hungarian
Energy and Public Utility Regulatory Authoritystitute for Transport Sciences and Quality Control in
Building(KTI) just to name a few.

The main purpose of this National 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 present report refers to the inventory time issrfor the years 1983024. The NIR
provides relevant background information on institutional arrangements, QA/QC procedures and
other information underlying the inventory compilation in Chapter 1. In Chapter 2 the trends for
aggregated greenhouse gas asibns are discussed. The chapters following provide detailed
information on each of the main source categories. Chapter 10 discusses details of recalculations and
planned improvements. In the Annexes key category analysis and complementary methodological
information can be found.

ES.2 Summary of National Emissions and Removal Related Trends

In 24, total emissions of greenhouse gases in Hungary Vedrenillion tonnes carbon dioxide
equivalents (C&eq) excluding the LULUCF sector. Considering also the mostly carbon absorbing
processes in the LULUCF sector, the net emissions of Hungarg waiion tonnes C®eq in 2Q@4.

Being aboub tonnes, the Hungarian per capita emissions are below the European average.

Compared to the base year (average of 1839, 1990, and 2005, our current emissions are lower by
52%,43% and31%, respectivelyexcluding LULUCF)
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This significant reduction was partly a consequence of the regime change in Hungarp@) 98tich
brought in its train radical decline in the output of the national economy. Production decreased in
almost every economic sector including also the GHGvaelesectors like energy, industry and
agriculture. Then, between 2005 and 2013, after a period of about 14 years of relatively stagnant
emission level (1992005), GHG emissions fell again quite significantly by 24 per cent. The global
financial and econmic crisis exerted a major impact on the output of the Hungarian economy,
consequently on the level of GHG emissions as well resulting in a quite significant 8% fefween

2008 and 2009. Then, after a smaller increase in 2010, emissions decreased further in the following
four years. In contrast, the decline in economic output stopped in the first quarter of 2010, and
Hungary not only reached the przisis level oGDP again in 2014 but exceeded it even in 2015.

After 2013, emissions started growing again. Up to 2017, the overall increase redéhedifter four

years of increase, emissions have remained more or less at the same level between 2017 and 2019. In
2020, however, emissions fell by 3% to around 2016 levels, mainly due to a significant reduction in
transport emissions as a consequence of CENIIhis decrease, however, proved to be temporary

in line with global trends emissions increased again by 1 per cent in 2021.

Then in 2022, emissions fell by almost 7% dugeitreasingproductionand consumption leveldriven

by rising energy prices, and especially due to a 15% drop in natural gas consumption. The decline in
emissions continued in 2023 with a decrease of 9 per cent thus reachingthfar- lowest level in

the whole time series. Emissions decreased furihe2024 albeit at a slower pace of 1%. Altogether,
emissions decreased by 16% in the last three years (between 2021 and 2024).

The most important greenhouse gas is carbon dioxide, accounting96iof total GHG emissions. The
main source of C{emissions is burning of fossil fuels for energy purposes, including transpart. CO
emissions have decreased Bg: & Ay O0S (KS Y aRIRy £% gifce 19I06thagen Q &
represents 5% in the GHG inventory. Methane is generated mainly at waste disposal sites and in
animal farms, but the fugitive emissions of natural gas systems (i.e., transmission, storage, and
distribution) are alsomportant sourcesin 2024,CH emissionsvere 4260and 39%ower than in the

base yearand 1990, respectivelyNitrous oxide contribute®% to total GHG emissions. Its main
sources are agricultural soils, and manure managemep® Bimissions ar&8% and 44%lower
compared tathe base yeaand 1990, respectivelyl he total emissions of fluorinated gases amount to
3%.

Table ES.Trend of emissions by GHGs, excluding LULUCF £8g)CO

GHG BY 1990 1995 2000 2005 2010 2015 2020 2021 2022 2023 2024
co 86.0 734 615 582 60.1 520 46.6 47.1 483 453 40.3 395
CH 145 137 116 11.7 110 98 95 92 90 87 83 83
N2O 99 74 42 49 51 35 43 48 48 40 39 42
HFCs 00 00 00 02 08 14 20 18 16 16 15 15
PFCs 03 03 02 03 03 00 00 00 00 00 00 00
Sk 00 00 01 01 01 O01 01 01 01 01 01 01
NR 00 00 00 00 00 00 00 00 00 00 00 00
TOTAL 110.8 949 775 754 774 668 624 630 63.8 596 542 537

Base year (BY)=average of 1985
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ES.3 Overview of Source and Sink Category Emission Estimates and Trends

By far, the biggest emitting sector was the energy sector contributl§g t the total GHG emission
in 2@24. Industrial processes and product ud®PU) and Agriculture had a share 08% and 12%,
respectively The waste sector contributed%. Compared to the base yeamd even to 1990,
emissions significantly decreased in the energ$%), industrial processes and product usg3%o),
and agriculture87%)sectors Emissions ithe waste sector have also declined after an initial increase
(-2%). Values in brackets indicate charsgeetween 1990 and 20R) The land use, landse change
and forestry (LULUCF) sector shows fluctuating behavior. Lookingratreoent trends since 2005,
emissions significantly dropped in the eneriggustrial processeand wastesectors by34%, 40%,and
20%respectively Emissions inte agriculture sectowere 5% higher in 2024 than 2005.

Table ES.Zrend of emissions and removals by sector (including LULUCF, ©g)CO2

SECTOR | BY 1990 1995 2000 2005 2010 2015 2020 2021 2022 2023 2024
Energy 80.7 695 59.1 56.6 57.5 49.9 445 444 457 436 38.8 38.0
IPPU 146 114 81 80 89 66 71 74 69 58 54 53
Agriculture | 12.0 100 60 61 60 55 65 71 71 62 60 6.3
LULUCF 23 33 62 -10 59 47 57 70 -72 51 54 -63
Waste 35 41 44 47 50 49 43 41 41 41 40 40
TOTAL 1085 91.7 713 744 715 622 567 56.0 56.6 545 489 47.3

Base year (BY)=average of 1985

Theenergy sectorwas responsible for 71% of total GHG emissions in 2024. Production and use of
energy generate most greenhouse gases, largely 024, primary fossil fuels (coal, oil, natural
gas) accounted for 63.2% of domestic primary energy supply, which is 1 percentage point lower than
a year earlier. Nuclear energy accounted for a further 17.3% of consumption, while primary renewable
energy sources accounted for 14.5%. Among ¢hargely fossil fuels burned, natural gas had the
largest share (42%), followed by petroleum products (36%). Emissions were positively influenced by
the fact that the proportion of coal with higher specific esims has fallen from 26% to 5% since
1990, which is well below the current share of biomass in fuel consumption (16%).

The three most important sources of emissions in the energy sector are transport, energy industries,

FYR a20KSNJ aSO02NE

ovyzauift e

A yepresiziting yedpedidl 2600, v (i A |

16% and 18%f total national emissions in 2@2 Energy use and emissions from manufacturing
industries and construction contribute®%6 to domestic total emissions. Fugitive (mostly methane)
emissions from the domestic natural gas system repre8&mnof total emissions

In recent years, the transport sector became the largest emitter, not only within the energy sector but
also across all sectors. Although emissions from the road transiooninated sector fell sharply by

14% in 2020 as a result of preventative measuras GOVIEL9, transport emissions increased
significantly both in 2021 and 2022. The growth stopped in 2023 and emissions even decreased by 7%.
The decrease in transport emissions continued in 2024 but to a much lesser -pat¥)( Still,
transport accountgor a quarter of total domestic emissions

As far as energy industries are concerned, domestic electricity production increased by 7% in 2024,
while fossil fuebased production decreased by 2%. At the same time, the amount of electricity
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generated from solar energy increased by 33%, thus solar energy now accounts for 24% of gross energy
production. The share of nuclear power generation was 42%. Electricity imports remain relatively
significant, but the share of net imports in total consurop fell to 22%, the lowest level in the last 12
years. Emissions from energy industries decreased by 6% in 2024.

After 2023, the winter of 2024 was also much milder than average, significantly reducing heating
demand. Residential fuel consumption has been declining for the third consecutive year: by a total of
22% since 2021. Natural gas consumption fell by 26%tbxee years, but in 2024 the decrease was
only 1%. Firewood decreased lesk)% over three years3% in 2024. Fuel consumption in buildings

in the service sector also fell significantly over the past three yea884), but the rate of decline
slowed als here in 2024-8%).

As a result of all this, the emissions of the energy sector decreased by 2% (0,8 million tons of carbon
dioxide equivalent) between 2023 and 2024
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Figure ESL Change in greenhouse gas emissions from base year (BY20290

Theindustrial processes and product use sectontributed 10% to total GHG emissions in 2024. The
most important greenhouse gas was £Ebntributing 63% to total sectoral GHG emissions, followed

by Fgases with31%. In 2024, 49% of the emissions came from chemical industry, followed by 29%
from product uses as ODS substitutes, while mineral industry has 13%. Other product uses (containing
Sk and NO), metal (namely iron and steel) industry and rerergy products from fuels and solvent

use have the smist influence on the2024 IPPU inventory with 7%, 0.3%nd 2%, respectively.
Process related industrial emissions decreased by 63% between the base year and 2024, and by 40%
between 2005 and 2024

In 2024, iron and steel production was limited to electric steelmaking based on the recycling of scrap
metal; as a result, sectoral emissions declined by 95% compared to 2023. Emissions from the chemical
industry continued to expand in 2024, albeit at avgtr rate, increasing by 12% compared to 2023.
Growth was observed across all subsectors of chemical manufacturing, with the newly established
plasticsrelated segment, polyol production, showing further strengthening
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Emissions from the mineral industry (cement, lime, and coarse ceramics) continued to contract in
2024, decreasing by 4% compared to the previous year. Emissions arising from tbeengy use of
fuels and solventdecreasedy 20%,mainlydue tothe decreasen the solvent use by households

Almost a third of industrial emissions come from the operation of equipment containgasés and

from use of Fgas containing products. Category 2.F.1. (Refrigeration argbaditioning) accounts

for 91% of total Fgas emissions, emissions growth hegpped in recent years. Use of fluorinated and
perfluorinated compounds (HFCs, PFCs) has been significant in Hungary since the early 1990s, but
these gases became a commonly used refrigerant in the second half of the decade. Most of the
equipment with Fgas installed after this period is now coming to the end of its lifetime. Disposal and
regeneration of increasing quantities of gases from equipment-@&Hde help to stop emissions

growth.

In 2024, agriculture accounted for 2% of total emissionsvhich is similar to the level in the base year
(BY). Emissions from agriculture include; @ktl NO gases. 76 per cent of totaj®l emissions were
generated in agriculture in 2024. Emissions from agriculture have decreased by 47% over the period
of 19852024. The bulk of this reduction occurred in the years between 1985 and 1995, when
agricultural production fell by more than 30 peent, and livestock numbers underwent a drastic
decline.

Between 1996 and 2008, agricultural emissions had stagnated around 6.1 Mt with fluctuations up to
3.0% Behind this trend there were compensatory processes. While the number of livestock decreased
further leading to lower emission, the use of fertilizers increased by 68% in the perioe20995vhich
caused growing nitrous oxide emissions from agriculturds sin 2008 the significantly rising fertilizer
prices led to lower fertilizer use, which resulted in some reduction in the emission levels.

Agricultural emissions decreased both in 2009 and 2010. A major reduction in emissions occurred in
2009, when 11 per cent decline in swine population also contributed to the downward trend.
Agricultural emissions, after hitting the lowest point in 20104 iecreased until 2018, mainly because

of the increase imnorganicfertilizer use, cattle livestock, and milk production per cow.

TheGHG emission®flect the restructuring irmgriculturalproductionthat has taken place since 2004,
namely the increased ratio of crop to livestock production. Share pé@i$sions, which derive mainly
from animal husbandry, has decreased, while theONemissions, originating primarily froorop
production has grown, since 2004.

Certain types of inorganiertilizers suctas urea containing fertilizers and calcium ammonium nitrate
(CAN) fertilizers contribute to the agricultural Gl@issions not only with their nitrogen, but also
their carbon content. In Hungary CAN fertilizers have become increasingly popular in thieyresmes,

as a result BD and C@emissions has tripled from this source since 2005.

In 2019, emissions growth temporarily slowed down, mainly due to the decreasing swine livestock and
synthetic fertilizer use, but emissions increased again in 2020. The significant decrease in emissions
from agricultural soils in 2022 compared to 2021 @imy due to the decrease in nitrogen fertilizers

use, and the yields of major crops were also lower than in 2021. In 2023, the decrease in emissions
continued mainly due to the shrinking natairy cattle and swine populatioin 2024, fertilizer prices
decreased by an average of 24.6% compared to the previous year, leading to a 27.5% increase in the
use of nitrogen fertilizers.

As a result, agricultural emissions increased024by 4.8% overall

1C
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With an average annual net sink of approximately 4.5 million €g0ivalent/year, thd.and Use, Land

Use Change and Forestsgctor has been a net carbon sink over the entire inventory time series. In
2024, the net LULUCF sink (including that from the harvested wood product carbon pool) reached 6.3
million tCQ equivalent/year. Forests removed 6.4 million tftdm the air in 2024. Of the factors
explaining the sustained net sink in the letegm, to highlight are a rather intensive afforestation for
decades as well as the sustainable management of the existing forests. The carbon balance of the
harvested woodgroduct pool fluctates but has considerably increased in the beginning of the 2000s,
with a net sink of over 900 ktG®ear in 2021. By 2024, however, this value declinedltse to 400

kt. The norforestry landuse sectors used to be small net sinks before 2016, but they have become
small sources since then. The net emission of these sectors has been estimated to be over 400 kt CO
eg/year in 2024. Due to the complex dynamics of the sector, the annual variation in the greenhouse
gas balance of the entire LULUCF sectorghasvn significant fluctuations since 2005, i.e., the year
since when more reliable data has been available. However, net carbon sequestration has remained
stable over this period. The current submission includes a number of recalculations for several
categories, as a result of data quality improvements and methodological refinements. These
recalculations improved the internal consistency of the time series but did not change the main
conclusions about the net sink character of the sector

Thewaste sectorwas responsible for 7% of total national GHG emissions in 2024 amounting to 4
million tons of C@equivalent. The largest category was solid waste disposal on land, representing 81%
in 2024, followed by wastewater treatment and discharge (14%), biological treatment of solid waste
(4%), and incineration of waste without energy recovery (less thanld%jntrast with other sectors,
emissions from the waste sector are 13% higher now than in the base year. However, the growth in
emissions stopped in the last decade, and a reduction of 20% could be observed between 2005 and
2024.

Overall, within the waste sector, emissions frawlid waste disposashow a longerm decreasing

trend, which can be explained by the reduction in the amount of waste disposed. The degradation
process in solid waste disposal sites is quite slow which means that waste that was disposed many
years earlier have still an influce on current emission levels.

At the time, emissions from thkiological treatment of solid wasteshow an increasing trend in the
recent years, reflecting the expanding capacity of composting and other biological treatment
processes, however their share within the total waste sector remains low.

Emissions fronmcineration and open burning of wastare low and show a decreasing trend in recent
years. The reduction in emissions has been slightly supported by the tightening of municipal
regulations, particularly regarding restrictions on leaf and garden waste burning.

Emissions fronwastewater treatment and dischargeshow a decreasing trend due to a growing
number of dwellings connected to the public sewerage network; however, the rate of decrease has
slowed in recent years
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ES.4 Precursors

NGO, CO and NMVOC gases are referred to as indirect gases because they (togethep)iftusace
atmospheric warming indirectly, via secondary effects. Nitrogen oxides, carbon monoxide and (non
methane) volatile organic compounds gpeecursorsof ozone which is itself a naturally occurring
greenhouse gas. Sulphur dioxide can contribute to formation of aerosols that scatter some of the solar
radiation back into space. Calculation of the emissions of these gases is required by the UNFCCC
reporting guidelines. It should be noted that Hungary (as well as the other European countries) has
calcdated the emissions of such gases for several decades and the Geneva Convention of 1979
(CLRTAP) also laid down such obligations. Emissions are reported consistently in the above two
reporting regimes. The following table shows the main trends in emissions

Table ES. Emissions of indirect gases, excluding LULUCF (Gg)

GASES | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024
NOX 246 | 191 | 189 | 181 | 155 | 136 | 114 | 116 | 107 93 94
CoO 1416 | 981 | 857 | 700 | 558 | 477 | 349 | 352 | 343 | 308 | 287
NMVOC 314 | 227 | 202 | 184 | 144 | 137 | 124 | 123 | 119 | 114 | 108
SO2 810 | 601 | 428 42 30 24 17 14 14 11 8

(Source: CLRTINECDreporting)

The substantial reduction iBulphurdioxide emissions is attributable to the decreased use of fossil
fuels in general and the decreasing share of coal with highdphurcontent. After 2000, further
reductions were observed due to the introduction of.S®ecipitators in coafired power stations.
Reduced carbon monoxide emissions are obviously a consequence of decreased fuel uses. The
decrease in N@emissions is relatively moderate due to the increasing significantcartsport
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1 INTRODUCTION

1.1 Background information and climate change

Hungary submitted the First National Communication in 1994 when the country joined the UN
Framework Convention on Climate Change (hereinafter referred to as the Convention). In conjunction
with this, the greenhouse gas inventories of the preceding yearse weepared. Since then,
inventories have been compiled annually as required. According to the Convention, year 1990
considered as the general reference level was not adequate for Hungary as a base year because the
economic output of the country was alreadn the descending course as a result of the ongoing
transition to market economy. Instead of 1990, the average of years 1985, 1986 and 1987 (hereinafter
NEFSNNBER (G2 +a £€o0lasS &SIENEOC ¢Fa aStSOGSR 06SOlF dza
stability in the fluctuating economic output. This request was accepted by the COP.

With the introduction of additional greenhouse gases, it was necessary to select the corresponding
base years. (This was particularly important for HFCs because such gases had been used increasingly
as replacements for ozone depleting chlorofluorocarbohg/sOS (G KS SIF NI & MdbdpnQa do
1995 as the base year for fluoride gases. The process of inventory preparation has been improved year
by year. The inventory teams did their best to meet the changing and growing requirements. Particular
emphasisvas placed on determining the specific emission factors for Hungary.

The regional effects of the global climate change can clearly be seen on the Hungarian observations.
The annual averages of temperature in Hungary are very similar to th&maiin wave of the global
temperature since the beginning of the 20th century.
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average (climate normal) and thus so far the warmest year on record. However, 2024 became even
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G NYSNI gAGK | 8SIENIe& | 0RWAS2.16 Bafmhes tNan thdzdlBent2 T MH ¢
climate normalbased on controlled, homogenized and interpolated datadungaroMet Hungarian
Meteorological Servicelhe national average annual average temperature rises significantly at a 90%
confidence level based on a linear trend estimate from a long time series beginning in 1901. The change

in the national average annual temperature over the last ¥2ars (1901 to 209 has averaged

+164c fwhile within Hun@ry, there has been a temperature change of at least 41 .#48a maximum

of +1.9¢ /

According to the homogenized data, theuntrywide average of yearly totptecipitation was7673
mmand 525.5 mm in 2023 and 2024. 2023 was thevBttest year since 1901, whereas 2024 was the
25" driest. Over the last 12 years, between 1901 and 282we have seen a moderate decline,
averaging3.75%, based on the exponential trend adjusted to annual precipitation amotiosever,
the reduction in precipitation is statistically not significant.
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Figure 1.2Exponential trends iannual precipitation sum (mm) over the period 104 in
Hungary based on the homogenized, interpolated dataset of HungaroMet

1.2 Institutional arrangements

The minister responsible for the environment has overall responsibility for the Hungarian Greenhouse
Gas Inventory and the Hungarian National System for Climate Reportitspetiteresponsible for the
institutional, legal and procedural arrangements for the national system and the strategic
development of the national inventory. The Ministry of Environment and Water had been abolished
after the elections in spring 2010, and itasks have been taken over by the Ministry of Rural
Development. The structurand duties of the ministries changed again somewhat after the elections
in 2014, and the Ministry of Rural Development turned to Ministry of Agriculture which nevertheless
had the same responsibilitieas regards environmental matters:ollowing the 2022 elections, the

14



HUNGARY National InventoryfDocument19852024 INTRODUCTION

Ministry for Technology and Industry took over the environmental issues until December 1, when the
new Ministry of Energywas established with responsibilities for climate policy and environment,
among others. Therefore, the designated single national entity is nowithestry of Energy

Contact details of the single national entity are as follows:

Ministry of Energy

Head office: 1117 Budapest, Okt -ber h
Phone: +36-1- 795-67-66

Fax: +36-1- 550-39-44

E-mail: ugyfelszolgalat@tim.gov.hsajta@emgov.hu

Csaba LantgdMinister of Energy
Postal address: 1440 Budapest, Pf. 1.

The national system has to be operated by the minister responsible for the environment but, as
prescribed by legislation, in consent and cooperation with the ministers responsible for energy policy,

forest management, agricultural policy, and national beidyVithin the Ministry of Energya Climate

Policy Department has been established that plays a coordinating and supervisory role in the national
aedaitsSyoe ¢KS KSIR 2F GKA&a RSLINLYSY(d Aa | dzy3l NBEQa

Currently, Government Decree 278/20D4 14 November 2014egulates the preparation of the
national GHG reports and the procedure of the obligatory data provision necessary for the inventories.
This decree designatétungaroMetHungarian Meteorological Servi@ihereinafter: HungaroMetas

the main compiler institute. In addition, it formalizes the participation of the University of Sopron (that
incorporates the former Forest Research Institute), Hungarian National Land Centre (that has a
Forestry Departmet), and National Food Chain Safety Office in the inventory preparation process. The
latter three institutes are responsible for the LULUCF seétsra recent developmentnstitute of
Agricultural Economics Nonprofit Kft. (ABgcame responsible by legislation for the agriculture sector

of the inventory.

Pursuant to Article 13 (1}5) of Government Decree 547/2028 12 December 2028n the National
meteorological service provider and meteorological activities in Hungary, the related rights and
obligations of the Hungarian Meteorological Service (OMSZ) have been transferred to HungaroMet
from 1st January 2024. On the basis of thesevjmions, all duties of OMSZ have been taken over by
HungaroMet a state-owned limited companyalso from 1st January 202dungaroMet performs the

tasks of the legal predecessor OMSZ without interruption and without change.

The duties oHungaroMetare alsospecified inthe above mentionedsovernment Decre&47/2023.
These duties include also the preparation of emission inventories of greenhouse gases and air
pollutants for the fulfillment 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 to Unit of
National Emissions Inventories in 2015 to reflect the fhet this unitwasalso responsible for the
compilation of air pollutant emission reportsrom 2024 on, the emission inventories are compiled in
the newly establishediir Quality Modelling & Emissions UnifThisunit is responsible for most
inventory rehted tasks, compiles the greenhouse gas inventories and other reports with the
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involvement of external institutions and experts, partly on a contractual basiyhMarts of the
inventory (energy, industrial processes, and waste) are prepared by the expertsunfitiieemselves.

The agriculture sector is prepardy the Institute of Agricultural Economics Nonprofit Kft. (AkRd

the whole LULUCF sector is compiled by the institutes listed in the abertgoned Government
Decree 278/2014Within the Air Quality Modelling & Emissions Urtihere isa core expert team of
three peopk dealing with emissiondhe division of labor and the sectoral responsibilities within the
team are laid down in the QA/QC plan and other official documenittuoiyaroMet The Head of Unit
coordinates the teamwork and organizes the cooperation with other institutions involved in inventory
preparations. He is responsible for the compilationh&f CR tables andhe NID. Within the team the
experts are responsible for different sectors. Besides, a QA/QC coordinator and an archive manager
have been nominate.

The following table summarizes the institutional arrangements:

Function Institution Responsibilities
Ministry of Energy

. 1  Supervision of national system
Single national entity (in consent and 1  Official consideration and approval
cooperation withthe .
Ministry of Agriculturg of inventory
I  Provision of work plan
I Contracting consultants
HungaroMet 1 Inventory preparation of Energy
Inventory coordination and Air Quality Modelling & IPPUY and Waste sectors
compilation Emissions Unit i  Compilation of the CRand ND
1  Archiving
1  Coordinating QA/QC activities
I Reporting to UNFCCC secretariat
. Forest Research Institut § Data collection, choice of methoc
Inventory preparation of the . . : .
LULUCE sector of the University of_Sopro; and E!:S,. inventory preparation
(by law) Na’FlonaI Food Chain Safe §  Compilation of the relevant parts c
Office (NFCSO) the CR'and ND
 Data collection, choice of methoc
Inventory preparation of the Agricultural Economic: and s, inventory preparation
agriculture sector Nonprofit Kft. (AKI) i  Compilation of the relevant parts c

the CR and ND

1.3 Inventory preparation

The annual inventory cycle is carried out in accordance with the principles and procedures set out in
the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. As a general method of preparing
the inventory, the procedures described in the IPCCd&imes are applied and the late&HG
Inventory Reporting Todk used. Usually, the sectoral experts are responsible for the choice of
methods and emission factors in consultation with the headiofQuality Modelling & Emissions Unit
According to the recommendations of the IPCC Guidelines, 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, wWeetivity data (AD) can be raw
material or product or energy use etc. Part of the available data (e.g., production data) can directly be
entered into the IPCC tables; others require previous processing and conversion. For example, energy
data are not dvays available in the required depth and resolution. The default emission factors (EF)
are being gradually replaced by counsipecific emission factors characteristic of domestic
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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 with the coordination of the core team. The se@bdata are compiled anglafter repeated checks

¢ unified by using th&sHG Inventory Reporting TOQA/QC activities are described in more detail in
chapter 1.7 and the full, updated QA/QC Plan (synthesizing the former QA/QC Plan, the old ISO
Procedure ad the old archiving manual) is included in Annex 5.

Recalculation of some dateries of the inventory can be justified by several reasons. Just to name a
few, QA/QC procedures, ERT recommendations, changing for higher Tier methodologies can lead to a
recalculation. As a basic rule, whenever new informatgnerges that improves the quality or
accuracy of the emission data, the emissions are recalculated. The Hungarian Meteorological Service
funds research and development projects for the improvement of the inventory whenever possible.
Recalculations are allys documented in the relevant chapter of the national inventtmgument

Thelnventory cycle can be summarized with the following table based on our QA/QC plan:

Date/deadline Item To
Overview of sectors to identify areas for possible
improvements;

From May to November Data collection, choice of methodologies,

Start of calculations
Repeated checks

FTEI) SRS e (9 DEEEil ey (N Calculations from external expert

April)

Frqm September to December (an Calculations, checks, archiving

April)

15 January Official submission EU
Between January and March QC procedures including EU internal review

15 March National Inventory Report, Official submission EU

QC procedures in the process of finalizing thB NI

Between March and April and CRtables

. . National
08 April National Inventory Report for approval Authority
15 April Official submission UNFCCC
31 July Preliminary inventory of yeark EU
From 1% of April to October Archiving, QA/QC and Development Plan internal

A Figure presenting the inventory cycle is included in Annex 5.

The inventory report is approved by two ministers: (1) ministereoergy (responsible for energy
policy but also for environment)2) minister for agriculture (responsible for agricultural policy, land
administration, and forest management) before submission to the UNFCCC.
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1.4 Data collection, processing and storage

Data is collected in several ways and throughout the whole yearly cyaieeitory preparation.All
institutes, i.e.,HungaroMet AKI, NLC, NFCSO, University of Sopron, are authorized by law to collect
the necessary dateéSector specialists (or external experts on contractual basis) are making the data
inquiry and collection in addition to the data arriving based on the reporting obligation set up by Govt.
Decree 278/2014 as described below in more detail). Plant specifec ate collected if possible
(especially in case of power stations, heating stations and industrial technologies) but statistical
databases are also heavily used as source of information. The most important statistical publications
are the Statistical Yearbook of Hungary, the Environmental Statistical Yearbook of Hungary and the
Environmental Report of Hungary published by the HuiageCentral Statistical Office (HCSO) and the
Energy Statistical Yearbook published earlier by the Energy Efficiency, Environment and Energy
Information Agency. As regards energy statistics, the practice changedvay that he compiler
institute reliedess to classic statistical publication and more to databases sent by the Hungarian Energy
and Public Utility Regulatory Authority to the IEA and Eurostat. The compiler institute receives the
same completed joint questionnaires that are sent to the intgional organizations which ensure
consistencyith data reported under Regulation (EC) No 1099/2008.

Since the use of ETS data has several advantages, the inventory team was granted access (by the same
Govt. Decree) to the verified emissions database held earlier by the National Inspectorate for
Environment and Nature (now: National Climate Protection Authority).

In addition to statistical data, contacts were established with the representatives of a number of major
emitting sectors. Moreover, information from the websites of international associations (e.g.,
International Iron and Steel Institute, 11SI) is usedval.

For the calculation of-gas emissions, import data from the Customs Office and Police were used
together with data obtained directly from companies importing and using fluorinated gases and
information from cooling industry associations, the Hungarian Mwoimg and Certification Body
(OMKTHMBC), the Hungarian Electrotechnical Association (MEE) and the National Directorate
General for Disaster Management, Ministry of the Interior (NDGDM).

Data reported pursuant to Article 6(1) of Regulation (EC) No 842/200&6jards (for the consistency
check required by theRegulation (EU) 2018/1999s received from Hungarian contact point
responsible for the reporting under 842/2006/EC. This data provision is also included in Govt. Decree
278/2014.

The Act LX of 2007 on the implementation framework of the UN Framework Convention on Climate
Change and the Kyoto Protocol thereof aims to give direct data collection authorizationrortrster
responsible for the environmeni order to collect data for the national system for climate reporting
and gives a permanent status to the system. Relevant paragraphs for data collection are the following:
G¢KS aAdGF3dS FdziK2NAGASA KI @AYy 3 RA &LlRakRegistratigh (1 KS
System andhe organizations emitting at least 100 tons of carbon dioxide equivalent per year shall
provide these data for the National Registration System in accordance with the provisions of a separate
f S3AFf AYyaildNHzYSylioé a¢KS Rhalidata supplyy shall ®edpfosided fokkhe G 2
National Registration System irrespective of the fact that they are qualified as individual data pursuant
G2 GKS NBfSOryd LINRPGAAAZ2Y 2F ' 0OG -[x2L 2F -mdpdo
merntioned Government Decree 278/2014on data provision relating to GHG emissions prescribes
compulsory data provision for GHG inventory purposes for numerous governmental bodies and
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emitters. QA/QC Activities connected to data collection are regulated by the updated QA/QC Plan
included in Annex 5.

Govt. Decree 278/2014as two annexes with quite long listsf data providers and data to be
submitted. The first annex relates to information that are to be submitted by government institutions,
Annex Il relates to data provision obligation by firms. Information contained in these two annexes
cover the basic data needs for inventory compilation. In additmnrvhat is included in the above
annexes, paragraph 5 states that:

In addition to the regular data provision as specified in the annexes, the inventory compiler institutes
are entitled to request additional data in order to supplement or refine the available information, or to
make the corrections required during reviews.

To facilitate exchange of information, Hungarian Meteorological Service (now Hungarodtate
"VIP cusbmer" of the statistical officeecently,which means we have a dedicated VIP contact person
within the statistical office in case of additional data needs.

All the collected data, where relevant, are also used for the elaboration of the air pollutant emission
inventories (NFR). Therefore, the consistency with the reporting of air pollutant emission inventories
under Directive 81/2001 and the Convention on goange, Transboundary Air Pollution (CLRTAP) is
ensured.

A copy of all data, information necessary for the compilation of the given annual inventory is stored in
printed or electronic form either by thAir Quality Modelling & Emissions UmitHungaroMetor by

the institutions involved in inventory preparations. Significant steps were taeelier to create a
central archive in the premises of Hungarian Meteorological Sefwioe HungaroMet)where all
background data would be stored.

The most important paper information archived already in the Service is the following:
i Statistical Yearbooks of Hungary from the year 1961
1 Environmental Statistical Yearbook of Hungary from 1996

1 Energy Statistical Yearbook published by the Energy Efficiency, Environment and Energy
Information Agency from 1985.

1 Hungarian Statistics on Road Vehicles (in electronic format since 2000)

1 National, regional and local emission survey of the Hungarian road, rail,-vatee and air
transport (19952004) made yearly by the Institute of Transport Sciences

Lots of background data are stored by contracted expert institutions as well, which increases the
security of data availability. Nevertheless, at least a copy of all important information has been
transferred to thebuilding ofHungaroMet The following information is stored elsewhere:

9 Data from individual industrial plantsMinistry of Energy
1 ETS data, registpNational Climate Protection Authority;
9 Forestry statisticg Hungarian National Land Centre;
1

Wastewater datag¢ General Directorate of Water Management, Ministry of Agriculture,
Ministry of Interior, HCSO.

Electronic information is stored on disks on a fileserver with a regular backup. The whole data files are
backed up once a week, while the implements (those files that have been modified since the last
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saving) are saved two times a week. The data are stored on tape storage system. The cassettes of the
data storage system are stored far from the recording system, in another room, which is air
conditioned and equipped with an tp-date fire service systenfll events connected with the data
saving are logged in accordance with the documents of the Quality Management System of
HungaroMet.

For HungaroMet, ssa successor of OMSZ, sarsiict record management, documentation and

archiving rules apply in gener®MSRa 3ISYSNIf NBO2NR YIyl3ISYSyids Rz
regulation have been amended in 2011. The new regulation had been supplemented with a new
chapter relating to the Unit of National Emissions Inventories. The main elements of the former
proposal ofi KS WYl ydzrf F2NJ 4KS YIAydSylryO0S FyR YIlyl 3
procedures of documents and data handling had bigmalized in this regulation.

A particular issue of this regulation is to ensure the integrity of the data handling in relation to the GHG
inventory. The regulation has specific rules on handling confidential data as well. These rules are as
follows:

Confidential data are

W accessible only for members of thr Quality Modelling & Emissions Unithey are not
allowed to be forwarded to other institute or persons, except for the ERT

w it is not allowed to make hard copies of these documents, only one electronic copy can be
made, which is stored on the serverAif Quality Modelling & Emissions Unit

w data stored on the server of GHG are protected by password,;

W it is not allowed to take out any confidential information from ttieilding of HungaroMemnot

even their copies;

W the original hard copies are not allowed to be forwarded to the Hungarian Environmental
Archives; they are stored in the recordslofizy’ 3 I NRiaGuiliQ Bodelling & Emissions Unit

The new regulation has been endorsed by the Minister of Public Administration and Justice and has
been in force since January of 2012.

The directories of the server, where the data of the Unit of National Emissions Inverdogistored

have access protection, so they are available only for the staff of the Unit in charge of the different
sectors of the GHG inventory. It is important to note that there are different directories for all the
calculations and drafts (working foldeand for the submitted reports and incoming data which cannot

be modified. Within theéAir Quality Modelling & Emissions UaftHungaroMet the nominated archive
manager is responsible for the maintenance of the archiving system in close cooperation with the IT
Department of the Service.

The most important elements of the previously planned procedural manual for management and
maintenance of the archiving system (archiving manual) have been included formally into the general
record management, documentation and archiving regulatiodwigaroMetand the new QA/QC Plan

of the Air Quality Modelling & Emissions Un(tnstead of the introduction of a new regulation the
already existing regulations have been amended and supplemented with the issues of the draft
manual.). So, these two regulatis define the QA/QC activities connected to data collection,
processing, storage and the documentation and archiving activities oAthQuality Modelling &
Emissions UnitFurther development of the system may include the incorporation of other emission
data, which are relevant to air pollution.
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1.5 Brief general description of methodologies and data sources used

The IPCC Guidelines provide methodologies for estimating emissions and removals of greenhouse
gases. However, the basic idea is not greenhouse gas specific, the same approach is used for other
pollutants, and other emission inventories, as well (e.g. $e= EMEP/EEA air pollutant emission
inventory guidebook). The basic equation is as simple as this:

Emission = AD x EF,

where AD stands for activity data which represents some human activity (e.g. fuel use, industrial
production, animal population, dwellings supplied with public sewerage, area of vineyard
abandonment), whereas EF is the emission factor that quantifiesrtissgon (or removal) per unit of
activity. For example, in energy industry, which is the most important source category, emission factors
for combusting natural gas or lignite are 56.1 tQand 107.9 t GO J, respectively; the importance

of the mix offuels used to produce energy becomes apparent at a glance.

Emission factors are usually dependent on several other factors, used technologjeshittleads

us to the concept of tiers. A tier represents a level of methodological complexity. In the Guidelines,
usually three tiers are provided. Tier 1 is the basic method, where activity data are usually aggregated
national statistics and the emission facs are default values representing typical process conditions.
Higher tier methodologies are more demanding in terms of complexity and data requirements as they
require countryspecific information on théechnologies usedfacility level data whenever possible,

or use of complex models. For key categories, ¢ategories that have a significant influence on a
O2dzy iNBQa G(G2GFf Ay@Syid2NER 2F INBSyK2dzaS 3l asSa
the trend in emissions and removals, or uncertainty in emissions and removals, it is requiredyto appl
higher tier methods. Accordingly, the compilers of the Hungarian inventory aim at taking into account
the technologies available in Hungary to the extent possible. For example, the emission trading system
of the European Union makes possible to have access to facility level activity and verified emission
data.

Although this basic equation can widely be used, in some source categories other approaches are used.
For example, mass balance method is used for estimating the change in carbon content of living
biomass in forests, or in case of solid waste disposas,séecalculation method is applied which
assumes that the degradable organic component in waste decays slowly throughout a few decades.

Ay

¢2 SyadNB GKIG GKS yIEGA2y+lf Ay@Syd2NB Fdf FAL &

compliance with its commitments, it has to meet certain quality standards, in other words it has to be
accurate, complete, consistent, comparable and transpef8@CCT). The first two requirements need

no special explanation: an inventory is accurate, if it has no systematic bias towards onder
overestimations, whereas a complete inventory covers all relevant sources and sinks, and gases within
the borders ofthe country. The next two criterions are closely linked to the requirements of the
UNFCCC. Consistency ensures that the trends in the -8sréss of the inventory reflect real
differences in emissions, and not caused by any methodological changes. datieanhouse gas
inventories of all countries shall be comparable; therefore, the submitted information shall be
compiled in accordance with the UNFCCC reporting guidelines and the 2006 IPCC guidelines.

More detailed source specific information on used data and methodologies can be found in Chapters
3-9 in this inventorydocument
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1.6 Key source categories

Based on the IPCC Tier 1 methodol®#/key categories have been identifictihe category4.E.2

[ FYR [/ 2y @SNl S wergidoppedoiitinthis 3uBnyisSiéncompared to the last submission.
On the other hand,wo categorieg1.A.3.b Road Transportation and 3.D.2 Indirect N20 Emidstons
Managed Soiljsbecame key.

Tablel.6.1. Key category analysis summary

KEY CATEGORIES OF EMISSIONS AND REMO? Level Trend excL incL
1 1.A.1 Fuel combustionEnergy IndustriesLiquid co X X X X
Fuels
5 1.A.1 Fuel combustionEnergy IndustriesSolid co X X X X
Fuels
3 1.A.1 Fuel combustionEnergy IndustriesGaseous co X X X X
Fuels
4 1.A.1_ Fuel combustionEnergy IndustriesOther co X X X X
Fossil Fuels
5 1.A.2 Fuel corr_lbus_uor?Manufacturmg Industries co X X X X
and Construction Liquid Fuels
1.A.2 Fuel combustionManufacturing Industries
6 and Construction Solid Fuels co X X X
7 1.A.2 Fuel combustlonManufacturlng Industries co X X X X
and Construction Gaseous Fuels
1.A.2 Fuel combustionManufacturing Industries
. . X X X X
8 and Construction Other Fossil Fuels co
9 1.A.3.b Road Transportation CQo X X X
10  1.A.3.b Road Transportation N20 X X X
11  1.A.3.c Railways Co X X X
12  1.A.4 Other SectorsLiquid Fuels CO X X X X
13  1.A.4 Other SectorsSolid Fuels Co X X X
14  1.A.4 Other SectorsSolid Fuels CH X X X
15 1.A.4 Other SectorsGaseous Fuels CQ X X X
16  1.A.4 Other SectorsBiomass CH X X X
17  1.A.5 Other (Not specified elsewherd)iquid Fuels CQ X X X
18 1.B.1 Fugitive emissions from Solid Fuels CH X X X
1.B.2.b Fugitive Emissions from Fuelsl and
1 X X X X
o Natural Gas Natural Gas e
20 2.A.1 Cement Production CQ X X X
21  2.A.2 Lime Production Co X X
22  2.B.1 Ammonia Production CO X X X
23  2.B.2 Nitric Acid Production N20 X X
24  2.B.8 Petrochemical and Carbon Black Production CQ X X X X
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25  2.B.10 Other CCe X
26  2.C.11Iron and Steel Production CQ
Aggreg
27  2.F.1 Refrigeration and Air conditioning ate F X X X X
gases
28  2.G Other Product Manufacture and Use N20O X X X
29  3.A Enteric Fermentation Ch X X X X
30 3.B Manure Management ChH X X X
31  3.B Manure Management N20 X X X
32  3.D.1 Direct BD Emissions From Managed Soils  N.O X X X X
33  3.D.2 Indirect BD Emissions From Managed Soils N0 X X
34  4.A.1 Forest Land Remaining Forest Land Cca X X
35 4.A.2 Land Converted to Forest Land CQ X X
36  4.G Harvested Wood Products CQ X X
37 5.A Solid Waste Disposal ChH X X X X
38 5.D Wastewater Treatment and Discharge CH X X X
39 5.D Wastewater Treatment and Discharge N20 X X X X

Note: L = Level assessment; T = Trend assessment, incL = including LULUCF, excL = excluding LULUCF.

1.7 QA/QC information

The national system has to ensure high quality of the inventory, i.e. to ensure that the inventory is
transparent, consistent, comparable, complete and accurate. These principles guide the internal
expert team that maintains the system. QA/QC activitiesgarformed in two levels: based on the ISO
9001 standards and following the IPCC recommendations. The updated QA/QC Plan that entered into
force in 2013 aims to integrate these two sets of requirements. The QA/QGskiaaatedregularly,

the last updateentered into force in December 2022.

For HungaroMet, as a successor of OMSZ, same strict record management, documentation and
archiving ruless well as the same QA/QC pkply in general.

ISO activities

The Hungarian Meteorological Servi€@MSZ)the legal predecessor of HungaroMéitroduced the

guality management system 1SO 9001:2000 in 2002 for the whole range of its activities which was quite
unique among meteorological services. However, GHG inventory preparation was not among its
activities in that time. Therefore, the scope @dr ISO accreditation had to be modified and lots of
efforts have been made to bring also the national system under the umbrella of the ISO QM system.
Several regulatory 1IS@cuments were created, among others: ISO procedure on the activities of the
GHG Division; QA/QC plan; registers and records for quality checks and documentation. Naturally, from
that time on,HungaroMetlevel QA/QC activities apply for tiér Quality Modelling & Emissions Unit

as well, such as general quality objectives, application of QA/QC Manual, QA/QC regarding contractors,
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etc. Further information on quality management systemthfngaroMetis available in English at:
http://www.met.hu/en/omsz/minosegiranyitas/

In 2012 the ISO procedure of the GHG division was reviewed, and the former QA/QC Plan with the
archiving manual was integrated into it. ISO document No.: ELFO_UHG_401.01 entered into force on
4 January 2013 can be regarded as the QA/QC Plan requireddatany preparation. In addition, the
records used for documentation of QA/QC and other standardized activities have also been renewed.
On 21 May 2014, an update of the QA/QC Plan (No.: ELFO_UHG_401.02) entered into force in order to
insert the recommendaon of the review of the year before regarding the documentation of QA
activities. The update of the QA/QC Plan (No.: ELFO_NELO_401.01) that entered into force in the
beginning of 2016 did not contain significant changes, mainly changes of names andae$cte
legislation and the Guidebook are reflect&iur most recent QA/QC Plan (No.: LRK/LMEs from
October 2024The records and their functions are the following at the moment:

1 LMEO 02Development Plan: to be filled in every year by the end of the inventory cycle based
on the outcome of all reviews and own experience;
1 LMEO 01Responsibility: for the specification of the sectoral responsibilities of the core team
and the QA/QC coordinator
The records and the English translation of the QA/QC Plan are presented in the Annex 5 bf the NI

The QA/QC Plan contains detailed description of the data collection, inventory preparation and
reporting processes, regulates the documentation and archiving activities in order to ensure
transparency and reproducibility of the inventory the same as befespecially:

1 LRK/LME®@®?2 formalizes the data collection and inventory preparation procedure as it is
described also in chapters 1.4 and 1.5 above. It is important to note that the authorization of
HungaroMetffor collecting norpublic data has been raised in a legally binding level since 2009
when Govt. Decre€8452009 of 30 December 200&ntered into force. In addition, Act LX of
2007 on the implementation framework of the UN Framework Convention on Climate Change
and the Kyoto Protocol authorizétungaroMetto collectconfidential data if needed as well.
LRK/LME®@?2 prescribes that any data used by the preparation of the inventory have to be
documented and archived.

9 Documentation and archiving: As mentioned in chapter 1.4 absixiet documentation and
archiving are a basic requirement by the institutitfungaroMethas a documentation and
archiving manual valid for the whole institution, which defines that all the incoming letters and
emails containing data have to be registered in the central registry system. This ensures that
every document is traceable. In additial data, data sources and calculation files and
background documents for every inventory submissiesdto be documented and archived
by the sectoral experts. The exact process of documentation and archiving (naming and
location) is detailed in documehiRK/LMEM?2.

91 Data quality check. Besides selfecking, the entries of data providers and external experts
are checked regularly. Significant changes compared to previous data shall be explained. The
QA/QC plan prescribes timeethods of checksentioned before, including Development Plan,
GKSNBE FANBROG 2F ff GKS NBO2YYSYRIGAZ2Yya 27F (K
review team of the UNFCCC have to be taken into consideration as much as possible every
year.
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Having an ISO system in place has an advantage of being subject to regular internal and external audits.
During our last external audit, the activities of the Unit of National Emissions Inventories were audited
as well. Our system was audited favorablyhie end of March 2007; and our ISO certification has been
renewed in Januar2012,and a comprehensive external audit was again performed in January 2014
2015, 2016, 2017 and 2018 as well. On 5 April 2@23December 2014 and 11 October 2016 an
internal audit has been performed too. In all cases the result was a few-simmificant
recommendations. Therefore, we can claim that the GHG inventory is subject to and our procedures
are in line with ISO 9001:200Bhe most recent external audit was held in December 2023.

As part of the QA and verification activities there is an ongoing QA procedure between the NFCSO and
the Forest Research Institutef the University of Sopromho are involved in the LULUCF of the
inventory.

Peerreviewsof the other chapters will be conducted depending on available resources.
UNFCCC reviews

Reviews conducted by expert review teams of the UNFCCC usually have important impact on the
development of quality and transparency of our emission estimakhs. lastindividual review of the
Hungarian inventory report took place in October 2022.

EU review processes

In 2012 the EU carried out a comprehensive individual technical review concentrating on the years
2005, 2008, 2009 and 2010, which can be regarded as an additional QA activity. Starting with the data
reported for the year 2013, the European Commission caiell annual reviews of the national
inventory data submitted by Member States in accordance with the Regulation (EU) No 525/2013 (the
Wa2yAl2NAYy3I aSOKFIyAaY wS3dA FGA2yQ 2NJ aawi ®

5SOA&aA2Yy b2 nnckHNNndk9/ O0GKS WOFF2NI {KFENRARYy3I 5S¢
Ayid2 Ly lyydadt O2YYAUYSyd O@0tS NBIdZANAY3I | 0O02Y
gas (GHG) inventories within a shorter time frame than theesurUNFCCC inventory review, to

enable the use of flexibilities and the application of corrective action, where necessary, at the end of

each relevant year.

wS3AdzA F A2y 09! 0 b2 pHpkHAMO O00KS Wa2z2yAidu2NRyYy3 aS(C
a review process of the greenhouse gas inventories submitted by Member States to ensure that
compliance with the ESD is assessed in a credible, consistergpa@ent and timely manner.

The annual ESD reviews conmisif two steps. In the first step the transparency, accuracy,
O2yaraitSyoOes O2YLX SGSySaa yR O2YLINIoAfAGE 2F a
I NIAOESE Hd YR oo 2F wS3AdzZA FGA2Y 0609'0 b2 TndKHAM
The first step of the ESD review is performed by the European Environment Agency (EEA) European
Topic Centre for Atmospheric Climate Mitigation (ETC/ACM). The main purpose of step 1 is to identify
potential significant issues which are handed over to &dpr more detailed analysis.

In the second step of the annuaview,a Technical Expert Review Team (TERT) analyses the significant
issues mainly by performing checks pursuant to Articles 32 and 33 of Regulation (EU) No 749/2014 to
identify cases where inventory data are prepared in a manner that is inconsistent with tRECIS!
guidance documentation or Union rules.

The EU annual review processes contribute significantly to the quality assurance procedures. The main
actions and outcomes of the annual EU review processes were as follows:
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In 2015, Hungary participated in STEP 2 of the ESD trial review on a voluntary basis.

The main objectives of the trial review were to provide, through recommendations, informal feedback
from a review team on emission estimates because no reviews were carried out on UN level, and to
provide additional support to the improvement of the Memb8tates GH@ventories. During the
reviews all the sectors gxceptLULUCR)ere thoroughly reviewed, and several recommendations
were formulated, and the majority of the recommendations were implemented in subsequent
submissions.

In May 2016, a comprehensive review was carried out by the EU for the compliance years 2013 and
2014, and for the years 2005, 2008, 2009 and 2010 pursuant to Monitoring Mechanism Regulation
(EV) 525/2013 Article 27.

In 2017, 2018, and 2019 the checks performed during the annual ESD review did not identify any
significant issues, therefore Hungary was not subject to a second step of the2R@@7annual ESD
reviews.

In 2020, all EU Member States were subject of a comprehensive review. One of the main conclusions

of the review was the followingt ¢ KS NB JASH6SNAR NI A&ASR oy AadadzSa oA
second step of the 2020 comprehensive ESD review. The TERT provided recommendations for 3 of these
issues. Other issues raised during the comprehensive review were clarified and aerednson

AadadzSa T2 N (K alterde secomBeddatibis have been@ddressed for this submission.

In 2021, the annual ESD review identified one significant iskaegfore, Hungary was subject to a
secondste ¢ KS YIFAYy 02y Of dziHedBRT did nbt déef SeceBhrly ang tachnical Y &
corrections within the meaning of Article 19(3)(c) of Regulation (EU) No 525/2013 in consultation with
Hungary.! f aTh& TERT did not identify any Aainding recommendations in order to improve the
national inventory data of Hungasy.

In 2022, he checks performeduring the EU reviewlid not identify any significant issues, therefore
Hungarywasnot subject to a secondtep of the 2022 annual ESD revié®onsequently, o revised
estimates or technical corrections were deemestessary

From 2023 on, revieware conducted undeRegulation (EU) 2018/199%/e had one comprehensive
review in 2025, andvwo more comprehensive reviews are foreseen: one in 2027 and the second in
2032.

Quattro-lateral QA/QC cooperation

Hungary joined a quattrateral QA/QC cooperation with the Czech Republic, Slovakia, and Poland. In

2017 some issues from the Energy and the IPPU sector were reviewed. In 2018, the focus was put on

the waste sector whereas mostly LULUCF experts hadulrditfcussions in the usual summer meeting

in 2019. As an outcome of the meeting recommendations and good practices were shared to learn

from the other Parties, to encourage the improvement and to enhance the quality of emission
inventories.Unfortunately,due to COVIEL9 situation, no further meetings could be held in the last

three years On May 2829, 2025 the first postpandemicmeetingwas heldin Budapest, where in

addition to discussionsn air pollution forecastingmodel, which analysethe energy flow and
consumption andhe associated greenhousgl & | YR | A NJ Li2vbspozentadi 8 Q SYA & a.

Further QA and verification activities to be continuously performed and/or planned:

1 Several consistency checks as detailed in chapter 1.10.
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f Active participation in the support project organized by EU DG Climate farthé & A a G y OS
Member States for effective implementation of the reporting requirements under the Kyoto
t NPG202t G2 GKS ! yYAGSR bl iGA2ya CNIYSG2N] [/ 2y

Other QA/QC activities

Besides ISO requirements, other QA/QC activities are carried out, as well. For every sector of the
inventory, there is a responsible person within the core teamHwngaroMet These sectoral
responsibilities are laid down in the QC record No. NELOO4. Especially in case of external experts, this
responsible member of our team conducts several quality checks orcdlmilations provided
Moreover, this exercise can be regarded as an interactive process throughout the whole inventory
cycle, since thenethodolagies usedand theearly results are discussed during the process of the
emission/removal calculations. This QC procedure also led to a few recalculatiopardimeters and
factors usedthe consistency of data is checked regularly. Completeness checks are undertaken, new
and previous estimates are compared every time. Data entry into the database is checked many times
by a second person. If possible, activity data from different datacgs are compared and thus
verified. Experts involved in emission forecast consultedhany areas with inventory experts of
HungaroMeto reach better consistency, which in turn represented some sort of QA procedure for the
inventory itself.

Nevertheless, the work continues to refine the used QA/QC procedures and implement further
elements. The QA/QC Plan is under review in order to implement all changes required by the EU
Monitoring Mechanism Regulation and implementation of the 2006 IPCdel@s.

1.8 Uncertainty

The reliability of the data for individual source categories was estimated on the basis of the 2006 IPCC
Guidelines but information froridustryand expert estimates was also us&hsed orTable 3.3 and

Table 4.1 of the 2006 IPCC Guidelines we have determined the total uncertainty according to the Tier
1 method. Accordingly, the combined uncertainty as % of total national emissions (in the 24ais20
12.4% (excluding LULUCF) and the uncertainty introduced in trend in national emis&®3s.is

The uncertainty values have been determined by gas as well:

% Uncertainty excluding

LULUCF
CQ 29
CH 4.7
NO 128.5
Fgases 128

Estimation of the uncertainties including LULUCF is a planned improvement. Please find the detailed
Tables presenting the whole calculation in An@eft the ND.
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1.9 Completeness

GHG inventory data are provided for the base year (the average of the three yearsl288% and
the years 19862024. All relevant gases, sectors and categories are included. The inventory is complete
in terms of geographic coverage. The notation keys are used throughout the tables.

1.10Consistency checks

Regulation (EU) 2018/1999 of the European Parliament and of the Council of 11 December 2018 on
the Governance of the Energy Union and Climate Adpoimts (i) and (j)of Part 1 of Annex ¥équires

to report the results of the checks performed on the consistency of the emissions reported or of the
data used to estimate emissions in preparation of the greenhouse gas inventories. The results of the
consistency checks are summarized below.

Consistency with the verified emissions reported under Directive 2003/87/EC

ETS data is essential in inventory compilation, especially to derive country specific emission factors for
several categories in the inventory. In addition, comparisons have been made between emissions
reported under Directive 2003/87/EC and emissions regmbto the UNFCCC. ETS emissions represent
about one third of total emissions. Extending this comparison to source categories, there is no source
category where the ETS emissions are higher than the reported values in the inventory. This is partly
due toour practice of activity data reallocation where precedence is given to ETS data over the original
IEA energy statistics. Good consistency can be found in case of several source categories, especially for
1.A.1.a Public electricity and heat production,.1.A Petroleum refining, 1.A.2.a Iron and steel, 2.A.1
Cement Production, 2.A.2 Lime production, 2.A.4 Other process uses of carbonates, and 2.B Chemical
industry. Information on consistency is provided in a separate Annex submitted to the EU.

Consistency of the data used to estimate emissions in preparation of the greenhouse gas inventories
with the data used to prepare inventories of air pollutants und&irective (EU) 2016/2284

As basically the same team prepares both inventories, the consistency of the used data is safeguarded.
Consistently, emission estimates of carbon monoxide (CO), sulphur dioxide (SO2), nitrogen oxides
(NOx) and volatile organic compounds, in inventoriesyatted by the Member State undddirective

(EV) 2016/2284f the European Parliament and of the Council and under the UNECE Convention on
Longrange Transboundary Air Pollution are consistent with the corresponding emission estimates in
greenhouse gas inmories. The difference between the total emissions of any of the above pollutants
reported in both inventories is well below 5%

Consistency of the data used to estimate emissions in preparation of the greenhouse gas inventories
with the data reported pursuant to Article 19 of Regulation (EC) No 517/2014

In the case of 517/2014/EC only companies importing and exporting across the EU border are required
to report. However, thanks to the Hungariamé&s regulations, data is available also on import/export

of Fgases within the EU for the preparation of tméntory. Thus, the data used for the preparation

of the inventory is significantly wider than the data reported based on 517/2014/EC.
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Consistency of the data used to estimate emissions in preparation of the greenhouse gas inventories
with the energy data reported pursuant to Article 4 of, and Annex B to, Regulation (EC) No 1099/2008

The IEA/Eurostat joint questionnaires serve as basis of emission calculation in the energy sector and
as regards noenergy use of fuels partly also in the industrial processes sector. Consistency is further
enhanced by our practice that emission calcualatiiles access directly the joint questionnaires. Where
ETS data are taken into account, there might, however, be some minor differences with the energy
statistics (e.g., industrial waste consumption in cement production). Nevertheless, these differences
are well below 2%.
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2 TRENDS IN GREENHOUSE GAS EMISSIONS

2.1 Description and interpretation of emission trends for aggregated greenhouse
gas emissions

Table 2.1Total GHG emissions (excluding LULUCK) CQeq

Base year 1990 2005 2024 BY-2024 | 19902024 | 20052024
ENERGY 80,691 69,480 57,516 38,040 -53% -45% -34%
IPPU 14,563 11,386 8,905 5,311 -64% -53% -40%
AGRICULTURE 11,971 9,969 5,985 6,305 -47% -37% 5%
WASTE 3,536 4,095 4,978 4,003 13% -2% -20%
TOTAL 110,761 94,930 77,384 53,659 -52% -43% -31%

Base yearaverage of 19887

Since 1990, emissions have decreased in all sectors. Energy related emissions decredséd by 4
industrial processes by3%, agriculture by7% and waste bg%.The land use, landse change and
forestry (LULUCF) sector shows fluctuating behavior

(Compared to the base year under the Kyoto Protocol, i.e., the average e871.98/issions were
significantly reduced in the energ$3%), industrial processes and product u6d%), and agriculture
(-47%) sectors. In contrast, emissions in the waste sector are higi8gy

Looking at the most recent trends since 2005, emissions have significantly decreased in the energy
industrial processeand wastesectors by34% 40% and 20%, respectively.The agriculture sector
seems to have recovered and could show an increa$&eosince 2005.

ndex, 2005=100%
105%
100%

2 2 5 2 23 492334y 58988 88 &
H R R R &R R R R R R R R R R R B R A
Energy ndustrial Froceses Agriculture Waste

Figure 21 Recent trend of sectoral emissions (2Q0%24)
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For a better understanding of the Hungarian emission trends, the time interval of the inveraaoy

be split into three periods with different emission relevant economic processes in the background. The
first period (19851995) would be the years of the regime change in Hungary, whereas in the second
period (19952005) the rules of the market econorbgcame decisive. The second period can also be
characterized by the decoupling of GDP growth from the GHG emission trend which is undoubtedly an
important development. By 1999, the GDP reached the-p880 level; however, emission levels
remained significantly below the levels of the preceding years. Thus, the emissions per GDP were
decreasing.

In the third period, after 2005, Hungary experienced an emission reduction of 24% up to 2013, out of
which 7% occurred in the first three years up to 2008: basically, due to mild winters, higher energy
prices, and modernization in the chemical industry. Then in 2009, the global firanor@mic crisis
made its radical influenctelt, which can also be seen at the dropping GDP valu€&sgin22. From

2010 on a slight recovery of the economy could be observed, the emissions, in contrast, not just
remainedat a relatively low level but decreased again quite significantly. However, the decreasing
trend stopped in 2013 and an increase dPA could be observed altogether up to 2017. After four
years of increase, emissions have remained more or less at the sambdévekn 2017 and 2019

In 2020, emissiondecreased 2 Y LI NBR ({2 |eybS @ain® deé to & Sghificihéreduction

in transport emissionsaas a consequence of COMI® This decrease, however, proved to be
temporary, in 2021 emissions increased again by 2 per @& in 2022, emissions fell by almost 7%

due to decreasing production and consumption levels driven by rising energy prices, and especially due
to a 15% drop in natural gas consumption. The decline in emissions continued in 2023 with a decrease
of 9 per ent thus reaching the so far- lowest level in the whole time series. Emissions decreased
further in 2024 albeit at a slower pace of 1%. Altogether, emissions decreased by 16% in the last three
years (between 2021 and 2024 s a result, emissioria 2024were 31% lower compared to 2005
levels.

= 5P GHG emissions
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Figure 22 Comparison of trends in GDP and GHG emissions

Starting with the first period, the process of transition into market economy brought in its train radical
and painful decline in the output of the national econon®roductiondecreased in almost every
economic sector including also the GHG relevant sectors (energy, industry and agriculture).
Consequently, GHG emissions decreased substantially in these years by around 33 million tennes CO
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SlidA @t Sylid .SG6SSy GKS YAR ynQa&nelgysaetoribkafound A R don €
27%, and even more, by around-$5% in thandustrial processesnd agriculturesectors.

The most significant drop in energy use occurrednidustry especially in the energytensive
industrial sectors (manufacture of basic metals and machinery, mining etc.). The industrial output of
1992 was two third of that of 1989. Several factories wel@seddown, capacity utilization was
reduced, consequently production decreas#rdsticallyin each industrial sector.

Some examples:

1 Iron and steel production: two out of three plants were provisionally closed down;

1 Aluminum: two out of three plants were closed down in 1991 (aluminium production stopped
in 2006 eventually);

1 Ferroalloys: ceased to exist (1991);

1 Ammonia: four out of five plants were closed down (1987, 1991, 1992 and 2002);

9 Nitric acid: three out of four plants were closed down (1988, 1991 and 1995).

The agricultural sector suffered a similar decline. As a result of the political and economic processes,
the number of agricultural farms was reduced by more than 30%, the number of employees by more
than 50%, the volume index gfossagricultural production by more than 30%, the livestock by about
50%, and the use of fertilizers by more than 6@dnsequentlythe share of the agricultural sector in

total GHG emissions decreased from 11% to 8%.

Energy Industries

Industry (energy use)

Transport
Residential/Commercial

Mineral Products

Chemical Industry

Metal Production

Enteric Fermentation and Manure
Agricultural Soils

Waste management

-10 -8 -6 -4 -2 0 2
million tonnes CO, eq

Figure 23 Changes in emissions due to regime change, between base year and 1995, million tonnes
CQ-eq

The small increase of emissions in the Waste sector is exceptional among all the sectors, and it is
attributable to the slightly increasing quantities of waste generated and collected but more
importantly to the applied calculation method which assumesg tha degradable organic component

in waste decays slowly throughout a few decades.
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Energy Industries
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Transport
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Figure 24 Changes in emissions between 1995 and 2005, million tonnesqCO

' TGSNI GKS YAR pnQaszx SYAAaaA 2 yramilbostBnreS Reefuivaleiitt S & G |
However, behind the quite stable emission level opposite processes could be observed which can be
illustrated by the relatively bigger changes in the energy sector. The fuel use of industry decreased
further which led to about 6% share only@HG emissions around 2005. In contrast, emissions from
transport increased significantly by almost 5 million tonnesé&ivalent which represented a growth

of 60%.

In the third period, between 2005 and 24, emissions fell b23.7 million tonnes 0r31%. About22%

of this decrease occurreglreadybetween 2005 and 2008. The decreasing energy use by other sectors
and manufacturing industries, and the diminishing process related emissions in the chemical industry
were the main drivers of these changes. Most importantly, total fuel consumption inetkidemtial

sector decreased by about 16% (including a 33% drop in solid fuel and a 16% decrease in natural gas
use)¢ mainly due to extreme mild winter in 2007 but probably the growing energy prices and the
support for modernization of buildings might have played a role as well. Decreased production
volumes and modernization in the chemical industry led to an emission reducfi about 45%. In
contrast, emissions from energy industries and transport grew further.

Then in 2009, the Hungarian economy was hit hard by the global economic crisis that exerted a
significant effect on the emission level. Emissions (excluding LULUCF) decre8%e¢a million
tonnes) between 2008 and 2009. In comparison with 2008, emissions in 2009 were lower in all major
sectors. The highest relative reductiori3%) occurred in the industrial processes and product use
sector mainly due to lower production volumes especially in mineral product manufactu2i®p).
Parallel to that, als energy use decreased in manufacturing industries and construction, consequently
GHG emission also fell by%® here. Regarding absolute changes in emissions, out of the 6 million
tonnes reduction, fuel combustion was responsible for abo&tillion tonnes. Although the energy
demand increased in the heating season due to less favorable weather conditions, the fall in the
production of energy intensive sectors led to an overall decline in energy use.
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The decline in economic output stopped in the first quarter of 2010. Mainly driven by the growth in
export-oriented industrial production, the GDP grew by 1% in 2010. The change in GHG emissions was
about the same. In the next three years, however, emissidecreased again altogether by 12%.

In 2011, we could see decreases in many areas but especially in the energy sector. Electricity
production decreased by 4% which resulted in a similar fall in GHG emissions. Natural gas consumption
inthe residential sector dropped by 9%. Transport emissions fell by 5%, mineral production by a further
15%. In this overall decreasing trend, agricultural soils were the main exceptions. In agriculture, we
had higher fertilizer use, and greater crop protiac (hence higher emissions from crop residues). In

this respect, it is worth noting that the economic growth in 2011 was mainly driven by agricultural

production.

In 2012, the decreasing trend in emissions continued. The decreasg milBon tonnes (0r5%) can
almost be explained by processes in the energy sector alone (e.g., further decrease in electricity
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2013 was not an exception in the decreasing trend, either. Total emissions have decreased by a further
5% corresponding t8.0megatons in C&eq. The decrease was dominated again by the energy sector.
Emissions from power and heat production alone dropped no less tharM2.CQ-eq due to
significantly lower electricity production from fossil fuels.

Total emissions did not change much in 2014. In the energy sector, we could observe some
counterbalancing processes. After several years of decreasing emissions, the transport sector started
to show some growth. Nevertheless, the diminishing fossil fusétaelectricity production, and the

lower and lower energy consumption in the residential sector led to an overall decrease of emissions.

After the lowest point in 2013, emissions started growing again. Up to 2017, the overall increase
reached 1%. Between 2016 and 2017, the growth rate was 4%, to which all sectors contributed to a

greater or lesser extent.
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Figure 26 Changes in emissions between 2@hd 2019

Between 2017 and 2019, total emissions seemed to have stabilized. However, this stabilization of total
emissions was a net result of several balancing processes: (1) increased emissions especially in
transport, and (2) decreases in domestic energy usejratite power sector.

Then in 2020, the first COVID year, emissions decreased by close Th8¥ansport sectodue to
reduced commuting, tourism and business trapehtributed particularlyto the decline of emissions
as demonstrated b¥ig. 27 below.
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Figure 27 Changes in emissions between 2@hd 20
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In 2021, emissions grew again (+2%): especially in the transport sector but buildings used also more
energy due to higher heating demand. In contrast, emissions from energy industry decreased as coal
based power production fell significantly.

Energy Industries

Industry (energy use)

Transport
Residential/Commercial (energy use)
Mineral Products

Metal Production

Chemical Industry

Consumption of F-gases

Enteric Fermentation and Manure
Agricultural Soils

Waste management
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millid tonna CO2-eé

Figure 28 Changes in emissions betweer?@@and 2@1

In 2022, emissions decreased almost everywhere, especially in buildings, in industrial production and
in agricultural soils. The only notable exception was transport with an 8% grBwt?02, emissions

had decreased by186 compared to 2005 levels, marking the lowest emission levels in decades. This
significant decline can be attributed to the combined effects of the economic downturn, rising energy
prices,warm weather,and the ongoing impacts of the RussidRkrainian war, which led to reduced
energy consmption and shifts in energy supply dynamics.
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Figure 29 Changes in emissions betwezdR1 and 202 (above) and®023 and 2@4 (below)
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2.2 Description and interpretation of emission trends by gas
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Figure 210 Greenhouse gas emissions by gas between base year afd 202

The dropinCQSYA &daAzya RdNAy3I GKS SIENIé& mbpnQa o1 a
O2yedzyOliAz2zy AGK GKS RSOtAYyS 2F (GKS ylLiAz2ylf
showed stagnating or slightly decreasing tendencies reflecting thetsftéaestructuring following

the economic growth. The changes in the foek resulted in reduction of the specific emission levels.
Between 2005 and 2013, €@missions decreased by 28 per cent, at about the same rate as during
the regime change around990. The drop of emission accelerated after 2008 mainly driven by the
global economic crisis, and the reduced fossil fuel based electricity produB@ween2013and
2019 however, emissions increasadainby 13%. Electricity production increased, transport sector
showed a steadily increasing trend, and fuel consumption increased in manufacturing indumstry.
2020, an exceptional year because CGlA0ve thought, C&emissions dropped by 4%. In 2022 and
2023, Cemission fell even more, by 6% and 1Y&spectively. Currently, G@missions are 8%
lower compared to 2005This significant drop can be linked to multiple factors, including the continued
effects of the economic downturn, rising energy pricesrmer weather,and the geopolitical
consequences of the Russiblkrainian war, which have collectively driven changes in energy
consumption patterns and promoted a shift towards loveanission energy sources.
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Figure 210 Trend of C@emissions from somienportant selectegources

As regard€H emissions, agriculture, fugitive emissions, and waste management are the trend setting
sectors. Most importantly, reductions in the livestock resulted in lower emissigpscially in the early

part of the time seriesAlso, fugitive emissions from fuels declined significantly due to gradual closure
of underground mines and modernization in the gas transmissions and distribution sy&esides,
emissions from waste disposgiewuntil 2008, but started to decrease recently. This is the seashy

the resultant trend was relatively stagnating until the first half of the last decade, and why it has been
slowly decreasing since theim 2024, CH emissionglid not change significantly
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100%

Index, 1990=100%
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Fugitive emEsions = Aoriculture Waste TOTAL

Figure 211 Trend ofCH emissions from some selected important sources
Due to the above factorgi.e., fall in agricultural and industrial productiorglso N;O emissions
decreased significantly in the beginning of the period. Later it showed a slightly rising trend, followed

by another drop primarily reflecting the fluctuations in agricultural output and the modernization of
nitric-acid production.Then, after 2010, agricultural emissions started growing again, and especially
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emissions from agricultural soils grew 324 between 2010 and 2Q@2hen it fell by 22% in 2022 and
2% in 2023The decreasing trend stopped in 2024, and agricultural emissions incragaadby 9%.

L
vuo
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Chemical industry TOTAL

— Agriculture

Figure 212 Trend of\,O emissions from some selected important sources
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restriction of the use of chlorofluorocarbons as refrigerants. The rise of emissions is obvious.

PFCemissions are principally related to aluminium production processes. Therefore, the tendencies
of PFC emissions reflect the changes in aluminium production. Following a drastic reduction in the
beginning of the period, the levels showed a slow but steadsease. Then the aluminium production
ceased suddenly in 2006.

Sk emissions primarily depend on the uses in electricity transmission, as it is mainly used in electrical
equipment, first of all in switchgears for insulation and arc quenching. So, the grovefleaificity
consumption results in an increasing application of B&wever the tendencies vary according to the
manufacturing/application needs and the steep increase seems to be stopped in the recent years in
Sk emissions too.

HFCs m PFCs m 5F6
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Figure 213 Trend ofF-gas emissions (1992024)
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Figure 214 Share of the different GHGs in 202
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2.3 Description and interpretation of emission trends by category

mEnergy
mIPPU
m Agriculture

HWaste

Figure 215 Share of the different sectors in 202

The figureaboveshows the emissions by sources and removals by sinks for each sector. The biggest
emitting sector was the energy sector contributint@ to the total GHG emission in2D Industrial
processes and product usand Agriculture had 10% and 12%, respectively The waste sector
contributed7%. Compared to the base year, emissions significantly decreasedfalltivéngsectors

energy {53%), industrial processes and product use4%), and agriculture-47%). In contrast,
emissions in the waste sector have increased since-898313%). The land use, lante change and
forestry (LULUCF) sector shows fluctuating behavior. Looking at the most recent trends since 2005,
emissions significantly dropped in the energy and industrial proceasdsvastesectors by34% 40%,
and20%,respectivelyln contrast, enissions in the agriculture sectorcreased byp%

Production and use of energy generate most greenhouse gases, largelyl&®nergy sectomwas
responsible foi71% of total GHG emissions in220 Emissions in thenergy sectodecreased in the

first part of the period as a result of reduced energy consumption and a more favorable fuel mix. The
significant reduction in emissions between the base year and 1995 was mainly due to the economic
transformation which caused sudden dease in energy demand. (In this respect, it is perhaps worth
mentioning that the decrease in fuel consumptibetween 2005 and 2014was even higher!) In
addition, ongoing changes foel structure i.e., gradual replacement of solid fuel by natural gas, le

to further decreasein total emissions. Between 2005 and 2008 growing emissions from energy
industries and transport could be observed, which were more than offset by the drastic reductions in
the residential sector and manufacturing industries. And then the economic crisie: ciatal
combustible fuel consumption decreased by 6% in 2009. Fuel consumption decreased further until
2014 by 14%but thenit increased again byl% until 2019 In 2020 the first COVID year, total fuel
consumption decreased by&In 2021 fuel consumption increased again, by 5%, reaching the level of
2011. Then irthe three years, betweer2021 and 202, fuel use fellaltogether 17%yeaching the
lowest value in the entire time series. Combustible fuel use if 2% 5% lower than in 2005.
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In 2024, primary fossil fuels (coal, oil, natural gas) accounted for 63.2% of domestic primary energy
supply, which is 1 percentage point lower than a year earlier. Nuclear energy accounted for a further
17.3% of consumption, while primary renewable enesgurces accounted for 14.5%. Among the
largely fossit fuels burned, natural gas had the largest share (42%), followed by petroleum products
(36%). Emissions were positively influenced by the fact that the proportion of coal with higher specific
emissons has fallen from 26% to 5% since 1990, which is well below the current share of biomass in
fuel consumption (16%).

The three most important sources of emissions in the energy sector are transport, energy industries,

FYR Ga20KSNJ aSOG2NE ovyzahafte AyOftdzZRAy3a NBAARSYGALl f
16% and 18% of total national emissions in 2024. ggnerise and emissions from manufacturing

industries and construction contributed 8% to domestic total emissions. Fugitive (mostly methane)
emissions from the domestic natural gas system represent 3% of total emissions.

In recent years, the transport sector became the largest emitter, not only within the energy sector but
also across all sectors. Although emissions from the road transiooninated sector fell sharply by

14% in 2020 as a result of preventative measuras GOVIEL9, transport emissions increased
significantly both in 2021 and 2022. The growth stopped in 2023 and emissions even decreased by 7%.
The decrease in transport emissions continued in 2024 but to a much lesser -pat¥)( Still,
transport accountdor a quarter of total domestic emissions.

As far as energy industries are concerned, domestic electricity production increased by 7% in 2024,
while fossil fuebased production decreased by 2%. At the same time, the amount of electricity
generated from solar energy increased by 33%, thus solaggmew accounts for 24% of gross energy
production. The share of nuclear power generation was 42%. Electricity imports remain relatively
significant, but the share of net imports in total consumption fell to 22%, the lowest level in the last 12
years. Engsions from energy industries decreased by 6% in 2024.

After 2023, the winter of 2024 was also much milder than average, significantly reducing heating
demand. Residential fuel consumption has been declining for the third consecutive year: by a total of
22% since 2021. Natural gas consumption fell by 26%tbxes years, but in 2024 the decrease was
only 1%. Firewood decreased lesk)% over three years3% in 2024. Fuel consumption in buildings

in the service sector also fell significantly over the past three yea884), but the rate of decline
slowed als here in 2024-8%).

As a result of all this, the emissions of the energy sector decreased by 2% (0,8 million tons of carbon
dioxide equivalent) between 2023 and 2024

Theindustrial processes and product use seatontributed 10% to total GHG emissions in 2024. The
most important greenhouse gas was £Ebntributing 63% to total sectoral GHG emissions, followed

by Fgases with 31%. In 2024, 49% of the emissions came from chemical industry, followed by 29%
from product uses as ODS substitutes, while mineral industry has 13%. Other product uses (gpntainin
Sk and NO), metal (namely iron and steel) industry and rerergy products from fuels and solvent

use have the smkst influence on the 2024 IPPU inventory with 7%, 0.3%, and 2%, respectively.
Process related industrial emissions decreased by 63% between the base year and 2024, and by 40%
between 2005 and 2024

In 2024, iron and steel production was limited to electric steelmaking based on the recycling of scrap
metal; as a result, sectoral emissions declined by 95% compared to 2023. Emissions from the chemical
industry continued to expand in 2024, albeit at avgtr rate, increasing by 12% compared to 2023.
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Growth was observed across all subsectors of chemical manufacturing, with the newly established
plasticsrelated segment, polyol production, showing further strengthening

Emissions from the mineral industry (cement, lime, and coarse ceramics) continued to contract in
2024, decreasing by 4% compared to the previous yEmissions arising from the naamergy use of
fuels and solventdecreasedy 20%, mainlydue tothe decreasen the solvent use by households

Almost a thirdof industrial emissions come from the operation of equipment containiggdes and

from use of Fgas containing products. Category 2.F.1. (Refrigeration artbaditioning) accounts

for 91% of total Fgas emissions, emissions growth has stopped in recent years. Use of fluorinated and
perfluorinated compounds (HFCs, PFCs) has been significant in Hungary since the early 1990s, but
these gases became a commonly used refrigerant in the secatidohthe decade. Most of the
equipment with Fgas installed aér this period is now coming to the end of its lifetime. Disposal and
regeneration of increasing quantities of gases from equipment-a&Hie help to stop emissions

growth.

In 2024 agricultureaccounted for 2% of total emissions, which is similar to the level in the base year
(BY). Emissions from agriculture include CH4 and N20 gases. 76 per cent of total N20O emissions were
generated in agriculture in 2024. Emissions from agriculture have decreased by 47#eoperiod

of 19852024. The bulk of this reduction occurred in the years between 1985 and 1995, when
agricultural production fell by more than 30 per cent, and livestock numbers underwent a drastic
decline.

Between 1996 and 2008, agricultural emissions had stagnated around 6.1 Mt with fluctuations up to
3.0%.Behind this trend there were compensatory processes. While the number of livestock decreased
further leading to lower emission, the use of fertilizers increased by 68% in the perioe20995vhich
caused growing nitrous oxide emissions from agricultuvds$ sin 2008 the significantly rising fertilizer
prices led to lower fertilizer use, which resulted in some reduction in the emission levels.

Agricultural emissions decreased both in 2009 and 2010. A major reduction in emissions occurred in
2009, when 11 per cent decline in swine population also contributed to the downward trend.
Agricultural emissions, after hitting the lowest point in 2010] iecreased until 2018, mainly because

of the increase imnorganicfertilizer use, cattle livestock, and milk production per cow.

GHG emissioneeflect the restructuring iragriculturalproduction thathas taken place since 2004,
namely the increased ratio of crop to livestock production. Share of CH4 emissions, which derive
mainly fromanimalhusbandry, has decreased, while the N20 emissions, originating primarily from
crop production haggrownsince 2004.

Certain types of inorganiertilizers suchas urea containing fertilizers and calcium ammonium nitrate
(CAN) fertilizers contribute to the agricultural Gl@issions not only with their nitrogen, but also
their carbon content. In Hungary CAN fertilizers have become increasingly popular in thieyesmes,

as a result N20 and CO2 emissions has tripled from this source since 2005.

In 2019, emissions growth temporarily slowed down, mainly due to the decreasing swine livestock and
synthetic fertilizer use, but emissions increased again in 2020. The significant decrease in emissions
from agricultural soils in 2022 compared to 2021 &imy due to the decrease in nitrogen fertilizers

use, and the yields of major crops were also lower than in 2021. In 2023, the decrease in emissions
continued mainly due to the shrinking nalairy cattle and swine population. In 2024, due to a decline
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in fertilizer prices, fertilizer use and the resulting emissions began to approach previous levels once
again

With an average annual net sink of approximately 4.5 million #g0ivalent/year, thd.and Use, Land

Use Change and Forestsgctorhas been a net carbon sink over the entire inventory time series. In
2024, the net LULUCF sink (including that from the harvested wood product carbon pool) reached 6.3
million tCO2 equivalent/year. Forests removed 6.4 milliont€@n the air in 2024. Of the factors
explaining the sustained net sink in the letegm, to highlight are a rather intensive afforestation for
decades as well as the sustainable management of the existing forests. The carbon balance of the
harvested woodroduct pool fluctuates bt has considerably increased in the beginning of the 2000s,
with a net sink of over 900 ktG@ear in 2021. By 2024, however, this value declined to close to 400
kt. The norforestry landuse sectors used to be small net sinks before 2016, but they have become
small sources since then. The net emission of these sectors has been estimated to #8MkeCe

eg/year in 2024. Due to the complex dynamics of the sector, the annual variation in the greenhouse
gas balance of the entire LULUCF sector has shlsmmificant fluctuations since 2005, i.e., the year
since when more reliable data has been available. However, net carbon sequestration has remained
stable over this period. The current submission includes a number of recalculations for several
categories,as a result of data quality improvements and methodological refinements. These
recalculations improved the internal consistency of the time series but did not change the main
conclusions about the net sink character of the sector
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Figure 2.5 Sinks of LULUCF, Gg-@@) (19962024)

Thewaste sector was responsible fai% of total national GHG emissions2®24 amounting t04.0

million tons of C@equivalent. The largest category was solid waste disposal on land, represelfting 8

in 2024, followed by wastewater treatment and dischardel%o), biological treatment of solid waste
(4%), and incineration of waste without energy recovery (less than 1%). In contrast with other sectors,
emissions from the waste sector are 1826 higher now than in the base year. However, the growth in
emissions stopped in the last decade, and a reductiatBd% could be observed between 2005 and
2024. The degradation pragss in solid waste disposal sites is quite slow which means that waste that
were disposed many years earlier have still an influence on current emission levels. However, the
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amount of disposed waste had dropped significantly since 2005 (e.g., landfilled municipal waste
decreased by more than 50%) consequently methane emissions started to decrease as well. GHG
emissions from wastewater handling have a pronounced decreasing ttea to a growing number

of dwellings connected to the public sewerage network.

2.4 Precursors

NGO, CO and NMVOC gases are referred to as indirect gases because they (togethes)wiftuSare
atmospheric warming indirectly, via secondary effects. Nitrogen oxides, carbon monoxide and (non
methane) volatile organic compounds are precursor of ozone which is itself a naturally occurring
greenhouse gas. Sulphur dioxide can contributtbtmation of aerosols that scatter some of the solar
radiation back into space. Calculation of the emissions of these gases is required by the UNFCCC
reporting guideles. It should be noted that Hungary (as well as the other European countries) has
calculated the emissions of such gases for several decades and the Geneva Convention of 1979
(CLRTAP) also laid down such obligations. Emissions are reported consist¢ndyalvove two
reporting regimes.

The following table shows the main trends in emissions:

Table 2.3Trends in emissions of indirect greenhouse gases aned@ading LULUCF (Gg)

GASES | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2021 | 2022 | 2023 | 2024
NOX 246 | 191 | 189 | 181 | 155| 136 | 114 | 116 | 107 93 94
CO 1416 | 981 | 857 | 700 | 558 | 477 | 349 | 352 | 343 | 308 | 287
NMVOC 314 | 227 | 202 | 184 | 144 | 137 | 124 | 123 | 119 | 114 | 108
SO2 810 | 601 | 428 42 30 24 17 14 14 11 8

(Source: CLRTAP/NECD reporting)

The substantial reduction in sulphur dioxide emissie8%) 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 introductiah SQ precipitators in coafired power stations.
Reduced carbon monoxide emissions are obviously a consequence of decreased fuel uses. The
decrease in N@emissions is relatively moderate due to the increasing significance of transport.
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3 ENERGY (CB&ctor 1)

Recent key developments:

1

Between 2005 and 2014, Hungary experienced an almost constant emission reduction in the
energy sector. However, after a 27% reduction, the decreasing trend stopped, and total
emissions increased by 12% between 2014 and 2017. Emissions remained at desiatilar
2018 and 2019, and thepnmostly due to COVHDI ¢ decreased b¥% in 2020This decrease,
however, proved to be temporargs emissionsncreasedagainby 3% in 2021.

Then between 2021 and 202 emissions fell byl7% due tomilder weather, decreasing
consumption levels driven by rising energy prices, and especially du26é arop in natural

gas consumptionCurrent GHG emissions asae-third lower than they were ir2005.

In recent years, transport sector became the largest emitter, not only within the energy sector
but also across all sectorslthough emissions from the road transpatdminated sector fell
sharply by 14% in 2020 as a result of preventative measures for d@MWiansport emissions
increased significantly both in 2021 and 20PRe growth stopped i8023,and emissions even
decreased by 7%, transport still accounts for a quarter of total domestic emissions.

Domestic electricity production increased by 7% in 2024, while fossHbfusgd production
decreased by 2%. At the same time, the amount of electricity generated from solar energy
increased by 33%, thus solar energy now accounts for 24% of gross enedggtjgno. The
share of nuclear power generation was 42%. Electricity imports remain relatively significant,
but the share of net imports in total consumption fell to 22%, the lowest level in the last 12
years. Emissions from energy industries decreaseg¥bjn 2024and altogether by B% since
2017.

After 2023, the winter of 2024 was also much milder than average, significantly reducing
heating demand. Residential fuel consumption has been declining for the third consecutive
year: by a total of 22% since 2021. Natural gas consumption fell by 26%hmeyears, but

in 2024 the decrease was only 1%. Firewood decreased-lé¥4i over three years3% in
2024. Fuel consumption in buildings in the service sector also fell significantly over the past
three years {33%), but the rate of decline slowed allsere in 2024-3%).

Major changes compared to previous submission:

1

The latest version of the Annual IEA/Eurostat Questionnaires submitiethe IEA in
December2025 was used as activity data(lt has to be noted that thestructure of the
Questionnaireschanged quite a bitvhich caused additional workload also for inventory
compilers.)

The newest version of the COPERT mdsiélZ¢ Nov 2029 was applied in road transport for
the whole time series consistently which affected the calculated energy consumption in
different vehicle categoriedn this new versiorthe increase in emissions is especially high in
case of MO for both Euro 5/6 LDVs and Euro V/VI HDVSs.

Activity data for groundwater extraction was modified for 2023 (CRT category 1.B.2.d.)
Following the recommendations of the EU comprehensive review, revised estimate of natural
gas vented during gas transmission was included for the year 2021 (CRT category 1B2ci2)
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3.1 Overview othe sector

Emitted gases: CO2, CH4, N20
Methods: T1, T2, T3
Emission factors: D, CS, PS

This sector covers emissions from combustion processes andefagdd 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 dstizeenergy resources of good quality are
available in Hungary, therefore the energy demand has to be met by import to a great drt20f4,
primary energy production amounted to/8 PJ which was by32per cent less than i1990 Most
importantly, unecmomical deep coal mines were closed doleng time ago but also crude oil and
natural gas production decreasddeverthelessprimary energy production increased in 2024 by 5.5%.
Net import of energylecreased quite significantly fro882 PJ in 2023 #97PJ in 202. Still,l dzy' 3| NEB Qa
import dependency is quite significantsuallyover 50%, currentid9% (calculated as the ratio of net
imports and primary energy consumption). Domestic supply of primary energy vi@d”0in 202,

almost the same as in 2028inal consumptiomemained also at the same level (780.Rdpking at

the main sectors, energy consumption of industigreased by 4% whereé&sr transportslightly less
energywas used, anthe energy consumption abuildingsalsodecreased a littl€-1%).Please note

that 2024 was the warmest yeap far, with relatively lovineating demand.

(Data sourceHungarian Energy and Public Utility Regulatory Authority (HEARHCSO:
https://mekh.hu/download/3/c5/b1000/7_2_annual_national_energy balance 2014 2024 .xlsx
https://www.ksh.hu/stadat_files/ene/en/ene0002.htin
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Figure 3.1.1Primary energy balance of Hungary (199124)
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In 2024, observedfinal domestic electricity use amounted t®,205 GWh,2.5% highethan in the
previous year. Electricity consumptitnas increasedy 24% since 1990. The market penetration of
the nuclear electricity started in 1983 in Hungary when the first 440 MW block of the Nuclear Power
Plant in Paks was put into service. In the last 10 yearsaveraged7% of the domestic generated
electricity was produced by nuclear energy whereas the share of fossil fuels decreased to 40% in 2013
anddecreased furtheto 25% in 202. According to the official statistics of the Hungarian Energy and
Public Utility Regulatory Authority, the share of electricity froemewable sources in gross final
consumption of electricity increased from 4.4% is 2002401% in 202. The last few years saw
significant increases in solar electricity production (from 1 GWh in 20B2@0 GWh in 202) and

wind power productioralsoincreased from 10 GWh in 208% over 600 GWhalreadyin 2011. At the

same time, electricity produced from combustible fuels decreased from 21,710 GWh in 200338 1
GWh in 202.

By far, the biggest emitting sector is the energy sector contributit¥g ¥ the total GHG emission in
2024. Figure 3.1.3hows the emission trends in the sector compared to the total.

uuuuuu
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Figure 3.1.2ZGHG emissions of the Energy sector compared to tot2(BY

The significant reduction in emissions between the base year and 1995 was mainly due to the economic
transformation which caused sudden decrease in energy demand. (In this respect, it is perhaps worth
mentioning that the decrease in fuel consumption afg805 was even higher!) In addition, ongoing
changes iduel structure i.e., gradual replacement of solid fuel by natural gas, led to further decrease

in total emissions. Some classical types of fossil fuels liésagppeared,or their use decreased
signifcantly, e.g., ciygas, heavy fuel oil (by destructive technologies it has been transfornted

motor fuels and partly petretoke is produced from it). At the same time, the market penetration of
new fuel types became significant e.g., pettoke bioethanol LPG and compressed natugas (CNG)

for cars and buses, biomass for firing in power plants, biogas produced by fermentation of sludge and
animal carcasses etc. All these changes were taken into consideration in our emission calculations.

Between 2005 and 2014, Hungary experienced an almost constant emission reduction in the energy
sector basically due to mild winters and higher energy prices. In 2009 also the global economic crisis
affected theemissionsgspecially in the energy and manufacturing industries sectors. Then in 2010,
the growth in industrial production led to somewhat increased emissions again. In the next four years,
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however, emissions from the energy sector decreased further and reached their lowest level in the
whole time series in 2014. Altogether, emissions decreased by 27% between 2005 and 2014.

However, the decreasing trend stopped in 2015. Total emissions from the energy sector have increased
by 12% or 5 million tonnes between 2014 and 2017 and then remained more or less at the same level
in 2018 and 2019. Above all, transport related emissgiadged to increase again already in 2014, and
they grew by 4%in the period20132019.

The residential sector produced also higher and higher emissions between 2014 and 2017, after many
years of dominantly decreasing trend. Then, mostly due to the fact that 2018 and 2019 were the
warmest yearso far, total fuel consumption of households decreased by 13% between 2017 and 2019.
While biomass use decreased by 22%, fossil natural gas consumption by only 6%.

And then in 2020, the COVI® pandemic caused a significant drop in transport emissions and
somewhat higher energy demand in the residential sector as described aboa®21, transport
emissions started growing again, and so did commercial and industrial emissions. As the heating
demand was the highest since 2011, residential emissions grew as well.

2022, however, proved to be definitely warmer than 2021, HDD decreased by 9%. Total fuel
combustion decreased by 5%, total consumption natural gas use fell by 15%. 2023 was an even warmer
year: the inland demand for natural gas decreased by a further Bit¥bthen 2024 became the
warmest year both globally and locally in Hungsince 1850with a further 2% decrease in HDD

Carbon dioxide from fossil fuels was the largest item among greenhouse gas emissions contributing
94% to the sectoral emission. Among all sectors, the energy sector contributes the most to the total
CQ emissions as wel®(% in 202).

As regards methane emission, its contributio®¥ and3> (2 GKS Sy SNH& aS002ND:
the total greenhouse gas emission (without LULUCF), respectively. Primarily, this results from fugitive
emissions associated with conventional oil and gas production and processing (which also includes
fugitveemd@ aA 2y a FNBY ylIGdz2NF € 3L A GNIYaAYAEAaA2Yy0D | Y2y
is 21% (waste and agriculture sectors dominate here, see Fig. 3.1.2).

Considering nitrous oxidemissions this sector represents 1% (without LULUCF) of the total
greenhouse gas emission. Among nitrous oxide emitters, its proport@ i&r behind agriculture.

100% o1
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BO% T6%
70% mC02 mCH4 mMN2O
0%
50% 4%
A0% 35%
30% 1%
:: l % 8% 7% 8%
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Energy ndustrial procesesand Aericulture Waste

product use

Figure 3.1.2Sectoral contributions to the total emissions of the main GHG gase$) (202
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The three most important sources of emissions in the energy sector are transport, energy industries,
FYR G2GKSNJ aSO02NE oY2aidfe A yubdnipReprestehtinglBE BRSY (A I €
and18% of total national emissionsespectivelygeeFig. 3.1.3 In the time series there were changes

in the relative contributions of the different subsectors within the energy sector, most notably the
growing share of transport emissions (from 11% in the base year to 32% in 2019, dropping temporarily

to 29% in 2020but increasing again to736 in 202) and the diminishing share of manufacturing
industries (from 2% in the base year to 6% in 2009 and 11% iR02

kt CO2-eq
1A1 Energy indusries 8722
1A2 Manufacturing industries and construction 4 080
1A3 Transport 14,016
1A4 Other sectors 9,766

(i

1AS Other g2
1B1 Solid fuek | 30

1B2 0il and natural gas 1 344

Figure 3.1.3hare of the different source categories in£202

Fugitive emissions from fuels played only a small role 8#thout of which 8% originate from oil and
natural gas production, processing, transmission and distribution. Emission in subsector; 1.B.1
Fugitive emissions from solid fuels ar@® smaller than the base year caused by the huge recession
of underground coal mining in Hungary. The aggregate change of sectoFuditive emissions &

6% decrease compared to the base year.
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Figure 3.1.4Changing shares of the different subsectorsZ8X4)
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3.2 Fuel combustionGRTL.A)

The principal driver of emissions in the energy sector isdoe$umptioniherefore,emissions of the

sector strongly depend on the amount of combusted fuel. The use of combustible fuels decreased
quite considerablyby 30% between1990and 202. Two periods need to be emphasized in this
respect. The regime change around 1990 had the first significant effect: the fuel use in 1995 was by a
fifth less than in the base year. The decrease in energy use after 2005 was even more sigizifgant (
until 2014) wtere the global economic crisis must have played a role. Then, fuel use increased again
(with some fluctuationspy 14%up till 2021 Then, inthe next three yearsfuel use fellquite sharply
(especially in 2023ltogetherby 17%. The amount of energy used for combustion was the lowest in
2024 in the entire time series.
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Figure 3.2.1Fuel consumption by main fuel types4022024)

Beside the amounfuel typeshavealsoa great influence on the emission levels. Considering fuel use
in combustion processes, gases had the highest proport&#¥6) in 202, liquids and solids
represented 8% and5%, respectively. It is worth mentioning that the share of biomass in fuel
combustion grew to 8%. Especially solid fuels lost their importance: their share in the fuel mix was
around26% in1990 (and even higher in the base yeageFig. 3.2.2

a) Fuel Combustion (1990) b) Fuel Combustion (2024)
3% o

v

26%
@LIQUID EBSOLID OGASEQOUS = LIauiD mE0LID OGASEOUS
BBIOMASS ®OTHER W BIOMASS mOTHER

Figure 3.2.Zuel mix inl990and in 202
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Calculation of greenhouse gas emissions from combustion is based on the amount of fuel used. For
this purpose, the energy balance of Hungary, the fuel balance for each fuel type and the fuel
consumption for each subsector compiled by the Hungarian EnandyPaiblic Utility Regulatory
Authority are used dominantly. After discussion with the energy statistics provider and following their
recommendation, it was decided that, starting with the 2014 submission, the basis of the inventories
would be on the IEA/Eastat Questionnaires. (Previously, these energy statistics were available to the
inventory compilers basically as hard copies of the publication series Energy Statistical Yearbook. For
some years, also electronic versions (tables in Excel files) werg@do\However, this publication
ceased, the last yearbook contained data for 2010.)

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 201-2017 data allocations and vahkaslded volumes of industrial production for
previous years, some gasoil consumption has been reallocated from road transportto non
road mobile machinery (1A2gvii);

I 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.

It has to be noted that the traditional Hungarian coal terminology as published in the Energy Statistical
Yearbooks differs from that of the IPCC. The partitioning was created according to the age of coal;
Table 3.2.1 shows the classification accordinght® Hungarian and IPCC categories. Practically this
YSFEya GKIFG AYLR2NISR GoNRgy O2IFté A y-bitinkirduskodty 3 NA |
whereas domestically produced brown coal falls under the IPCC category of lignite. Basically, most of

the coal produced in Hungary can be classified as lignite. Furthermore, the Energy Statistical Yearbook
dealt with anthracite, hard coal, brown coal and lignite in the fuel balance separately, while the
sectoral energy consumption for coal was the aggregéteard coal, brown coal, lignite, gas coal and

coking coal. Now, as our reporting is based on the |IEA statistics, the reported fuel data follow the IPCC
categories consistently.

As regards carbon emissions, solid fuels caused the most problems mainly because the fuel
classification had been changed. The formerly used country specific carbon emission factors were
previously determined for the Hungarian categories, namely for haed, drown coal, and lignite.

(Until the 2014 submission, the following constant values had been used based on the 2005 ETS data:
27 tC/TJ for hard coal and brown coal and 30.9 tC/TJ for lignite.) Now, new factors had to be applied
for other bituminous cok subbituminous coal and lignite. Most of the coal produced in Hungary can

be classified as lignite in this new system irrespectively whether it stemmed from surface or
underground mines, although they have different characteristics. To take into acttwichanging

share of the higher quality lignite from underground production, a time dependent carbon emission
factor (changing between 103.0 and 108.6 &Q@) was introduced and applied for the gEd'S years.

For the lowest quality lignite from surfaogines the following parameters are used: EF=112.2 t CO2/TJ,
0OX=0.974. As for Hungarian brown coal EF=100.8 t CO2/TJ and OX=0.952 is applied. It is worth noting
that the share of the lower quality lignite in production increased from 20% in 1990 to 8204

For other bituminous coal and stdituminous coal, the IPCC default values are used.
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Table 3.2.1Comparison of Hungarian and IPCC coal terminology

Hungarian Terminology Netvgﬁjlggfic IPCC Category (Gross calorific value)
Hard Coal 17-33 MJ/kg Other Bituminous Coal (>23.865 MJ/kQ)
Hard Coal 17-33 MJ/kg SubBituminous Coal (17.435 MJ/kg23.865 MJ/kg)
Brown Coal 10-17 MJ/kg Lignite (<17.435 MJ/kQ)

Lignite (young brown coal) 3.510 MJ/kg Lignite (<17.435 MJ/kg)

Gas Coal and Coking Coal Coking Coal
(Source: Bihari, 1998; IPCC, 2006)

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 accountddifpin under the

relevant economic sector in the period 199824 as required by the guidebook, and to the extent

possible also for previous years. érliersubmissios, almost all autoproduction was allocated to the
d2dzNOS OF 1S32NE d20KSNJ adlGA2yFNE O2Y06dzaiéd2y m! H
(e.g., coke oven gas and blast furnace gas were also previously reallocated from autoproducers to iron

and steel, and to manufacture of solid fuels).

The problem of the network losses in the natugals transmission and distribution system should be
also mentioned here. These losses are partly not technical oreslity, but the result of accounting,

e.g., due tassues suchs measurement accuracy, temperature or pressure conversiotheft. (For

more details see description in Ch. 3.3.2.5) The point is that 3kB0%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), whieme ofthe remainingpart was assumed to be fired.

Input data for the fugitive emission calculation came from the Statistical yearbook of Hungary, Energy
Statistics, the Hungarian Oil and Gas Company Plc. (MOL), the Hungarian Office for Mining and from
the Hungarian Energy Office.

LPG and petroleum coke were taken into account as liquid fuels which had significant influence on the
IEF value of this fuel type.

3.2.1 Comparison of the sectoral approach with the reference approach

The quantity of COfrom energy consumption was determined both on national level (reference
approach) and on sectoral level (sectoral approach). The reference approach (RA) is based on national
energy balance: production, import, export, stock changes, and internation&eosinThe sectoral
approach (SA) allocates the emissions by source category and includes only the combusted amount of
fuels. The reference approach was compared with the sectoral approach as a check of combustion
related emissions. The check was perforni@dall years from 1985 to ZBand is an integral part of
reporting to the UNFCCC. The analysis includes also the comparnigba fimse year (19887). The
reference approach, in theory, includes all.@&missions from all fossil fuel uses in a country and
should be compared with a set of emissions from the sectoral approach that includes athiS8€ions

from energy use of fossil fuels.
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Emissions from feedstocks and renergy use of fuels are taken into account in the IPPU sector (2B
and 2G) in case of sectoral approach (SA), therefore the energy and carbon content of these fuels are
removed from the RA (the fraction of carbon storedlisor all these fuels in the 1D sector), too.
Similarly, emissions from coke used for transformation in the iron and steel industry were allocated to
the relevant source category of the industrial processes sector, thus removed from the reference
approach.

Since the 2015 submission, more fuel has been removed from the reference approach than in previous
submissions (see also Table 3.2.3):

91 All coke related emissions (including blast furnace gas) in the iron and steel industry are
allocated to the IPPU sector;
1 More natural gas consumption in the chemical sector is allocated to the IPPU sector.

In the CRreporting software, the RA is directly compared with the sectoral fuel combustion total. This
direct comparison shows that the total fuel consumptions of the RA are mostly larger than the SA totals
(Fig. 3.2.3 on average by 0.8%. The remaining differencafier extracting the feedstock and nen
energy use of fuelg are basically statistical differences, fugitive emissions and transformation losses
which are occurring during coking, briquetting or oil refgqin

consumption and G@missions

In 2024, the difference between the two approaches wia3% in energy consumption anao in C@
emission Fig. 3.2.3. The ranges of differences are betwe&r®% (994) and2.6% (2006) with a mean
valueof 0.7% as regards fuel consumptions, and similetl§% (994 and 27% (189) with a mean
valueof 0.4% as regards G@®missions.

3.2.2 International bunker fuels

In accordance with the reporting guidelines, emissions from international aviation were included
under the category International Bunkers on the basis of the quantities of kerosene used. In the time
series of the resulting G@mission, significant jumps are present at certain places, which are obviously

55



HUNGARY National InventoryDocument19852024 ENERGY

due to the changes in kerosene consumption. Naturally, changes in kerosene consumption reflect the
travelling/transport needs. This is clearly illustrated in Figure 3.2.4 which shows the air
travelling/transport performance of the past years

Consumption in international navigation was not considered, because separate data on the uses for
international navigation are not included in the national statistics.

International navigation depends not only on geographical and economic but on political conditions,

too. International conflicts, wars have significant impact on international navigation, which could be

seen in Hungary during and after the war in YugoalaiMie war set back the navigation on the Danube

South to Hungary, and decreased also the trade in Hungary. In the last years, the sea navigation (there

was only tramp navigation) has relapsed due to falling into disuse offlskip This process could be

traced back to the absence of Hungarian harbor on seas and Da®abships. Between 1990 and

2000 the role of transportation of goods on waterways decreased from 28.2% to 2.9% among goods
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Figure 3.2.40utgoing traffic fromBudapest Ferenc Liszt International Airport

3.2.3 Feedstocks and neenergy use of fuels

The 2006 IPCC Guidelines introduced significant changes regarding feedstocks-anénggruse of
fuels. It is good practice now to report all the feedstock and-anargy use of fuels in tH®PUSector
within the source category in which the process occurs.

LY FTRRAGAZ2YS |faz2 OKComkbuSidderissions FomHfuels andited directlylot G S a Y
indirectly from the feedstock for an IPPU process will normally be allocated to the part of the source
OFGS3I2NR AY G6KAOK GKS LINRPOSaa 200dzNA® ¢KSasS &2 dzN
So, in present submission all the fuels regarded as NEU in IEA Energy Statistics are allocated into IPPU
sectors and also some amount from the quantities regarded as energy use in order to follow the

suggestion of IPCC2006. This is the case for naturalsgam sector 2B1 Ammonia, naphtha use in
2.B.8 Petrochemical, and coke used in 2C1 Iron and steel.
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Therefore, the fuel quantities for NEU reported@RTTable 1.A.(d) and QA/QC check Table for NEU
included in Annex of the NIR are higher than the actual quantity reported in IEA Energy Statistics.
Nevertheless, the differences aneell knownand documented.

Table 3.2.3Allocation of feedstocks and n@mergy use of fuels

Fuel type Allocated under IPCC sector
Other kerosene 2.B.8-Petrochemical and Carbon Black Producti
Gas/diesel oil 2.B.8-Petrochemical and Carbon Black Producti

Liquefied petroleum gases (LP( 2.B.8-Petrochemical and Carbon Black Producti

Naphtha 2.B.8-Petrochemical and Carbon Black Producti
Bitumen 2.D Nonrenergy Products Other(no CQ)
Lubricants 2.D.1- Lubricant Use
Other oil 2.D.2- Paraffin ng Use

2.B.8- Petrochemical and Carbon Black Product
Coking coal 2.C.1-Iron and Steel Production
Coke oven/gas coke 2.C.1-lron and Steel Production

2.B.1-Ammonia Production
Natural gas 2.C.1- Iron and Steel Production

2.B.8- Petrochemical and Carbon Black Product

Carbon content of all fuels which are allocated under the Industrial Processes sector is taken as stored
carbon in the 1.AD sector (and in theference approadh however the calculation of emission in the
IPPU sector is not based on a default cadstared approach, but usually plaspecific (EU ETS) data,
except for Lubricant and Paraffin wax use source categories.

3.2.4 Countryspecific issues: on the use of plant levelEH$ data

It is important to note first that generally emission data are not taken directly from the ETS database
and put into the CRwithout analysis. Instead, facility level activity data (fuel use) and carbon emission
factors are used from the ETS database to calculate weighted averages of the emission factors for
different fuel types. These derived country specific EFs are theredppith the fuel use from the
national energy statistics. The time series of these country specific emission factors and their
comparison with the default values are summarized in Table 3.2.4. Fuel uses in energy statistics and
ETS are compared also to see whether the fuel use in a given category is fully covered by ETS plants or
not. Fuel consumption data are compared both in natumaits and in energy units to reveal any
possible differences in net calorific values. Should such difference occur, emission factors need to be
amended to achieve consistency in energy balance and verified emissions since national energy data
serve alwayss activity data. It is also checked whether the oxidation factor used by the facilities is
included in their EFs. Measured oxidation factors, especially in case of coal firing plants, are always
taken into account.

Generally, country specific emission factors derived from the ETS data are used for lignite, blast furnace
gas, mix of coal and petroleum coke used in cement industry, other oil.
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Starting with the2021submission, new countrgpecific CO2 emission factors were introduced also for
natural gas for the entire time series. In practice, the weighted averages of EFs of all ETS installations
reporting EF with Tier 3 and Tier 2b were calculated for all yepeaeely in the period 2002023.

The yearly averages changed between 55.2 t/TJ (2008) aad/'56.(2@3). For all years before 2008,

the average of 20082 is used (55.6 t/TJ)

Other countryspecific issues are included under the source category descriptions and methodological
chapter of each category.

58



HUNGARY National InventoryfDocument19852024 ENERGY

3.2.5 Energy IndustriesCRTcategorylAl)

Emitted gases: CO2, CH4, N20

Methods: T1, T2, T3

Emission factors: D, CS, PS

Key sources:

1A1 Fuel combustionEnergy IndustriesLiquid Fuelg CO2¢ L, T
1A1 Fuel combustionEnergy IndustriesSolid Fuelg CO2¢ L, T
1A1 Fuel combustionEnergy Indatries- Gaseous FuetsCO2¢ L, T
1A1 Fuel combustionEnergy IndustriesOther Fossil FuetsCO2¢ L

3.2.5.1 Category description

This subsector includes facilities generating electricity, district heating stations, oil refjroaid@sg
and briquetting plantsand oil and gas extractionOn an overall level, here are the largest energy
consumers.
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Figure 3.2.5.1Trends of CO2, CH4 and N20O emissions in the Energy Industrie2q24985

Public Electricity and Heat Production was responsible for abdt8586 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 &ksyears, howeverargerfuel consumption could

0S 204aSNBSR® / dZNNByidtes GKS aKINBE 2F (GUKS NBTFAYS
industries. Less significant is manufacture of solid fuels and other energy industries with a portion of

2-4%.

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&a0 16
addition to the effects of the financial crisis, andrgsting 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 firhg 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 13espite some fluctuationglomestic production
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grew agairbetween 2014 and 20Raltogether 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 reached a share of 31% in 20&sained close to 30% afterwardlsr a few yeardut
decreasedyradually after 2018 to 22% in 2024
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Figure 3.2.5.Domestic Electricity Production and Net Importo2024)

Naturally, as domestic emissions are related to domestic production, the yearly fluctuation of
production is one of the decisive factors. Not less important isvtag electricity is produced, e.g.,

what energy source is used. In Hungary, this sector consumes the deterministic part of our solid fossil
fuel production and aroundone third of the domestic primary energy consumption.
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Figure 32.5.3 Share of produced electricity by fuel (08)24)

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 shar8@f which then decreased t®% in 2005, and

eventually to6% in 202. During this process, new combined cycle-ggeibine units were installed

6" 2LSalsx YSESYyFIER:E {T+TKIFHE2Y0lLGGrsE DIyeAs 1211 %
OLY201FZ . +tYKARIFIZ 19{ .2NB2RA0 27 Ililo2ks hateTheehOA Sy O
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O2y@SNISR G2 (GKS 0O2Y0dzaldAz2y 2F o0A2Ylaa otsSodaz YI
development is that theshare of combustibléuels in power generation decreaséim 51% in 1990

to 31% in 2024. At the same timgectricity productionfrom solarenergy reached a share of 24% in

2024.

3.2.5.2 Methodological issues

Activity data

Energy consumption data were taken from the IEA annual guestionnaires compiled by the Hungarian
Energy and Public Utility Regulatory Authority. Besides, waste statistics and ETS data were taken into
account.

As showrnin Figure 3.2.5.4, total 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 duegtolibke
financial crisis. After 2010, until 2014, fuel consumption has reached record low values every year;
combustiblefuel use fell altogether by 37% between 2008 and20d 2015, however, the decreasing
trend stopped, and we observed a small increase in energy use. Fuel consumption seemed to have
stabilized around 1® PJ inthe next fewyears. Thenbetween 2020 and2024, fuel consumption
decreased by23%. Alone in 2023, fuel consumption fell by 15%dithin the inventory period, the
consumption of liquid and solid fuels has decreased significantly. In contrast, the consumption of
natural gasncreaseduntil 2007 to a grat extent then it shrunk substantially afterwards. Biomass use
due to burning ceburning in power plants has becorimereasinglymportant and exceeded in amount

the liquid fuel use in 2005.
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Figure 3.2.5.4~uel combustion in the Energy Industries Sect®@(t2924)
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Going into more detail regarding fuel usigmesticallyproduced lignite is the dominant fuel among

solid fuels (Fig. 3.2.5.5). In energy industries, solid and gaseous fuels are dominant representing

together around 3% of all fuel use. In contrast, liquid fuel use became almost negligible in electricity

and heat generation. At the same time, refinery gas used in oil refinery became the most important

liquid fuel type whereas the formerly dominant fuel oil almost dissgmed (Fig. 3.2.5.6).
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Figure 3.2.5.6hare of different liquid fuels used by energy industrie30(2024)

Traditionally, refinery gas and heavy fuel oil were reported together in the Hungarian Energy Statistical

Yearbooks. Expressed in mass units, tHoee times more refinery gas is used in the refinery as fuel

oil.

However, as the ETS data show, refinery gases have significantly different characteristics. Based on

plant specific information from the period 2028924>

a net calorific value betwee#0.0 TJ/kt to 40.9 TJ/kt and a CO2 emission factor betweedt’TJ and
82.7 t/TJ. Refinery gases show in contrast more diverging values. (Even more €0,Ricluelealso
tail gases and purge gas.) We can see here calorific values be@4ddemJ/kt and 667 TJ/kt with
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corresponding CO2 emission factors betwed8 t/TJ and 6.1 t/TJ. On yearly average, it can be
calculated with a NCV ob462 kt/TJ and an EF of £%66.9 t/TJ for refinery gases.

There are some differences between the classification of fuels in the plant and in the energy statistics.
However, considering these fuels together, we could see a better agreement. Moreover, the calculated
average COIEF based on the IEA energy statistics for theEF& period (206B007) and the ETS

period (20082013) is the same (i.e., 622t R WO ® C2NJ 4 KS dpnQaz 6KSNB {K!
definitely lower with 40% on average. On the other hand, the use ofgas#s and purge gas (as

reported under the EU ETS) became more important after 2013. All the factors applied in the
calculations are summarized in the following table. Please note that the factors in the table below can

be regarded as implied factors for the ETS period as ETS datiaeatéydised in the inventory.

Table 3.2.8Country specific parameters used in the category petroleum refining

Period Fuel (A[\fl_%'/)k't\]lcv It CSS/TJ] Comment
20082024 refinery gas 45.052-0 49.556.9 ETS data
20082024 other liquid fuel 40.040.9 78.9-82.7 ETS data
19852007 gasoil 43.0 74.1 IPCC default
19852007 refinery gas 49.5 57.6 IPCC default
19852007 fuel oil 40.2 77.4 CS /IPCC default
19852023 petroleum coke 325 106.0 EF based on ETS

Emission factors

Carbon dioxide emissions were calculated in accordance with the 2006 IPCC Guidelines. Country
specific OF and EF valugtaken mostly from the ETS databas#ere used for most solid fuels and
some liquids. Théactors usedare summarized in Table 3.2.6.

Table 3.2.8C02 emission factors used in energy industries in th&ig@entory year

SESE Oxidation
Fuel type factor (CO2 factor
t/TJ)

Coking coal 94.6 1.0
Other Bituminous Coal 94.6 1.0
Lignite (imported brown coal) 90.8 1.0
Lignite (domestic brown coal) NA NA
Lignite (domestic lignite) 111.21113 0.95%4-0.956
Coke Oven Gas 44.4 1.0
Blast Furnace Gas 2545 1.0
Gas/Diesel Oil 74.1 1.0
Residual Fuel Oll 77.4 1.0
RFO in refinery 823 1.0
Refinery gases (IEF) 54.4 1.0
Petroleum Coke 97.5 1.0
Natural Gas (in PPs) 5643 1.0
NG in coking plant - 1.0
NG in the refinery 56.9 1.0
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SIS Oxidation
Fuel type factor (CO2 factor
t/TJ)
Biomass (Solid) 112.0 1.0
Biogases 56.6 1.0
Waste (IEF) 84.37 1.0

(Source: 2006 IPCC Guidelines; in &t ETS database of Hungary

*For waste, only IEF is reported in summary the table, because the emission was calculated from
country-specific waste amount and component data taken from Waste Information System database
and the emission factors were calculated using the default or nredqfrom EU ETS) carbon content

and fossil carbon fraction data from Table 2.2.6 in the 2006 Guidelines.

It should be noted that only those measured factors were applied where the EU ETS covers all or most
of the installation of the sector. For methane and nitrous oxide, default emission factors were used
generally.

As recommended by the ERT and required by the guidelamissiondrom waste incineration for

energy purposes have been allocated to the energy sector. However, emissions estimation in the
energy sector is somewhat different from the methodology used in the waste incineration category.
Activity data in this source categy are expressed in energy consumption units (TJ) whereas in the
waste sector mass and composition of waste serves as basis of calculations. For our calculations four
main activity data sorces were used: data from the Waste Incineration Works (FKF) of Budapest
(19852024), the Hungarian Waste Management Information System (Z4), the IEA Annual
Renewable Questionnaire, and the ETS data (Z@M). The Hungarian Waste Management
Information System comprises facility level data on mass and composition of waste in line with the
European Waste Catalogue (EWC codes) but also on waste management methods in accordance with
the Waste Framework DirectivEhe latter made it possible to distinigh between waste incineration

on land (D10) and use of waste principally as a fuel or other means to generate energy (R1).

Incinerated waste data expressed in energy unit were either directly taken out from the IEA statistics
or from the ETS database. (The latter made it possible to distinguish between fossil and biogenic waste
in case of mixed waste incineration.) It shoukd diressed, however, that the reported TJ values are
(mostly) not used for C@mission estimations, especially in the case of the biggest municipal waste
incineration plant in Budapest, therefore the resulting IEF values may have little significance.

As only C&emissions resulting from incineration of carbon in waste of fossil origin should be included
in the national C@emission estimate, the fossil fraction of waste had to be determined. To do so,
country-specific waste amount and composition data were needed, and the emission factors could be
calculated using the default carbon content and fossil carbon fraction data Table 2.4.6 in the

2006 Guidelines. In case of the two biggest incinerators, plant specific data werdidé¢dNonprofit,
where alsoWaste Incineration Works of Budapdstlongs,determines regularly the composition of
municipal solid waste (MSW), therefore the fossil carbon fraction could be calculated with the help of
Table 2.4 of the 2006 Guidelines. The fossil carbon fraction of MSW grew from 5% in 199(8%6 17
around 2010 ad decreased to 103% in 2014 and afterwards. (In20) it was #%.1%.) C@emissions

were estimated then with an oxidation factor of 1.0.

The biggestcd Y OAY SNIF (02 NJ LI Iy A& at NI} t26SNItflyido
the framework of the European emission trading, direct ETS ddéding toits fuel use and GO
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emissions were taken over. (Also verified emissions of all other smaller plants reporting waste
combustion under the ETS were taken into account).

All'in all, waste incineration contributed arou209Gg C@to GHG emissions in this category in 202

CH emissions from waste incineration have also been added to the inventory. Using the default
emission factors (30 kg/TJ) from Table 2.2 of the 2006 Guidelines (Chapter 2: Stationary Combustion),
the resulting emissions are not significant at all. The saamebe stated about XD emissions that were
estimated the same way with the default emission factor of 4 kg/TJ.

3.2.5.3 Uncertainties and timseries consistency

Practically, the accuracy and uncertainty range of the energy statistics data are determined by the
accuracy of the measuring equipment (except for stock changes, which are based on expert estimates

and are not comparable with the quantity of fuels fronhet sources). Taking all this into account, the
SAGAYIFGSR dzy OSNIFAyide 2F (GKS SySNHeé O2yadzvYLIiAzy
likely because the quantities of fuels used by power stations were verified using the report of MVM Rt.
(Hungarian Power Companies Plc.)

The estimated specific uncertainty for £8 25%. The uncertainty of the methane factor is
significantly higher (5a50%), while that of N20O may be of an order of magnitude.

The time series can be regarded as consistent.

3.2.5.4 Categoryspecific QA/QC and verification
Energy consumption data were subject of several rounds of verification before use.

National energy statistics as published in the yearbooks were compared with the statistics provided to
international organizations (both prepared by the same institute). This verification pointed out some
problems also previously (e.g., on coke oven/bfastace gas use, missing refinery gas and petroleum
coke consumption) which were corrected. This work has been extended, and a comprehensive
consistency check between data in the IEA time series and the Hungarian Energy Statistical Yearbooks
has been condeted. Based on the results of this consistency check, and after several consultations
with the energy statistics provider, it was decided to build the calculations on the IEA/Eurostat
guestionnaires.

Verified energy use from EU ETS was compared to statistical data. It was noticed that data in metric
tonnes are similar in the ETS to those in the statistics, but there are some differences in energy values
due to different NCVs. Since the energy consuarpin sectoral approach should be compared with
those of reference approach, we kept the NCVs of the energy statistics, however the emission factors
of coals were corrected for some years to achieve consistency in energy balance and verified emissions.
Measured oxidation factor was also applied in the calculation for the almoestioned reason. (As the

fuel amounts in the ETS database and in the energy statistics shows good agreement, this means in
practice that CO2 emissions from solid fuel use reportedeuthe ETS can be used directly.)

Emissions from natural gas were generally estimated using default calorific values and emission
factors. For a justification of this approach, about 40 emission reports from the ETS had been analyzed.
Using the same activity data as reported by theseifexd| we have calculated CO2 emissions with
default parameters and compared our results with the reported CO2 emissions from the ETS database.
It turned out that the difference was minor: with default parameters, the emissions were
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overestimated only by 0.4%. This small difference allowed us to change our previous approach. To be
more consistent with the emissions reported under the ETS regime, we have switched to country
specific emission factors for 202013. (For all other year®r the time being, default EFs are applied.)

A comparison between the ETS data (based on mass balance methodology) and calculations based on
fuel use was also made for the coking plant. This comparison led to changes in methodology for this
submission as described in recalculation part below.

As the main fuel consumption is related to public electricity and heat production, a comparison was

also performed with independent dataset collected by the Hungarian Energy Office. For the main

L2 g SN LX FydGa GKS G201t 7T dz8he ETS2nd thisayataketwas/amand RA F TSN
in 2009.

As a new practice, the compiler institute receives the draft version of the energy balance (the IEA
annual questionnaires) before its official submission to Eurostat. The data are checked and the
comments are discussed with the energy statistics providerrmany of them are taken into account

in the final energy statistics.

3.2.5.5 Categoryspecific recalculations

There was a methodologicathange Emissions from oil and gas extraction have been revikezlto
amended energy statistics. Alsamissions from waste incineratiaanged a little The magnitude of
the change is onlg1 kt CO2eq (002% of the national total).

3.2.5.6 Categoryspecific planned improvements

None.
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3.2.6 Manufacturing Industries and Constructi@RIcategorylA2)

3.2.6.1 Source category description

Emitted gases: GOCH, N.O

Methods: T1, T2, T3

Emission factors: D, CS, PS

Key sources:

1A2 Fuel combustionManufacturing Industries and Constructiehiquid FuelsCQc¢L, T

1A2 Fuel combustionManufacturing Industries and Constructie®olid FuelsCQ ¢ T

1A2 Fuel combustionManufacturing Industries and Constructiefsaseous FuelsCQ¢L, T
1A2 Fuel combustionManufacturing Industries and ConstructiqiOther FossiFuels-CQ¢L, T

This subsector covers emissions from the combustion of fuels in the industrial sector. One of the
advantages of using the IEA/Eurostat questionnaires instead of the (previously used) energy statistical
yearbooks is that the industrial sectors in the questiaires and in th€RTables can be more easily
harmonized. Emissions from autoproducers have beeallgeated to the relevant endse category

to the extent possible, the remaining part that could not have been allocated elsewhere, was included
in the category1A2gviii Otherfor years before 1998Emissions from offoad vehicles and other
machinery are reported as a separate category (1.A.2.g.vii).

Emissions in the Manufacturing Industries and Construction Sector:
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Figure 3.2.6.ITrends of COCH and NO emissions in the Manufacturing Industries and Construction
Sector (1982024)

3.2.6.2 Methodological issues

The energy consumption data have been taken from the IEA/Eurostat questionnaires. All feedstock
and nonenergy use were removed from the chemicals subsector for the entire-$ienies, and all
relating C@ emission originating from neoombustion processes can be found in the Industrial
Processes Sector.

Part of the emissions from waste incineration for energy purposes was allocated to this source
category. Activity data in energy units were taken directly from the IEA Renewable questionnaire/ETS
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database with preference to ETS data in case of differences. Special attention was given to the four
(currently three) big cement factories, as they incinerate large amount of waste of fossil origin (plastics,
rubber etc.). Their verified ETS data (emissiand fuel use) were analyzed, from which a specific
emission factor was derived: 85.5 tonne L0 waste. This EF was used for the years 2007 in

case of fossil wastes. From 2008 on, ETS data (emission) of the cement factories were used directly.
The ETS data made it also possible report the fossil part of mixed industrial (or municipal) waste
separately. It could be seen that other industrial facilities incinerate predominantly waste of biogenic
origin, mostly wood waste, therefore their @@missions did not contribute to the national total. The
insignificant CiHand NO emissions were estimated for all waste (not only fossil but also biogenic)
using the default emission factors of 30 kg/TJ and 4 kg/TJ, respectively.

The methodology for offoad vehicles and other machinery used in industry and construction was
changed recently. Tier 2 method from theZZEMEP/EEA Guidebook was 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, and three additional
layers areadded to cover the emissions from engines prior to the first EU legislation stages. The used
layers are as follows<1981; 19841990; 1991Stage I; Stage I; Stage II; 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} aan be seen for diestleled
non-road machinery in Table-3in the Guidebook.

Activity data

Figure 3.2.6.2 illustrates the energy consumption of the sector. After 1990, following the economic
changes, fuel use decreased significantly. The underlying reasons are clearly illustrated by the
decreasing production data presented in the IPPU sectateh4).
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Figure 3.2.6.Fuel combustion in the Manufacturing Industries and Construction Sec@f-2024)

In 2009 the global economic crisis caused a drop of fuel consumption by more than 25% which led to
lower emissionsAfter a few years of relatively low energy demand, fuel consumption started
increasing after 2013: fuel consumption increased/B¥ between2009and 2021 After 2021, fuel

use decrased againby 19%until 2024
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Fig. 3.2.& clearly demonstrates the dominance of natural gé8% in 202). Biomass use became
popular especially in the last decade. (As a consequence, the relative share of methane and nitrous
oxide emissions increased.) Combustion of oil products continues to lose its importance among fossil
fuelsin stationary combustiorLiquid fuels representeti5% in 202 out of which gas oil seems to be

the most importantused mostly in mobile machinery.
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The share of solid fuels became quite 108%6(in 202). Also, the fuel mix has been changing as
demonstrated by Fig. 3.2.6.4. The growing relative share of coke oven gas define t&& @Qhe iron

and steel category since coke oven gas has a very low (44.4 thlein@8ion factor. It is worth noting

the relatively high IEF in food processing, beverages and tobacco which is due to the fact that
dominantly (recently almost exclusively) coke was used as solid fuel by this industry. In 2016, a new

co-generation power fant that uses solid fuels, includingS LJ- LISNJ YAf f Qa 26y NBa

paper production, but also biomass and coal, started its operation, this is why the consumption of
other bituminous coal increased as seen in the figure below.
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Biomass cannot be considered as the most important fuel but its contribution grew slowlper1
cent. Within this the useof biogases (especially in autoproducer plants) might deserve our attention
as the default emission factors are quite different for solid biomass and biogas.

Emission factors

With the introduction of courmy-specific COEF for natural gas, the share of emissions calculated with
default CQfactors were significantly reduced. Special country specific emission factors are applied in
the non-metallic mineralgategory (based on ETS information). The situation is somewhat complicated
here as the cement factories often use mixed fuels. The country specifier@iSsion factors for
petroleum coke/coamix varybetween 92.3 t/TJ and 95.0 t/TJ for the period 2€ZTE4.

3.2.6.3 Uncertainties and timseries consistency

Practically, the accuracy and uncertainty range of the energy statistics data are determined by the
accuracy of the measuring equipment (except for stock changes, which are based on expert estimates
and are not comparable with the quantity of fuels fronhet sources). Taking all this into account, the
estimated uncertainty of the energy consumption data is 5% in consideration of the fact that uses are
lesseasilytraceable due to the high number of users.

The estimated specific uncertainty for £8 25%. The uncertainty of the methane factor is
significantly higher (5050%), while that of 0 may be of an order of magnitude.

3.2.6.4 Sourcespecific QA/QC and verification
Energy consumption data were subject of several rounds of verification before use.

Verified energy use from EU ETS was compared to the statistical data. It was noticed that data in metric
tonnes are similar in the ETS to those in the statistics, but there are some differences in energy values
due to different NCVs.

Non-energy use of fuels was creskecked with the Industrial Processes sector.

3.2.6.5 Sourcespecific recalculations

Revised energy statistiggere used (as submitted to the IEA DecembeR025). The overall effect of
recalculations was less tha® kt CQ-eq (0.01% of the national total) in 2B2There was no
recalculation for 1990.

3.2.6.6 Sourcespecific planned improvements

It was noted that some ETS facilities report fuel amount in dry mass. It will need to be investigated
whether energy statistical data combined with emission factors derived from the ETS database does
not lead to any overestimation of emissions.
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3.2.7 Transport CRTIcategorylA3)

3.2.7.1 Source category description

Emitted gases: GOCH, N.O
Methods: T1, T2, T3

Emission factors: D, CS, M

Key sources:

1A3b Road TransportatianCQ - L, T;
1A3c Railways CQ ¢ T

This sector covers all the emissions from fuels used for transportation purposes. International aviation
and navigation are excluded from the national total.

Looking at the whole period of our time series, a sharp decrease of 60% in transport of goods could be
20aSNWSR RdZNAYy3a (KS NBIAYS OKIFy3aS Ay GKS SI NIe
in freight tonkilometers had not reached the level 8985 until 2005. Beside these significant changes

of volume, also the structure of goods transport alter&lrrently, the most important means of
freight transport is road transportation with a share a6, followed by rail @46), pipeline $6) 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 202ZHowever in 2023, goods transport decreased again quite significantly by 9%, road
transport fell by 11%2024 saw a slight increase in transport.
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Figure 3.2.7.1Trends in goods transport (20@023). Source: HCSO

Passenger transpomrlsounderwent 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, curG8#pf passenger

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 yealsseto 16 years in2023 (The lowest average age of vehicles
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(10.3 years) was observed in 2006, before the economic crisis.) Figure 3.2.7.2 summarizes the above
mentioned developments.

Goods transport index (1990=100%) Stock of passanger cars (million)
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Figure 3.2.7.Z5eneral 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 duringsatveduled vintage train trips.) Diesel oil
consumption of railways decreased as well, byc8etween 1990 ang024.

Emissions were calculated generally from the national fuel consumption data from the IEA/Eurostat
annual questionnaireslhe national energy statistics usualig dot include the quantities of aviation
gasoline used for iountry (or international) aviation, and of the diesel oil used for international
(river) navigation. However, aviation gasoline consumption appeaneztantenergy statistics for the
years 20162024. Fuel consumption data (i.e. both aviation gasoline and jet kerosene) of domestic
avigion are also taken from the Eurocontrol database containing data on IFR fliyfetscan also
assume (based on personal communication with the energy statistics provider) thhi0k®aviation
gasoline is consumed for domestic flights. It is still possible that some minor amount of aviation fuel
(for VFR flights) is included elseavh 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
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inventory, however, a complete time series of emissions from pipeline transport is included separately
under the source category 1.A.3.e
Figures below illustrate the fuel consumption of the sector:
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Figure 3.2.7.4 PG, natural gas and solid fuel combustion in the Transport Sec8@ZQN)

Figure 3.2.7.5 clearly shows that in contrast to the other described sectors, transport consumption had
I NRAAAY3I 208NIft GSyRSyOe FNBY (GKS YAR pnQa dzyida
changed due to the economic crisis. Both fuehsumption and mileage of vehicles (km/year)
increased until 2009 and started decreasing afterwards. The increasing fuel prices (up to 2012) could
also be one of the reasorisr recordlow gasoline consumption in the transport sector. It is worth
mentioningthat the mass 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 goods transport increased by 28% since 2012. Then, in 2020wt drop 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 increased again in reached
its (sofar) highest value in 2022In 2023, however, emissions dropped by 78tpbably not
independently of the significaritiel priceincreaseof 24-25%.
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to process bioethanol from vegetable raw material with high sugar content, also biodiesel have been
used for blending. These bio components appear al$ogn3.2.7.3.

LPG has been used since 1992. It should be noted that due to the current commercial pragctices, in
container (household, institutional) uses are difficult to separate from traffic uses (i.e., distribution at
petrol stations). This may be the reason for 8te&rp 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) shoificasit drop

¢ in line with the national energy statistics.

Gg CO2

vvvvv

Geg CH4 and N20 in CO2-eq

3.2.7.2 Methodological issues

CQ emission from transport was previously calculated by multiplying fuel consumption taken from
Energy Statistics Yearbooks (198BL0) by the default IPCC emission factors. In 2013, as the compiler
institute received data on carbon content of gasoline anesdi oil from the refinery, the default
emission factors were replaced to country specific values in road transportation (see Table 3.2.9). From
the 2014 submission, activity data are basically taken from the IEA/Eurostat joint questionnaires with
a few modifications.

For nonCQ emissions, the COPERT(Canputer Programme to Calculatdemission from Road
Transport) model, specifically versidn9.2 (Nov 2029 was used for the whole time series. The
transition to the COPERT program family was a necessaryirstegtional road transport emission
calculations, since most countries use this program which ensures international comparability. By using
the latest version of the model, also consistency of the time series is ensured.

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 input/output data from the Institute for Transport
Sciences for the years 2006, 2007, 2009, 2011, and the periodZ242 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:

1 vehicle fleet [n]
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mean activity [km/year], lifetime cumulative activity [km]
traffic situations: vehicle share [%], average speed [km/h],dnipracteristics
national annual energy consumption [tons/year]
country-specific environmental information:
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monthly average relative humidity [%0]

Reid vapor pressure [kPa]
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determination of countryspecific sulfur content of petrol and diesel fuels [ppm wit]

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 dataneededto be processed prior. The largest bulk of the work was processing the
vehicle stock data, since this data ensures the basis for emission calculations performed by COPERT5.
Therefore, it was crucial to perform an utmost precise work regarding the vedtmbl data, which

was obtained from théepartment of Transport Administration and Registration of the Ministry of
Energy (EM A the request of the KT, vehicle data tables required to perform the task were extracted
from the BEM database. The vehicle stock classifications and emission categorizations were prepared
using the following table:

Table 3.2.7.Vehicle categories used in the COPERT model

Category

Fuel

9y 3IAyS OFLIOAGE

Passenger Cars

Gasoline

224 GUNR 1 S

0 Xmnnn

oY

Xynn OYuw

80lcmnnn OYw

140icHnnn OYuw

XHAAM OYw

Petrol Hybrid

Xynn OYuw

80lcmnnn OYw

140icHnnn OYuw

XHAAM OYw

Petrol PHEV

80lcmnnn OYw

1401cHnnn OYuw

xHnnm OYuw

Diesel

Xynn OYuw

80lcmnnn OYw

140icHinnn OYuw

xHnnm OYuw

Diesel PHEV

xHnnm OYuw

LPG Bifuel

Xynn OYuw

80lcmnnn OYw

140icHnnn OYuw

¥xHnnm OYuw

CNG Bifuel

Xynn OYuw

80lcmnnn OYw

140icHnnn OYuw

¥xHnnm OYuw

BEV

4,600 kg

1601¢ 1950kg

1951¢ 2300 kg
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Category Fuel 9y AAYS OF LI OAGE
x HOG kg
N1-L .38mt
Gasoline N1-1l 1.306¢ 1.760 t
N1l 1761¢ 35t
N1-L .38mt
Light Commercial Vehicld Diesel N1-11 1306¢ 1.760 t
N1l 1761¢ 35t
N1-L .38mt

Battery electric| N1-1l 1.306¢ 1.760 t
N1-11l 1761¢ 35t
Gasoline >35t

Rigid <=5t

Rigid 7,5 12 t
Rigid 1, 14 t

Rigid 14c 20 t

Rigid 20; 26 t

Rigid 26 28 t

Rigid 28; 32 t

Rigid >32 t
Articulated 14¢ 20 t
Articulated 20c 28 t
Articulated 28¢ 34 t
Articulated 34¢ 40 t
Articulated 40¢ 50 t
Articulated 50¢ 60 t

Diesel

Heavy Duty Trucks

Rigid <=5t

Rigid 7,512 t
CNG Rigid>12 t

Articulated < 40 t
LNG Articulated < 40 t

Urban Midi <= 15t

Urban Standard 1518 t
Diesel Urban Articulated> 18 t
Coaches Standard <= 18 t
Coaches Articulated > 18 t
Buses Diesel Hybrid | Urban

Urban CNG Buses

Urban CNG Buses <=15t
Urban CNG Buses 158 t
Urban CNG Buses >18t
Battery electric| -
Mopeds 23 (I NB { S pn OY
Mopeds 434 ( NB { S pn OY
Motorcycles2a G NP 1S BHpn
Motorcycles4a G NP 1S ¢ HpRn
Motorcycles4a G NP 1S BT pn
Motorcycles 4stroke 250-T pn = OY

CNG

f
f

L-Category Petrol

In the case of traffic situations, the percentage of runtime distribution and average speed values within
driving conditions (urban, rural, motorway) for each vehicle category were used based on the results
of previous research carried out by the Institdte Transport Sciences.
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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
transport is more important, because of a difference of 1 knny 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.

Among the trip characteristics, it is important to mention the average travel time and duration.
According to available statistics, European average of 12.5vksxdetermined by experts. The
distribution of the distances traveled varies from country to country, but typically a large proportion
(80%) travebnly short distance (less than 15 krtt)plays a significant role in the emissions of the cold
start phase. The average travel distance okf2andaverage travel time of 25 minutes was usad

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

Table 3.2.7.2Average trip length and travel tinia different vehicle categories

Vehicle category Trip length [km] Travel time [hours]
Passenger cars 12 0.25
Light commercial vehicles 12 0.25
Heavy trucks 44 0.85
Buses 44 0.85
L-category 12 0.25

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 sagbently corrected based on the
annual fuel consumption. However, in COPERTS5 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 wasdevelopment researchin the Institute for Transport Sciences and the project
outcomeswere used for the 2019 emission calculations. From now on, the mean activity data will be
more 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 wiill
also be transmitted to EUROSTAT. Energy conversionewerated following the values given in the
EMEP/EEA air pollutant emission inventory guidebo@320

Table 3.2.73 Default density and calorific values of primary fuels determined usiriZpit@EMEP/EEA
air pollutant emission inventory guidebookZ8)Table 28)

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
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2./ For all the years in the period 20@018 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 Tt 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 2008010 has been combined with the previous FLEETS research project dataset

(20002005) and with latest official statistics available (2€2013)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 awutherked,
ensure that the compiled cgud NA Sa RIGF FNBX Ffaz2z 2F 3I22R ljdzr £t A48

In case of larger discrepancies between the Emisia database and domestic data, preference was always
given to data from domestic sources, and the time series was smoothed out. Again, whenever

necessary, the mileage data were slightly modified to reflettelbéhe domestic statistics on fuel sold.

3./ The compiler institute produced input data for the remaining years (i.e.,-1989). 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 thdungarian 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 35vehicle categories, and it probably has a higher uncertainty.

It should be noted that unleaded gasoline was sold only after 1989. Since lead is poison for catalytic

converters, it was assumed that real catalyshicles havéeen used after this time.

100%

80%

60%

40%

20%

0%

Elimination of leaded gasoline in Hungary

Oleaded gasollne
1] unleaded gasollne

1985

1988 1991 1994 1997 2000 2003 2006

Figure 3.2.7.&limination of leaded gasoline in Hungary
0{2dz2NOSY I dzy I NRFY t SGNRT Sdzy 126082 OAl A2y

Emissions fronin-country aviation which represent a very low proportion, were taken previously
equal to the emission from consumption of aviatigasoline anatalculated in those years when the

related data were available in the energy balance. Where aviation gasoline was not indicated in a

separate line, consumption and emissions were calculated together with road traffic gasoline.

Upon receiving data from Eurocontrol, the above approach was slightly modified. Although there are
no scheduled commercial domestic flights in Hung@rgdated)Eurocontrol data for the period 2005
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2015 suggested that about®B per cent of total jet kerosene is used for domestic flights. Using the
same share back to 1985, some kerosene @852 TJ) is now allocated to domestic aviation. As
regards aviation gasolinghe used energy statistics contain values between 1 to 3 kt but not for all
years. For the missing years, a fuel use of 1 kt was assunasgdBrearlierpersonal communication
with the energy statistics providegenerally0.9 kt aviation gasoline is sold in the countryhe
resuting CQemission (from both aviation gasoline and jet kerosen8)3g on average (i.e., far below
the significance threshold).

(Background of th&urocontrol data At the end of 2010 the European Commission signed a framework contract
gAGK 9!wh/hb¢wh[ X GKS 9dzNRLISIY 2NHFYATFdA2y F2N) GKS
European Commission in relation to climate change policy and the impleinangay 2 F GKS 9! 9¢{ Qo
This support project is organized in different Work Packages. One of these Work Packages pertains to the
improvement of GHG and air pollutant emissions inventoriesnsttbd by the 28 Member States and the

European Union to the UNFCCC and to the UNEEEAih objective of the WP is to assist EU Member States
improve the reporting of annual greenhouse gas (and other air pollutant) emission inventories by e.g., estimating

the fuel split domestic/international using real flight data from-EOCONTROL.

To support the inventory process for the submission in 2017, in November 2016 MS received fuel and emissions
data for the years 2005 to 2015 as calculated by EUROCONTROL using a TIER 3b methodology applying the
Advanced Emissions Model (AEM).

The individual fuel burn and emission data associated with each flight are processed with AEM, Excel reports
covering UNFCCC and CLRTAP are generated then made available to EEA Member states via the EUROCONTROL
ftp site.

All flights having a flight plan are captured by EUROCONTROL. Military flights are excluded. Civil flights flying on
Visual Flight Rules (VFR) are not known to EUROCONTROL and are therefore not part of this system.

Looking at flight types in the database, it is possible to distinguish between domestic and international flights.
Three aircraft groups are currently included in the EUROCONTROL dataset: jet, turboprop and piston.)

The annual total emissions of the natiomallway were determined as an exhaust gas component
based on the data received from the national energy statistics provider, the Hungarian Energy and
Public Utility Regulatory Authority which calculated the quantity of the fuel used in the national railway
transport. Railway transport emissions are affected by many factors. However, since the currently used
method of calculation is based on the fuel consumption of the rail traction, the factors described below
do not have a direct influence on the calculation.

The total length of railway linedecreased in 202 The total volume ointerurbanpassenger transport

in terms of the number of persons transported decreased between 2001 a2@iCabout28 percent
whereas passenger kmecreased only slightlpy 2%. As far as the railways are concerned, the
decrease in passenger numbers was smalle8%). However, expressed in passenger kilometers, the
decrease was more pronounced2?%). In 2020 alone, due to COMI® number passengers
decreased by 28% generalgnd railwaypassengers by 31%Due to methodological changes at HCSO,
data for 2023 ca be compared to the data of previous years in a limited way2024, however,
number ofpeopleusing railway increaseguite significantly by 60%Considering transport of goods,
domesticrail transportshowed some sign of growtlbetween 2011 and018, but it has generally
decreasedsincethen. Internationaltransport seems to be more balanced.

Emissions fronpipeline transporthave beenreported separately since the 2015 submission. The
calculations are based on (amended) energy statistical datazautry specifiemission factors. The

IEA Annual Gas Questionnaire contains fuel consumption data only for the period2@310

Comparing the IEA data to the ETS data reporte€ty{ ¥ b I { dzNJ € DIFa ¢NJ}yYyavYAac:
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transmission system operatgnve detected an underestimation in the IEA data for 2010 which was
corrected on the basis of IEA data. For the earlier years in the time series backward interpolation was
carried out as follows:

9 for 20052009 fuel consumption data were taken from the ETS database;
9 for the years before 2008he sum of natural gas production + impaxas usedas proxy
information.

Emission factors

Carbon dioxide emissions were calculated using cotspacific emission factors for gasoline in road
transportation, for diesel and natural gas in all relevant categories, and for kerosene in aviation.
Otherwise, default factors were applied as summarizedable 3.2.7.3 below.

Table 3.2.7.35ome Cg@emission factors in the Transport Sector

Fuel type Enztlscsgg A‘%;tor Source of EFs

Motor gasolinegeneral 69.3 2006 IPCC Guidelines
Aviation gasoline 70.0 2006 IPCC Guidelines
Gasolinein road transport Refinery

fossil 71.61 based on carbon conten

bio 71.8 calculated
Gas/Diesel Oil Refinery

fossil 73.5%74.9 based on carbon conten

bio 74.6 calculated
LPG 63.1 2006 IPCC Guidelines
Residual fuel oil 77.4 2006 IPCC Guidelines
Natural Gas 55.25654 ETS database
Lubricants 73.3 2006 IPCC Guidelines
Jet kerosene 72.467317 Refinery

It has to be noted that the cited G@mission factors in road transport are derived values based on
mass of the fuels and not necessarily on their energy content. We have also slightly deviated from the
NCVs reported in the IEA/Eurostat Annual Questionnaire. Originally, the net caloticaygilied in

the Hungarian energy statistics was usually 42 TJ/kt for both fuels. However, there were indications
that the real calorific value might be different. For example, the default NCVs are 43.8 TJ/kt for gasoline
and 42.7 TJ/kt for diesel the COPERModel In the 2006 IPCC Guidelines, we can find even higher
values: 44.3 TJ/kt and 43 TJ/kt for gasoline and diesel, respectively. And we have also one
measurement from the refinery for diesel oil: that is 43.04 MJ/kg. So, in the 2017 submission the
calorific \alues were changed to 44 TJ/kt and 43 TJ/kt for (fossil) gasoline and diesel oil, respectively.
(Meanwhile, NCVs have been revised upwards also in the energy statistics.)

The basis of the emission factor was carbon content of the fuels received from the refir2dg2

i.e., 0.8406 t C/t gasoline and 0.86275 t C / t diesel. However, the carbon content of the fuet relate
to the fuel mix E5 (i.e., 5% biofudack then,so it ould not be used for the fossil part of the fuel
unchanged, especially in case of gasolifikerefore the fossil emission factor was derived from

80



HUNGARY National InventoryfDocument19852024 ENERGY

measured ethanol content of gasoline (which was not exactly 5% in the samples) using the following
equation:

ERoss= ( ERss+bio- Y0mbio X El&o) / ( 1- %rrbio)

The value for Ef, i.e. 1.911 kg CO2 per kg of ethanol, was taken from TaB@ & the 2023
EMEP/EEA Guidebook.

(In an earlier approach, we have changed the used emission factor for gasoline (fossil part) by taking into account
the difference between the default €@mission factor for gasoline (3.180 kgA&@ fuel) and for the blend E5

(3.063 kg Celkg fuel) (See Table-® in the 2022 EMEP/EEA Guidebook). This means, we have multiplied the
original EF with 3.169/3.063 for the fossil pdrt.earlier submissions the ratio 3.180/3.125 was used from the
2016 EMEP/EEA Guidebook.)

For the years starting in 2016, the refinery provided us with carbon content and calorific value of the
fossil partof diesel from which the following countigpecific values could be derived:

Gasoll -2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

NCV (GJlt) 43.0 42.8 42.7 42.7 42.7 42.8 42.7 42.6 42.5 426
CO2EF (t/TJ) 73.57 73.99 74.27 74.26 74.21 74.09 74.10 74.52 7459 | 7455

Also, C@emissions from thdossil part of the carbon of biodiesélave been calculated and added to

the national total. The refinery confirmed that diesel had only FAME content (HVO is expected only

from 2020at the earlies}. Therefore, C&emission was calculated with the default parameters specific

for FAME, i.e., 76.5% kg C/kg FAME, and 5.4% fossil part of C of FAME. The resulting emissions were
not significant: they increased from 0.3 kt in 2007 &2kt in 2023. These C&emissions are reported

aSLI N GSte a a20KSNJ F2aarat FdStakFzaaiat LI NI 27
(FAME), the default carbon content of 76.5% kg C/kg FAME was used with the default bio part of carbon
content (15.4%=94%). In casef biogasoline, a biogenic carbon content of 55.1% was applied in the
calculations.

CQemissions from lubricants in-&roke engines are also included in the transport sector. Activity
data have been taken from the COPERT database (i.e., fuel consumptistiake2cars, mopeds, and
motorcycles. With an assumption of a 1:40 mixing rati@ tbtal amount of lubricants combusted

could be calculated. Using default NCV and EF, the resulting emissions remained at a moderate level
as summarized in the table below.

Table 3.2.10CQ emissions from lubricants ins2roke vehicles (with activity data)

BY 1990 1995 2000 2005 2010 2015 2020 2022 2023 2024
Fuel consunption |kt | 425.6| 460.0| 295.9| 173.0| 65.1| 386 | 196 | 181 | 183 | 175| 17.0

2-stroke cars kt | 416.1| 452.0| 285.2| 159.9| 418| 14.4 56 2.1 1.9 18 1.8
L-Category kt 9.5 8.1| 10.7| 13.1| 233| 243| 140| 16.0| 164 | 15.7| 153
Lubricants kt 106| 115 7.4 4.3 1.6 1.0 05 05 05 0.4 0.4

CO2 emissions kt 31.1| 33.6| 216| 12.6 48 2.8 14 13 13 13 1.2

CH and NO emissions from road transport were calculated using the COPERT model (CORERT 5.
for the whole inventory period for gasoline and diesel. For all other fuels (and categories) default IPCC
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emission factors were applied. For example, 1@@ EFs from Table 3.4.1 of the 2006 IPCC Guidelines
are applied for railways.

Besides gasoil as described above, cousprgcific calorific value and €é€mission factors are applied
also for kerosene as summarized in the table below.

Kerosene -2015 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
NCV (GJt) 433-43.5 43.3 43.3 43.3 43.3 43.4 43.2 43.3 43.3 43.1
CO2EF (t/TJ) | 72.572.8 72.7 72.7 72.8 72.8 72.6 72.8 73.0 72.8 73.2

3.2.7.3 Uncertainties and timseries consistency

We assume that the uncertainty of the transpaeiated fuel consumption data is higher than in case
of stationary equipment because such data are more difficult to collect and verify. Considering the

above, the estimated uncertainty of the energy consulng@y R G |

A a

b piz @

¢KS Sai

of the emission factors for G@ a -5%.nNt should be noted, that in the 2006 IPCC Guidelines the
uncertainty for default methane and nitrous oxide factors is much higher-8200%).

3.2.7.4 Sourcespecific QA/QC and verification

IEA data were compared with the national statistics. For clarification of the differences, additional data
were required from the energy statistics provider. This led to revision of the time series of fuel

consumption.

We consider the technical review of the EU as a very important QA activity. In summer 2012, the EU
conducted a more thorough than usual review of the inventories of all member states. After the
review, Hungary was recommended to obtain the C content ancalerific values of gasoline from

fuel suppliers, to develop a countgpecific EF for G&om gasoline that is representative for gasoline
used in Hungary and to revise data accordingly.

During the 2016 review, it was recommended thatE@issions from lubricants for neenergy use
should be reported under 2D1 Lubricant use and emissions from energy uses (suchsiske 2
engines) should be reported under 1A3b Road transportation. Following this recommendation, this
submission contain stimates of C@ emissions of lubricants from-&roke engines taking fuel
consumption data (FC_t) from the COPERT databastrol® passenger cars, mopeds, and

motorcycles).

3.2.7.5 Sourcespecific recalculations

The methodology usedremained basically the same. However, the following changes were

implemented:

1 Thenewest version of the COPERT modeb(®.November 205) was appliedn road transport
for the whole time series consistenthyhich affected the calculated energy consumption in
different vehicle categoriesand also bD emissions froomodern heavy duty vehicles.

Altogether, emissionscreased byp6.3kt CQ-eq (018% of the national total) i2023. Emissions did
not change either in 2005, d990.
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3.2.7.6  Sourcespecific planned improvements

None.
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3.2.8 Other SectorsGRTcategorylA4)

3.2.8.1 Source category description

Emitted gases: CO2, CH4, N20

Methods: T1, T2

Emission factors: D, CS

Key sources:

1A4 Other SectorsLiquid Fuelg CO2 L, T;
1A4 Other SectorsSolid Fuelg CO2¢ T;

1A4 Other SectorsSolid Fuelg CH4- T

1A4 Other SectorsGaseous FuelsCOZX L, T;
1A4 Other SectorsBiomass; CH4¢ L T.

This sector covers combustion in public institutions, by the population and in the Agriculture
/Forestry/Fisheries Sector. Emissions in the Other Sectors are summarized in the figure below:

25, === == = e e e - 2000
o Bcoz EcHa EN20 L 1750
L] T AP P o o o o e
g ‘ - 1500 ©
5 O
15,000 - mm Ny - 150 5
P 1 ™
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S AN Sl VAl Sl il Sl (Sl S Gl S Wl SRR R RN S SR S
F oo &2 % 8 2 2 & 8 2 23 58 838 8 8 &
43 3 3 38 B & E BB A BB HEHRBRRB R

Figure 3.2.8.1Trends of CO2, CH4 and N20O emissions in the Other See®2(Pa)

3.2.8.2 Methodological issues

Activity data

Activity data was obtained from the IEA/Eurostat questionnaires as described in the introduction
section of the chapter. Figure 3.2.8.2 illustrates the fuel consumption of the sector by fuel types.
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Figure 3 Share of different combusted fuel types in the Other Sectog§{AG24)

Since about two third of the fuel consumption is related to the residential category, the fuel structure
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d principally by changes in this sector (see Fig. 3.2.8.3).
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Figure 3.2.8.3-uel combustion in the subsectors of the Other Sect@{2024)

024

Generally, in contrast with the significant reduction of coal and oil consumption, natural gas
consumption has increased significar(gpecially until 2005)The population switched from coal to
natural gas combustion. Household heating oil was completely replaced by LPG (see Table 3.2.8.1).

Table 3.2.8.10il and LPG consumption in the Commercial/Institutional and Residential Sectors in
selected years after 1990J)

1990 2000 2005 2010 2015 2020 2022 203 2024
Commercial |Oil 10,510 769 379 0] 1,024 772 603 603 689
Institutional  |LPG 1,457 2,162 1,081 893 658 738 508 507 461
Residential oil 35991 1,118 86 0 40 0 0 0 0
LPG 13,53 12,079 7,807 5,640 3,055 3,329 2,768 2,674 2,443

During the period 199@024, the length of natural gas pipeetwork increased from 22,549 km to
85882 km. The number of households supplied with natural gas increased from 1.6 million in 1990
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(42%) to 3.4 million in 2010 (77%) but decreased a little 2a18llion (M%) since 2010. Residential
consumption represented®% of total inland demand of natural gas in 20Riped 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 woodh RO24, 662 thousand apartments in 96 settlements in the countr¥4% of

the housing stoclkg received district heating. Distri¢teated hot water supply was available in860
thousand apartments in 91 settlementdlost of this heatground V%) is generated from natural gas

use; however, the resulting emission was not accounted for here but under the Energy industries
subsector.

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
20aSNDIFGA2yad ¢KS AYyaARS (GSYLISNI GAZNBE Aa wmyc/ |yl
GKAOK I o0dzAt RAy3d ySSRa y2 KSFGAy3a0 Aa wmpc/ AY
methodology). Figure 3.2.4 illustrates 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 dema(dDD) inreased by 7% in 202hd by further 11% in 202&fter the

so fartwo warmest yearsn 20182019 which is reflected in the higher energy consumption of the
residential sector.In the last hree years, however, heating demand decreased agairte
significantly by 9%both in 2022 and 2023, and layfurther2% in 2024.
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Figure 3.2.8.4Comparison of residential fuel consumption and HDD bet&86f6and 202

Another factor is definitely the price. The (nominal) price of pipelined gas increased from 325 to 1360
Ft/20 m3 between 2000 and 2012. This price increase might have led to increased biomass use as a
substitute fuel in the residential sector. However, #itgovementioned trends have changed in recent
years. Gas prices have dropped by d&#tween 2012 and 201 %onsequentlyconsumption started
growing againGas 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 22083 than that of biomass, and in this very
period natural gas consumption decreased and @esmconsumption increased. After 2014, however,

the trend changed due to decreased natural gas prices (the price advantage of biomass disappeared),

86



HUNGARY National InventoryDocument19852024 ENERGY

SO gas consumption started increasing again while biomass consumption decreased. This is
demonstrated in Figure 3.2.8.5 below.

priceratiogas;/wood

Tozeldanyag,/Fuel consumption (P1)

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
e Fildgsz/MNatural pes = Biomassza/Biomass  ====price ratio gas/wood

Figure 3.2.8.%rice elasticity of natural gas and fuelwood (20R4)

Theyearly arerage consumption of piped gas per househtgdreased from 522m?in 2003 t0833
m? in 2014 andthen increased tal000-1200 m? in the period 20172021. In thenext two years,
consumption decreased by 30% to 827 im 2023.In this significant decreasing trendeside the
higher energy pricesmost probably also the more energpnscious approach of the population plays
a role and is definitely greatly affected by the weath@rcomparison, the decreasa biomass use
was rather moderate.

Emissions from household machinery are reported separately in the category 1A4bii. 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 Hungary; 56% of whi2tRimillion. It was assumed that for every
garden 5 liters gasoline is 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 for the whole time
series. (The required activity data have been reallocated from the category 1A3b road transportation.)
The resulting emissions are not at all significant (i.e., 19 kt CO2). We would like to stress here that we
consider the above approach as a rough estienand as currently no other reliable information is
available that would justify the introduction of any trend into the time series, constant amount is
reported. In this regard it is worth mentioning that (1) all gasoline consumption in the energy statisti
from the annual IEA/Eurostat questionnaires is accounted for in the inventory therefore it is merely an
issue of allocation, and (2) emissions are below the threshold of significance.

In the Agriculture category, the trend in biogas use might deserve our attention as its share within
biomass can be higher as 60% as in 204,3or around 40% as in 202824.

Ly 2NRSNJ G2 NBLR2NI aSLINIGS Syraarzya T2obd GKS

X r
a z

GSKAOf Sa FYyR 20KSNJ YIFOKAYSNEé>X RASASt 2Af O2yadzy

combustion. The Energy Statistical Yearbooks publistiednd 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
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diminishing role of liquid 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.

To be consistent with the air pollutant inventory submitted under the CLRTAP, the methodology for
off-road vehicles and other machinery used in agriculture and forestry was changed for the 2017
submission, and the Tier 2 method from the 2019 EMEP/EEA léaakievas 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, and three additional
layers are added to covéine emissions from engines prior to the first EU legislation stages. The used
layers are as follows: <1981; 198990; 1991Stage I; Stage I; Stage IlI; Stage IllA; Stage 11IB; Stage IV;
Stage V. The penetration of the new technology is taken into acdauhe form of split (%) of total

fuel consumption per engine age (irrespective of inventory year) as it can be seen forfdesdl
non-road machinery in Table-3 in the Guidebook. As domestic information on stock of agricultural
machinery indicated aomewhat slower penetration of new technology (as in Denmark), original data
in Table 33 have been modified as follows:

Table 3.2.8.2Used values for the split (%) of total fuel consumption per engine age (irrespective of
inventory year) for diesélieled norroad machinery in Agriculture

Engine USED ORIGINAL

age in Table 3-3
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 1 141
24 1 1.34
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Engine USED ORIGINAL

age in Table 3-3
25 1 1.28
26 1 1.21
27 1 1.14
28 1 1.07
29 2 1

As recommended by the ERT, AG® emissions were calculated separately for forestry. Separate
activity data (gasoil consumption) was provided by the energy statistics provider for the first time only
for 2016 therefore we allocated the same share (6%) of all gasoil consumption in tiie sategory

to forestry in previous years. As on average, this fuel consumption does not represent a significant
amount (around 2eB0kt), the T1 method with default emission factor from the EMEP/EEA Guidebook
seems appropriate here.

Emission factors

Default emission factors for G@re used for liquid and for most of the solid fuels. The only exception

is the residential lignite emission factor, which is the same as described under Energy Industries,
because power plants that report measured carbon content of lignite, sell direzthgsidential
consumers, too.

Since (almost) the entire quantity of liquid fuels used in residential combustion is LPG and the majority
of institutional uses are also based on LPG, the IEF factor fas €€y low.

For nonrCQ emissions, default emission factors were applied (except for the category 1A4cii as
described above).

3.2.8.3 Uncertainties and timseries consistency

We assume that the uncertainty of the fuel consumption data, especially biomass, in the Other Sector
is higher than in case of industrial processes because such data are more difficult to collect and verify.
Considering the above, the estimated uncertaigtf G KS Sy SNH& O2¢% dzYLJiA2y RI

The estimated specific uncertainty for £8 27%. The uncertainty of the methane factor is
significantly higher (5050%), while that of N2O may be of an order of magnitude.

3.2.8.4 Sourcespecific QA/QC and verification

Comparing residential coal consumption data in the Hungarian Energy Statistical Yearbook and the
IEA/Eurostat statistics, large discrepancies in NCV were found for the years before 1999. After
discussing this issue with the energy statistics provider, higher values from the domestic
publication were kept.

3.2.8.5 Sourcespecific recalculations

None.
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3.2.8.6 Sourcespecific planned improvements

None.

3.2.9 Other CRTcategorylA5)

Following a recommendation @ earlierEU ESD Reviewafirst broad estimate for emissions from
military aviatiorwas includednto this source category (1.A.5.b. Mobile). The table below contains our
first estimates which is based on flight hours. Although exact flight hours of military aircraft are
confidential but we learned from different press sources (referencing the Huarg&refense Force)

that the Hungarian combat fleet had altogether 14000 flight hours (including domestic and
international trairing operations) in the last 10 years. This would mean 1400 hours per year. Based on
another source, the average of flight hours was 1756 between 2011 and 2015, higher than in previous
years. For our calculations, we took the highest fuel consumption féptarhour) from Table 3.6.7

(i.e., 3283 kg fuel per hour) which resulted in a (probably somewhat conservative) kerosene use of 5.8
kt per year. First preliminary information from the energy statistics provider indicates a kerosene
consumption of 4 kt ugd by the Hungarian Defense Force which more or less verifies our estimate.
Emissions are then calculated witlountry specific Cand default norCQ EFs, (i.e., Z5-73.0t
CO2/TJ kerosene, 0.5 kg4dH and 2 kg XD/TJ) resulting iemission levels that are usually lower than

the threshold of significance.

C2NJ HnanmcI F2N GKS FANRG GAYSET {SNRraSyS O2yadzyLl/
energy statistics so it could directly be used as activity data.

Table 3.2.9.1The first broad estimate of emissions from military aviation. Values for 2005 were kept
constant back to the base year. From 2016, energy statistics could be used directly therefore years after
2017 are not included in this Table.

2005 | 2008 | 2009 | 2010 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Flight hours hyoelgr/ 1400 1044 1044 1044 1756 1756 1756 1756 NE NE
Kerosene kt 4.60 3.43 3.43 3.43 5.76 5.76 5.76 5.76 7 8
consumption |TJ 199.4¢ 148.75 148.75 148.75 250.20 250.20 250.20 250.20 302.94 346.4
CcQ kt 1426 10.64 10.64 1064 1789 1789 17.89 17.89 21.64 24.78
CH kt 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0004 0.0007
N20 kt 0.0004 0.0009 0.0003 0.0003 0.0005 0.00054 0.0004 0.00054 0.0004 0.0007

In accordance with the latest energy statistics, stationary naturglfgasoil some coahnd firewood
consumption is also reported in the source categoA.8.a in the yeard 9852002 and20152024.
(These amounts were partly allocated to 1.A.4.a in earlier submissions.) Emissions are calgtiiated
the same methodology as inA4.a.
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3.3 Fugitive emissions from solid fuels and oil and natural gas and other
emissions from energy productioBRTL.B)

3.3.1 Fugitive emissions from solid fue[€RTcategoryl.B.1)

3.3.1.1 Source category description
Emitted gas: CHCQ

Methods: T1, T2
Emission factors: CS, D
Key sources: 1B1 Solid fueSH¢ T

CategonlBlaincludes fugitive CHemission released during coal mining and handling. Emissions from
fuels used during these activities are calculated under the combustion part of the inventory, mostly in
the source categorgAlc.

Emissions from categoB1bg fugitive emissions originating from solid fuel transformation are also
mostly included in sectdtAlc The reason is that it is not possible to separate the GHG emissions from
fugitive and norfugitive sources during coking, and there is no reference in any of the Guidelines for
emission estimation methodology in categd. However, C&and methane emissions frofftaring

of coke oven galsave been allocated to this source category (i.e., 1B1b).

In Hungary, only surface coal mines are present. Although underground mining was the predominant
F2NY Ay GKS mMpcnQa FyR mMpTtnQas Al S@Sylddatte OSI
observed between 1987 and 1988, as well as between 1889.890. Underground mining decreased

in both relative and absolute terms; therefore, distribution of mined coal types underwent significant
changes. After 2015 only one minor underground nrerained in opration after the closure of the

mine of the lasbituminous/subbituminous coal fired power plarfbut only for two more yeans

The significant decreasa emissions is well explainable as emissions are strongly related to activity
data (production of coal mined underground). So, the fall of underground coal mining described in the
paragraph before and presented in Figure 3.2.1 resulted in decreasing tfemdissions.

Please note that all the coal mined in Hungary is classified now as lignite (except for very small amounts
of subbituminous and coking coal).
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Figure 3.3.1Trend of emissions from solid fuels and underground production of coal

3.3.1.2 Methodologicalssues

During the 2016 iwountry review it was suggested to provide more detailed description of
methodologies in categories of fugitive emissions to increase transparency. A detailed table
summarizes the sources of activity data and emission factors of akatalos which can be found in
A3.1 of Annexes.

Activity data

Production data were taken from the IEA Coal statistics, where both coal types and underground and
surface productions are distinguished. Following the IEA Coal classification, all the coal mined in
Hungary is classified as lignite, (except for very sanadiunts of sukbituminous and coking coal in the
years 19901). Mine and coal basin level data are received from the Mining and Geological Survey of
Hungary (former Mining Bureau of Hungary). In the fastr years, reported underground coal
production dffers at the two data provider. The difference was 3 kt at the most, which can be regarded
as negligible, but also the production was very low, so the uncertainty is high. Since the inventory team
always receives data from the Mining and Geological Sun¥éyungary (former Mining Bureau of
Hungary) earlier and data are more detailed, this dataset was used for the calculat®m®e cases
instead of the IEA/Eurostat Coal Questionndee., for the year 2017).
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Table 3.3.1Underground and surface coal production in Hungary

ENERGY

SUM Surface

SUM Underground

out of which: Mecsek

Year Skl Freetsion (<) production (kt) production (kt) basin production (kt)
1985 24042 7387 16655 2639
198587 23338 7198 16141 2441
1986 23129 6983 16146 2325
1987 22844 7223 15621 2360
1988 20875 5634 15241 2255
1989 20030 5883 14147 2127
1990 17830 6919 10911 1819
1991 17135 6680 10455 1760
1992 15844 7815 8029 1210
1993 14832 7588 7244 950
1994 14084 7622 6462 1030
1995 14772 7834 6938 856
1996 15259 8067 7192 882
1997 15764 8828 6936 854
1998 14668 8445 6223 813
1999 14547 8425 6122 716
2000 14033 8848 5185 753
2001 13914 9174 4740 573
2002 13027 8929 4098 726
2003 13301 9871 3430 667
2004 11242 9135 2107 259
2005 9570 8321 1249 0
2006 9952 8601 1351 0
2007 9818 8421 1397 0
2008 9404 8118 1286 0
2009 8986 8078 908 0
2010 9113 8301 812 0
2011 9555 8890 665 0
2012 9290 8527 763 0
2013 9558 8941 617 0
2014 9551 8950 601 0.011*
2015 9261 9239 22 5.687*
2016 9216 9210 6 0.748*
2017 7974 7972 2 0.789*
2018 7898 7898 0 2.083*
2019 6847 6847 0 6.095*
2020 6125 6125 0 1.513*
2021 4988 4988 0 0,252*
2022 4927 4927 0 0,418
2023 4072 4072 0 0
2024 3890 3890 0 0
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Emission factors

Table 3.2.2 shows the measured methane content of coal for the mines operating since 1985 in
Hungary together with the emission factors applied and defaults of the 2006 IPCC Guidelines. Data on
in-situ methane content of mines in Hungary originates frorseaach project conducted by Regional
Centre for Energy Policy Research (available at: http://www.rekk.eu/images/stories/letoltheto/uhg
agvol2.pdf) included in list of References. The results are published in USGS, 2002 (please see the
Reference list). Thmeasured data is in accordance with the classification of mines regarding risk of
firedamp received every year from the Mining and Geological Survey of Hungary (former Hungarian
Mining Authority), which is also based on thémethane/ t coal value. Based on the abeventioned
references, two different emission factors are applied for underground mities same as in case of
previous inventory submissions. One is applied for coals from Mecsek coal basin and the other for all
other underground productionThe former is within the range of default average emission factor from
2006 IPCC Guidelines, the latter is well below but the difference might be explained by country specific
properties.

Table 3.3.2In-situ CH content in Hungarian mines, the emission factors used and default emission
factors from 2006 IPCC Guidelines

Coal basin Mine In-situ CH4 content (m3/t)
. . average
mine-specific value | . -
in basin
) P ®c s bi Karglirma 18.26
Mecsek coal basin 19.5
Vasas £ s z a k 20.75
Balinka 1.29
) Lencsehegy 0.00
Other underground coal mines 1.00
M8ny |/ a 0.98
M8r kushegy 0.93
Be¢kk8br §n 0.00
. .6 Y 0.00
Surface coal mines Visonta 0.00
All other - 0.3
Low 10
defaults fromthe Average 18
2006 IPCC Guidelines 9
Low in surface mines 0.3

Generally, no emissions occur in Hungary in case of surface nuihiignite based on the above
mentioned references. The reason is that the mined Hungarian lignite is relatively young in the
coalification (NCV is under 10 MJ/kg).the end of 2014 an old surface mine in the Mecsek basin was
re-opened with relatively high (20.75%@H/t coal) insitu methane content, but the amount of mined

coal was almost negligible in the first ye@nal production remained also in later years generally below

6 kt. (It should be noted that all emissions of Mecsek basin were reported in the category of
underground mines in the first part of the time series but under surface mines after 2Bad all
NEYIFIAYAYy3 tAIYAGS YAYyAy3aAs (GKS RSTFlLdA G &t 26¢ 9C
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Please note that the implied emission factor is changing because the activity daRilis the SUM

coal produced underground while the emissions are mainly related to the production in Mecsek basin
where also some recovery activity occurred. Between 2005 and 2013 there was only one operating
underground mine, so implied emission factor (B62.0623=0.68541 please see above) became
steady for those years.

Recovery

In 1.B.1.a Underground coal mining category; &issions are reported from Glecovery for the
years 19881996. In this case G@missions are not direct emissions, but it is calculated from the
amount of recovered CHCH combusted for energy use) as follows:

CQ emissions = (Recovered {K44/16
(Mco= 44 g/mol; Mus& 16 g/mol)

The yearly amount of recovered £&hd the stop of the recovery (due to the closure of the mines)
were communicated by the Mining and Geological Survey of Hungary (former Hungarian Office for
Mining, also former Mining Bureau of Hungary).

Postmining

For postmining activities, the same activity data and 10% of the mining emission factor is used the
same as in the case of previous inventory submissions, which is in line with the suggestion for mines
using predrainage of 2006 IPCC Guidelines chapter342.

Abandoned underground mines
Activity data

It is very hard to collect detailed data on activities performed more than 50 years before that is
required by the method of 2006 IPCC Guidelines, so several assumptions are applied. Chapter 4.1.5.2

of the 2006 IPCC Guidelines states that "Abandoned ntiira¢svere considered nogassy when they

GSNBE | OGA@Ste YAYSR INB LINBadzySR (2 KIF@S yS3t AIa
from flooded mines.

{22 SYAaaArzya FTNRY (KAa adzoaSOG2N) I NB yRliaadéayAT
(please see Table 3.2.2 above) except for Mecsek basin. In addition, abandoned mines are usually
flooded with water in Hungary.

Ly uwHamdpE GKS aS0asS|] aiAyiAyd wSaz2dNOSKIBYK2DNMENT
b2y LINRFTAG YITKFalyg YFloo 61 & O2yil OGSR G2 NBOS)
in Mecsek basin to replace our previous estimates on numbersftdaded mines.

Table 3.3.3Revised activity data used in 1BlAbandoned coal mines

1901 1926 1951 1976

1925 1950 1975 2000
1985 1 1 3 9
1986 1 1 3 9
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Emission factors

ENERGY

Set of Tier 1 emission factors from 2006 IPCC Guidelines Table 4.1.6 and Equaticardukséd for

the calculation of emissions. Since tiseries of emission factors begins with 1990 in the mentioned
table of the 2006 IPCC Guidelines, Hungary had to complete with factors back to 1985. In the 2015 and
2016 submissions, constant values of 19@€re applied for previous years, but according to the
hyperbolic decline curve of real emissions of abandoned coal mines it was planned to change these

factors for more appropriate ones. For the 190925, 19261950 and 19511975 periods emission
factors were applied using the values of the original table for the next finterval (20092014). For
the time intervalof 19762000 ( K A &
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European Union, Hungary asked the authors of this chapter of the guidelines to provide the missing
values. The following table (Table 3.3.4) represents the completed table highlighting the new factors.

Table 3.3.£mission factors for abandoned coal miffdsn3 methane/mine)

Time interval of mine closure
19011925 | 1926¢1950 | 1951-1975 | 1976c2000 Pzrggi-n i
1985 0.2900 0.3610 0.5420 4.0289 NA
1986 0.2880 0.3570 0.5290 2.8881 NA
1987 0.2860 0.3530 0.5180 2.2894 NA
1988 0.2840 0.3500 0.5070 1.9148 NA
1989 0.2830 0.3460 0.4960 1.6561 NA
1990 0.2810 0.3430 0.4780 1.5610 NA
1991 0.2790 0.3400 0.4690 1.3340 NA
1992 0.2770 0.3360 0.4610 1.1830 NA
1993 0.2750 0.3330 0.4530 1.0720 NA
1994 0.2730 0.3300 0.4460 0.9880 NA
1995 0.2720 0.3270 0.4390 0.9210 NA
1996 0.2700 0.3240 0.4320 0.8650 NA
1997 0.2680 0.3220 0.4250 0.8180 NA
1998 0.2670 0.3190 0.4190 0.7780 NA
1999 0.2650 0.3160 0.4130 0.7430 NA
2000 0.2640 0.3140 0.4080 0.7130 NA
2001 0.2620 0.3110 0.4020 0.6860 5.7350
2002 0.2610 0.3080 0.3970 0.6610 2.3970
2003 0.2590 0.3060 0.3920 0.6390 1.7620
2004 0.2580 0.3040 0.3870 0.6200 1.4540
2005 0.2560 0.3010 0.3820 0.6010 1.2650
2006 0.2550 0.2990 0.3780 0.5850 1.1330
2007 0.2530 0.2970 0.3730 0.5690 1.0350
2008 0.2520 0.2950 0.3690 0.5550 0.9590
2009 0.2510 0.2930 0.3650 0.5420 0.8960
2010 0.2490 0.2900 0.3610 0.5290 0.8450
2011 0.2480 0.2880 0.3570 0.5180 0.8010
2012 0.2470 0.2860 0.3530 0.5070 0.7630
2013 0.2460 0.2840 0.3500 0.4960 0.7300
2014 0.2440 0.2830 0.3460 0.4870 0.7010
2015 0.2430 0.2810 0.3430 0.4780 0.6750
2016 0.2420 0.2790 0.3400 0.4690 0.6520
2017* 0.2410 0.2770 0.3360 0.4390 0,6250
2018* 0.2390 0.2750 0.3330 0.4320 0,6040
2019* 0.2380 0.2730 0.3300 0.4250 0,5860
2020* 0.2370 0.2720 0.3270 0.4190 0,5690
2021* 0.2360 0.2700 0.3240 0.4130 0.5550

97



HUNGARY National InventoryfDocument19852024 ENERGY
Time interval of mine closure
2001
19011925 | 19261950 | 1951-1975 | 197652000 Present
2022* 0.235 0.268 0.32 0.408 0.54
2023* 0.234 0.267 0.319 0.4@ 0.529
2024~ 0.233 0.265 0.316 0.397 0.518

*EF values for 2012024 were taken from the 2019 Refinement

3.3.1.3 Uncertaintiesand timeseries consistency

Uncertainty of activity data is estimated based on chapter 4.1.3.6 of the 2006 IPCC Guidelines.
Consistency with the value used as uncertainty of activity data in other subsectrergyis also
taken into account where usually also IEA Energy Statistics are applied as activity data.

Unfortunately, no uncertainty is provided for measurement data used for emission factors applied in
mining subsector and Tier 1 approach is used in-pusing and abandoned coal mined subsectors.

So, the uncertainty of emission factoriB1A &8 SadAYI GSR (2 6S aFflkOli2N 27
2006 IPCC Guidelines.
AD EF Combined
1B1 Solid fuels (uncertainty +/%) 5.00 | 200 200.06

3.3.1.4 SourcespecificQA/QC and verification
General QA/QC procedures apply.

Activity data is compared with old tirmgeries used in previous inventory submissions (data from the
Mining Bureau of Hungary) and the differences are cc.1%.

Country specific emission factors are compared to defaults of 2006 IPCC Guidelines as it is presented
in Table 3.2.2 above.

3.3.1.5 Sourcespecific recalculations

None

3.3.1.6 Sourcespecific planned improvements

The first reports under th&U Methane Regulation will be analyzed.
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3.3.2 Fugitive emissions from oil and natural gas activii€Si§ategoryl.B.2)

3321

Emitted gas: COCH, N.O
Methods: T1, T2, T3
Emission factors: CS, PS
Key sources:

1B2b Natural GasCHc¢ L, T.

Source category description

ENERGY

In categorylB2fugitive emissions arising during exploration, production, processing, transmission and
distribution, and storage of 0illB29 and natural gasl@2h are reported. In addition, GHG emissions
from venting and flaring activities connected to the operations mentioned before are included in a
separate subcategory (1B2c). In subcatedd2d- OtherHungary reports fugitive Gldmitted during
extraction of thermal water and gas and fugitive.@©m mining of natural C£ccurrence.

In the past, oiand gas JNB RdzO G A 2 v

YR LINRPOSaaAy3a g1t a

'y AYLRNI

importance is decreasing as the reserves are running@itiproduction decreased by 70%om 1915

ktin 1990 to 584 kt i2014. Although production has increased since then, the amount of oil produced
in 2024 (1060 kt)was stillonly 55% of the productiolevelin 1990. Similarly, gas production fell to one
third compared to 1990At the same time, natural gas consumption increased significantly cadpar

to the 1980s but the demand is mainly covered by import. However, the increase of natural gas
consumption stopped in 2005, and a slow decreasing trend could be observed until 2014. After 2015,
natural gas consumption increased agaittil 2021 but it decreased quite significanbgth in 2022

and 2023 altogether by 24%Natural gas @ansumptiondid not change significantly in 2024.

lkt CO2-r0

162cVEF m1B2d Other

A22
A23
2024 T

Figure3.3.2Trends of emissions in £€¥ from 1.B.2 by subsector (Gg-@Q emissions)

99



HUNGARY National InventoryfDocument19852024 ENERGY

3.3.2.2 Methodologicalssues

During the 2016 iwountry review it was suggested to provide more detailed description of
methodologies in this category to increase transparercgetailed table summarizes the sources of
activity data and emission factors in 1.B.2 subsectors which can be found in A3.1 of Annexes.

Activity data

Activity data is taken from IEA Energy Statistics. Data that is not included in IEA Energy Statistics has
been provided by individual companies. In Hungary, the number of companies present in oil and gas
sector is very limited, so full coverage might bsuaed. In subsectdt.B.2.c.i Oil Flaring plant specific

(EU ETS) data is also used, as very detailed verified data is available on flaring in oil refineries.

Emission factors

Default emission factors fror2006 IPCC Guidelinase applied. Chapter 4.2.2.3 of Vol2 contains one

aSit 2F SyYraarzy FILOG2NR o0¢Fo6fS ndudnd F2N 45598
G5S@St2LAY3 [/ 2dzyiNASa yR [/ 2dzyiNASa 6AGK 902y 2YA
However, Hungary was regarded as a country with economy in transition in the beginning of the
MpbpnQazr GKS SO2y2Yeé dzyRSNBSyid aArAayAFAOFLyld OKIFy3Ss
Union, and there is a great change regarding the applicatiostaib-of-the-art technologies and
environmental investments as well.

So, in order to reflect more the real trend, emission factors from Table 4.2.5 have been applied for the
years 19851994 and emission factors from Table 4.2.4 have been applied from the year 1995.

EU ETS data in 1.B.2¢Q@il Refinery Flaring

CQ emissions from oil refineries of Hungary are taken from EU ETS annual emission reports and oil
NEFAYSNE FEINARYy3a REFEGEFE Ada SEGNILREFGISR F2N GKS @&
as surrogate data. In this way, full coverage and congistarithin the timeseries has been reached.

1B2b4 Natural Gas Transmission and storage and 1B2b5 Natural Gas Distribution.

Instead of applying the T1 methodology from the 2006 IPCC Guidelines, methane emissions from
natural gas transmission, storage and distribution wereevaluated based on information on
technological losses determined by experts of the Hungarian Energyrabiic Utility Regulatory
Authority for the purpose of cost review of the domestic natural gas systems for the current price
control cycle. Specific data on fugitive natural gas losses were received separately for transmission,
storage, and distributionadr the years 2012020. For the beginning of the time series (198®3),

default emission factors from the 2019 IPCC Refinement were taken. For the intermediate years,
interpolation techniques were appliedFor 2021, the reported data were based partly on
extrapolations.
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1B2b4 Natural Gas Transmission and storage:

Data on technological losses in the transmission system received from the Authority was directly used
in the inventory (Z.8-29.0 Mm3/year in the period 2018019). Experts of the authority used basically

two sets of data available from FGSZ Natural Gas Transmission Ltd, the single Hungarian transmission
system operator (TSO) of the entire domestic natural gas transmission system: on the one hand, the
annual gas prchases between 2016 and 28to cover the deficit/losses, and secondly the own
technologicalise (operation of compressors, etc.). Fugitive emissions are assumed to be the difference
of these two. Since gas purchases showed differences and the technological loss is essentially a stable
value, fugitive losses were calculated by taking the averdgthe purchases in this period and
deducting the own use for the given year.

For the period 2022024, estimations by FGSZ, the Hungarian TSO, have been taken into account.
FGSZ as a memb@il & Gas Methane Partnership 2.0 (OGMP &@xted estimating its emissions
applying the OMGP 2 methodology. Their estinsafir 2023 and 2024 aredirectly used in the
inventory and also our previous estimat®r 2021 and 2022have been revisedFGSZ set out serious
goals regarding methane emission reductibased on 2015 base year data, it will reducesitission

by 50% until 2025 and by 60% till 2030.

Please note that the new default methane emission factors in the 2019 Refinement are be2vd&en

t/ km pipeline("extensive LDAR, and around 50% or more of centrifugal compressors have dry seals")
and 4.10 t/ kilometre pipeline("limited LDAR or less than 50% of centrifugal compressors have dry
seals"). At the same time, our current numbers indicate an IEB=2dfkm for the period 20162020

which seemdo be in the middle of the above intervadfor the remaining part of the time series, the

EF has been edpolated assuming that in 18%and all earlier yearghe higher default emission
factor was valid (i.e4.1t/ km pipeling.

Similar interpolation methodology was applied for gas storage. Actual data on technological losses (2.0
to 3.0 million cubic meter natural gas per year) indicated an average IEF of 0.17 t CH4/Mm3 natural
gas consumption. The new default T1 emission fadgtothe 2019 Refinement are between 0.29 and
0.67 t/Mm3, and again, it was assumed that the higher value was representative for 1993, and the
emission factors were interpolated between 1993 (0.67) and 2015 (0.17).

1B2b5 Natural Gas Distribution:

In previous submissions before 2021, we applied a T1 methodology based on utility sales with a default
IPCC emission factor of 1.1 t CH4/million m3 of gas consumption. For recent submissions, our
calculation is based on countspecific information on aclawledged distribution losses used for price
regulation of gas distribution system operators.

Losses in distribution networks can be analyzed in the context of the '‘DeRatinThe Delta hOut
represents a difference observed when comparing the measurements at the intake points with the
sum of downstream measurements of final customerstakie points, within a certain period. The
delta inout originates from many different factors. Based on a paper by the Council of European
Energy Regulators (CEER, 2020), the full list of dettaticomponents is the following:

1. Measurements frequency
Measurements accuracy
Linepack change

OBA changes

Blowout during maintenance
Leakages

o uhr WD
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7. Theft
Similar to the above, experts of the Hungarian Energy and Public Utility Regulatory Authority
determined the following four elements of distribution losses (see in brackets the values for 2020):

1.) measurement accuracy 1 (20.5 Mm3)

2.) measurement accuracy-due to temperature or pressure conversion issues (12.2 Mm3)
3.) technological losses = leakages and béow during maintenance (56.4 Mm3)

4.) theft (15.8 Mm3)

From the abovegnlytechnological losses wetaken into accounin the inventory as fugitive methane
emissions, and all other elementsan be interpretedas "real" natural gas consumption.e.
combustion.(It has to be noted that the real amount of theft might be somewhat higher; the above
figure represents the acknowledged amount which is low enough to provide an incentive for
companies to further reduce this loss element.) The estimated level of the elaments of the
Hungarian delta iout are summazed in the figure below:

Temperature

Technological losses cormection

Figure3.3.3 Acknowledged distribution lossésthe Hungarian natural gas distribution systém
20192020

Coming back to technological losses which are relevant for this source category. Here, the expert
determined a fixed annual value during the 2016 cost review. The two main parameters in the
estimation were the proportion of lowpressure pipeline sectionsithin the distribution network

(lower pressure generates less loss) and the ratio of the total length of steel pipeline sections (higher
leakage on steel pipelines). The expert, of course, compared the estimates with the values recorded
by the companies.He price regulation of natural gas takes place in fpear price regulation cycles
pursuant to the provisions of Act XL of 2008 on Natural Gas Supplyastteycle commenced on
January 1, 2017 and expired on December 31, 2020 therefore the samewasueptfor 2020 The
slightly different figure reported for 2021 was calculated using the equation presented below

As the estimation of technological losses (=methane emission) serve basically the purpose of tariff
determination in the natural gas system, it is changed only by the Authority if the underlying drivers
change significantly. Experience shows however, Wigtin one cycle none of the most important
parameters change significantly: neither the total pipeline length, nor the segments of the pipelines
operated on low pressure, nor the distribution of pipeline material. For example, total pipeline length
changea only by 1% in the last four years which is most probably well below the uncertainty of the
estimation of distribution losses anyway.

The general equation used for the estimation is as follows:
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LOSS(total) = LOSS(techjust) * K(pressure) * K(material) * Q(<20) + LOSS(techjust) * K(material) *
Q(20100) + LOSS(techjust) * K(material) * Q(>100) + LOSS(techjust) * Q(notmeasured).

The calculation is made separately for four user categories: for example, Q(<20) stands for gas
consumption (m3/year) of users with less consumption than 20 m3/h. LOSS(techjust) means the
justified technological loss which has currently a value of 0.6¥hdéasured and 0.3% for unmeasured
consumption. The parameter K(pressure) corresponds to the experience that if a distributor operates
only medium or high pressure systems, the technological loss might increase by 50% (so from 0.6% to
0.9%. In contrast, l@®s might decrease to 0.3% with only low pressure pipelines. So,

K(pressure) = 1.5Length[lowpress]/Length[total]).
Currently, the share of low pressure pipelines is 11.3%.

With the parameter K(material) it is taken into account that with steel pipelines the leakage might by
higher by 10% whereas with plastic pipelines by 10% lower. Hence:

K(material) = 0.9 + 0.2 * (Length[steel]/Length[total]).
The share of steel pipelines is 7.5%, a rather constant value recently.

Calculating an implied emission factor would result in a much higher value as in the 2006 IPCC
Guidelines (e.g., 3.63 t CH4/Mm3 natural gas consumption in 2019 vs 1.1 /Mm3 in the 2006 IPCC
Guidelines). So, our IEF is higher than the default {R@en when looking at the 2019 Refinement
where the new T1 default emission factors are between 0.62 and 2.92 t/Mm3. However, the 2019
Refinement suggests that the length of distribution pipeline is thought to best reflect emissions from
distribution, and if pipehe data are available, they should be applied. Calculating an IEF on the basis
of pipeline length, we would get 0.44 t/km which fits the interval of the new T1 EFs of the Refinement
very well (0.23L.17 t/km). (Which also means that the new T1 emissi@tofa from the Refinement

lead to quite different emission estimates depending on whether gas consumption or pipeline length
is chosen as activity data.)

From the authority, we received estimated amounts of technological losses for the year2@p06
therefore backward extrapolation had to be carried out. In case of distribution losses, pipeline length
was used as proxy data assuming that in 1993 the hiheemission factor from the 2019 Refinement
representing a situation with "less than 50% plastic pipelines, or limited or no leak detection and repair
programs"” was valid.

1.B.2.d Other Fugitive emissions

Within this subsector fugitive Gifrom groundwater extraction and fugitive @@missions from CO
mining is reported. No method is available2006 IPCC Guidelinésr these activities, so country
specific data has to be applied.

In the case of groundwater extraction, Geological and Geophysical Institute of Hungary provided
expert estimate for the first time in 2015 based on 278/2015 Govt. Decree on data provision of
Inventory preparation. This Institute is responsible for the nammg, authorization and research of
underground waters. They provided two set of data for the years ZIl% and noted that one
method probably underestimates Gemissions, while the other overestimates them.

So, the average of the two datasets has been applied and data have been extrapolated using Annual
Groundwater extraction data from HCSO (replacing the previously used Eurostat data) as surrogate
data.
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In the case of COnining, activity data (million ,ACQ mined/year) is available from thilining and
Geological Survey of Hungary (formdungarian Office for Mining and Geology) from 1987. For the
years 1985 and 1986 the data from 1987 is applied as extrapolation. Due to lack of emission factor, the
EFs for fugitive emissions from natural gas production (extraction) from Table 4.2.4 @a&hdnd

4.2.5 (between 1985 and 1994 as described above) have been applied.

3.3.2.3 Uncertaintiesand timeseries consistency

Uncertainty values from Table 4.2.4 have been aggregated using error propagation rule for the
determination of emission factor uncertainty. For the uncertainty of AD, the same value is included as
in other parts of the inventory for IEA Energy Statistics.

AD EF Combined

1B2aQili CH, 5.00 84 90.05

1B2aQili CO, 5.00 44 46.81

1B2b Natural Gas CHa 5.00 276 35313
1B2b Natural Gas CO, 5.00 278 249.45
1B2c Venting and flaring CHa 5.00 50 34.63

1B2c Venting and flaringj CO; 5.00 472 424.19
1B2c Venting and flaring N>O 5.00 546 61116
1B2d Other CHy 5.00 200 200.06
1B2d Other CO;, 5.00 200 200.06

3.3.2.4 Sourcespecific QA/Q@ndverification

General QA/QC procedures apply. Plant specific data is verified with data in IEA Energy Statistics or
with data received from théMining and Geological Survey of Hungary (forriemngarian Mining
Authority) where appropriate.

In the following graph, comparison is made between the total distribution losses reported to the IEA
and the different elements reported here as fugitive emissions. In addition, some other sources are
shown in the graph that might be part of the IEA fighut are assumed to be energy uses for example

in gas extraction or pipeline transport.

3.3.2.5 Sourcespecific recalculations

Natural gas, transmission: CH4 emissions have been revised ba62d on information received
from the owner and operator of the whole domestic natural gas transportation system (FGSZ Ltd.)

Natural gas, distributiora calculation error was corrected for 2022.

Our emission estimates remained the same in 1990 (and in the base year) but are lower by 50.2 kt
CO2eq (or 0.08% of the national total) in 2022.
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3.3.2.6 Sourcespecifigplanned improvements

Generally, it is planned to apply the 2019 Refinement fully for fugitive emissidss, further
discussions are planned with the Hungarismnsmission system operatdo revisit our backward
extrapolation approach and to ensure time series consistency. Moreover, we have high hopes for the
reports under the EU methane regulation that operators wilbmit to the competent authorities
containing the quantification of sourdevel methane emission@n case they will be available to the
inventory compilers)

3.4 CQtransport and storageJQRTL.C)

Not applicable.
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4 INDUSTRIARROCESSES (64ttor 2)

Major changes compared to previous submission:

1

T

=

2.B.8¢ Petrochemical production. Glemissions from ethylene, virghloridemonomer and
carbon black production were corrected (correctly redistributed) for the whole time series.
2.B.10.a¢ Hydrogen production. Misprinted CO emissions data was corrected for the year
2023.

2.D.1¢ Lubricant use. Emission data was recalculated for the 2023 report year.

2.D.3¢ Urea based catalysts. Emission and activity data were recalculated from 2007 onwards.
2.D.3.a¢ Solvent use. Emissions from a new source were added to this source category from
2015 onwards, as well as an emission value was corrected for the year 2023.

2.F.1¢ From 2021 onwards, the product lifetime factor applied in category 2.F.1 was reduced
by 5% resulting in lower emissions from product use. The lifetime factor was adjusted from
35 to 30 yearsfor commercial refrigeration (2.F.1.a), fro@b to 20 yearsfor industrial
refrigeration (2.F.1.c), fror&0 to 45 yeardor transport refrigeration (2.F.1.d), and frob5 to

10 yeardfor stationary airconditioning (2.F.1.f).

2.F.2.a¢ Foam blowing agents. Emissions for HB@a, HF227ea and HF@65mfc for the

year 2023 were corrected because of a calculation error.

2.F.3¢ Fire protection. Emission values were incorrectly reported in the previous submission
in this source for the years from 2020 to 2023. Data were corrected for these years in the
recent submission.

2.F.4.ac Metered dose inhalers. Based on the recommendations of the recent ESD review,
emissions have been removed and signed as NO for the period1188R2

2.G.3¢ NLO from other product uses. Emission data from propellant use in aerosol products
was recalculated for the report years 2022 and 2023.

The overall effect of the above recalculationsli86.72kt CQ-eq (3.4% of total emissions) iB023
caused mainly by recalculations ef&ses.

4.1 Overview othe sector

Industrial Processes sector includes emissions generated bycorobustion processes related to
industrial production. Emissions from the industrial processes and the agriculture are the second
largest following the energy havirggsimilar share of@®6 eachin 2023(see Chapter 2).

Emissions from this category comprise the following subcategories:

1

=A =4 =4 4 -4 =9

Mineral ProductsGRT2.A),

Chemical IndustryGRT2.B),

Metal Production CRT2.C),

Nonenergy Products from Fuels and Solvent (@3eTR.D),
Electronics Industry (2.E),

Consumption of Halocarbons ands8FRT12.F) and

Other Product Manufacture and USERT2.G)
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Under Mineral Products, Hungary reports the emissions from cement production), (0@e
production (C@), limestone glass (GQ and other mineral products including bricks and ceramics
production, mineral wool production, waste gas scrubbing and soda ash uge (CO

Under Chemical Industry, emissions from ammoniaz(Qdtric acid (MO), and petrochemical and
carbon black production (GOCH) were reported until the 2022 report year. In the 2.B.1 source
category, the sum afiatural gas consumefbr ammonia andhydrogenproduction and fomitric acid

waste gas scrubbin@n TJ NCWnit) was reported. This year, for the whole time series, this source
category was split into two categories: 2.B.1 Ammonia production (including nitric acid waste gas
scrubbing and recoverffom urea production) and 2.B.10 Hydrogen productiBrom both sectors

CQ emissions are reportedin the 2023 report year, a nhew chemical product started to be
manufactured in Hungary: the polyol. A new subcategory, 2.B.8.g.ii Polyol production was created for
this industrial activitfrom where C@emission is reported.

Under Metal Industry, emissions from pig iron ¢0CH), steel (C@CH), ferroalloys (Cg), aluminium

(CQ, Ch, GF) are taken into account. Consumption of halocarbons andans emissions from
different sources, for example: refrigeration, air conditioning equipment, foam blowing, aerosols,
electrical equipment. The 2.G sector contains emissions from manufacturing and use of electrical
equipment and Sfand NO use in other products (&&d NO).

Indirect GHGs are reported in an aggregated way, but the-ferges are fully consistent with CLRTAP
Air Pollutants Emission Inventory reporting of Hungary.

The base year is the average of 168387 for CQ CHand NO, and 1995 for HFCs, PFCs apd SF

Shares of subsectors within IPPU in the BY Shares of subsectors within IPPU in 2024

C. Metalindustry D. Non-energy products from

D. Non-energy products 0% fuels and solvent use
from fuels and solvent use 2%
) C. Metalindustry 2%
8. Chemical 34% F. Product uses as ) Eishmez,
industry ’ industry F. Product uses as

ODS substitutes
0%

ODS substitutes
29%

44% 49% A. Mineral

industry
13%

A. Mi lindust
fhera Incustry E. ElectronicIndustry

0%
G. Other product

G. Other product
manufacture and use
manufacture and use 7%
0

1%

4.1.1. Figure Shares of subsectors within Industrial sector (Gg;eQpD

Several subsectors within Industrial Processes sector consist of emission originating from industrial
facilities that are also falling under the scope of European Union Emission Trading System (EU ETS)
Directive 2003/87/EC. EU ETS data reported by niévidual operators (summed together by
industrial sector) is more accurate than the use of default factors, its use in inventory preparation
needs special attention due to tirrgeries consistency problems. In the Industrial Processes sector, EU
ETS datasi directly used in secto2.A.1 Cement productior2.A.2 Lime production(since 2014
submission)2.A.3 Glass production, 24Ad Other mineral (Other Flue gasscrubbingand Mineral

wool production and partly in 2.A.4.a Ceramics, 2.Bmmonia, Nitric Acid Hydrogen and

108



HUNGARY National Inventory Documerit9852024 IPPU

Petrochemical productioand 2.C.1 Iron and Steskctors. Consistency is ensured by the fact that
before including extrapolation, the implied emission factor is always analyzed and depending on the
trend either the IEF of the last year, or the average implied emission factor of the years is applied.

In the case of indirect greenhouse gases, consistency with CLRTAP/NEC reporting has been reached
since 2014 submission. The calculation method of the indirect GHG areirf&3ions is described in

detail in the Informative Inventory Report of Hungary submitted for CLRTAP reporting, available for
each year at:

http://www.ceip.at/ms/ceip _homel/ceip home/status reporting/

Summary of tier methods in the mineral, chemical and metal industries as well as in trenagy
products uses of the IPPU sector are given in the table below.

4.1.1. Table:Tier methods, emission factors and key sources in the IPPU sector for catedbGés A

Tier method Emission factor Key sources
Category
cQ CH NO PFCs CQ CH NO PFCs

2.A1
Cement Production 12,73 CS,PS LT
2.A.2
Lime Production V% TS ©8, 72 U
2.A3
Glass Production T2, T3 CS.PS
2.A4
Other Process Uses of T2, T3 CS, PS
Carbonates
2.B.1
Ammonia Production T3 CS.PS L
2.B.2
Nitric Acid Prod. e P N2 1
2.B.8
Petrochemical and T2, T3 T1 CS,PS D CQcq¢L, T
Carbon Black Prod.
2.B.10
Hydrogen Production = O [ e
2.C.1
Iron and Steel Prod. 3 2 PS b CQcT
2.C.2 Ferroalloy
Production L 2
2.C.3 Aluminium
Production T1 T2 D D PFCg T
2.D Other Products Use T1, T2 D

QC of completeness and allocation of &@m Non-Energy Uses and other fuels used in IPPU sector

Please find in A3.2 of Annexes based on Table 1.3 in Volume 3 of the 2006 IPCC Guidelines
recommended for check of completeness of remergy use (NEW fuels filled in for yea?024
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4.2 Emission Trends

Total emissions estimated from industrial processes VB3ELkt CQ-eq in 202, or 10% of the total
national emissions compared t@3% in the base year. Total sectoral emissions decreasegiBiy
between the base year and 20y 40% between 2005 and 2@2andby 1% betweer2023and2024

Greenhouse gas emissions from the industrial processes sector fluctuated slightly in the beginning of
the inventory period, then a considerable decline happened: emissions reached their minimum in
1992, which was mainly due to economic crisis. Later onsgans had been fluctuating again until

2005. Since then, emissions have been showing a decreasing tendency again until 2009 and aggregated
emissions decreased by 31% between 2005 and 2016. There was a slight growth in year 2010 and 2011,
but GHG emissianfrom industrial processes sector were again lower both in 2012 than in 2013, the
latter was the absolute minimal value of the whole tirseries. In 2015 emissions increased again by
12% due to higher production volumes in several subsectors. In 20Iévhal of the economy can

be seen also in emission data of all industrial sectors except ofHbh®ever, after this increase,
emissionsstarted to slightly decrease again, turning into a steeper decline in 2022.

Figure 4.2.1shows the trend of GHG emissions from industrial processes by subcategories from the
base year to 202 Chemical industryas the most important emitter in the beginning of inventory
period, especially §0 emission from nitric acid production (for details see chapter 4.4). Between 1990
and 2005Chemical industrineral industryand Metal productiorwere fluctuating around the same
level. After the significant fall of emission@hemical Industrhanks to the NO abatement technology
introduced inNitric acid productiorin 2007, and the hard recession of tMineral industry Metal
productiontook up the leading role. The growing tendencyCaihsumption of Halocarbons and 845

also stopped in 2008.

A. Mineral industry

16000 B. Chemical industry

®m C. Metal industry
14000
D. Non-energy products from fuels and solvent use

12 000 M E. Electronic Industry
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Figure4.2.1: GHG emissions from Industry sector by subsectors (&eqrO
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The significant decrease of emissions in the period between 1989 and 1993 is strongly represented in
the above figure. The reason for that is the economic transition mentioned already in previous
chapters. In the course of transition, factories were clode@n, capacity utilization was reduced,
consequently the production decreased more or less drastically in each industrial sector.

Some examples:
9 Iron and steel production: two out of three plants were closed down;

1 Aluminium: two out of three plants were closed down in 1991 and the aluminium production
stopped in 2006;

1 Ferroalloys: ceased to exist (1991);
1 Ammonia: four out of five plants were closed down (1987, 1991, 1992 and 2002);
9 Nitric acid: three out of four plants were closed down (1988, 1991 and 1995).

The privatization was slower in the industry than in other areas of the economy. Foreign investments
were made rather in medium or smaller sized enterprises than in the big companies of the Hungarian
industry.

One of the reasons of temporary production decrease was the modernization process of the remaining
factories which was carried out that time and which by the way lead to favourable changes of specific
emission factors as well. This was the situation e.dhé cement and limestone industry. In some
cases, however, also plants having more advantageous emission factors were closed, causing
unfavourable changes in the national emission factor. This was the situation e.g. in the production of
nitric acid befoe 1995.

Since the miedl990s, emissions by industry have been showing a fluctuating behaviour reflecting the
actual demands of production in the national economy.

In 2024, iron and steel production was limited to electric steelmaking based on the recycling of scrap
metal; as a result, sectoral emissions declined by 95% compared to 2023. Emissions from the chemical
industry continued to expand in 2024, albeit at avgtr rate, increasing by 12% compared to 2023.
Growth was observed across all subsectors of chemical manufacturing, with the newly established
plasticsrelated segment, polyol production, showing further strengthening.

Emissions from the mineral industry (cement, lime, and coarse ceramics) continued to contract in
2024, decreasing by 4% compared to the previous year. Emissions arising from {&eengy use of
fuels and solventdecreasedy 20%,mainlydue tothe decreasen the solvent use by households

Almost a thirdof industrial emissions come from the operation of equipment containiggdes and

from use of Fgas containing products. Category 2.F.1. (Refrigeration arzbaditioning) accounts

for 84% of total Fgas emissions, emissions growth has stopped in recent years. Use of fluorinated and
perfluorinated compounds (HFCs, PFCs) has been significant in Hungary since the early 1990s, but
these gases became a commonly used refrigerant in the secatidohthe decade. Most of the
equipment with Fgas installed after this period is now coming to the end of its lifetime. Disposal and
regeneration of increasing quantities of gases from equipment-adde helps to stop emissions
growth.
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4.2.1 Emission trends by gases

The most important GHG in Industrial Processes sector is carbon dioxide, contrit@#ntp @otal
GHG emissions in this sector in 20®llowed by Fgases with81% . Ckland NO contributed 1 and
5%, respectivelyFigure 4.2.2).
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The figure belowFigure 4.2.33hows the emissions of this sector by gases. It can be seen that in 2008,
N2O emission from Industrial Processes are 99.89% below the level of the base year and dropped by
99.44% from 2007 to 2008 which is due to the introduction of a new nitric acid plant.
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Figure4.2.3 Trend by greenhouse gases in Industry sector
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4.2.2 Emission trends by sources

In the base year, the chemical subsector accounted286 4f total industrial GHG emissions, followed
by metal subsector 36, mineral subsectd20%.In 2024, 49% of the emissions came from chemical
industry,followed by29% from product uses as ODS substituteisilemineral industry has3% Cther
product uses (containing S&nd NO), non-energy products from fuels and solvent usied metal
(namely iron and steelpdustry and have the smallest influence on the20PPU inventory witif%,

2% and0.003%, respectively (SeeFigure 4.2.1above.) Emissions by sources and by gases appear in
Table 4.2.Xor 2024.

Table4.2.1 Emissions of Industrial processes sector #2C0-eq)

CQG CH NO HFCs PFCs Sk Total

2. Industrial processes 3341 41 290 1519 3 118 5311
A. Mineral industry 716 NO NO NO NO NO 716
B. Chemical industry 2514 41 39 NO NO NO 2595
C. Metal industry 14 1 NO NO NO NO 15
D. Nonenergy products from fuels and solvent use 95 NO NO NO NO NO 95
E. Electronic industry NO NO NO NO NO NO NO
F. Product uses as ODS substitutes NO NO NO 1519 3 NO 1522
G. Other product manufacture and use NO NO 251 NO NO 118 369
H. Other NO NO NO NO NO NO NO
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4.3 Mineral ProductsGRTcategory2.A)

4.3.1 Cement ProductiorQRTSubcategory.A.1)

4.3.1.1 Source category description
Emitted gas: CO

Methods: T2 (1982004), T3 (2005
Emission factors: CS, PS
Key source®2Al Cement ProductionCQc¢L T

CQis generated during cement production in the clinker production phase:
1 on the one hand, during the combustion of the fuels used,

1 onthe other hand, during the degradation of the limestone (GA@d into the furnace, which
occurs at around 1,3@CQ and results in CaO (calcium oxide) ang(€C&cinations).

Both dry and wet technologies may be used for the preparation of the raw clinker. Wet technology is
used by one of the three cement production plants in Hungary.

In this sector the emission estimation methodologies are very similar in the case of IPCC and EU ETS
(Methodology of EU ETS reporting is prescribed in 601/2012/EC EU ETS Monitoring and Reporting
Regulation). From 2005, in their EU ETS Annual Report, cgmeahiicing companies report the
amount and C@content of the used raw material and CKD supported by monthly measurement
results.

Significant decrease of emissions has occurred in this sector between 2008 and 2013, but in 2014 the
trend has changed (sdegure4.3.1). The decrease of emissions correlates with the decrease of activity
data. Activity data is reported directly by the cement producer companies via EU ETS Annual Emission
Reports since the last years and verified with the data of HCSO if the latterlaébkevalhe decrease

of activity data can be explained by decrease of the production, due to the continuous recession of
this industrial sector. In building industry, the recession also turned up and 2014 is the first year that
brought some recovery since020. The producing facilities were struggling to survive, which is
published also on their website and reflected in volume indices (NACE Rev.2 class235CG
Manufacture of cement Volume index of industrial gross output). Although solely 3 cement plant
have been operating since 2014 (compared to 5 in 2010), cement production has been rising steadily
in every yearFollowing a temporary decline in 2020, the sector resumed its upward trend in 2021.
However, production decreased again in 2022 and 2023, before recording a slight increase in 2024.
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Figure4.3.1 Trend of activity data and G@mission in cement production

4.3.1.2 Methodological issues

In this category, only emissions from the production processes are determined. Gases originating from
fuels are included iEnergy subsector 1.A.2

From 2005, emissions are estimated using Tier 3 method: according to the EU ETS directive
(2003/87/EC) introduced by the European Union, the factories report their ébiissions. The
factories calculate their G@missions based on the amount and the€@ntent of all of the used raw
materials and not recycled CKD filtered by dust collectors in a following wago@@nt of raw flour
multiplied by the amount of raw flour minus €€bntent of filtered dust multiplied by the amount of
filtered dust.Accordng to the601/2012/EUdirective and the valid greenhouse gas emissions permits
issued by the Hungarian Energy and Public URigulatory AuthorityCQ content is analyzed by a
certified laboratory. Detailed data of carbonate composition is not needed for this method.

For the period 1982004, emissions are estimated using Tier 2 method, which follows Eqg.2.2 (Tier2
emissions based on clinker production data) of the 2006 IPCC Guidelines, fulfilling the assumptions
given on page 2.10. The emission factor is a plant spéadtor calculated by averaging the measured

CQ content of raw meals for the period 20910 (in case of one plant for 20@913) with the
assumption that every CDK was recycled to the kiln.

Production data for the whole timeeries were obtained directly from the factories and from the EU
Emission Trading Systeifaple 4.3.1

The UN review (ARR) of 2016 suggested to use a good practice data splicing technique given in the
Hnnc Lt/ / DAARStftAYSa 6S®ad 2@FSNIF LI GSOKYAIldzS 2N
circumstances, to fill data gaps in the time seriegh#f CQ IEF for the period before 2005. The
suggested calculation was implemented in 2017 submission. The methodology was described in the
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2017 NIR and emission changes appeared in the @Rfables. There were no recalculations in the
submissions after 2017.

Table4.3.1 Amount of raw flour used in process, clinker and cement production (kt) in Hungary and the
CQ emission and implied emission factor in 2.A.1 sector

Total clinker Total cement 2A1SUMC® 2A1 CQ(kt)per

Total raw flour (kt) (ki) (kt) (kt) clinker (kt)

1985 5044 3098 3671 1707 0.5511
198587 5152 3173 3889 1745 0.5498
1986 4982 3070 3845 1687 0.5497
1987 5430 3352 4151 1839 0.5487
1988 5264 3250 3871 1785 0.5492
1989 5338 3321 3857 1813 0.5459
1990 5148 3210 3933 1751 0.5453
1991 3247 2067 2563 1102 0.5329
1992 2533 1591 2246 859 0.5397
1993 3010 1907 2521 1022 0.5359
1994 3477 2211 2795 1181 0.5341
1995 3493 2214 2875 1186 0.5356
1996 3275 2034 2745 1111 0.5460
1997 3463 2185 2806 1174 0.5373
1998 3603 2262 2995 1222 0.5401
1999 3617 2271 2979 1224 0.5393
2000 3998 2532 3348 1353 0.5344
2001 4009 2522 3452 1357 0.5379
2002 4218 2687 3504 1426 0.5306
2003 4209 2696 3565 1412 0.5237
2004 3828 2495 3267 1289 0.5168
2005 3579 2353 3364 1199 0.5096
2006 3884 2533 3723 1296 0.5116
2007 3939 2577 3485 1328 0.5153
2008 3747 2468 3570 1261 0.5107
2009 2889 1883 2808 973 0.5166
2010 2181 1433 2134 735 0.5131
2011 1672 1109 1692 564 0.5081
2012 2047 1333 1478 678 0.5091
2013 1552 1018 1364 516 0.5067
2014 1537 1095 1467 566 0.5167
2015 2015 1331 C 676 0.5076
2016 C 705

2017 C 783

2018 C 882
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4.3.1.3 Uncertainties and timseries consistency

Timeseries of emissions is consistent using country specific emission factors before 86€i%ed
from measurements reported to EU ETS (detailed description can be found in the methodological part
of this section).

Uncertainties are estimated based on the minimum requirements of EU ETS Monitoring and Reporting
Regulation (601/2012/EU) for determination of AD and EF in the case of cement production:

Uncertainty AD EF Combined
2A1 Cement Productio CQ 2.5 25 3.54

As the use of ETS data means the use of verified data, where carbon contents should be measured in
accredited laboratory (or at least a laboratory yearly validated and Hcwenpared with accredited
laboratory as it is prescribed in 601/2012/EC RegulatioMonitoring and Reporting in EU ETS).

4.3.1.4 Sourcespecific QA/QC information and verification

According to the EU ETS directive (2003/87/EC) introduced by the European Union, the factories report
their CO2 emission from 2005 on. The factories calculate their CO2 emissions on the basis of their
production data, and the analysis of raw flour, and eamkiln dust (CKD), which contains CO2
generated from all carbonates, including MgCO3 and other. The analysis must fulfill the strict
requirements of 601/2012/EU regulation which prescribes the use of ISO17025 accredited laboratories
and the minimum annudrequency of analysis (modified by the Commission Regulation (EU) 743/2014
replacing Annex VIl to Regulation (EU) No 601/2012 as regards minimum frequency of analyses). In
addition, the annual emission reports of the factories are verified by indepertlerETS verifiers and
checked by the authority responsible for EU ETS in Hungary every year.

The factories calculate their @@missions based on the amount and the;€@ntent of all of the used
raw materials and not recycled CKD filtered by dust collectors in a following wago@@nt of raw
flour multiplied by the amount of raw flour minus e&ntent of filtered dust multiplied by the amount
of filtered dust. According to thealid greenhouse gas emissions permits issued byHimegarian
Energy and Public Utility Regulatory Authorigtailed data of carbonate composition is not needed
for this method.

Cement production data from report of factories and EU ETS are always verified with the official
statistical data. Usually the difference is low but there are some years where significant difference
(more than 2%) appearklungarian Central Statistical Office (HCSO) started to investigate this problem
on our proposalAccording to its findingfter 2011 the difference connected to one factory and this
factory was asked to check the reported data. It would be important to further analyze this problem
for those years which were not covered in this project however archived individual data before 2000
is not so easily accessible at HCSO.

Clinker production data was compared to Eurostat data. Unfortunately, Eurostat has incomplete time
series. 2012 is the only year when Eurostat database corresponds to our data source.

4.3.1.5 Sourcespecific recalculations

None.
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4.3.2 Lime ProductionGRTsubcategory.A.2)

4.3.2.1 Source category description
Emitted gas: CO

Methods: T2 (1982004), T3 (2005
Emission factors: CS, PS
Key sources: 2A3 Lime Productp@Q ¢ T

This subcategoryncludes quicklime production by limestone heating. During heat transfer, the
following reaction occurs:

CaC@=CaO+CPO

Here, only C@is generated according to this formula. In Hungary, {ghty limestone is processed.
Raw material contains high percent of CaQ®%.8% in 2018) and minor amount of Mg@23% in
2018). Ce@generated by combustion processes is accounted undeEtrergy sector in 1.A.2

During the 2012 EU Technical review, a question was raised whether the autoproduction of lime of
sugar producers is included. The investigation resulted that sugar producing companies have never
reported technological (originating from dissociation of Istane) emissions in the EU ETS annual
emission report (as they do not have this emission source in their GHG emission permit). However, the
practice is right because no technologicak@@issions arise from Hungarian sugar producers since
all of them useCa(OH) + CQ precipitation technology to remove impurities. This technology is
described in the sector specific IPPC BAT BREF document as well (European Commission, 2006).

02.1.4.11.3 Description of techniques, methods and equipment

Carbonation is the introduction of the milk of lime, calcium hydroxide, and carbon dioxide glas (CO
into a liquid to form calcium carbonate and to precipitate and remove impurities. The effect of lime
and CQis the precipitation of insoluble calcium salts, the flocculation of colloidal components, the
chemical degradation of other molecules such as invert sugar and amides, and the absorption of
non-sugars on precipitated calcium carbonate. Lime anga@®normally produced in lime kilns by
thethermaldda 32 OA L A2y 2F fAYSalu2ySoué

In addition, Hungarian BAT reference document prepared in 2005 by Hungarian Sugar Industry
Research Institute for the Ministry of Environment and Water (KVVM, 208&ailable only in
Hungarian) states that G@&mission from lime kilns in sugar production facilities are attributable solely

G2 FdzSt O2 Yo dz A 2 yCQyinaiirg $ont diss6&Satioh af finyestond id rgbOdhd @
again into CaC&p¢ 6 { SOUGA2Y N OMDPHDPHDHO CdzSt BErergydedndf.LIi A 2 Y
Precipitated CaCfs used for liming of soils (in general) reportedgriculturesector.

During informal review organized by EEA in November 2015, a question was raised if it was verified
that all emissions from lime production was reported and all lime was produced only in lime plants
which are included in the EU ETS (except sugar produasiatescribed above). Regarding this issue
industrial associations in the field of mineral industry have been looked over and no other plants have
been found. In addition, lime production data in EU ETS annual emission reports and data from the
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Hungarian Statistical Office was also compared and strange result has been found that usually statistics
are the lower. The average difference between years 2004 and 2012 is that HCSO data on lime
production is 8% lower than EU ETS data. However, EU &Isedms to be more accurate as EU ETS
annual emission reports are verified every year. So, it seems that emissions are not underestimated
due to incompleteness of the sector.

Please also note that emissions from lime and dolomite used in iron and steel industrpareden
subcategon?.C.1 Iron and steel

4.3.2.2 Methodological issues

The amount of C&yenerated by this subsector is reported by using pEpecific (EU ETS) emission
data of companies after 2005 and using a country specific IEF for extrapolation for the years before
2005.

The country specific IEF has been created taking into account that IEFs of years between 2005 and
2012 do not show a clear trend as it is presented in the followiggre4.3.2, therefore the average

seems to be applicable for extrapolation for the years before 2005 in order to reach consistent time
series. The average of years 2a0BL2 results in 0.7388 t GDlime produced which is 5.9% lower

than the stoichiometric IEF of 0.785 and it is well fitting in the IEF range0®B5&pplied by other
countries as presented in the 2013 Synthesis and Assessment Report of UNFCCC.
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Figure4.3.2 Trend of kt Cgkt lime produced IEF between years 2005 and 2012

Exact carbonate contents of the raw material and the remaining carbonate content of the products
determined by accredited laboratories are used for the calculations in EU ETS Annual Emission Reports
(AERSs). Using EU ETS data, the emissions from the moporioon of dolomitic lime (containing
MgCQ), impurities and the eventual presence of hydraulic lime (which has the same stoichiometric
ratio as lime but has a lower CaO content and the eventual recycling of lime kiln dust are also taken
into account ast is required by the 2006 IPCC Guidelines. As EU ETS data for the yea282D05
contains the abovanentioned corrections, also the IEF used for extrapolation contains them.
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In 2018, two companies produced lime in Hungary. According to their EU ETS annual reports, raw
material contained high percent of CaCO3 and minor amount of MgCO3. Calculation of their reported
emission is based on Equation 2.7 of 2006 IPCC Guideline Zg&Eje where fraction calcination
achieved for carbonat€R) equals to 1 for both carbonates, and fraction calcination achieved for lime
kiln dust equals to 1. Emission factors for the carbonates are determined by monthly laboratory
measurements.

The difference between the counitgpecific EF and the default EF is below 1 %Tab&4.32).

Table4.3.2 Comparison of countrgpecific and default emission factors in case of lime production

delle (e difference to
Source of EF CQ/kt
. default
limestone)
Default Tier 1 EF of 2006 IPCC Guidelines
(VoI3 2.3.1.2 Table 2.4) = ( Gfxa0O) * CaO content = 0.785 0.7458
0.95=)
HU CS EF 0.7388 -0.93%

Timeseries of lime production and related emissions can be se€igire 4.3.3.
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Figure4.3.3: Trend of production and emissions in sector 2.A.2 Lime

4.3.2.3 Uncertainties and timseries consistency

Timeseries of emissions is consistent using country specific emission factors before 86fi%ed
from measurements reported to EU ETS.

Uncertainties are estimated based on the minimum requirements of EU ETS Monitoring and Reporting
Regulation (601/2012/EU) for the determination of AD and EF in the case of Lime production:

Uncertainty AD EF Combined
2A2 Lime Production CQ 2.5 2.5 3.54
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4.3.2.4 Sourcespecific QA/QC information and verification

According to the EU ETS directive (2003/87/EC) introduced by the European Union, the factories report
their CO2 emission from 2005 on. The factories calculate their CO2 emissions on the basis of their
consumed raw material and final product, and the anialypd chemical composition of both them.

The analysis must fulfill the strict requirements of 601/2012/EU regulation which prescribes the use of
ISO17025 accredited laboratories and the minimum annual frequency of analysis (modified by the
Commission Regulation (EU) 743/2014 replacing Annes Rigulation (EU) No 601/2012 as regards
minimum frequency of analyses). In addition, the annual emission reports of the factories are verified

by independent EU ETS verifiers and checked by the authority responsible for EU ETS in Hungary every
year.

4.3.2.5 Sourcespecific recalculations

None.

4.3.2.6 Sourcespecific planned improvements

None.

4.3.3 Glass ProductiorCRTsubcategory.A.3)

4.3.3.1 Source category description
Emitted gas: CO

Methods: T2 (1982004), T3(2005)
Emission factors: CS,PS
Key sources: None

In the case of glass production, £&mission is generated by adding the carbonates (mainly soda ashes)
of alkali metals (Ba, Li, Na, etc.) to the melt in the course of glass melting. Glass production is also
within the scope of EU Emissions Trading System. Please note that solely procesensnare
reported in this sector, as combustion emissions are includddArP

4.3.3.2 Methodological issues

Most of the glassworks are covered by EU Emission Trading System, the quantisyeofi@ad from
carbonates reported by them is used as emissions between 2005 and 2016 submissions, and country
specific IEFs have been created for extrapolation for the years before 2005.

In inventory submissions before 2015, one single IEF was used for all glass types. As it was suggested
by the ARR of 2014, new IEFs by glass types are now applied (details in Table 4.3.3). The difference
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between the default and countrgpecific IEFs might be further investigated, however they are within
the range of Tier 2 default emission factors of the 2006 IPCC Guidelines.

Table4.3.3 Comparison of countrgpecific and default IEFs in the case of glass production

source/ type of emission factor Value (t CQ/ t glass)

Default T1 IEF (Eq.2.13) 0.200
Default T2 IEFs (Table 2.6) 0.03-0.25
CS IEFFloat glass 0.156
CS IEFContainer glass 0.181
CS IEFSpeciality glass 0.154

Default IEF Fiberglass (glass woo! 0.250

OLD HU submission IEF 0.164

Quite detailed activity data is available from HCSO, so-sienes by different glastypes could have
been separated for the extrapolation.

During informal review organized by EEA in November 2015, a question was raised if it was verified
that all emissions from glass production was reported and all glass was produced only in plants which
are included in the EU ETS. Unfortunately, in glageisi#as not possible to perform comparison of
activity data from Hungarian Central Statistical Office with EU ETS data, as in this case in EU ETS Annual
emission reports there is no information on production, but solely on the amount of input materials
(and emissions of course). So, also in this case industrial associations in the field of mineral industry
has been looked over and only very small plants with technological emissions (emissions from
carbonates) have been found in addition to those covergdeb) ETS. However, in the National Air
Emissions Database (LAIR) at least one bigger glass producer had been found that is not covered by EU
ETS. Therefore, in the case of glass sector +10% had been added in order to cover the emission of
plants not coverd by EU ETS since the 2016 submission.

Further investigation was carried out to cover all QS plants. Unfortunately, this mentioned plant
with high reported production rate has not sent any data on multiple requests until now, but it
confirms, that the production data in the LAIR databasedt correct (the reported amount exceeds

the EU ETS capacity threshold and much higher than the reported capacity of the plant). Surprisingly
our data request had positive effect on LAIR database, namely the reported 2017 production data of
this plant islower with two orders of magnitude than before and this amount fits to all capacity
thresholds. So, timseries of production data of this firm was corrected. It was known that Hungary
has another small glasswork producing handmade glassware. This finas made available the
amount of input material containing carbon and also emissions from them. Knowing production data
of this firm for the 20082013 period, implied emission factor and also an average value of them were
calculated for the timeseries. Adoth of the two mentioned glassworks produce table wares, this
average IEF was applied in the emission estimation in case of missing data.

In 2016 one of the plants covered by EU ETS announced capacity reduction with which it no longer falls
under the EU ETS and therefore it has no more ETS reports, but this firm still reports data on production
to the LAIR database. Implied emission factonfthe EU ETS emission report of the last known year

of this firm was applied in the calculation of emission for the 2016 and 2017 yeatrs.
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This research pointed out that the statistics did not cover some special glass productduction

was accounted elsewherewhich are part of the ETS glass sector. During the preparation of Allocation
Plan of Hungary under the EU ETS, these plants enaadkable emission data for the 192804 period

which are consistent with the 2068017 calculations. For the missing years production data of bulbs
from HCSO was used as surrogate data. As the amount of glass used to produce bulb needs further
investigdion, activity data was not changed in the tirseries.

As the noRETS part is much lower than it was assumed before, therefore the additional 10% of the
implied emission factor for the neRTS period was replaced by a new calculation. The calculation is
based on the quantity of product manufactured (glass atiter special product) and the implied
emission factor derived from the ETS reports for each type of glass products.

Figure 4.3.4 below shows the complete@ission from this categorit can be seen, that the glass
production, mainly specialty and flat glass production is continuously and significantly decreasing since
2019.
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Figure4.3.4 Trend of Ce@emission and Glass Production (kt)

4.3.3.3 Sourcespecific QA/QC information and tirseries consistency and uncertainty
Uncertainties are estimated based on the minimum requirements of EU ETS Monitoring and Reporting
Regulation (601/2012/EU) for the determination of AD and EF in the case of glass production:

Uncertainty AD EF Combined
2A3 Glass production CQ 25 25 3.54

4.3.3.4 Sourcespecific recalculations and verification
None.
4.3.3.5 Sourcespecific planned improvements

None.
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4.3.4 Bricks and ceramic€RTsubcategory.A.4.a Other)

43.41 Source category description
Emitted gas: CO

Methods: T3
Emission factors: CS, PS
Key sourcedNone

During manufacturing of bricks, tiles and ceramic products; €flssion is generated from the
degradation of carbonates in raw materials (mainly from clay) on the one hand, and from burning of
materials added to bricks on the other. Please note that in present submission all the fuels (also as
additives) are reallodad into 1.A.2together with all other combustion emissions froBricks and
Ceramics production

4.3.4.2 Methodological issues

Tier 3 method is used to determine emission as in case of other EU ETS sectoispdtifictdata is
reported for the years 2002016 and a countrgpecific IEF is generated for the extrapolation of
emissions before 2005 based on IEFs from andnational statistics of produced bricks and
ceramics. Also in this case, the trend of IEFs is taken into consideration, in order to decide if average
or the IEF of year 2005 represents better. In the case of bricks and ceramics, the latter is applied as the
trend is decreasing.
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Figure4.3.5 Trend of plant specific IEF between 2005 and 2013 in Bricks and ceramics

In previous inventory submissiomsuntil 2015-, +10% of the EU ETS emissions have been added
supposing that not all the factories fall within the scope of EU ETS. This supposition could not be
demonstrated until now, so, it was not applied in the 248 7 submissions.

During the 2020 review, a question arised that carbonates contained in raw materials are not described
in the NIRBrick and ceramics producing companies (in 2018, there were 22 companies) use different
types of clay and refractory mass as raw material. In EU ETS, companies report the carboa and CO
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content of their raw material supported by measurement results of certified analytical testing
laboratories. Ce@emissions from the organic carbon and carbonate content of raw materials, reported
in ETS, is calculated based on the analytical results.

During the informal review organized by EEA in November 2015, a question was raised if it was verified
that all emissions was reported and all bricks, tiles and ceramics are produced only in plants which are
included in the EU ETS. The Hungarian Brickciagiem still has no information about plants not
included under EU ETS, but small factories have reported activities in this field to the LAIR database.
Unfortunately, product data from individual plants reported to the HCSO is confidential. Therefore,
data request was sent to HCSO in 2017 and 2018 to calculate th&T8rpart of products (for years
20052017) comparing the list of firms reporting bricks and ceramics production to national statistics
and firms reporting to the EU ETS. It is worth to n@mthat emission from different type of ceramics

was calculated with the appropriate implied emission factors for the-B@ part. The investigation
pointed out that also that timeseries is not fully consistent because statistics do not include some
categories which have only confidential tinseries. Also, the preparation of activity data in tonne unit
from the official available statistics (e.g. bricks given in small bricks unit) is a challenge, besides the
reporting requirement has changed several tgrend in several categories, the categorization is not
permanent, as well. The results of the recalculation summarized in the following table.

4.3.4. Table: Proportion of no#ETS products and CO2 emission in Bricks and ceramics

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Proportion of non-ETS products (%) 57 6,2 51 11,6 6,8 3,8 54 57 53 4,0
Prop. of non-ETS GCemission (%) 6,7 6,4 53 13,2 73 3,8 5,6 58 54 3,8
Emission (kt CO2) 285,9 293,3 2819 266,7 92,8 81,5 75,8 66,9 61,6 59,7
Year 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Proportion of non-ETS products (%) 4,2 2,9 2,9 2,9 2,6 33 2,9 3,0 4,7 35
Prop. of non-ETS GCemission (%) 4,0 2,9 2,9 3,0 2,6 3,5 2,9 3,2 5,0 3,6
Emission (kt CO2) 66,5 85,6 95,6 99,8 105,6 76,1 84,4 76,4 43,1 43,6

4.3.4.3 Uncertainties and timseries consistency
Timeseries is not fully consistent, reasons are summarized in chdet.2 Methodological issues

Uncertainties are estimated based on the minimum requirements of EU ETS Monitoring and Reporting
Regulation (601/2012/EU) for the determination of AD and EF of process uses of carbonates:

Uncertainty AD EF Combined
2A4 Other Process Uses of Carbong CQ 2.5 2.5 3.54

4.3.4.4 Sourcespecific QA/QC information and verification

General QA/QC procedures apply.

4.3.45 Sourcespecific recalculations

None.
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43.4.6 Sourcespecific planned improvements

Timeseries inconsistency appears before 2003 when the preparation of activity data in tonne units
causes difficulties (i.e., brick production is given by the number of produced bricks). Alternative sources
of information are hardly available, tirrgeries inconsistency is planned to be resolved by a
mathematical method in a medium term.

4.3.5 Soda Ash Us€RTsubcategory.A.4.b)

Emitted gas: CO

Methods: T3
Emission factors: D
Key sourcedNone

4.35.1 Methodological issues
Carbon dioxide is released when soda ash@@y is heated.

During the 2013 centralized review, the ERT recommended to compare total hexquott data of

soda ash in Hungary and soda ash use in glass production in order to ensure that all soda ash uses are
reported. (Please note that soda ash is not produced ingdwy.) Although the difference changes

year by year, the sum of 209016 of total importexport is higher than the sum of soda ash used in
glass industry in 2068016. Therefore, additional reporting of €€mnission arising from soda ash not

used in glas industry is needed i2.A.4.b

Activity Data

Total import/export of soda ash

Timeseries of activity data is presented kigure4.3.7 and Figure 4.3.6As it was recommended by

GKS 9we¢x G2GFf R2YSAGAO0 az2RI FaK O2yadzYLliazy KI a
imports data available from statistics. Last year statistics were obtained from of UNComtrade
(http://comtrade.un.org) (importsmind SELIZ NI &Z F2NJ RA&A2RAdzY OFNB2Y I {

Both HS classification code 283620 and SITC classification code 52323 for disodium carbonate results
the same timeseries. Hungarian Central Statistical Office publishes irgoguort data from year 2003

on its website. Differences between UNComtrade agatd HCSO data are below 0.007% (6(500).

To have consistent and complete tirseries data request was sent to HCSO for the whole period and

it was recalculated in this submission. Unfortunately, still no data is available for years before 1991 on
import/export of soda ash neither in UNComtrade and EUROStat databases, nor in the database of the
Hungarian Central Statistical Office. Therefore, extrapolation was needed applying volume indices of
total trade presented inTable4.35 as sectotspecific volume indices are available only from 1999
within the databases mentioned above.
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Table4.3.5 Volume indices of total trade of soda ash

1985 1986 1987 1988 1989 1990 1991 1992

Volume indices of trade (compared t MPort 0.98 098 100 097 108 083 121 0.83

previous year) export 1.02 097 094 100 1.04 1.05 099 1.15

Sourcehttp://www.ksh.hu/docs/hun/xstadat/xstadat hosszu/h gkt001.html

Determination of the amount of soda ash not used in glass industry

Comparison of total domestic soda ash consumption and soda ash used in glass industry is presented
in Table 4.3.6 The data on N&€Q used in EU ETS glass production have been extracted from the EU
ETS Annual Emission Reports of the glass producing companies.

In several years, the soda ash used in glass production is higher than the total {@xport), while
in other years it is lower. We assume that this changing trend might be due the volatility of the market
and the stockpile of the glass producing comigan

In order to level off negative values, average values of the years-2005 are taken into
consideration. The average of soda ash NOT used for glass production /year is 2180 t/year, which
results 0.905 Gg G@ear. The average of soda ash NOT used in glass production (=2180 t) compared
to the average of total impor export (=63803 t) results 3.42%.

In other words, the difference between the SUM of total impexport of soda ash and the SUM of
soda ash used in glass production is 3.42% as it is preseniadbliert.3.6. As the amount of soda ash
used for other purposes than glass production accounts for of¥y6% of the total amount and can

be used in a variety of applications, we do not have a plan to identification of soda ash use in other
industry sectors.

Table4.3.6 SUM of total domestic soda ash consumption and soda ash used in glass industry

SUM of 20082015

Total importexport (t) NaCQ 701,837
(t) N&@CQin EU ETS glass 677,856
(t) Na&CQ difference 23,980
(t) N&CQ difference /(t) Total 3.42%

So, for our calculations, 3.42 % of the total impexport data of the given year is considered to be
the amount of soda ash not used in glass production.

This ratio seems to be applicable for extrapolation for years before 2005 as the slope of the trend is
quite small: R2 < 0.1 as it is presented on the figure beffogu(ed.3.6).
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Figure4.3.6 Trend of soda ash not used in glass production between 2005 and 2015
The following equation is applied for the entire time series and the results are presented in the below:
Soda ash NOT used in GLASS industry in year (n) = AD of 2.A.4.b=

(Total importexport of soda ash in year (n) ) *3.42%

Emission factor and G@mission of sector 2.A.4.b

In 2013, ERT recommended us to calculate CO2 emissions from other soda ash use than for glass
production in category 2A4b. In 2006 IPCC Guideline, Tier 1 and Tier 2 methods for calculating CO2
emissions from other process use of carbonates are based estlime and dolomite, thus we chose

Tier 3 method for calculating emissions from Na2CO3 (soda ash). The emission factor is the factor for
soda ash from Table 2.1 (0.41492 tonnes CO2/tonne carbonate). As in Hungary there is no soda ash
production, activity d@ta equals to the exported minus imported amount of soda ash minus soda ash
used in glass production with the assumption that 100 percent of calcination is achieved (Tier 3 method
for the choice of activity data, page 2.37, 2006 IPCC Guideline).

Figure4.3.7 summarizes the timeeries of activity data and G@missions in2.A.4 Soda Ash use
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Figure4.3.7 Trend of total domestic consumption of soda ash angebtissions in sector 2.A.4.b.
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4.3.5.2 Sourcespecific QA/QC information and verification, uncertainties and planned
improvements

General QA/QC procedures apply.

The same uncertainty values have been applied as in the case of all subcateg@iagiaf Other
Mineral Industry

4.3.5.3 Sourcespecific recalculations

None.

4.3.6 Other Process Uses of CarbonatéRsubcategory?.A.4.d)

4.3.6.1 Source category description
Emitted gas: CO

Methods: T2, T3
Emission factors: CS, PS, D
Key sourcedNone

This subsector includes processes in which calcinations I@86) occur as a result of heating
carbonates. C£emissions generated by the degradation reaction are calculated while gases from fuel
combustion are included in subsectrA.2 In this sector limestone and dolomite use for flue gas
scrubbing and process emissions from mineral wool production are included.

Situation of other possible uses of limestone and dolomite in Hungary:
- carbide production is not occurring in Hungary as far as our knowledge;
- various uses during iron and steel production are includeti@z

- emissions from carbonates during production of d@ged products are included hA.4.a Bricks
and ceramics;

- emissions from carbonates during production of glass are includ2é\iB. Glasswvhich includes also
glass wool production.

We have no information of other uses of limestone and dolomite in Hungary.

In 2025, using the new CRT Reporting System, this source category was split into-tateguibies:
2.A.4.d.i Flue gas scrubbing and 2.A.4.d.ii Mineral wool production for the whole time series.

4.3.6.2 Methodological issues

2.A.4.d.i. Flue gas scrubbing
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Flue gas desulphurization has been carried out in one power plant since 2002 and in another one since
2004. Activity data on the use of carbonates for. S@ubbing is either reported by the operators
directly to the HMS or to EU ETS competent authority. In EU ETS the operators are required to report
also C@emission from the use of carbonate for scrubbing separately in their annual emission report
since 2008. So, direct, plaspecific emission data is used2i\4.d.i. subcategory from year 2008 and
emissions are calculated using stoichiometric ratios (included in Table 2.1 of Vol3. of the 2006 IPCC
Guidelines: 440 kg GOton limestone) for the years before 2008. InZZfourteen plants reported
emission from flue gas desulphurization to the EU ETS.

In the case of EU ETS plant specific data, emissions are also calculated by the operators using usually
the stoichiometric ratio and fraction of purity of 1 (440 kg.C@n limestone). In 2013 one operator

started to analyze the exact carbonate content of the limestone used in laboratory (fulfilling the
requirements of 601/2013/EU Regulation). In 2014 a new entrant of EU ETS declared that its fraction
of purity is lowe than the theoretical one, because part of the carbonate remains in ash. So, these
plants do not use a purity fraction of 1 anymore.

2.A.4.d.ii Mineral wool production

Process emissions from mineral wool production are small, but it is included in order to improve
completeness of the inventory. Mineral wool producers report theip €@issions since 2008 under

the EU ETS. So, plasgecific emissions and activity data is available for these years. However, mineral
wool production has been present in Hungary since 2001 due to EuroStat Prodcom database.
Therefore, extrapolation was apetl for the years 2002008 for the estimation of emissions. Activity

data was taken fromEuroStat Prodcom database and from HCSO database, and IEF of process
emissions of year 2013 is applied for the extrapolation due to lack of other detailed data.

The division into two subectors allowed us to use different activity data for the different sources. For
flue gas scrubbing, the activity data is the carbonates used for flue gas scrubbing, while for the other
source, the activity data is the amount ofmmaral wool produced.

4.3.6.3 Uncertainties and timseries consistency

Uncertainties are estimated based on the minimum requirements of EU ETS Monitoring and Reporting
Regulation (601/2012/EU) for the determination of AD and EF of process uses of carbonates:

Uncertainty AD EF Combined
2A4 Other Process Uses of Carbona CQ 25 25 3.54

4.3.6.4 Sourcespecific QA/QC information and verification
General QA/QC procedures apply.

4.3.6.5 Sourcespecific recalculations

None.

4.3.6.6 Sourcespecific planned improvements

None
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4.4 Chemical IndustryORTcategory2.B)

The relevant processes operated in Hungary include:
1 Ammonia production
1 Nitric acid production

1 Production of other organic chemicals: carbon black, ethylene, dichloroethylene and
formaldehyde.

Under Chemical Industry, emissions from ammoniaz(Qdtric acid (MO), and petrochemical and
carbon black production (GOCH) were reported until the 2022 report year. In the 2.B.1 source
category, the sum afiatural gas consumetbr ammonia andhydrogenproduction and fomitric acid

waste gas scrubbin@in TJ NCWnit) was reported. This year, for the whole time series, this source
category was split into two categories: 2.B.1 Ammonia production (including nitric acid waste gas
scrubbing and recoverfrom urea production) and 2.B.10 Hydrogen productiBrom both sectors

CQ emissions are reportedin the 2023 report year, a new chemical product started to be
manufactured in Hungary: the polyol. A new subcategory, 2.B.8.g.ii Polyol production was created for
this industrial activitfrom where C@emission is reported.
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Figure4.4.1 Shares of subsectors within chemical industry

Also in the case of chemical industry, the decrease of emissions after 1990 was due to the regime
change (seeFigure 4.4.)1 Several factories were closed down and the production decreased
drastically. Another significant drop of emissions occurred in 2007 when a-cft#tecart N.O

Fol GSYSyd (G80Ky2t238 KIa 088y AYGNRBRAZOSR Ay F YA
Production of the chemical industry is fluctuating since 2010, which is reflected in the volume index of
GKAA aSO02NNa 3INRPaa 2dzildzi 6O02NNBALRYRAYy3I LISNRA2R
113.7; 2011: 107.7; 2012: 99.7; 2013: 105.6142 108.6; 2015: 102.4, 2016: 98.2). It is worth to

mention that production of ammonia was 10% higher in 2016 meanwhile volume index of chemical
industry decreased. The difference between the trend of production of chemical industry and the trend

of emissons in2.Bsector might be explained by the increasing environmental performance of the
chemical plants.
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Howeverthe growth of chemicahidustry emissions stoppdd 2021and started to decrease in 2022:
due tothe sharpfall of ammonia and urea based fertilizers production, the emissions of this sector
decreased by 28%ortunately, the production of ammonia started to increase again in 2023, while
the production of plastic raw materials is increasifmplyol) which resulted in a 20% growth of
emissions in this sector from 2022 to 20283.2024,growth was observed across all subsectors of
chemical manufacturing, with the newly established plastadated segment, polyol production,
showing further strengthening

It is also worth to take into consideration that the 2006 IPCC Guidelines Vol. 3 Chapter 1 suggests that:

oCombustion emissions from fuels obtained directly or indirectly from the feedstock for an IPPU process
will normally be allocated to the part of the source category in which the process occurs. These source
categories are normally 2B and 2C. 0

Therefore, all natural gas used in chemical industry for process purposes are accounted now here.
Please find below the tableréble 4.4.)1 showing the allocation of natural gas use in IEA Energy
Statistics and in the HU GHG inventory.

Table4.4.1 The allocation of natural gas use in IEA Energy Statistics and in the HU GHG inventory

Natural gas use in Chemical

Industryin IEA Energy Statistics Natural gas allocation itChemical Industryn HU GHG Inventory

TJ NCV
(TI NCV) ( )
2B.1
Tail
Energy Non 2B.1 2B.1. gas 2.B.8 Reported
used in energy SUM T Hydro treat- Petroche SUM2B inl A SUM
Ammonia ;
2.B sector use gen ment mical sector
Nitric
Acid
1985 19919 34294 54212 35317 0 1373 1722 38411 15801 54212
BY 21461 33968 55430 34371 0 1483 1720 37574 17855 55430
1986 22205 33897 56102 33820 0 1432 1718 36970 19132 56102
1987 22260 33715 55975 33976 0 1646 1719 37341 18633 55975
1988 21373 30393 51766 30583 0 1529 1706 33817 17949 51766
1989 22578 31115 53693 31182 0 1127 1701 34010 19683 53693
1990 22831 23113 45944 24342 0 993 1640 26974 18970 45944
1991 18754 14869 33623 14687 0 702 1586 16974 16649 33623
1992 17847 10099 27946 10111 0 445 1580 12136 15810 27946
1993 16622 12871 29493 12358 0 574 1675 14607 14886 29493
1994 13573 15560 29133 14683 0 1116 1866 17665 11468 29133
1995 17537 15950 33486 14536 0 981 2061 17577 15909 33486
1996 18580 17169 35749 16223 0 1669 2092 19984 15765 35749
1997 21939 12574 34513 15555 0 1678 2274 19506 15007 34513
1998 14162 12575 26736 13779 0 1476 2401 17656 9080 26736
1999 10892 11215 22107 12299 0 1357 2324 15980 6127 22107
2000 10266 13668 23935 15865 63 1567 2616 20112 3823 23935
2001 10256 13867 24123 14288 188 1599 2651 18726 5397 24123
2002 9383 8712 18095 10167 1765 1024 2536 15493 2602 18095
2003 8097 9169 17267 10114 1948 1141 2507 15709 1557 17267
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2004 6368 13454 19822 13035 2028 1235 2403 18701 1121 19822
2005 8257 15055 23312 14729 2393 1392 2781 21295 2017 23312
2006 7938 14192 22130 13856 2760 1328 2944 20888 1242 22130
2007 9031 16409 25439 15115 2973 911 3304 22303 3136 25439
2008 7937 14719 22656 11486 2919 6 3634 18045 4612 22657
2009 5391 13534 18925 12730 2568 8 2555 17861 1063 18924
2010 6538 15149 21686 13699 2644 9 3128 19480 2207 21687
2011 6579 17134 23713 15788 3603 17 2868 22276 1437 23713
2012 4467 19000 23467 14022 4409 16 3147 21594 1872 23466
2013 10059 16472* 26531* 11377 4991 9 5176 21553  4978* 26531
2014 9594 20713* 30307* 15392 5552 12 4220 25176  5130* 30307
2015 9792 18596* 28388* 12682 5622 16 4046 22366  6021* 28388
2016  10308*  20406* 30713* 14342 5773 21 3712 23848  6866* 30713
2017 10879 23322 34201 16513 6474 28 3720 26735  7469* 34204
2018 10792 20395 31187 13514 6697 28 4036 24275 6909 31184
2019 10994** 20763 31757 13690 6967 32 4123 24812  6844**  31656**
2020 10084** 22996 33080** 16706 6367 46 3498 26668 6462**  33130*
2021  9750*** 22414 32164 15125 7035 40 3287* 25487  6676*  32163*
2022 9031 13546 22577** 7588 6053 22 2627 16290 5484 21774
2023  9278*** 19138 28416*** 11965 6802 33 3614 22414 6001 28415
2024 11007 22091 33098 14224 7649 39 4788 26700 6400 33100

* Recalculated IEA values
** Recalculated in 2023 IEA values
*** Recalculated in 2026 IEA values

4.4.1 Ammonia ProductiorQRTsubcategory.B.1)

4.4.1.1 Source category description
Emitted gas: CO

Methods: T3
Emission factors: CS, PS
Key source2B1 Ammonia ProductionCQ ¢ L

Ammonia (Nk) production in Hungary uses natural gas. In the case of ammonia manufacture, natural
gas provides both feedstock and fuel, whose carbon content is released in the form of carbon dioxide.

The same process occurs in the case of hydrogen production and the treatment of tail gas with natural
gas in nitric acid plants.

In Hungary, the significant part of hydrogen synthesized is used also for ammonia production, but the
hydrogen plant is operated by another company. The share of hydrogauméal gasbased ammonia
production within all ammonia production has been about only 5%. 95% of ammonia production has
0SSy GUGNIRAGAZYI T ¢ yI (dzMydiogeablaskdaronosiadproductionfarigsk S
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between 12% (in 2017) and 16% (in 2@t6l 2023. As in the newst CRTReporter Software there is

no possibility to report COn sector2.B.2,the emission from tail gas treatment with natural gas is
reportedin sector2.B.1 The process (emission factor) is anyway the same as in the case of ammonia
and hydrogen production.

In 2017 UNFCCC ERT disapproved of allocation of hydrogen production and tail gas treatment with
natural gas of nitric acid production at 2B1. Hungary explained that only a small part (in 2016 less than
5%) of hydrogen production is NOT used for ammoniadgpeton, but the hydrogen production
facilities are individual companies. It could be allocated to 2B10, but then both categories (2B1 and
2B10) will be confidential, and IEF of ammonia production will be very low. Tail gas treatment could
also be moved t@B10. However, the G@mission from this source is very small (0.88 kt was in 2015)
YR gA0K LINBaSyd YSGK2R2f23&8 A4 OFy 0S Slaate
ETS, also the total fuel consumption can be easily allocated from energy sector. So, faalpesgans
(increasing the transparency in the national system) these categagesreported here.

In the 2023 report year, for the whole time series, a new source category has been allocated for
hydrogen production (2.B.10). Practically, until the year 2000, there is no separated hydrogen
production, the source 2.B.10 contains activity and emissioa flatn the year 2001. In the source
2.B.1, activity data have been changed to ammonia production in kt units for the whole time series. Tail
gas treatment has not been moved to the new category, we are currently investigating this possibility.
Also, recovsy from urea produtcion is still allocated to 2.B.1 sector.

The 2006 IPCC Guidelines requires also subtraction of amount ok@i@®ed from ammonia
production but used for urea production (and the reporting of urea used in agriculture and as catalyst
in vehicles). In the 2020 review, a revised estimation of l€€bvery for years 2005 and 202618

was proposed and accepted by ESD: I€€bvery was recalculated based on the exported amounts of
urea and the stoichiometric ratio of G@ urea. The recalculation was performed for the whole time
period resulted in reglculations of C@emissions from 2.B.1 ammonia production. Moreover, urea
balance was calculated taking into account urea imports and exports and consideriAgasexh C©
emissions reported ICRT3H and 2D3. Export, import, production and stock change of urea are in
balance in the long run. A detailed table of trade, production and consumption of urea is presented in
Chapter 4.4.1.4.

4.4.1.2 Methodological issues

CQ emission from ammonia production is reported using Tier 3 methodology from the 2006 IPCC
Guidelines. The Tier 3 method requires total fuel requirement (SUN), WAkch has been available
from the reporting of the plants. In the 2020 review the ERT suggested to use country/plant specific
carbon content factor (CCF) in this sector. Default CCF was replaced by a newly calculated country
specific CCF for the year38b-2006, and plant specific CCF values reported by the producers are used
from 2007 onwardThe countryspecific CCF for 1983006 was calculated by taking the average of
the CCFs for 20Q2019 because there was no significant trend in the CCF for these years. CO
emissions were recalculated for the whole time seri€able 4.4.2resents the recalculated time
series of the different emission sources and the recovery. In 2018, the production of the urea plant fell
to a quarter of that of the previous year and was almost entirely exported, thus thedcOvery
dropped drasticallyHowever, enissons from the chemical industry increased by 41% in 28@8,n

2024, it grew by another 15% compared to the previous yeeinly due to the recovery of ammonia

and fertilizer production after the energy crisis.
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Table4.4.2. CQ emission from the different sources in 2.B.1 sector

Ammonia Cca Tail gas

production  recoveryin  Hydrogen treatme:nt

with urea urea production byar;:glc

recovery production production

Gg CQ Gg CQ Gg CQ Gg Co

1985 1719.78 244.22 NO 76.35
BY 1632.15 279.25 NO 82.50
1986 1599.51 281.26 NO 79.61
1987 1577.16 312.26 NO 91.54
1988 1361.88 338.86 NO 85.01
1989 1400.38 333.71 NO 62.65
1990 1144.99 208.67 NO 55.20
1991 719.31 97.43 NO 39.02
1992 492.36 69.93 NO 24.73
1993 620.18 67.08 NO 31.94
1994 754.99 61.54 NO 62.07
1995 746.38 61.96 NO 54.54
1996 842.41 59.78 NO 92.84
1997 803.12 61.89 NO 93.30
1998 698.13 68.17 NO 82.06
1999 610.62 73.34 NO 75.49
2000 803.46 78.81 3.52 87.16
2001 710.56 84.00 10.47 88.91
2002 472.85 92.55 98.17 56.97
2003 464.89 97.53 108.30 63.45
2004 614.28 110.60 112.76 68.67
2005 702.78 116.34 133.05 77.41
2006 659.54 111.01 153.50 73.86
2007 726.33 111.36 164.75 50.47
2008 561.75 74.12 161.59 0.31
2009 611.91 94.48 142.50 0.46
2010 657.54 101.35 146.50 0.47
2011 771.46 104.11 199.83 0.93
2012 704.07 75.82 245.24 0.91
2013 538.26 95.62 278.10 0.49
2014 748.60 108.67 309.23 0.69
2015 633.01 77.74 315.10 0.87
2016 714.44 87.34 322.72 1.16
2017 835.67 86.39 361.50 1.56
2018 729.57 26.59 374.72 1.58
2019 692.03 69.30 387.45 1.75
2020 880.69 48.33 356.99 2.56
2021 807.63 41.08 391.31 2.25
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2022 418.85 6.83 338.68 1.22
2023 661.38 9.86 387.28 1.88
2024 762.55 35.42 431.80 2.14

CQ recovery for urea production occurs only in one plant, which has provided data on the quantity
recovered in since 2013 onwards. In addition, it has provided data on the exported quantity and the
share of the different sectors in which urea is used donceflli. For the years before 2013
extrapolation was applied using domestic urea use as surrogate data-s€mes of ammonia
production and emitted C{are presented irFigure 4.4.2
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Figure4.4.2 Trend of production of ammonia and £nissions

CQ emissions fronHydrogen productioand Tail Gas treatment with Natural Gase reported using
direct plant specific data. Companies provided data on quantity of natural gas used for the whele time
series.Default CCF was replaced by a newly calculated country specific CCF for the ye&@08985
and plant specific CCF values reported by the producers are used from 2007 onward.

The main producer of hydrogen in Hungary uses stétihe-art technology, when CCemitted by
hydrogen production is recovered for the industrial production of CO gas. However, the amount of CO
recovered is not reported (not subtracted) in HU GHG Inventory at the moment, as the CO produced
might be regarded as short term storage. So, alh S@ccounted for in the case of GHG inventory
which causes a difference in the consistency check with EU ETS emissions (as the operator is also falling
within the scge of EU ETS). The other reason of the difference in this subsector is that not all the
hydrogen producers are required to report within the framework of EU ETS.

Please find the timaeries of emissions from hydrogen production and tail gas treatment with natural
gas in nitric acid production in thEable 4.4.Above.

The quantities of natural gas used for the different processes have been compared with IEA Energy
Statistics, as it is presented in Table 4.4.1.
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4.4.1.3 Uncertainties and timseries consistency

Uncertainties are estimated based on the minimum requirements of EU ETS Monitoring and Reporting
Regulation (601/2012/EU) for the determination of AD and EF in the cas®mbnia Production

Uncertainty AD EF Combined
2B1 Ammonia Productior CQ 5 5 7.07

4.4.1.4 Sourcespecific QA/QC information and verification

General QA/QC procedures apply. The quality and reliability of the emission data were greatly
improved by using production data obtained directly from the factories. In 2013 data provided by the
FI OG2NE DbAGNRISYY ADS9% ob HNBarialoduction) ivas fully 2eMi@wéd<asd
the time-series has been affirmed. The decreasing IEF pis@30 verified and the result is described

in the methodological issues subchapter abo%el (1.2.

Consistency with IEA Energy Statistics was checked and it is presehtdddat.4.1

la LXFTYYSR AYLINROGSYSyld FTNRBY LINSQGA2dza 8SIFNEQ Ay@S
from firms was compared with data of HCSO also obtained from firms. It became clear that national
statistics include not only liquid ammoniawhich was produce from natural gas or hydrogerbut

also ammonia solution in water. Aqua ammonia can be produced by solution of liquid or anhydrous
ammonia in water or by ammonia containing waste gas treatment with water, both processes do not
release C@ Comparing theime-series only for anhydrous ammonia (for years 2@045) only one

value was different. Request was sent for clarification to the company concerned and it was confirmed

that value in the inventory database is correct.

In Hungary, only one plant produces urea. Produced amount and the ratio of exported and
domestically sold urea are provided by the plant. According to this, the major part of domestic quantity
is used as fertilizer in agriculture, other minor parts arediseAdBlue production, waste gas scrubbing
and other industrial production. Annual amount of used AdBlue is calculated based on diesel fuel
consumption inCRT2D3, while urea consumption is derived from the sales statistics by products
reported annually i the Agricultural Economics Research Institut€ RiI3H. Note, that the sales of a
given year can be performed from the stocks, therefore the consumption and production do not
belong to the same year in every case. Additional imported amounts of urea are involved in both
activities. Emissions from urdmsel waste gas scrubbing is well below the significance threshold,
while ureabased CO2 emissions are not calculated in other industrial sectors, therefore recovery is
not needed. Export, import, producticand stock change of urea are in balance in the longTahle
4.4.3.shows the trade, production and consumption amount of urea between 2010 and 2019. Trade
values are from HCSO, the national statistical office. Values presented in 3H, 2D3 and 2A4 rows are
calculated inCRT Other industrial values are provided by the urea plant. In thgdf)-long period,

the ratio of supply and demand i4%.
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Table 4.4.3Imported, exported, produced and consumed amounts of urea

urea [t] 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
domestic usage

3H - agriculture t 63051 79007 75725 107834 101612 132875 134426 154403 152 346 158 10€
2D3 - urea besed catalysts 4437 7908 11867 16287 20105 28234 30020 33298 36643 40542
2A4 - waste gas scrubbing 2313 2118 1446
other industrial t 5976 19320 19029 11737 11223 8370 13367 11380 45 9228
trade

import t 41745 29068 49761 67833 70627 91348 107992 118411 134940 130 41C
export t 117 794 106 997 102952 96621 125953 48431 87616 46295 43490 45754
production t 146 883 166 843 132339 147 421 164 475 115697 134246 130438 36310 104 26¢
supply t 70833 88914 79148 118633 109 148 158615 154 622 202554 127 760 188 92¢
demand t 70469 100897 98610 124864 119369 150421 157550 178918 166 418 181 95€
ratio of supply and demand 1% -12% -20% -5% -9% 5% -2% 13% -23% 4%

4.4.1.5 Sourcespecific recalculations

The 2006 IPCC Guidelines requires also subtraction of amount okr@i@®ed from ammonia
production but used for urea production (and the reporting of urea used in agriculture and as catalyst
in vehicles). In the 2020 review, a revised estimation of l€€very for years 2005 and 202618

was proposed and accepted by ESD. 1€€bvery was recalculated based on the exported amounts of
urea and the stoichiometric ratio of G® urea. The recalculation was performed for the whole time
period resulted in recalculations of €é€missions from 2.B.1 ammonia production.

In the 2020 review the ERT suggested to use country/plant specific carbon content factor (CCF) in this
sector. Default CCF was replaced by a newly calculated country specific CCF for the ye20€6.985

and plant specific CCF values reported by the preduare used from 2007 onward. £€nissions

were recalculated for the whole time series.

4416 Sourcespecific planned improvements

Further development of the splitting of 2.B.1 with specific attention to tail gas treatment emissions.

4.4.2 Nitric Acid ProductiorQRTsubcategory?2.B.2)

4.42.1 Source category description
Emitted gas: bD, (CQ

Methods: T3
Emission factors: PS
Key sources: 2B2 Nitric Acid ProductioO- T

Nitric acid (HNg) is produced by oxidizing ammonia. The process tail gas contgihaid 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 1985. 3 plants operated with 9 units. Among the old factories using obsolete technologies, one was
abandoned in 1988, another in 1991, and a third in 1995. Until 2007 two production lines were
operated in the country; the older one was established i®75 and used GIAP technology which
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consists of four units with four different factors. These four units represented the major part (about
80%) of the production volume. Emissions from this process were measured from 2004. The other
existing technology represented only 20% and had been @@ since 1984 (combined acid factory
producing diluted and concentrated nitric acidfigure4.4.3 below shows the operating nitric acid
plants since 1985.

Nitric acid plants in Hungary
Imlr—.Lﬂhmle—Nﬂ mﬂh@mIQIFNrﬁﬂlﬂ!R& ﬁ’_\l:PJG'—N'-‘V’:IIT!‘I-u":I(Eh
318383358533 333838585858588885858a848853
@ .
= Mirogénmivek, unit 2
Mirogénmin ek, | ’-_>
SAV -._\
BC - BC, new
1 VK )
-
Nifrogénmivek, 2C {4 unit) ..
= Nitrogenminv ek, unit 1
Nirogenmivek, 3C {2 unit) - >
Figure4.4.3 Nitric acid plants in Hungary. 198917
LYLX SYSy Gl dAz2y 2F F ySgé FyR Y2NB I RAIyOSR LINERU

started in 2005, in the framework of a joint implementation project (one of the flexible mechanisms
facilitated by the Kyoto Protocol), and it was installed in Seytter 2007. At the same time the old
production lines were closed down. Now a stafiethe-art technology is used, therefore drastic
emission reduction is reported in this inventory.

At the end of year 2011 one of the former nitric acid plants has been restarted after renovation and
its production has been increasing year by year. In 2017 a new nitric acid unit started to work at
bAGNRIASYYADS] %NId AYyONBFaAy3ad GKS OF LI OAdGe airdaya

4.4.2.2 Methodological issues

Measured emission data were not available for a long time. Therefore, during the first phase of the
recalculation project, the default specific emission factor recommended by the IPCC fB/kgityic
acid) was used.

In 2004 an emission measurement system was installed at one of the factories and this has resulted in
fundamental changes in the previously estimated value® Meter is placed after the catalyst which
measures emissions continuously. The regular monitoring report is based on daily average
measurement data but the system is capable to provide data for shorter time period, e.g. hourly
averages. The factory makasailable its measured data to the inventory compiler.

The requirements of the set up and functioning of the continuous measurement system is prescribed
in the IPPC (Integrated Pollution Prevention and Control) permit of the installation, as the plant is
falling under the scope of the IPPC Directive (DirecB988/1/EC). IPPC Directive in general is
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implemented in the Hungarian law by the 314/2006. Government Decree and further requirements on
the set up and functioning of continuous emission measurement systems is regulated by 6/2011. (1.14.)
Ministerial Decree. The IPPC permit is issued, updatedeafoiced by the competent authority
(Inspectorate for Environment and Nature).

In addition, the facility is also falling under the scope é?HETR Regulation (Regulation (EC) No
166/2006 concerning the establishment of a European Pollutant Release and Transfer Register). This
means that on one hand data can be verified with data regmbin EPRTR (as allERTR data is
available to the public on http://prtr.ec.europa.eu/FacilityLevels.aspx), on the other hand-BRTR
Regulation require also using internationally recognized measurement standards.

Therefore, on the basis of almost one year of experience with measurements, the calculated emission
factors of the factories using different technologies were between 10 to 19 kg/t. For calculation of
emissions of the oldest factory (establishedintheA®a 0 X ¢ KA OK ¢l a ol yR2YySR
value recommended by the 2000 Good Practice Guidance was used (19/kyg M.5 kg/t was used

as specific emission factor for the three other abandoned factories including the one which was
abandoned in Sepmber 2007. For the combined factory, a value of 10 kg/t was used.

At the end of 2004, selective catalytic reduction was introduced irgtsl treatment which led to

emission reductions in the following years. This modernization means furthermore that the EFs before

and after 2004 cannot be the same. The emission dagd0b and 2006 are based on measurements.

In the second half of 2005 a new measuring instrument was installed which might partly explain the
RAFFSNBYOS 0SisSSy L9CaAd ¢KS ySg ,FethGofogyNmease ¥ b A (|
see further detad below) consequently a drastic reduction of emission has been reach€d. N

emission from nitric acid production was decreased by 99% between base year and 2009.

Since 2013 nitric acid plants fall within the scope of EU ETS as well, so measuremghialNo
required and regulated by the EU ETS directive and 601/2013/EC Regulation that prescribes strict
standards for the measurements and reporting.

Thus, the weighted average IEF ranges between 10.01 and 14.51 kg/t in thsetiiae of the years
before 2007, depending on the production volunie.2007. EF was 6.15 kg/t. 0.0425 kg/t in 2008.
0.108 kg/t in 20090.0715 kg/t in 2010. Since the reopened plant is working IEF is slightly higher in
recent years (0.087 kg/t in 2012.113 in 2012. 0.25 kg/ t in 2013. 0.29 kg/t in 2014. 0.25kg/t in 2015
and 0.13kg/t in 20160.19 kg/t in 2017), that can be explained by the increasing production volume of
the other reopened factory with a less efficient tgihs treatment. The sharp reduction in the last
reported emission from the reopened plant was investigated because the IEF was halved for 2016.
According to the information received from the plant in Augu812 during the summer repairs the
DeNO catalyst was removed and during the assembly of the reactor 50% of the catalysts were
replaced by new catalysts. With the new catalyst® Montent of the flue gas reduced significantly.

The amount of carbon dioxide generated during the reduction reaction by the tail gas treatment is so
low that it has no detectable effect on the inventory as a whole. Since 2004 process tail gas has been
treated with ammonia, so G@missions are no longer an issue in this case. From 2007, further
information about consumption of natural gas data was received from the factory. This was used in a
new plant as a tail gas reducing agent. As in @&iReporter Software there is no possibility to report

CQ in 2.B.2sector (no possibility to add child node), this,@Oreported under2.B.1together with

other nonenergy uses of natural gas@hemical Industry

Production data were obtained from the factoridsdqure4.4.4).
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Figure4.4.4 Nitric acid production (kt) and2® emission in nitric acid subsector
EnviNQtechnology

The EnviN©Oprocess is usually located between the final tail gas heater and the tail gas turbine and
contains two catalyst beds filled with iron zeolite catalysts operating at the same pressure and
temperature and a device for addition hliHetween the beds. In the first De@ stage, the D
abatement is effected simply by the catalytic decomposition 45 kto N and Q. Since NQcontent

of the tail gas promotes the decomposition ofQN the required DeNGtage is arranged downstream

of the DeNO stage.

In the second stage. N@duction is carried out using NHs a reducing agent similar to natural gas.
Reactions in the Del:

2 NO + 2NO------>2 N+ 2 NQ

2 NO <--->2NO +©

7 VYo J— >2 N+ G

Reactions in the DeNO

6 NO+ 8 NH ----->7 N+ 12 HO
4 NO + @ 4 NH ------3 >4 N+ 6 HO
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ATTACHMENT 1 PERFORMANCE TEST RUN SHEET 01-1418-600
Uhde PERFORMANCE TEST RUN EnviNOx® NZRT |’
L @
DESIGNATION UNIT GUARANTEED ACHIEVED .
DAY 1 DAY 2 DAY 3| AVERAGE
N,O-REDUCTION % min. 94 ( initially) 99.63] 99.64 99.63 99.63
IN TAIL GAS
NO, CONCENTRATION ppm vol max. 25 8.7 56 6.7, 5.7
IN TAIL GAS DOWNSTREAM
ENVINOX® SYSTEM
NH, CONCENTRATION ppm vol max. 5 Laboratory 0.19|Laboratory 0.47|Laboratory 0.57| 0.41
IN TAIL GAS DOWNSTREAM AI0808 3.4|AI0808 3.3|Al0808 3.3 33
ENVINOX® SYSTEM
NH; CONSUMPTION mol NH; / mol NO, max. 2.2 1.36] 1.36| 1.36 1.36]
IN_ ENVINOxX® SYSTEM
NATURAL GAS HYDRO- mol H.C./ mol N;O  |max. 0.2 0.077] 0.078] 0.077 0.077
CARBON CONSUMPTION
IN ENVINOX® SYSTEM

Figure4.4.5 Presentation of performance of EnviN€chnology

For a short description of the used technology can be found in a brochure prepared by ThyssenKrupp
Industrial Solutions (sed.12 ReferencesThyssenKrupp)Performance of EnviNOx technology at
bAGNRIASYYADS] vAGlret43aboveINBaSYiSR 2y

4.4.2.3 Uncertainties and timseries consistency

Uncertainties are estimated based on the minimum requirements of EU ETS Monitoring and Reporting
Regulation (601/2012/EU) for the determination of AD and EF in the case of nitric acid production:

Uncertainty AD EF Combined
2B2 Nitric Acid Production N20 7.5 7.5 10.61

4.4.2.4 Sourcespecific QA/QC information and verification

General QA/QC procedures apply. The data received directly from factories and the requirements of
EU ETS since 2013 greatly improved the quality of data.

The significantly decreasing IEF after 2007 was verified and the results are also described in the
methodological issues subchapter above. Also the significantly decreased IEF for 2016 was investigated
and it is described in chaptdr4.2.2

4.4.2.5 Sourcespecific recalculations
None.
4.4.2.6 Sourcespecific planned improvements

None.

142



HUNGARY National Inventory Documerit9852024 IPPU

4.4.3 Petrochemical and Carbon Black Producti@Rubcategory.B.8)

4.4.3.1 Source category description
Emitted gas: CQOCH

Methods: T1, T2, T3
Emission factors: CS, D, PS
Key source2B8 Petrochemical and carbon black product@Q -L, T

During petrochemical production processes, mainly oil products are used as feedstock or other non
energy purposes. Most of the carbons contained in these raw materials are stored in the products too,
however during the conversion processes some carbomitied in the form of C@or CH.

Usually, it is very hard to distinguish the energy and-apergy uses of fuels during the complex
processes in petrochemical production. Therefore, the suggestion of the 2006 IPCC Guidelines is to be
followed:

ACombustion emissions from fuels obtained direc
process wil/|l normally be allocated to the part o

Al f surplus methane or hydrogen from the stean
petrochemical site for another process then the emissions are reported as emissions in IPPU 2B8. On

the other hand, if the gases are passed to a nearby refinefydbuse then the associated emissions
would be reported under 1Alb. Petroleum Refining

In the case of Hungary, no gases are passed for fuel use out of the petrochemical companies, but all
are used inside. Therefore, all emissions are reported hePeBr8including the natural gas reported

by the petrochemical and carbon black production companies. In addition, all oil products considered
as nonenergy use (NEU) in IEA Energy Statistics are considered here in Z&8®mexcept for
lubricants and paraffin waxes (reported2rD.12).

In Hungary production of ethylene dichloroethylene (DCE for the purpose of production of further
petrochemical products like TDI/MDI) and carbon black are present. Ethylene is made from naphtha.
Very few and welknown companies are operating in this sedio Hungary.

From 2018, C£emissions have been reported in the ETS system from formaldehyde production. As
the company have been producing formaldehyde from 1998, ébssions are reported calculated
on a new subsector sheet 2.B.8.g.i formaldehyde production from 1998 onward.

In the 2023 report year, a new chemical product started to be manufactured in Hungary: the polyol. A
new subcategory, 2.B.8.g.ii Polyol production was created for this industrial activity.

Production of bulk organic chemicals fall within the scope of EU ETS since 2013, so the availability of
detailed plantspecific data is even more improved. However. EU ETS data has been available already
since 2008 for most of the sources of these compsnie

4432 Methodological issues

CQ emissions are reported using plaspecific data from the year 2008 using the very detailed and
good quality data from reporting of companies within the EU ETS framework. The good quality of data
reported under EU ETS is ensured by the strict monitonmtraporting requirements of Regulation
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601/2012/EC including the obligation of the control by independent, accredited verifiers. EU ETS
Annual emission reports are available for HMS for GHG Inventory preparation purposes.

2.B.8.b Ethylene production

In Hungary, only one company produces ethylene. According to its EU ETS Annual Report, during the
production the company uses three different gaseous fuels. Reported CO2 emission is calculated under
the standard methodology (Commission Regulation No 6Q122@\rticle 24) supported by monthly
laboratory measurements.

2.B.8.c ETM/VCM production

In Hungary, only one company produces VCM and TDI. For VCM natural gas, for TDi natural gas, OTD
and tar are used in the production process. Reported CO2 emission is calculated under the standard
methodology (Commission Regulation No 601/2012, Articlesegported by monthly laboratory
measurements.

2.B.8.f Black carbon production

In Hungary, only one company produces black carbon using quench oil, natural gas and negligible
amount of other materials. Reported CO2 emission is calculated under the mass balance methodology
(Commission Regulation No 601/2012, Article 25) supporteddoytimty laboratory measurements.

2.B.8.g.i Formaldehyde production

From 2018, CO2 emissions have been reported in the ETS system from formaldehyde production. As
the company have been producing formaldehyde from 1998, CO2 emissions are reported calculated
on a new subsector sheet 2.B.8.g.i formaldehyde production fron8 1®&®vard. Reported CO2
emission is calculated under the mass balance methodology (Commission Regulation No 601/2012,
Article 25) supported by monthly laboratory measurements.

2.B.8.g.ii Polyol production

From 2023, CO2 emisions have been reported in the ETS system from polyol production. The main
petrochemical and plastic industrial company in Hungary, the MOL Zrt. constructed a new factory for
polyol production, whergreparatory operations took place without productiaim 2023.In 2024the
plantbegan production.

For the years before 2008 extrapolation is applied using the appropriate petrochemical production
data from HCSO as surrogate data.

Please note that extrapolation of emissions is made based on quantities of petrochemical products
(ethylene + DCE + carbon black), and the activity daf&ifin 2.B.8is also kilotons of products.

Timeseries of norenergy use of oil products (as raw material in petrochemical production) in IEA
EnStat have been taken into account, as all emissions from these sources are exclud&tdrggn
sector and reported here. So, in order to be consistent with both EU ETS reports of petrochemical
companies and IEA Energy Statistics (EnStat), emissions are repoi2e.8based on EU ETS
reporting, and it is supposed that all nemergy use of oil from IEA EnStat and some amount of natural
gas (reported by tb companies) were used for the production. The related energy sources were
subtracted fromEnergysector.

In this way IEF compared to petrochemical products is stable (see red lineéigame4.4.6 below),
while IEF compared to NEU Qil products in IEA EnStat is changing as it is possible to see at the same
figure (blue line). But this problem seems to originate from the original-8erées of the NEU Oils in
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the IEA EnStat, as the trend of petrochemical products (t) per NEU Oils (TJ) is changing, too (see green
line on the figure).

Unfortunately, it seems that the allocation of NEU Oils within the IEA EnStat is not consistent across
the years, so this question is to be clarified with the authority responsible for the preparation of the
energy statistics.
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Figure4.4.6 Trend of implied emission factors in 2.B.8 compared to petrochemical production and the
amount of norenergy use of fuels

As EU ETS annual emission reports contain only ak@idsion sources. Glis reported based on
default Tier 1 emission factors from the 2006 IPCC Guidelines for the wholsdites.

4.4.3.3 Uncertainties and timseries consistency

Uncertainties are estimated based on the minimum requirements of EU ETS Monitoring and Reporting
Regulation (601/2012/EU) for the determination of AD and EF in the case of nitric acid production:

Uncertainty AD EF Combined
2B8 Petrochemical and
carbon black production cQ 75 [ 10.61
2B8 Petrochemical and CH 3 10 10.44

carbon black production
4.43.4 Sourcespecific QA/QC information and verification

General QA/QC procedures apply. Tisegies in IEA EnStat production data from HCSO and the EU
ETS emission reporting data have been thoroughly compared as it is described above.
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4435 Sourcespecific recalculations
None
4.4.3.6 Sourcespecific planned improvements

Further investigation of consistency of the trend of remergy use of oils in IEA EnStat is needed.

4.4.4 Fluorocarbon ProductiolfCRTsubcategory?.B.9)

Fluorocarbons are not produced in Hungary.

4.4.5 Hydrogen ProductiorORTSubcategory.B.10)

Emitted gas: CO

Methods: T3
Emission factors: CS, PS
Key source2B8 Petrochemical and carbon black productian T

In the 2023 report year, for the whole time series, a new source category has been allocated for
hydrogen production (2.B.10). Practically, until the year 2000, there is no separated hydrogen
production, the source 2.B.10 contains activity and emissioa €tam the year 2001. In the source
2.B.1, activity data have been changed to ammonia production in kt units for the whole time series.
Tail gas treatment has not been moved to the new category, we are currently investigating this
possibility. Also, recovg from ureaproductionis still allocated to 2.B.1 sector.

The main producer of hydrogen in Hungary makes syngas from natural gas as feedstostatesofg

the-art technology, when CQOemitted by hydrogen production is recovered for the industrial
production of CO gad$n the process, natural gas is converted by catalytic steam reforming to a raw
synthesis gas with#CO ratio from 1.6However, the amount of C@ecovered is not reported (not
subtracted) in HU GHG Inventory at the moment, as the CO produced might be regarded as short term
storage. So, all G@s accounted for in the case of GHG inventory which causes a difference in the
consistency check with EU ETS emissions (as the operator is also falling within the scope of EU ETS).
The other reason of the difference in this subsector is that not all thedggir producers are required

to report within the framework of EU ETS.

Activity data is the amount of hydrogen produced (in kt unit), using Tier3 method with plant specific
emission factor.

Uncertainty AD EF Combined
2B10 Hydrogen production Ca 7.5 7.5 10.61
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4.5 Metal ProductionCRTcategory2.C)

4.5.1 Iron and Steel Productio@RTsubcategory.C.1)

45.1.1 Source category description
Emitted gas: CQOCH

Methods: T2, T3
Emission factors: CS, PS, D
Key sources: 2C1 Iron and Steel Productio@¢ T

In this subsector, gases emitted by the iron/steel industry (sinter, iron and steel production) are
calculated. During sintering (agglomeration), a mixture of iron ore, coke or carbon and limestone are
agglomerated by heat transfer to obtain a materialtahle for feeding into the furnace. During iron
production, coke and carbonateontaining slagorming additives are added to the agglomerated ore,
and the mixture is reduced at a high temperature. This reaction releases CO anth€f@fore. CO

is prodwced from two sources during the process: 1) from fuel, which also serves as a reducing agent,
and 2) from carbonate&ontaining slagorming agent (limestone or dolomite). The gases arising in the
blast furnace during the production of the pig iron are reexed as blast furnace gas (BFG) aretus
partly for energy purposes.

During steel production, the carbon content of iron is reduced freB%lto cca. 1%. (1% in the 2006
IPCC Guidelines). Also, this is released in form af Ba8ic oxygen furnace (BOF also known as LD
converter) technology for production of steel uses the hot, molten pig iron with scrap iron, additives
and quicklime. Electric arc furnace (EAF) technology uses mainly scrap iron with additives and the heat
is provided by electric arc formed between graphite electrodes. The consumption of graphite
electrodes esults C@emission as well.

In Hungary, all the activities connected to iron and steel industry are present: production of coke,
sintering, production of pig iron and production of steel using basic oxygen furnace (BOF) and electric
arc furnace (EAF) technology, too. Except for tA& Bteel production, all the activities mentioned
before are located in one single plant, which is however operated by different operators, so it cannot
be regarded as an integrated iron and steel plant.

Processes within iron and steel production are very complex, using several fuels either for energy or

for non-energy purposes. It is very hard to distinguish energy andemangy use also in this case, so

the recommendation of the 2006 IPCC Guidelines ¥8lo1.1 is followed that states:

G5dz2NAy3 GKSasS OGA@GAGASaAT SYAaarazya Yle 200dz2NJ F
stages. However, it is often impractical or impossible to report separately the two types of emissions.
Accordingly, the following rule has been formulategimplify reporting:

Combustion emissions from fuels obtained directly or indirectly from the feedstock for an IPPU process
will normally be allocated to the part of the source category in which the process occurs. These source
categories are normally 2B and 2C. However.afdRrived fuels are transferred for combustion in

147



HUNGARY National Inventory Documerit9852024 IPPU

another source category, the emissions should be reported in the appropriate part of Energy Sector
source categories (normally 1A1 or 1A2).

Two examples may help illustrate the definition.

1. If blast furnace gas is combusted entirely within the Iron and Steel industry (whether for heating blast

air, site power needs or for metal finishing operations) the associated emissions are reported in the
IPPU source subcategory 2C1. If part of treeigaelivered to a nearby brick works for heat production

2N I YIAY St SOGNAROAGE LINPRAzOSNE (GKSy GKS SYA&aaaAz

The example mentioned above is presented in Hungary, one part of the blast furnace gas is used in
own processes, while the other part is delivered to an electricity producer. Amount oér@i@sion

from blast furnace gas which is not taken into account in 2.C.1 emission is reported in 2.C.1 as
oRecovery ¢ only for transparency purposesnd it is delivered to emissions bfAsector.

Please find the trend of emissions and the trend of productiolndan and Steedector inFigure 4.51
below.
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Figure4.5.1 Trend of production and emissions in Iron and steel sector

As it is possible to observe, drastic reduction of the production occurred around 1990 and between
2012 and 2013, too, but in 2014 it seems that recession has stopped. In 2015 iron and steel production
reached almost the level before the 2008 economiaidetal industry (particularly in iron and steel
production) realized 26% emission reduction in 2016. Amount of both pig iron and steel products
decreased, which is the outcome of unfavorable process in export markets. Steel product to building
industry could also profit from quickening of housing (more than {aml-one-half times housing
permission was granted in 2016 compared to the previous year) with higher production, meanwhile
the total amount of steel was lower in 2016 than 2015. Emission incraag@8% in metal industry
subsector in 2017, where the favourable EU export market situation and competitiveness of Dunaferr
Zrt. in this market resulted from the efficiency improvement measures taken by the company between
2014 and 2016. However, the nigi slowed down in 2018 rom 20D onwards, dzy" 3 loNyEirQr
smelter began to decla In September 2023, pig iron production was finally stopp@d2024,iron

and steel productiorwas limited to electric steelmaking based on the recycling of scrap metal; as a
result, sectoral emissions declinegt 95% compared t@2023
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45.1.2 Methodological issues

Earlier only the emissions from carbon content reduction of the input materials during steel production
and emission from consumption of graphite electrod2sC(1.1subsector) were reported within this
sector and all the other emissions were included elsewhere. The actual allocation of emissions is
summarized inTable4.51. All cell comments of IE cells @RTtables have also been updated
accordingly.

Table4.5.1 Allocation of emissions connected to Iron and steel production

From the 2015

IPCC .
o . submission -
sector Activity Emission source .
Emission reported
code in

Combustion of blast
1.Ala furnace gas recovere( combustion 1.Ala
from Pig Iron production

1.Al.c (including

1.Alc Production of coke combustion
coke oven gas)
1A2a _Combustlon needed _f0| combustion 1.A.2.a (including
iron and steel production coke oven gas)
2.C.1.de Sinter Coke consumption during sintering 2C.1de  Sinter
Limestone and dolomite use Pellet
2C.1b Pig Iron Combustion
Consumption of Natural gas for nemergy
purposes
Limestone and dolomite use 2.C.1.b Pig Iron

Consumption of coke in the blast furnac
(after deduction of the amount of recovere
blast furnace gas delivered outside for ener
production purposes)

Reduction of carbon content (from 4% to 1 ¢

2.C.la  Steel Emission from graphite electrode during E. 2-C.1.a Steel
steel production

Emission factors

In the case of C&@missions, default emission factors from the 2006 IPCC Guidelines osspkitic
emission and activity data were used which is available from both direct reporting to the inventory
compiler (HMS) and from EU ETS reports. In the casespf€ldult emission factors from the 2006
IPCC Guidelines are applied.

Activity data

Iron and steel production data were obtained from the reports of the International Iron and Steel
Institute. World Steel Association (WORLDSTEEL) and the similar European agency (EUROFER).
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Data on consumption of coke, natural gas, coke oven gas in the blast furnace is extracted from IEA
Energy Statistics of Hungary as well as the amount of blast furnace gas (BFG) recovered and used.
Amounts of limestone and dolomite, other additives inclgdigraphite electrode in EAF steel
production are available either from direct reporting of the companies to HMS or from EU ETS reports
since 2005. Detailed plaispecific data is available from the EU ETS annual emission reports of the
companies.

However, the precise allocation among the subsectors (e.g. the amount of coke used in blast furnace
or by sintering) is sometimes not available in IEA Energy statistics. In these cases, extrapolation based
on the shares of subsectors in plant specific datapplied, but the sum of the subsectors is always

the same as the IEA tirseries. Please see the example of cok€ahle4.5.2.

451.3 Steel CRTcategory2.C.1.a)

Carbon dioxide is released from carbon content of pig iron and graphite electrode of the electric arc
furnace (EAF) during steel production are reported.in.1.1 Steedubsector.

During basic oxygen steel production, the carbon content of the pig iron is converted from 4% to 1%.
This means that 3% of carbon content present in pig iron is emitted aar@.% of carbon content
is stored in the steel.

Carbon content of the pig iron might originate from the coke consumed in the blast furnace, iron ore
and additives. In order to avoid double counting these emissions should be subtracted from subsector
2.C.1.b Pig Iran

The default carbon content of pig iron is: 4% (2006 IPCC Guidelines). In the case of carbon content of
steel these guidelines specify it as 1%.

In the case of EAF steel production, data is available in the EU ETS emission reports on carbon content
reduction during the process from 2008, therefore plapecific data is used for the reporting of
emissions from EAF steel production and extrapolatibthe average of years 206812 is applied

using EAF steel production as surrogate data. The factor calculated as average of ye@®12038

0.055 compared to the default 0.05 t €OEAF steel.

In the case of EAF steel production the input material is usually scrap iron and other unknown material.
This feedstock does contain carbon but it is not originating directly from the use of coke of the blast
furnace of the given year. So, EAF steel pradiccy A& Ay Of dZRSR Ay of GSSf
formula above, but the carbon content reduction of EAF steel production is not subtracted from
2.C.1lb

Quicklime used in BOF furnaces is not producedite) as it is declared by the operator.

During the investigation of EU ETS data it was discovered, that for 2008, CO2 emissions for EAF steel
production was reported years later by one of the EAF companies under the EU ETS. As estimated 2008
emission data were used in the calculated extrapotafior 19852006, emission was recalculated for

years 19852006 and 2008.

4.5.1.4 Pig lronCRTcategory2.C.1.b.)

Emission from use of coke, natural gas, coke oven gas (COG) and own use of blast furnace gas is
reported in2.C.1.b

150



HUNGARY National Inventory Documerit9852024 IPPU

In addition, use of limestone, dolomite and other ores and additives is also included here, so the whole
process of pig iron production is aimed to be reported here.

The blast furnace gas (BFG) recovered and delivered for energy production purposes is redoAed in

sector, while the COemissions during the carbon content reduction in steel production process
(originating from the coke) is reported BiC.1.a One part of the blast furnace gas is used in own
processes, while the other part is delivered to an electricity producer. Amount oé@idsion from

oflad FdzN¥yIFOS 3ALa gKAOK Aa y20 GF 1Sy Reogpuergg I 002 dzy
only for transparency purposesand it is delivered to emissions bfAsector.

Timeseries of coke, BFG, COG and natural gas are available in IEA EnStat, but the precise allocation is
not included (or not consistent). But plant specific data on the exact allocation is available from the
year 2004, therefore extrapolations are appliethiere needed (please see the example in above on
allocation of coke consumption from IEA EnStat and within subsectors of 2.C.1). In addition, plant
specific net calorific values had been prioritized, where available.

CQ emissions from coke are reported using plapecific data from 2008. For the years before 2008
extrapolations are applied using default emission factors. In the cases@ndiskions, emissions from
natural gas, COG, limestone and dolomite use are calculated using default factors from the 2006 IPCC
Guidelines. Emission from other ores and additives is reported usingptaific data from 2007 (first

year where available)ral extrapolation is applied using the average of the implied emission factor of
the last two years and pig iron production as surrogate data.

During the investigation of EU ETS data it was discovered that part of the blast furnace gas produced
during the BOF pig iron production was not transferred offsite but was flared, therefore this quantity
cannot be included in the recovery. CO2 emissianbracovery was recalculated from 2007 onwards.

Table4.5.2 Timeseries of coke consumption (kt) in IEA EnStat and in 2.C.1

IEA EnStat (kt) 2.C.1 (kt)
Coke consumptior . .
in .Coke consumptior 2.C.1.b Pig Irc 2.C.1.d Sinter
n SUM IEA ) coke used in SUM 2.C.1
blast furnaces coke used in E .
. Iron and steel sinter
(Transformation)
> 2
1985 1471 209 1680 1565 wa = 115 = 1680
39 2 I o —
oD o ©
5280 2>
B.Y. 1447 144 1591 1483 «@ o g 109 8 1591
a® =
1986 1525 112 1637 1525 112 1637
1987 1 346 111 1457 1358 99 1457
1988 1292 141 1433 1335 98 1433
1989 1129 102 1231 1147 84 1231
1990 1040 16 1 056 984 72 1 056
1991 737 115 852 794 58 852
1992 656 158 814 758 56 814
1993 778 43 821 765 56 821
1994 891 50 941 877 64 941
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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

870
815
562
597
590
639
566
606
549
570
596
601
620
599
593
686
687
661
356
462
635
452
655
662
592
535
382
307
129
NO

43
63
83
100
157
108
126
112
161
170
123
111
135
123
38
52
53
49
27
30
50
36
51
52
46
42
30
24
11
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913
878
645
697
747
747
692
718
710
740
719
712
755
722
631
738
740
710
383
492
685
488
706
714
638
577
412
331
140

851
818
601
649
696
696
645
669
662
689
671
665
709
668
599
689
685
661
347
443
639
447
662
666
589
533
377
295
125

62
60
44
48
51
51
47
49
48
51
48
47
46
54
41
49
55
49
36
49
46
41
44
48
49
44
35
36
15

0D V3l NNS

(%89
JO areys abeiane) erep ayoads jue|d

IPPU

913
878
645
697
747
747
692
718
710
740
719
712
755
722
640
738
740
710
383
492
685
488
706
714
638
577
412
331
140

Please find the activity data used and the resulting emissio2<iri.b Pig Irosubsector infable4.5.3

below.

Table4.5.3 Trend of activity data and emissions in 2.C.1 b Pig Iron subsector

1985
B.Y.

Pig Iron
produced

kt
2095
2085

Coke

in BF

TJ

42 475
40 234

BFG

recovered COG
consumption and used used Consump
outside for in BF

energy
TJ
2189

2 364

TJ
283
436

NatGas

tion in BF

TJ

152

3948
3930

Lime
stone
used
in BF
kt
57

57

Dolomite Emission
used in Bl

kt
2
2

SUM CQ@

in
2C.1b
kt
3898.98
3616.83

SUM
CH
emission
in
2.C.1b

kt
0.43

0.41
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1986 2054 41 388 2690 411 3871 56 2 3648.10 0.42
1987 2107 36 837 2214 616 3971 58 2 3303.39 0.37
1988 2093 36 231 1868 679 3945 57 2 3327.66 0.37
1989 1954 31123 1443 694 3683 53 2 2897.18 0.32
1990 1697 26 699 1446 629 3198 46 2 2426.70 0.27
1991 1314 21541 1090 656 2476 36 2 2005.57 0.22
1992 1176 20 580 1503 618 2216 32 1 1815.57 0.21
1993 1407 20 783 1615 576 2652 38 2 1812.03 0.21
1994 1595 23 820 1936 794 3006 44 2 2062.99 0.24
1995 1515 23111 1674 876 2855 41 2 2061.35 0.23
1996 1496 22 226 1553 746 2820 41 2 1985.46 0.23
1997 1140 17 470 1972 746 2149 31 1 1375.76 0.18
1998 1259 19 204 3 859 716 2373 34 1 1077.06 0.20
1999 1310 20 649 3939 614 2469 36 2 1203.20 0.21
2000 1340 20719 4141 673 2526 37 2 1160.52 0.21
2001 1226 19194 3685 273 2311 33 1 1071.70 0.19
2002 1335 19 946 3800 118 2516 36 2 1137.44 0.20
2003 1333 19 535 3711 311 2512 36 2 1125.97 0.20
2004 1351 20 237 4 236 358 2952 14 0 1080.08 0.21
2005 1338 19 589 4 063 369 2453 25 0 1034.86 0.20
2006 1336 19619 4 065 906 2186 20 0 1041.58 0.20
2007 1394 20 881 4460* 1031 1869 24 0 1008.28* 0.21
2008 1289 19 685 4310* 774 1477 28 0 954.49* 0.20
2009 1050 17 743 3947* 300 605 36 0 812.49* 0.18
2010 1325 20 618 5238 927 1757 66 0 859.94* 0.21
2011 1315 20 354 4692* 831 1692 61 0 886.96* 0.21
2012 1228 19 501 4561* 744 490 48 4 762.63* 0.20
2013 628 10 121 2489* 380 530 14 5 444.95* 0.10
2014 801 13067 3494* 599 816 38 0.8 532.22* 0.13
2015 1247 18941 4844* 1130 1584 30 0 788.34* 0.19
2016 863 13424 3250* 688 699 22 0.02 558.36* 0.14
2017 1313 19556 4928* 1018 1590 27 0 819.67* 0.20
2018 1355 19654 4885 1207 1916 29 0 895.71 0.20
2019 1151 17266 4227 892 1373 21 0 785.30 0.17
2020 930 15628 3995 809 1117 52 0 701.71 0.16
2021 621 11038 2482 385 264 23 0 552.56 0.11
2022 492 8903 2022 209 183 20 0 395.63 0.09
2023 211 3619 798 7 194 0 185.04 0.04
2024 O 0 0 0 17 0 0.99 0.00

* Recalculated in the 2020 submission
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4.5.1.5 Sinter and pellet§RTcategory2.C.1.ee.)

Amount of sinter or pellet produced is not available. However, the amount of coke and natural gas,
limestone and dolomite and other ores and additives used during sintering is available from direct
reporting of the company from the year 2004. For the ydmf®re 2004 activity data was extrapolated
knowing material consumption and pig iron production rate after 2004, emission extrapolation is
applied using the implied emission factor of the last year or the average of the years available
depending on the &nd of the IEF.

CQSYAadaAzya FNRBY 021Ss ylidaNIf 3FFraz tAYSadz2ySs
reported.

In addition, Chlis estimated using default EF for coke (10 kg/ TJ coke), due to lack of data on the
amount of sinter or pellet produced. G reported from coke combustion in sinter plant and from
2016 submission also the £&mission from natural gas use in sinter plant calculated with default EF
has been included due to the recommendation received during the informal review organised by the
EU in November 2015. However, this recalculation causes less than 0.01 Gg incesaissions.

In recent years coke and natural gas consumption are quite stable, meanwhile limestone and dolomite
use has strong fluctuation which can be seen also in the emission data.

Please find the activity data used and the resulting emissioBdri.de Sintersubsector in the table
below (Table4.5.4).

Coke NatGas Limestone Dolomite o

consumption in  consumptionin  used in sinter  used in SUM emission

sinter plant sinter plant plant sinter plant 2.C.1de

TJ TJ kt kt kt CQ-eq
1985 3012 207 175 164 552.92
B.Y. 2853 206 174 163 532.59
1986 2935 203 172 161 539.88
1987 2612 208 176 165 504.99
1988 2569 207 175 164 498.49
1989 2207 193 163 153 441.91
1990 1893 168 142 133 380.91
1991 1528 130 110 103 302.49
1992 1460 116 98 92 282.03
1993 1472 139 118 110 303.84
1994 1687 158 133 125 346.70
1995 1637 150 127 119 333.53
1996 1574 148 125 117 324.17
1997 1157 113 95 89 241.74
1998 1250 124 105 99 263.61
1999 1339 129 110 103 279.07
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2000 1339 132 112 105 281.70
2001 1241 121 103 96 259.62
2002 1287 132 112 104 274.89
2003 1273 132 111 104 272.96
2004 1333 113 78 137 280.52
2005 1264 157 91 124 273.85
2006 1228 125 104 108 265.50
2007 1147 127 118 103 263.00
2008 1408 137 137 78 293.31
2009 1086 108 91 49 214.35
2010 1338 120 137 65 281.98
2011 1462 128 139 100 310.75
2012 1296 131 110 100 279.04
2013 943 138 35 75 191.04
2014 1340 140 110 76 262.70
2015 1317 131 93 115 272.52
2016 1191 130 36 88 202.43
2017 1273 124 63 131 257.50
2018 1350 132 68 132 265.56
2019 1350 138 76 123 261.88
2020 1239 131 119 108 258.71
2021 980 90 61 79 189.78
2022 957 88 62 54 165.11
2023 388 54 22 27 73.73
2024 O 0 0 0 0

Table4.5.4 Trend of activity data and emissions in 2.C.1 d. Sinter subsector
* Recalculated in the 2021 submission

45.1.6 Uncertainties and timseries consistency

Uncertainty values are estimated based on maximum uncertainties determined in EU ETS 601/2012/EC
Regulation for Iron and Steel production. Uncertainties for &d estimated based on 2006 IPCC
Guidelines.

Uncertainty AD EF Combined
2Cl1 Iron and Steel Production CH 10 10 14.14
2C1 Iron and Steel Production CQ 7.5 5 9.01
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45.1.7 Sourcespecific QA/QC information and verification

Please note that in Hungary a quite wide range of emission sources are allocated in [&€sént
sector, which might cause differences compared to other countries, although we believe that it is in
line with reporting of the 2006 IPCC Guidelines as it is described in the introduction of this chapter
above.

For example, during the trial review performed by EU in November 2015 it was noted that the IEF is
high compared to other countries both &.C.1.band 2.C.1.de subsectors. The high IEF can be
explained by the fact that several types of emissions, including emissions from BOF and limestone and
dolomite use are also included in this category.

In addition, it was also noted that in 1993. 1998 and 2013, the change in CO2 emissions (total of 1.A.2.a
and 2.C.1. compared to the previous year) deviated distinctly from the change in pig iron production
(compared to the previous year). The explanati@that in HU Inventory BFG delivered outside from

iron and steel factory and used for energy purposes is reported in 1.A.1.a sector. If BFG used for energy
purposes (and reported in 1.A.1.a) is also taken into consideration, trends are much more fseallel
Figure 4.6.2below). In this case the deviations from the trend of pig iron production in the years
mentioned also disappear, except for the year 1993. In this year, there might be some problem with
pig iron production data, as the trend of emissions and the trenflef used in IEA EnStat are in
agreement (see blue columns and green line in Figure 4.6.2 below). The amount of BFG used within
iron and steel production and delivered outside for energy purposes is based on IEA EnStat allocation.

SUM EM from 2.C.1 + all BFG Recovered (not only 1.A.2.a; but
1.A.1.a+1.A.2.a) interannual changes

Pig Iron production interannual changes

60% -
50% -

40% - ——SUM Fuel used in 2.C.1.+ BFG used outside interannual changes 4

|

30% -
20% -
10% -
0% -

-10% -

-20% - i
-30%

-40% 4

-50% -

-60% -

VL PP PP PP PSS
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Figure 4.6.Zomparison of trends of pig iron production, fuel use and the emissions allocated in
different sectors in HU GHG inventory

45.1.8 Sourcespecific recalculations

In 2.C.1.& Steel production, from 2009 a double count was performed regarding thee@@sions
from EOF production. Corrected £#mnissions are reported from 2009 onward.
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in 2.C.1.&; Sinter and pellet, from 2016 a double count was performed regarding thee@@sions
from produced sinter. Corrected @e@missions are reported from 2016 onward.

4.5.1.9 Sourcespecific planned improvements

None.

4.5.2 Ferroalloy ProductiorORTcategory2.C.2)

4.5.2.1 Source category description
Emitted gas: CO

Methods: T1
Emission factors: D
Key sources: None

Upon smelting alloying additive and iron, together with dlagming additives, a reduction reaction

occurs which results in release of CO

Ferroalloy production was present in Hungary only between 1985 and 1990.

4.5.2.2 Methodological issues

Fuels were included in secttrA.2.Aand only technological G@missions were calculated here. The

production data were obtained from the HCSO.

Default Tier 1 emission factors from the 2006 IPCC Guidelines have been applied together with the

new EF for Ciemission.

4.5.2.3 Uncertainties and timseries consistency

Uncertainties are estimated based on 2006 IPCC Guidelines.

Uncertainty AD EF
2C2 Ferroalloys Production CH 5 37.5
2C2 Ferroalloys Production Co 5 37.5

4.5.2.4 Sourcespecific QA/QC information and verification

General QA/QC procedure apply.

45.2.5 Sourcespecific recalculations

None.
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45.2.6 Sourcespecific planned improvements

None.

4.5.3  Aluminium ProductionGRTSubcategory?.C.3)

4.5.3.1 Source category description

Emitted gases: GOPFCs (GFGR)

Methods: T1, T2
Emission factors: D
Key source2C3 AluminiuniProduction¢ PFCg T

During alumina electrolysis, €@ released from carbon anode. At the same time, fluorinated
hydrocarbons are produced from cryolite as a result of anode effect when aluminium oxide
concentration is low in the electrolyte of the reduction cell. From the beginning of 2006 this technology
is no longer in use in Hungary.

453.2 Methodological issues

PFC emissions were calculated using Tier 1 methodology foar@€OTier 2 methodology for PFCs
recommended by the 2006 IPCC Guidelines.

Production data, including data on the sites already abandoned, were obtained directly from the
factories. After the major political changes, two electrolysis plants were abandoned. The resulting
OKIFIy3aSa Ay (KS @2t dzyS 27F | tedsydre/shamh in thiNBbR dmlivA 2 Y 0
(Table4.5.5).

Very detailed, equipmenrevel data is also available from the factories on production: anode effect
minutes per cefday that makes possible the use of Tier 2 method for PFCs. Default slope coefficients
from Table 4.16 of the 2006 IPCC Guidelines argezppl

The trend of emissions is also includedrable4.5.5 below. C@eq emissions of PFC are calculated
using new GWP values from IPCC 4th AR as it is required.

Table4.5.5 Amount of aluminium produced (kt) and trend of.@@d PFC emissions

Production of CQEmission CRremission CFsemission

aluminium (kt)  (kt CQ) (kt CQ-eq) (kt CQ-eq)
1985 73.86 125.57 333.35 34.09
B.Y. 73.75 125.37 336.50 34.58
1986 73.87 125.59 337.46 34.67
1987 73.51 124.96 338.67 34.99
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1988 74.64 126.89 329.96 33.67
1989 75.19 127.82 357.52 36.90
1990 75.13 127.72 340.18 35.54
1991 62.88 106.89 293.23 30.37
1992 26.82 45.59 165.55 14.49
1993 27.88 47.39 178.93 15.66
1994 29.65 50.40 195.12 17.07
1995 31.91 54.25 204.80 17.92
1996 33.47 56.89 195.68 17.12
1997 33.67 57.25 195.06 17.07
1998 33.71 57.31 209.94 18.37
1999 33.64 57.19 214.99 18.81
2000 33.85 57.55 258.68 22.63
2001 34.59 58.80 243.64 21.32
2002 35.29 60.00 247.63 21.67
2003 35.04 59.56 231.16 20.23
2004 34.35 58.39 245.58 21.49
2005 31.78 54.03 255.15 22.32
2006 NO NO NO NO

4.5.3.3 Uncertainties and timseries consistency

Uncertainties are estimated based on 2006 IPCC Guidelines.

Uncertainty AD EF Combined
2C3 Aluminium Production CQ 2 10 10.20
2C3 Aluminium Production PFC 2 99 99.02

4.5.3.4 Sourcespecific QA/QC information and verification

The factory operated an accredited quality assurance system. We have seen very well kept production
records. The necessary data were given to us from these records. The company could provide data
from almost 20 years of production without any difficulty.

4.5.3.5 Sourcespecific recalculations

None.
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4.53.6 Sourcespecific planned improvements

None.

4.5.4 Zinc ProductionGRTubctegory?2.C.6)

Notation keys for activity dataand e YA aadA 2y $SNB OKI y3aISR FNBY alL9¢
series due to recommendation of ERT (20X6dnntry review). The last zinc mine was closed in 1985

and was flooded in 1986, since then only zinc processing is occurring in Hungary with fuel relate
emissions (it is included in 1A sector).

4.6 Other Products Us€RTcategory2.D)

4.6.1 Source category description

Emitted gas: CO

Methods: T1, T2
Emission factors: D
Key sources: None

In this sector, C&emitted during the use of lubricant2.0.1) and paraffin waxe2(D.2 are included.

In these products carbon is mostly stored, however some carbon is oxidized and emitted in the form
of CQ during their use. In addition, G@mitted during ureabased catalyst in vehicles is reported in
2.D.3subsector as it was suggested by EU experts; however, these emissions are very low.

Since 2016 submission indirect &&issions from the oxidation of NMVOC has also been included,
but solely from those sectors that had been reported before the 2015 submission, too. This is in line
with the recommendation of EU WG1 of February 2016 that states:

0According to paragraph 29 of the UNFCCC reporting guidelines for GHG inventories (Annex | to decision
HNnkK/ t dmo a! yYSE Lt |,KdmitiBaatmasphéric dkidlatish MdiGHOOyaRdA NS O (i
NMVOCs. For Parties that decide to report indirecttl®national totals shall be presented with and

without indirect Cg& @

tF N} oTo000 GUKS !'bC/// NBLRNIAYy3I 3IFdZARSEAYySa aidlids
reported in a previous submission, emissions from this specific category shall be reported in subsequent
DID AY@SY(i2NR &ddzoYAadaAizyaodé

Reporting ofindirect G& YA daA2ya Aa y20 YFYyRFG2NE o6aYl&é¢ Ay L
with paragraph 37(b) those countries that included indirect @®@issions in the past in their GHG
inventories shall continue to report indirect {&missions in their inventory.

In the case of Hungary, indirect &@m the oxidation of NMVOC from old NFR se8t@dFR09 codes)
had been reported before 2015 submission. This corresponds to NFR 2d2t8ra Domestic solvent
use 2.D.3.d Coating application®.D.3.e Degreasin@.D.3.f Dry cleanin@.D.3.g Chemical Products
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Use 2.D.3.h Printingand 2.D.3.i Othersubsectors at the moment. Indirect GHGs reported in an
aggregated way undeét.Dsector are taken from the last submission of CLRTAP Air Pollutants Emission
Inventory of Hungary. In this way consistency is ensured with the other reporting oblightitme

2026 submission, a new source was added to the 2.D.3.i subesector: the aireicfigibased on used
solvent data published by the Budapest Airport.

4.6.2 Methodological issues

CQ emission from lubricants and paraffin wax use are reported using Tier 1 method and default
emission factors from the 2006 IPCC GuidelinesTabée4.6.1).

Activity data is taken from IEA Energy Statistics.

In the case of urea based catalyst in vehi¢®B.3),emissions are reported using Tier 1 method and
Eq.3.2.2 from Vol. 2 of 2006 IPCC Guidelines. Activity data is taken from COPERT model.

Table4.6.1 Default emission factors applied in 2.D.1 and 2.D.2 sectors

Lubricant use
Paraffin wax use

CC Lubricant = carbon content (default) kg C / GJ NCV (: 20
ODU- oxidised during use factor (default) 0.2

Indirect CQ emissions from the oxidation of NMVOC from subsectors mentioned above have been
included using default 0.6 t C/ t NMVOC value from 2006 IPCC Guidelines (Volume 1. Chapter 7. p. 7.6).
Please note that the same values have been used in case of submissiores2015 of Hungary. The

trend of direct and indirect C&missions of the whole 2D sector is presente#igure 46.1 below.

Please note that the trend of emissions from lubricant and paraffin wax use is consistent with the trend
of lubricant and paraffin wax use in IEA EnStat.
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Figure 46.1 Trend of C@emissions in sector 2.D

4.6.3 Sourcespecific QA/QC information and verification

General QA/QC procedures apply.

4.6.4 Sourcespecific recalculations

In the recent submission, the following recalculations have been made:
2.D.1¢ Lubricant use. Emission data was recalculated for the 2023 report year.
2.D.3¢ Urea based catalysts. Emission and activity data were recalculated from 2007 onwards.

2.D.3.a¢ Solvent use. Emissions from a new source were added to this source category from 2015
onwards, as well as an emission value was corrected for the year 2023.

4.6.5 Sourcespecific planned improvements

NMVOC emissions from the Solvent and other product uses sector are further investlgaterhext
submission we are considering to remove the indirect CO2 emissions from 2D3 sector.
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4.7 Hectronics industry (CRategory2.E)

Emitted gasSk
Methods:T3
Emission factorPS
Key sourcedNone

Several electronics manufacturing processes utilize fluorinated compounds for plasma etching,
cleaning chambers and temperature control. The specific electronic industry sectors are
semiconductor, thidilm-transistor flatpanel display and photovoltaic\¥Pmanufacturing. In Hungary
emission from this sector is appears only between 2001 and 2005.

During the search for potential emission sources of fluorinated gases from electronics industry, no NF

use has been identified in Hungary before 2019, but a small quantitysdfaSFeen used between

2001 and 2005 by a semiconductor manufacturer company. $as $&ported in2.Esector solely

between years 2001 and 2005 based on the data provision of a semiconductor manufacturer company.

They also declared that the Stas been acquired domestically, so the amount was allocated from the
time-series of anual sales of $For other use in order to avoid doubleounting. This fact is in line

GAGK ¢Fo6fS codtr 2F +£2fdzyYS o 2F (GKS Hnnc Lt/ / DdzAR
from Hungary is listed for the years 262605.

Table4.7.1 Emission from category 2.E

Emission (kt C&eq)

2001 1.19
2002 1.19
2003 1.19
2004 1.19
2005 1.19

In response to a recommendation from review conducted in 2019 Hungary should give an explanation
how emissions were determined only between 2001 and 2005 and for only one company.

In Hungary, manufacturing of raw materials for the electronics industry is not significant, mostly only
assembly activities take place in this sector. In order to calculate the emission of this sector for earlier
years, potential sources have been ideeifi by searching of potential emission sourc&RT
recommended that Hungary provide an explanation how these potential sources were determined.

For the earlier years, Hungary got in touch with companies in 2014 which are potential emission
sources of greenhouse gases in this category. Only one company saidstwas&fSed between 2001

and 2005, after 2005 the company had not used and had not bought this type of gas (this emission
from 2.E category between 2001 and 2005 is below the threshold of significance. In response to the
review 2020, this company confirmetdt this gas was last used 15 years ago as production of that
kind of product was mmoved from the product range and introduced new substances for cleaning
panels.
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Other companies said that greenhouse gases are not used during manufacturing. According to the
Hungarian Photovoltaic and Solar Collector Association there are no manufacturing of photovoltaic
panels in Hungary, but there was a company where technologloiig of solar cells was used by way

of an experiment but the company did not use any type-gbbes.

During the review 2020 ERT would like to know how new researches into new potential emission
sources for the electronic industry are progressing. During the Web Conference of review 2020
Hungary informed the ERT that one plant has used from 2001 to 2Q0&n8FHungary said that
Member State Experts had a list of companies which manufacture/assemble semiconductors, PV cells
or other electrical equipment. These 30 plants cover the period between 1996 and 2018 according to
the Hungarian Central Statisticalfioé (HCSO)According to this list of HCSO in 2018 and 2017 there
were only 8 company in Hungary which is manufactured several kinds of electrical equipment. During
the review member state experts could get in touch these plants. All of these companies confirmed,
that they do not use PFCs and; 8&ring manufacturing because they only assemble accessories.

However, after the review the search for potential sources continued. As a result of this, it turned out
that since 2019, solar cell production has been going on in a company by test operation and this
manufacturer uses NFThis quantity was not reported in national statistics until now. Member state
got in touch this company and clarified that this company usesm\groduction to periodically clean

the surface of our deposition equipment. NE used through a completely closed and continuously
monitored system for leaks. After use the remaining and reacted gas is neutrbljzadyas burner,

and the combustion product of this is treated with alkaline and electrostatic air purifiers. During these
processes remaining and reactedsNBRs is completely removed.

The company provided information about the amount of;NiBed and the amount of solar cells
produced. According to the manufacturer, during the manufacturing the technology is completely
safety. Due to this fact and because there is no emission factor per square meter produced in the case
of PV production, Huragian inventory does not include the emission of this activity.

As far as the Hungarian expert teakmows there is still no semiconductoand solar panel
manufacturing in Hungargnly semiconductor module assembly (integration) is done.
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4.8 Fluorinated substitutes for ozone depleting substanCéSI¢ategory?2.F)

4.8.1 Overview of categor{2.F)

Emitted gasesHFE23, HFE32, HFE125, HFEL34a, HFA43a, HFA52a, HFQ27ea, HFQ36fa, HFC
365mfc, PFC116 {&), PFC218 (&), PF&-1-14 (GFus)

Methods T1, T2

Emission factorCS, D

Key sourcesRefrigeration and Ai€onditioning (2.F.1)

HFCs or their blends are mainly used in household, commercial, industrial, transport refrigeration and
air conditioning equipment; fire suppression and explosion protection equipment; in aerosol products;
by solvent cleaning; as foam blowing agents andptpplications.

Category 2.F includes Refrigeration and Airdaming (2.F.}, Foam blowing agents (2.F.ZFire
protection (2.F.} Aerosols/Metered Dose Inhalers (2.F.4) and Solvents (2.F.5). These categories use
HFCs (fluorinated hydrocarbons) and PFCs (perfluorcarbons) which are alternatives to ozone depleting
substances (CFCs, HCFCs, etc.) being phased out under the MontteeblPtd-Cs are chemicals
contain hydrogen, carbon and fluorine, while PFCs contain only carbon and fluorine. HFCs and PFCs
might be used lmne or mixed in blends. PFCs were started to be used as an ingredient of cooling
blends in 1997. In 1998 and 1999, some quantities were also used for adhesive tape production. Please
note that PFCs are also emitted during aluminium production to be tegdn sector2.C.3that used

to be the main source of PFCs in the beginning of the-8erees, but stopped in 2005.

In Hungary HFCs, PFs; &t NE are not produced, these gases are all imported for the whiohe
series HFCs and PFCs; &k NE are included under the UNFCCC as they have high global warming
potentials (GWPs). New GWPs from the IBC@ssessment Report are applietaple 48.1). The
applicable GWPs are determined based on the effects of greenhouse gases oveyeadfithe
horizon as provided by the IPCC irFifth Assessment Report.

Table4.8.1 The list of relevant-Gases in Hungary with GWP values to be used are defined in Annex
of Commission Delegated Regulation (EU) 2022/1044.

Global warming
potentials (GWP)

Global warming

Greenhouse gas potentials (GWP)

Greenhouse gas

HFG23 12400 HFG245ca 716
HFG32 677 HFG245fa 858
HFC125 3170 HFG365mfc 804
HFCG134a 1300 PFG14 6630
HFC143a 4800 PFCl116 11100
HFC152a 16 PFE218 8900
HFG227ea 3350 Sk 23500
HFG236fa 8060 NR 16100
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4.8.1.1 Trend

Use of HFCs started in 1990, first in mobilecainditioners and household refrigerators. Furthermore,
F-gases in medical aerosols has been used since 1992 (and using of it is still significant today). Then the
use of HFCs and PFCs as a refrigerant iseimld refrigerators has strongly declined (for example the

only Hungarian producer of household refrigerators uses exclusively R600 (isobuthane) for years), and
commercial, industrial refrigeration and aionditioning became more and more important.

Coverage of all gases andak.1subsectors are ensured by the fact that both a Hungarian and an EU
level Regulation are in force that require quite detailed data provision. The scope (list of gases to be
reported) of Govt. Decree 14/2015 on fluorinated gases is the same as the scéi&/2014/EC
Regulation of the EU ondases, which is the same as the UNFCCC (before February 2015, the Gowt.
Decree 310/2008. and the Regulation No 517/2014/EC were in force in Hungary). Regulation (EU) No
2024/573 of tke European Parliament and of the Council on fluorinated greenhouse gases, amending
Directive (EU) 2019/1937 and repealing Regulation (EU) No 517R&ddlation 2024/573, adopted

by the European Parliament, contains a number of changes that affect the future ugmeés.

2000 =
2F1 m2F2 ®m2F3 m2F4 m2FES =l
1500 -

1000 -

500

Emissions of sector 2.f (kt CO.-eq)

0
1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023

Figure4.8.1 Trend of emission from 2.F.1 between 1990 andZkRPCQ-eq)

Emission of fgases has stagnated for the last few years and increasing emission seems to be stalling.
In average a foufifths (it is between 680% for the whole time series) of category 2.F come from the
operation of refrigeration and aiconditioning equipment containing-gases. In 2023, this category
accounts for 92% of total 2.F emissions. The second largest subsector is 2.F.2. (Foam béwing ag
which is accounts for gercent of total 2.F emissionsoftinuous regulation of high GWP gasesl®
expected to reduce the emissioisthis sectorEven though many refrigeration systems are operated

with higher GWP gases, disposal practices are also becoming increasingly important, so emissions from
equipment containing fgases will not continue to increase significantly.

Emissions are to be reported by gas in the inventdfigure 4.81), so the blends/preparations
containing different Fgases need to be proportionated.

Trend of emissions dluorinated greenhouse gases is presentedable 4.82.
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Table4.8.2 Emission from 2.F by subcategories between 1990 and 202

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

2.F1

0.002
13.760
14.071
14.316
17911
22.449
27514
41.790
71114

138507
180647
225688
319460
400512
484.376
563129
684.040
859305
1009001
1107.644
1236218
1383010
1472769
1534904
1712436
1837.903
1802002
1608576
1646365
1684806
1687152
1679056
1624979
1620.514
1638.166

2.F.2.

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
47197
102008
171898
190963
149782
145306
149205
121698
128497
130180
137414
155826
126595
135058
138744
139400
146357
143186
146712
136.630
99.912
99.912

2.F.3.

2.F.4.

kt CQ-equivalent

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
0.321
0.510
0.862
1.636
3.286
5735
6.395
6.435
6.314
7.076
8.077
8.407
8.359
8.192
7.953
7.787
1477
7.245
6.960
7.069
6.787
6.515
6.255
6.004
5.764
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NO
NO
0.009
0.010
0.010
0.011
0.011
0.012
0.013
0.013
0.015
0.016
0.018
0.019
0.021
0.039
0.054
0.049
0.047
0.042
0.042
0.044
0.047
0.051
0.052
0.041
0.030
0.031
0.031
0.032
0.032
0.031
31.366
30437
30.125

2.F.5.

NO
NO
NO
NO
NO
NO
NO
NO
0.028
0.043
NO
0.004
0.004
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

SUM

0.00
13.76
14.08
14.33
17.92
22.46
27.53
41.80
7116

13856
18098
226.22
32034
44936
589.69
74080
88145
101557
116067
126397
136603
151996
161136
168056
187627
197233
194457
175460
179276
183826
183716
183231
179923
1756.87
1773.97
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4.8.1.2 Methodological issues

The bllowing table summarizes the methodologies used for each subcategory in 2.F. Detailed
information of these methods are explained in the following chapters.

Table4.8.3 Overview of methods, emitted gases and emission factors used in category 2.F.

CRT Emitted

Code gases Method EF
Refrigeration and AiConditioning 2.F.1 HFCs, PFCs Tier2 Cs,D
Foam blowing agents 2.F.2 HFCs Tier2 CS
Fire protection 2.F.3 HFCs Tierl D
Aerosols 2.F4 HFCs Tier2 CS,D
Solvents 2.F.5 HFCs, PFCs Tier2 CS

4.8.1.3 Sourcespecific ecalculations
In the recent submission, the following recalculations have been made:

2.F.1¢ From 2021 onwards, the product lifetime factor applied in category 2.F.1 was reduce€d by
resulting in lower emissions from product use. The lifetime factor was adjusted3Bota 30 years
for commercial refrigeration (2.F.1.a), frd2b to 20 yeardor industrial refrigeration (2.F.1.c), fro®

to 45 yeardor transport refrigeration (2.F.1.d), and frob® to 10 yeardor stationary airconditioning
(2.F.1.9).

2.F.2.a Foam blowing agents. Emissions for FIB@a, HF@227ea and HF@65mfc for the year 2023
were corrected because of a calculation error.

2.F.3¢ Fire protection. Emission values were incorrectly repoitethe previous submissioim this
source for the years from 2020 to 2023. Data weserectedfor these years in the recent submission.

2.F.4. Metered dose inhalers. Based on the recommendations of the recent ESD review, emissions
have been removed and signed as NO for the period 1995,
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4.8.2 Refrigeration and Ai€onditioning (2.F.1)

4.8.2.1 Source Category Description (2.F.1)

Emission from 2.F.1. is depicted Dable4.8.2. The major shar88.7% in the range of actual emissions
for year 2024 belongs to the subcategory 2.F.1.a. Subcategory 2.F.1.c, 2.F.1.e, 2.F.1.f. 2.F.1.d and
2.F.1.b accounts fdr9.9%,23.5%,9.1%,8.8% and 0.0% of total 2.F.Emissions, respectively.

,{v\« S

© 2 O o4 & L & 9O N ¥ L 2 O
S 9 2 A M N Y Y
FIFTFTS TS ITSTITSTFTSFS

2F1c 2F1d B 2F1f H2Fle H 2F1b

Figure4.8.2 Emission from 2.F.1 by subcategories

Emissions from 2F1 (kt CO2 eq)
=
]
o
o

Table4.8.4 Emission from 2.F.1 by subcategories

2Fla 2Fl1lb 2Flc 2F1d 2Fle 2F.1f SUM

YEARS _
kt CO-equivalent
1990 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1991 0.00 0.00 0.00 0.00 13.76 0.00 13.76
1992 0.00 0.02 0.00 0.00 14.05 0.00 14.07
1993 0.00 0.04 0.00 0.00 14.28 0.00 14.32
1994 0.00 0.06 0.00 0.00 17.85 0.00 1791
1995 0.00 0.08 0.00 0.00 22.37 0.00 22.45
1996 0.26 0.09 0.23 0.02 26.83 0.09 2751
1997 7.58 0.10 4.04 0.72 2773 1.62 41.79
1998 23.79 0.11 8.65 2.61 32.85 311 7111
1999 58.76 0.12 2475 6.05 40.61 8.23 13851
2000 76.58 0.12 28.89 7.54 57.64 9.86 180.65
2001 10297 0.13 36.96 10.02 63.13 1248 22569
2002 156.10 0.14 52.80 15.19 78.19 17.04 31946
2003 196.14 0.14 68.32 18.96 94.64 22.32 40051
2004 25127 0.14 88.06 24.00 9232 28.58 484.38
2005 28764 0.82 10263 27.26 11110 33.67 56313
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2Fl1la 2Fl1lb 2Flc 2F1d 2Fle 2F.1f SUM

YEARS .
kt CQ-equivalent
2006 354.27 0.81 12584 33.65 12844 41.04 684.04
2007 44090 5.87 154.28 42.02 166.58 49.65 85930
2008 52287 5.39 18575 49.70 18528 60.01 100900
2009 58130 5.40 206.05 54.58 19270 67.62 110764
2010 64823 5.75 23453 60.33 20617 8121 123622
2011 74057 4.17 267.06 68.69 20838 94.15 138301
2012 79557 251 286.45 72.63 216.72 98.88 147277
2013 81997 248 306.86 7461 22780 10319 153490
2014 91569 2.23 34834 83.39 24149 12130 171244
2015 95993 140 39176 89.80 26189 13312 1837.90
2016 914.68 1.27 37940 83.37 296.31 126.97 180200
2017 74343 1.17 357.16 77.86 314.85 11411 160858
2018 767.09 1.20 33874 87.40 32917 12278 164637
2019 69874 0.39 41050 98.32 34342 13344 168481
2020 72522 0.12 37753 96.54 34320 14455 1687.15
2021 71111 0.02 37750 104.49 33845 14749 167906
2022 687.68 0.01 32169 11109 32594 17857 162498
2023 671.96* 0.03 33204 116.02 32752 17294  1620.51*

2024 631.94 0.01 346.97 139.86 335.71 183.57 1638.17
* Recalculated in the 2026 submission.

Share of emissions within category 2.F.1 is shown in the following Figure. Use of HFCs started in the
beginning of 1990s, first in mobile aionditioners and household refrigerators. Then the use of HFCs

as a refrigerant in household refrigerators hasosfyly declined (for example the only Hungarian
producer of household refrigerators uses exclusively R600 (isobuthane) for years), and commercial,
industrial refrigeration and aiconditioning became more and more important.
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Figure4.8.3 Share of emissions within category 2.F.1 (%)
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4.8.2.2 Methodological issues (2.F.1)

Table4.8.5 Emission factors used for calculations

Subcategory QG Emitted gases Lifetime Emission factor
[years] L(|)f(<)at[|(r)2 ]e rlg Irfwlzli r::irrlgr?;)
[%]
Commercial Refrigeration 2F.1la HFCs, PFCs 15 30.0 50.0
Domestic Refrigeration 2.F.1b HFC 15 0 95.6
Industrial Refrigeration 2.F1lc HFCs, PFCs 20 20.0 70.0
Transport Refrigeration 2.F.1d HFCs, PFCs 15 45.0 20.0
Mobile Air-Conditioning 2.F1le HFCs 15 15.0 16.7
Stationary AirConditioning 2.F1f HFCs, PFCs 12 10.0 80.0

Emission factors, summarized in previous table have been determined based on expert estimates and
2019 Refinement to th006 IPCC Guidelindsmission factor is the average annual leakage and
average annual emissions during servicing @mission factor s the residual charge of HFC in
equipment being disposed (expressed in percentage of full charge, %).

The leakage rate of 1 percent of production was determined with the help of experts a few years ago.
After the 2021 review, Hungary tried to collect more data. According to one of Hungary's largest car
manufacturers the leakage rate is zero. Although, IBE@ult range is €9 years (lifetime) irthe
Refinement 2019 to th@006 IPCC Guidelines (vol. 3, p.7.52) for subcategory 2.F.1.d, the experience
in Hungary shows that it is significantly longer.

Following a methodological review carried out in 2021, updated informdigogame available on the
lifetime of equipment in several subcategori€ased on this review, the assumed lifetime values for
commercial refrigeration (2.F.1.a), industrial refrigeration (2.F.1.c), transport refrigeration (2.F.1.d)
and stationary akconditioning (2.F.1.f) were reduced by 5 years from 2021 onwards.

History of improvements

Before submission 20]1Hungary used the madmlance approach for the estimation of emissions

from the whole 2.F.1 category. So, Equation 7.9 from Vol.3 of the 2006 IPCC Guidelines was applied,
where data on annual sales of new refrigeraiotal charge of new equipmentyiginal total charge of

retiring equipment and amount of intentional destruction is needed.

During the 2017 submission, the ERT recommended that instead of Tierl, Hungary use the Tier 2
method for 2.F.1. category. Instead of dividing sector 2.F.1. tecatdygories based on a study,
Hungary should collect more data by stétegories. In order téollow the recommendations and to

obtain the most reliable data for the estimates of HFCs and PFCs emissions from this category including
emissions from fgases imported and exported in bulk and also in equipments, the following changes
were implemented fo submission 2019:

Foryearsthemass | f I y OS | LILINRR 20Ky @ YIRLILINGSI @K 24 $chitBgoried JLI A SR
AY HOCOMD C2N) KS F2404.06 k YHINE LIOKA @&IF RA DES Yy | QBR Qi
and expert estimations:
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A Domestic Refrigeration (2.F.1.b)
A Mobile Air-Conditioning ( 2.F.1.e)

The amount of HRC34a used for fill and refill products in subcategories MobileCainditioning and
Domestic refrigerator was subtracted from the amount of imported and exported chemicals in bulk
(for HFE134a), as these amounts are already accounted for

For the other four sultategories, Hungary used chemical sales which is based on the amount of
exported and imported fgases. In these sutategories Hungary used the same approach as before
completed with an estimation of exported and importedj&ses irequipments, so disposal emissions
from prefilled equipment appear in the inventorgo, Hungary was used the combination of Tier 1 and
Tier 2 approach for the estimation of emissions until submission 2021.

Up to submission 2020, recovery of refrigerants was not considered in the calculations. Previous
submission, according to the ERT recommendation recovery efficiency was developed for
subcategories of 2F1. Therefore, the amount of emission from disposakeasulated based on the

amount of fluid in operating systemsor these sulcategories we used the same allocation of
refrigerants as in previous submissions except for-Hg42a. For the latter, the proportion of the

amounts in operating systems as caimted in the Fgas database was taken into account.

The calculation of recovery efficiency was based on data from i@sFlatabase, which has been
operating since 2010. Generally, according to the Hungarian experts, recovery efficiency has been
increasing over the past years. As before 2010 Hungary hiasther information about the efficiency

of disposal, it was supposed that before 2010 recovery was neglidibleonsider the imported

products and equipment containingdases in the calculations the following method was applied
previous submissionsKtS | dzy FHINA | B @QICol 8SQ Ay Of dzRSdasesiiKS | Y2
prefilled equipment since 2015. The most relevant blend contained in imported equipment is R410A
(50% HF@2 and 50% HFEH p U o6 aSR 2y-3B &SR} dzy @ Ndsegonti@id2 NI SR
in equipment is calculated according to the database. The rate of the amount of fluid in operation
systems and the amount of imported R410A in equipment are taken into consideration in the
calculations. The calculated percentages for the amowitd~gases contained in net imported

products are 22% and 7% for HBZand 125, respectively.

Activity data

Annual sales data is calculated as the difference of import and export of bulk chemicals. Documented,
consistent timeseries of imporexport exists since 1992, thanks to the fact that the former Ministry

for Environment, Nature and Water collected thistaldogether with annual sales data of ozone
depleting substances directly from the wholesaler companies. HMS has always been in a strong
cooperation with the Ministry, so this data was used for the calculation of the inventory, together with
the additionalinformation collected directly by HMS when it was necessary.

By entry into force of Govt. Decree 310/2008 (XI11.20.) the task of data collection was transferred to the
Hungarian Monitoring Body for Certification (HMBC) as it is described in 2.F General chapter above.
HMS receives the data needed from the HMBC dataljas the preparation of the inventory still
through the ministry responsible for environment (Ministry for Agriculture). Consistency of the time
series is ensured by the fact that it was checked that the wholesale companies reporting to the Ministry
of that time are the same companies that report to the HMBC database too (except for the natural
changes of the market, like cessations and entries of course).
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The Hungarian Monitoring and Certification Body was also appointed for certification of persons

NBIlj dZA NER 0@ vy AHkdH nwiskkdf/ | (GoAé29y'é 08 | a./ FyR GKS RI{

Association of Cooling and Air Conditioning Businesses. GoveeD&hn/2008. (XI1.20.) was replaced

by Govt. Decree 14/2015 (11.20) that moves the responsibilities of HMBC to the newly established
National Climate Protection AuthorityVith the adoption of Government Decree No 14/2015. (11.10.)

on the conditions of atvities with fluorinated greenhouse gases and ozone depleting substance the
Authority was established on February 18, 2015 and its tasks were defined. HMBC database was
NEBYIl YSRIBaAaRWEFIOFIaSQod

Examining data exist indas database, Hungary has realized that data byagultication are accurate

only from 2017Amount of HFCs and PFCs banked in existing systems papglidation serves as the

basis for the calculations.

Actualmethod

In order to develop a Tier 2 methodology, further data collection and detailed data analysis were
required. In addition to the above, it was recommended to Hungary uses the emission factor (Tier2a)
approach in this sector. As, availability of data hasexganded enough to Hungary use tdpwn
approach in every subcategory (in 2.F.1), data on chemical sales also plays an important role in the
calculations. In subcategories, where tdpwn approach was improved in earlier years, there was
some changes in thcalculation method in order to meet the emission factor approach. These changes
and the emission factors will be specified in the relevant chapters.

In general, the equation 7.10.14 of Chapter 7.5.2.1 on Choice of method frort@PCRefinement
Guidelines was used:

E fotal, t = E charge, t+ E lifetime, t + E end-of-life, t
where:

T Ecrawe +:the emission during system assembly (as in Hungary manufacturing of refrigerators
and airconditioning systems is not appears, only assembly losses are taken into account),

1 Elrenme ¢ : the amount of Fgas emitted during system operation,

T Eecnvorirer - the amount of HFC and PFC emission at system disposal in year t.
E comainers have been left out of the equation, due to emission related to management of refrigerant
containers is typically less than 0.05% in Hungary (according to a Hungarian expert of the byggest F
distributor). Hungary would like to improve this value byesaV experts later.

Previous equation consists of the following terms:

1. Refrigerant charge emissions of new equipment:

(0] g 0 O—

where:
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1 M;:amount of HFC charged into new equipment in year t (peraqication), kg

1 4 : emission factor of assembly losses of the HFC charged into new equipment (per sub
application), %

2. Emission during lifetime (operation and servicing):

Y

. ,, W
@] R 0 O—
pPTT

where:

1 B::amount of HFC banked in existing systems in year t (peapplication), kg

1 x: annual emission rate of HFC of each-application bank during operation accounting for
average annual leakage and average annual emissions during servicing , %

3. Emissions at endf-life:

0 i b oL2p —
pTT p T
where:
T © r:amount of HFC emitted at system disposal in year t (peragudbication), kg

1 Maw:iamount of HFC initially charged into new systems installed in yely Ko

1 p: residual charge of HFC in equipment being disposed of expressed in percentage of full
charge , %

1 - :recovery efficiency at disposal, %

To make a consistetime serieghe following assumptions and methods was used:

1 Hungary uses the real quantity of banked existing systems peagpilication between 2017
and2023for subcategories 2.F.1.a/c/d/f

1 Itis important to highlight, according to the legislation, all applications that are subject to leak
testing are included is also required to register in thgals database. Refrigeration and-air
conditioning equipment containing 3 kg or more ef#&ses ee subject to leak testing. Due to
this fact smaller mobile atonditioning systems are not obligatory twe reported. Some
undertaking report aiconditioning equipment in database, but this value is negligible.

9 For that 3 years, rate of gases existing systems pegpphication can be quantifiabldable
4.8.6 includes these values.

1 As less variability can be detected in the data, Hungary was used the average of that 3 years in
further calculations.

1 Refrigerant quantities in equipment are available as aggregated data for the whole 2.F.1 sector
from 2010. These data are still unreliable at the beginning of the time series, as significant
changes took place in the institutions responsible for data ctda, so this data was used
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only from 2012. According to this, Hungary providetinae seriesby subcategory based on
the percentages summarized Trable4.8.6, to estimate the amount of gas in equipment.

1 For years before 2012, data based on the balance of import and export. Since 2010, database
contains data on how much gas was used for filling and refilling into new appliances. A share
of 53% is charged to new equipment (installation) &Y&o for servicingccording to the table
7.3Cof Chapter 71.2.2 on Choice of method from 2019 IPCC Refinement Guidelines

1 These data are in proportion to the total amount of gas aggregated, not for each gas.

1 1% of the amount calculated as total charge of new equipment was taken into account as
prompt emission.

1 Recovery efficiency: amount of regenerated gases in year t / original total charge of retiring
equipment (amount of fluid remained in products at decommissioning)

1 Determination of original total charge of retiring equipment is the total charge of new
equipment lifetime years ago multiplied by the emission factor initial charge remaining (p),
according to the equation 3 in this chapter.

1 These efficiencies were calculated using data from tga$-database, which was created in
2010. According to national experts, recovery efficiencies have been increasing over the past
few years. As Hungary has no further information about the efficiesfcthe disposal of
refrigerants prior to 2010, recovery was assumed to be negligible prior to thisFion2018§

2021, the average of these foyears was used to estimate the recovery efficiencies and,
assuming negligible recovery prior to 2010, calade linear trend between 2010 and 2017.

Table4.8.6 Rates of gases existing systems perapiplicationin 2024
2Fla 2Flc 2Fl1ld 2F.1f SUM

HFG23 0% 94% 0% 6% 100%
HFG32 21% 42% 2% 35% 100%
HFC125 49% 21% 11% 19% 100%
HFG134a 23% 65% 1% 11% 100%
HFC143a 7% 9% 15% 0% 100%
HFG152a 93% 6% 0% 0% 100%
PFC116 0% 93% 0% 7% 100%
PFE218 84% 6% 9% 1% 100%

The following table contains the values of recovery efficiency:

Table4.8.7 Recovery efficiencies between 2010 and3®2gas (%)

2018

2010 2011 2012 2013 2014 2015 2016 2017 2024

REBEED 5.0 100 150 200 250 300 350 400 450
efficiency
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4.8.2.3 Domestic refrigeration (2.F.1.b)

In Hungary, there is only one relevant household refrigerator manufacturer. Althougbathef the
placing on the market of domestic refrigeration appliances containiggdés with a GWP >150
entered into force on 1 January 2015 accordingh® Regulation 517/2014 (Annex lih) this factory
instead of HF@34a, R600 was used since 2008 for filling refrigerators.

The following method was applied to calculate emission from domestic refrigerators:

1 The number of manufactured refrigerators and amount of refrigerants filled in new
products are available directly from the producer.

1 Equations in Chapter 4.8v2as used, emission factors are summarizetable4.8.5.

Number of prefilled (imported) products is available from HCSO statistics.

9 For calculating the charge of manufactured and prefilled domestic refrigerators, a value of
20 g is used.

9 Lfetime of domestic refrigerators is 15 years and a value of 0.3% annual leakage rate was
determined (according tdable 7.9.

9 The refrigerant stock is determined according to the number of sold refrigerators in
Hungary.Amount of Fgases used for servicing (refill) is calculated from the amount of
filled fluid multiplied by the annual leakage rate.

1 Emissions from manufacturing are not applicable (NA) because the factory used an
isolated system for filling new refrigerators.

=

For subcategory 2.F.1.b, disposal loss factor of 100% is used until submission 2019 to avoid
underestimation of emission from this category. For submis&i@20 Hungary was developed the

value of this factor. In Hungary there are programmes in place in order to reformdalvorg devices

since 2014 and the successfulness of this exchange program was summarized in studies. The programs
are declared by Ministry fdnnovation and Technology. The main target of them to households use
more energysaver devies, like refrigerators and washing machines in order to people can exchange
their appliances in a more economy way. The number of changes are summarized in several studies,
which are the base of used percentages by Hungary to calculate emissions fromstidaefeigerators.

Due to the programme has started in 2014, data are reliable for years between 2015 and 2018. An
average amount (piece of 30000) of exchanged refrigerators was multiplied by the average charge of
refrigerant (20 g). The rate of this valland the amount of fluid in operating systems was used.
According to the information recovery before 2005 was negligible, between 2005 and 2010 values
were interpolated.So, according to the ERT recommendation recovery was taken into account.

Hungary used a higher value of initial charge remaining for category domestic refrigeration than it is
determined in the IPCC Guideljthecause of the low refrigerant losses that occur during the use phase
(0.3% per year). If Hungary assumes that 0.3% of the initial charge leaks in every year, 95.6% of the
initial value will remain in the equipment over 15 years. In this case, Hungamhthisevalue because

there were no other expert estimates and range of 0 to 80% is very wide.
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4.8.2.4 Mobile Airconditioning (2.F.1.e)

As for Hungary, a database about the number of cars equipped witoaditioning systems is not
F@FAflrofST AdQa ySOSaalNeE (2 dzaS Y2NB FOGAGAGe
cars, the stock of road vehicles, the number of road elekiregistered for the first time in Hungary

and the rate of cars equipped and refuipped with airconditioning systems was used in the
calculations. The rate for the whole time series is based on the European vehicle categories. The
following table Table4.8.8) includes the used percentages of vehicles witkcamditioning systems

in manufactured cars and for stock of road vehicles.

Table4.8.8 Percentages of cars equipped with-eimditioning systems.

new cars registered cars new cars registered cars
Year ~ SOUPpedwih  equppedwih o equippedwith  equipped wth
air-conditioning  air-conditioning air-conditioning  air-conditioning
systems systems systems systems

1991 5% 5% 2008 95% 50%
1992 5% 5% 2009 100% 53%
1993 30% 5% 2010 100% 56%
1994 30% 5% 2011 100% 57%
1995 30% 7% 2012 100% 59%
1996 60% 8% 2013 100% 61%
1997 60% 8% 2014 100% 62%
1998 60% 10% 2015 100% 64%
1999 60% 12% 2016 100% 72%
2000 85% 16% 2017 100% 74%
2001 85% 17% 2018 100% 76%
2002 85% 20% 2019 100% 78%
2003 85% 23% 2020 100% 80%
2004 85% 28% 2021 100% 82%
2005 85% 33% 2022 100% 82%
2006 95% 37% 2023 100% 82%
2007 95% 45%

The following method was applied for calculate emission from mob#Heaaiditioning for cars:

1 The number of manufactured cars is available directly from the manufacturers. The emission
from manufactured cars is calculated by multiplying percentages of new cars with air
conditioning systems and the refrigerant charge of cars.

1 The average refrigerant charge is between 700 g and 550 g (in the earlier years more
refrigerant was required for mobile atonditioners in carsaccording to one of the biggest
manufacturer, the typical charge 15 years ago was 0.7 kg, but as of 2020 was 0.4 kg, resulting
in an average refrigerant charge of 0.55 kg for the intermediate period of2B0%9).
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As the use of HFT234yf is more and more significant, the inventory includes the emission of HFC
1234yf from submission 2017.

1 Figure4.8.4 shows the rate of HFCs in automobiles according to an expert estimation.

1 A value of 1% for leakage rate of manufacturing was used in the calculations.

1 The refrigerant stock are determined according to the numtiferegistered cars on the road
which are available from national statistics. Cars are divided according to their classification to
European emission standards.

1 The annual quantities of refrigerants in operating systems are calculated by multiplying the
number of cars and the percentages of vehicles witkcairditioners and the average charge.

1 Amount of Fgases used for servicing (refill) is calculated from the number of passenger cars
multiplied by a leakage rate of 15% (following the recommendation of national experts which
is in accordance with the 20 IPCC Guidelindfrom table 7.9 on page 7.52 of the ZBIPCC
Guidelines)

1 Finally, the average lifetime is 14 years in the calculations. So, disposal emission was
determined using the annual total charge of vehicles 14 years before.

1 In the category mobile atonditioning systems (2.F.1.e), emissions also from buses and
railways were taken into account in this submission (until now the inventory included solely
emissions from automobiles in this sghtegory). In addition, activity ¢a were revised
because of clarifying the number of @ionditioned cars.

1 Equations in Chapter 4.8.2 wewsed, emission factors are summarized able4.8.5.

100%
90%
80%
70%
60%
50%
40%
30%
20%

Rate of HFCs charged in automobiles

10%

0%
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

R12 HFC134a 1234yf

Figure4.8.4 Rate of quantity of HFC charged for automobiles between 2000 &%)

Calculation method for automobiles:

i the activity data is available from national statistics (number of buses: number of
manufactured buses, stock of road buses/coaches. number of road vehicles registered for
the first time)

1 moreover, some information (number of aonditioned coaches and charge of the
mobile airconditioners, the refrigerant type in these vehicles) are available directly from
0KS o0A33Sad GNIYALRNI O2YLI YASAT fADPS 221y
Budapest Transporit)

9 emission from buses are calculate from 1995, because before this year Hungary has not
relevant data, moreover according to existing data it is negligible because of small rate of
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air-conditioned vehicles (2%)

1 the refrigerant used in automobiles is HE84g

9 the average charge is 8kg for ledigtance buses, 10kg for local buses according to the
companies

9 a value of 15% for leakage rate was used for a;year

9 avalue of 16.7% for initial charge remaining (p) was used

1 the average lifetime is 14 years in the calculations, so disposal emission was determined
using the annual total charge of vehicles 14 years before

9 amount of Fgases used for servicing (refill) is calculated from the quantity of refrigerant
charge in akconditioners, number of aiconditioned buses multiplied by a leakage rate
of 15% (according to the 2006 IPCC Guidelines (from table 7.9 on pagd hs2019
IPCC Guidelines)

Calculation method for trains:

9 data on stock of trains and the used refrigerant type and the refrigerant quantity are
available from the company which has the main activity in railway passenger
transportation

9 for every kind of trains the type and the quantity of charged refrigerant data is available

directly from the aforesaid company (12 kg, 41 kg and 27 kg)

in mobile airconditioners of trains HFC34a, HF&22D are charged (90% is HEX4a)
emission from disposal is not occurring

leakage rate is 15 % for this saategory

E N

Calculation method for trams:

9 data on stock of trams and the used refrigerant type and the refrigerant quantity are
available from the company which has the main activity in urban public transport

T trams (secalled Combino) were put into service in 2006 but these were basically non air
conditioned, air conditioning systems were installed into the vehicle only in 2008

9 trams (CAF) were put into service in 2€2®L6, and from 2019;

1 mobile airconditioners of trams in Hungary usedB7C and R10A, both which contain
HFC32;

1 emission from disposal is not occurring;

1 leakage rate is 15 % for this soategory.

4.8.2.5 Uncertainties and timseries consistency

The values of the disposal loss factors were 100% for several subcategories and for the gases included

in 2F1. However, the values for "quantities remaining in products at decommissioning” and "emissions

from disposal" do not correspond to these high lo$slisposal factors. Recovery figures are also

Ay Ot dZRSRY AYRAOFGAY3I GKFG GKS 5[C A& FMAE:I® | OG)
FYR W9YAaarzy FTNRY RAaALRAIEQ ol & NBOFEf OdZ F SR T2
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YEAR  submission 2024 submission 2025 difference [Gg

[Gg C@eq] [Gg C@eq] CQ-eq]
1990 0.00 0.00 0.00
1991 13.76 13.76 0.00
1992 14.07 14.07 0.00
1993 14.32 14.32 0.00
1994 17.87 17.91 0.04
1995 22.62 2245 -0.17
1996 27.63 27.51 -0.11
1997 49.31 41.79 -7.52
1998 74.11 7111 -2.99
1999 164.25 13851 -25.74
2000 189.90 180.65 -9.26
2001 224.89 22569 0.80
2002 311.19 31946 8.27
2003 388.42 40051 12.09
2004 465.17 48438 19.21
2005 534.55 56313 2858
2006 641.31 684.04 42.73
2007 791.83 85930 67.48
2008 926.26 100900 82.74
2009 986.66 1107.64 12099
2010 1090.49 123622 14573
2011 1214.27 138301 16874
2012 1272.47 147277 200.30
2013 1335.31 153490 19959
2014 1550.92 171244 16151
2015 1715.32 1837.90 12258
2016 1608.74 180200 19327
2017 1571.03 160858 37.54
2018 1609.59 164637 36.78
2019 1633.38 168481 51.42
2020 1643.72 1687.15 4343
2021 1632.97 167906 46.09
2022 1554.58 162498 70.40

Uncertainties are estimated taking into account the uncertainty of a legally binding data provision of
the companies.

Uncertainty AD EF Combined
2.F.1 Refrigeration and Air Conditioning EquipmeiFC+PFC 10 10 14.14
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4.8.3 Foam BlowingGRTsubcategory.F.2)

Emitted gasesHFC 134a, HF(52a, HFQ27ea, HFG65mfc
Methods: T2

Emission factors: CS

Key sources: none

4.8.3.1 Source category description (2.F.2)

Hydrofluorocarbons have been used in foam blowing industry, mainly as replacements for CFCs and
HCFCs. There are 2 types of foam blowing, which are-opiemnd closeell products. The main
characteristic of the opewell foam is emission occur duringettmanufacturing process and shortly

after it.

On the other hand, HFC emission from ctos# foams occurs throughout the products lifetime (during
use). These products are polyurethane foams and extruded polystyrene foams (XPS) and these are
used mainly for insulating applications.

4.8.3.2 Methodological issues (2.F.2)

Country specific method is applied using activity data derived from PRODCOM statistics and emission
factors from the 2006 IPCC Guidelines. This method has been developed due to the requirement of
ERT during 2012 review and has been checked during the BuippSrt Project.

The new method of 2006 IPCC Guidelines is basically different because it encourages the inclusion of
emissions from decommissioning and recovery. Please note that ho decommissioning losses and
destroyed quantity are reported currently but at the moment pooduct have yet reached the
estimated (default) end of lifetime and no specific information is available on any destructed quantity
or recycling technology.

Emissions of different gases from 2.F.2 Foam blowing sector are summarizgdried.8.5.

250
HFC-134a HFC-227ea HFC-152a HFC-365mfc
200

150

100

GHG CO,eq HFC emission

u
o

0
2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

Figure4.8.5 Emission of different gases from 2.F.2 Foam blowing (ktegp2
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At the moment, we have no information on the use of FHGfa as foam blowing agent in Hungary.
Until 2013 there was no reporting on any import or export of this gas into Hungary and the emission
estimation method in 2.F.2 subsector does not include this gjther.

4.8.3.3 Activity data (2.F.2)

la Ad Aa aidlrGSR Ay 020K DAdARStAYySa FyR bLwa 2F
RFEGlI dddé LYRSSRZ y2 RANBOG RFGIF 2NJadriAraidaoda |
the amount of HFCs present in products, ere was only the possibility to start from the viewpoint

of the foam products, as it was discovered that in fact PRODCOM statistics (Statistics on the production

of manufactured goods published on the website of EUROStat and Hungarian Centrat @t&tiitie)

contain both importexport and production data of two foam types.

These are: 2221412Q@Cellular plates, sheet, film, foil and strip of polymers of styrene (containing XPS)
and 22214150 Cellular plates, sheets, film, foil and strip of polyurethanes (PUR).

In order to get the amount of HFC blown into foam products, the percentage of blowing agent within
foam products, proportion of HFCs within foam blowing agents and proportion of type of HFC is also
needed, as it follows:

Chemical used in Foam ManufactuelFC filled in new products) = domestic production of year t of
foam product (t) * blowing agent/ foam type (%) * HFC blowing agent / all blowing agents (%) * HFC
type / all HFC (%)

(Chemical used in Foam Manufactufel G A a G2 0S YdzZ GALX ASR o0& &7FANE
the emissions from manufacturing

Chemical emitted during the lifetime of closed cell foat=C charged into the product) = production
+ import- export of the foam type (t) * blowing agent/ foam type (%) * HFC blowing agent / all blowing
agents (%) * HFgpe / all HFC (%)

(Chemical emitted during the lifetime of closed cell foanfsta is to be accumulated as many years as
GKS ftAFSOAYS 2F GKS F2I'Y LINRRdAzOG FyR G2 06S Ydz i
emissions from stock$

In this way Chemical used in foam manufactusnd Chemical emitted during the lifetime of closed

cell foamsrequired by eq. 7.7 of the 2006 IPCC Guidelines has been expressed, so desafutinkF
Table 7.5 and 7.6 could be used. In this method both the amounts imported inGhgknical used in

foam manufacturg and in products (withil€hemical emitted during the lifetijare accounted. The
double usage of statistical data of foam production does not result double count in emissions, since in
the first @ase it is used to determine the emissions from manufacturing occurred in Hungary even if
the product is exported and in the second case it is needed to determine the amount of foam products
remaining in the country responsible for the emissions from stocks

The following tablesummarizes the values and their references used in the calculation.
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Table4.8.9 Summary of factors used by the calculation in 2.F.2

XPS PUR Reference
domestic production of year t o
foam product (t) http://epp.eurostat.ec.europa.eu/port
. Prodcom Statistics al/page/portal/prodcom/data/databas
production+importexport of the e

foam type (t)

Revised IPCC1996 page2.591%60)
blowing agent/ foam type (%) 6% 8% and IPCC/TEAP study (please
References)

DG Climate fgases Reg.Review Stui

0, 0,
HFC blowing agent / all blowin 40% a_nd 20/oa_nd and IPCC/TEAP study (please
agents (%) decreasing decreasing References) and suggestion receiv
until 20% until 10%

during EU MS Support Project

Within PRODCOM 22214120 polystyrene foams category, only XPS (extruded polystyrene) type foam
might be blown with HFCs. The proportion of XPS foam within polystyrene foams in the Hungarian
market is estimated to be 10% by the Hungarian Association ofrisBI&ting Foam Producers and
another expert architect.

PRODCOM data of PUR production of 2005 to 2008 and XPS production data of 2004 and 2005 were
averaged in order to avoid negative production+impexport values in the years 2006 to 2008 and to
reflect better the trend. (Production data of the mentionedays are summed and divided by number

of years).

HFC are used as blowing agent in foams mainly after 2003 as substitutes of ODS after the ban of CFCs
and HCFCs under Montreal Protocol. Nowadays also HFCs are substituted by materials with less GWP
(CQ, Hydrocarbons, HFO, etc.) The background studyg#sEs Regulation Review of DG Climate
states the ratio of HFCs among the blowing agents is 40% for XPS and 20% for PUR I@&8vaad 2

2011

HFC use in foam blowing started in 2003 based on data reported by the intermediate material producer
company (BASF).

The DG Climate study estimated that the final year of significant HFC use in foam blowing would be in
2011. However, our assumption for Hungary is 2015 (instead of 2011) based on suggestion of the
IPCC/TEAP study (IPCC/TEAP. 2005), which seemed motie.realis

During the EU MS Support Project, the expert noted that the elimination of HFC blowing agent by 2015
is still not realistic and suggested to apply 20% for XPS foams and 10% for PUR foams after 2011 as
well. HFC emissions of year have been recalculateddb@aséhis suggestion in sector 2.F.2.Foam.

Table4.8.10 Proportions of HFC foam blowing agents applied by calculation in 2.F.2

2007 2008 2009 2010 20112023

XPS
% of HFC blowing agent usage/A products 356 311 267 222 20.0
blowing agent usage in the cas:
of PUR 178 156 133 111 10.0
products
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The proportion of the different types of HFCs is based on the historical data reported by the
intermediate material producer company (BASF). The average result is 1022 HFa&nd 90% HFC
134a. HFEG65mfc is reported the same as HEZ7ea because the compg reported the use of a
blend containing precise proportion of HFZ27ea and HF@65mfc. So, HF865mfc is reported by
multiplying the amount for HFE27ea by this appropriate proportion. This method is the same as HFC
365mfc had been reported as crossting info in previous inventory submissions.

The proportion of soft foams and hard foams within PUR foams is also based on the historical data
reported by the intermediate material producer company (BASF). The average result is: 10% soft foam
and 90% hard foam. All soft foam is accounted as operfaath (using eq. 7.8 of the 2006 IPCC
Guidelines) and all hard foam is accounted as closed cell foam (using eq.7.7 of the 2006 IPCC
Guidelines).

Please note that in addition to the abovementioned method, also a directly reported experimental
usage of HR@52a solely in the years 2006 and 2007 is included within the soft foam subcategory.

4.8.3.4 Emission factors (2.F.2)

Default emission factors from Table 7.6 of the 2006 IPCC Guidelines are used for XPS and general
default emission factors from 7.5 of the 2006 IPCC Guidelines are used for PUR as the proportion of
the different types of PUR foams is not known. Used vaduesummarized iffable4.8.11.

Table4.8.11 Default emission factors used from 2006 IPCC Guidelines

XPS PUR
lifetime 50 years 20 years
first year loss 40% 10%
annual loss 3% 4.5%

In the case of soft foams (all accounted as opet foam) equation 7.8 of 2006 IPCC Guidelines is
used, so ALL the filled amount is emitted during manufacture.

Please note that the IEF @R7 is changing through the years due to the fact that EF of the Guidelines
is determined by foam type. while IEF in tBRTs determined by HFC type.

4.8.3.5 Source specific recalculations, QA/QC actiyitiesertaintiesand planned improvements
(2.F.2

Emissions for HFT34a, HF227ea and HFB65mfc for the year 2023 were corrected because of a
calculation error.

Uncertainty AD EF Combined
2.F.2 Foam Blowing HFC 50 21 54.23
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4.8.4 Fire Extinguisher€RTsubcategory?.F.3)

Emitted gasesHFC 125, HFX27ea, HFQ34a
Methods: T1

Emission factors: D

Key sources: none

4.8.4.1 Source Category Description (2.F.3.)

Until the beginning of 1990s, halon systems were the second-gpdead fire extinguishers after dry
chemical powder extinguishing systems. Because halons do not contain hydrogen, these are
inflammable. According to the Montreal Protocol these substanceewwhased out. Nowadays fire
protection equipment is filled with HFCs as partial replacement for halons. In Hungary, maki23FC
and HF27ea gases are the most widespread in fire extinguishing systems.

HFC-125
HFC-227ea
B HFC-134a

Emission of HFCs (kt CO.- eq)
L

2000 2003 2006 2009 2012 2015 2018 2021 2024

Figure4.8.6 Emission of different gases from 2.F.3 Fire Extinguishers from year 2000-¢t)CO

4.8.4.2 Methodological issues (2.F.3)

Activity data for this subcategory is collected by the Fire Protection Department of the National
Directorate General for Disaster Management. Ministry of the Interior as part of the yearly national
statistical data collection program. This data is avééldiom 2000 and ensures the full coverage of

the country on installed fire protection equipment. In addition, it includes the amount of import in
products; however, it is not possible to separate from import in bulk.

¢CKS O2yadzYLJiaz2ya 2F (GKS &SIFNB INBE | OOdzydz [ 6SR | &
Fad + OSNIFAY ORSTFlLdzZ GO LISNOSyld 2F GKAA aolyléod
After submission 2020, Hungary has contacted with an expert who highlighted that lifetime of these
devices in Hungary is usually 20 years (in agreement with IPCC Guidile€aiideline recommends

to use years between 15 and 20 for lifetime years.). &baer, Hungarian legislations incudes this fact

for fire extinguishers. Therefore, for submission 2021 March this factor had been changed (from 15 to
20 years), so the first year when the disposal emission appears will be in 2020. In addition, as there are
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no accurate statistics on the recovery rate in this sector, this factor is still considered to be zero, based
on the IPCC Guidelines (Chapter 7.6.2.2)

The following default emission factors have been applied:

Annual operational emission % per installed base 4%

Lifetime years 20
(source: 2006 IPCC Guidelines chapter 7.6.2.2. Tier 1 methodology)

4.8.4.3 Recalculations, QA/QC activities, uncertainties and planned improvement

Uncertainties are estimated based on the 2006 IPCC Guidelines chapter 7.6.4 regarding activity data
and chapter 7.6.2 regarding the emission factdr K S NB A (i fadtai rarigei df £ t6 & percent
(thatis 4 % +H:"2 0 €

Uncertainty AD EF Combined
2.F.3 Fire extinguishersHFC 20 2 15.13

Due to a calculation error, the following values have charigedubmission 2025:

YEAR submission 2024  submission 2025  difference

[Gg C@eq] [Gg C@eq] [Gg C@eq]
2020 10.33 6.79 -3.54
2021 12.15 6.52 -5.64
2022 15.785 6.25 -9.53

In the submission 2026 it turned out, that because of misprinting, thesésson values were
incorrectly reportedin the previous submissioim this source for the years from 2020 to 2023. Data
were correctedfor these years in the recent submission.
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4.8.5 Aerosols and Metered Dose InhaleZ&R{lsubcategory.F.4)

Emitted gasHFGL52a, HF.34a
Methods: T2

Emission factors: CS, D

Key sources: none

This category includes meteretbse inhalers (MDI) which are used in medical products and general
purpose aerosols. Most aerosol packages contain mainly hydrocarbons (HC) as propellants, but in a
small fraction also HFCs are used, especially-13B€ in imlustrial, household and medical
applications. The graph beloghows the emission of-fases from this subategory. The main
substance is HFCG34a. Emission of HAG2a from generapurpose aerosols is almost negligible.

MDI (HFC-134a)
70 Other aerosols (HFC-134a)
Other aerosols (HFC-152a)
60
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40

Gg CO,- eq
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20
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0
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Figure4.8.7 Trend of emission in sector 2.F.4 Aerosols and MDI

4.8.5.1 Metered-dose inhalers (2.F.4.a)

Emitted gasHFCL34a
Methods: T2
Emission factors: CS
Key sources: none

4.85.1.1 Source Category Description (2.F.4.a)

Metered-dose inhalergre used in medical appliancesmarily for the treatment of asthma and CODP
(Chronic Obstructive Pulmonary Disease). As for medical aerogisek are today only used in MDIs,

not in nebulizers. These medical products with HFC propellant first reached the Hungary market in
1992.
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4.8.5.1.7 Methodological issues (2.F.4.a)

In the MDI sector the Tier2a method, i.e. the ubased approach was applied. Activity data of
metered-dose inhalers subcategory was the consumption of MDIsd&a on production was not

used here. The emissions are calculated from the number of MDIs (HFC quantities) sold per year in
Hungary. Emissions from aerosols should be calculated using the same method for each year in the
time series. For the early yeans the time seriesthe splicing techniguethe overlap method was
applied to form a completéme series (find detailed description in the following chapter).

4.851.3 Activity data (2.F.4.a)

Data of annual sales from National Institute of Pharmacy and Nutrition was used between 2006 and
2015. The number of total consumption and the filled quantity in every aerosol was available. The
typical charge contained in product is between 5 and 18 §prBe2006 and after 2015 the overlap
technique was applied to complete the time serid® estimate emissions for these years, the
relationship between the consumption and the number of asthma and CODP (patients) cases was used
applying the method of the@6 IPCC Guidelines chapter 5.3.3.1.

Equation 5.from the 2006 IPCC Guidelines was applied.

. C)B ()
)
where: yi ¢ the estimated AD (the amount of the HFC quantities) in year t

X ¢ the number of patients in year t
yi¢ the amount of the HFC quantities in year i

Xi ¢ the number of patients in year i.

As the difference between the average of the overlap for these 10 years-ZH (19.6%) and the
overlap of the first year (2006) (16.3%) is significant and the latter is more representative. we have
chosen to use the overlap for the first year. Forngdaetween 2016 and 2018 the overlap of year 2015
was used (21.2%Jhe graph(Figure4.8.8) below shows the relationship between the quantity of the
gas and the number of patients.
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Figure4.8.8 Activity data of the 2.F.4.a subcategory

IntheCRTU I 6t S GKS | OGA@AGE RIFEGE oLy 2LISNIGA2Y aedadsSy
ai201a¢ Aa GKS alyYS Fy2dzydiz 0SOlIdzaS GKS GAYS LISN
Ad 2yS &SIENDL® | dzy 3| NERTFI2ENS aW FyA2t if I SARA 2AyY (112S &y Susb hYQ: yAdy?
Hungary uses the usérased approach.

48514 Emission factors (2.F.4.a)

In the calculations, instead of the manufactured inhalers, the purchased aerosols were used. MDlIs are
prescription medicine and in Hungary it is rigorously regulated. In the calculations, it was assumed that
the emission level corresponded to 100% of us@i@e purchased aerosols), because the time period
between sales and use is short. Moreover, inhaled gases are emitted into the atmosphere without
undergoing any changes (according to the IPCC specifications (2006 IPCC Guidelines, Vol. 3, p. 7.28)).
In cansequence, a countrgpecific emission factor was used (EF=1).

4.8.5.1.5 Recalculations, QA/QC activities, uncertainties and planned improvements (2.F.4.a)

Based on the recommendations of the recent ESD review, emissions have been removed and signed
as NO for the period 1992996.
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4.8.5.2 Other aerosols (2.F.4.b)

Emitted gasHFGL34a, HFE.52a
Methods: T2

Emission factors: D

Key sources: none

48521 Source Category Description (2.F.4.b)

Other aerosols include personal care products, household products, special cleaning sprays etc. In
these cans HFC34a, HF@52 and HFQR27 are the most prevalent gases.

In Hungary, emissions from sghtegory 2.F.4.b are released until 2022 and there has been a
significant decline in emissions over the last 5 years, with no emissions in 2023.

485272 Methodological issues (2.F.4.b)

For 2F4b (other aerosols) the Tier 2a method was applied from IPCC2006 Guidelines, which means that
WKIFfF 2F GKS OKSYAOFt OKINBS SaldlLlsSa gAGKAY (GKS
a4SO02yR &SI NN o6O0OKI LI S NYemissibrsdntuse ofadrosalsisSissinted. / H nnc 0 d

48523 Emission factors (2.F.4.b)

In line with Chapter 7.3.2.1 of the IPCC2006 the equation 7.6 was used in the course of emission
calculations:

OaQi i Q¥eOO Y 2Jp 0OQ
where S is the sum of the purchases of the current year and the previous yeaiBsdhe emission

factor (EF= 0.5). So, the sum of half of the purchases of the current year and half of the purchases of
the previous year was considered. The equation above was applied to each chemical individually.

48524 Activity data (2.F.4.b)

In subsector Aerosols, annual sales data is directly reported by the producers. So, the activity data was

the consumption of purchased aerosols and the HFC quantities of aerosol cans.

Ly 1dzy3FNE YIydzFlI OQldzZNAy3 2F |SNRAaA2ta Aa yz22ia 2C
YIydzZFlF OGdzZNBR LINBRdzOG&aé¢ ol a y2id SadAYIFGSR 6b9vad i
the HFC quantity of sold aerosol cans in the current year and the half the sales of the previous year.

4.85.2.5 Recalculations, QA/QC activities, uncertainties and planned improvements (2.F.4.b)

For this submissigrHungary has checked data and as a resulethession of sulzategory 2.F.4.bas
not changed butthe amounts in average annual sto€kave beermodified.

Uncertainties are estimated based on chapter 7.3.3 of 2006 IPCC Guidelines and taking into account
that activity data is provided on one hand by individual companies, on the other hand national statistics
are used.

190



HUNGARY National Inventory Documerit9852024 IPPU

For HF@34a and HF@ pHl AY H®Cdn ®6 & dzo Ol GRIEZMNE W WHOIQS Rs | Ay
YI ydzZFlF OGdzNBR LINRPRdAzOGAQ Fa FOGAGAGE RFEGF® 5dzNRy3
this notation key was used by Hungary. In response to the recommendation Hungary has changed
y20FdA2y 1S@& WinBugaly hantdrtoring ob 80doldid rdt occurring.

Uncertainty AD EF Combined
2.F.4 Aerosol + MDI(HFCs) 10 50 50.99
4.8.6 Recalculations, QA/QC activities, uncertainties and planned improvements (2.F.)

The overall effect of recalculation for category 2.F is summarized in the following table:

Submission Submission

2021 20%5 Difference
kt CQ equivalent
1990 0.00 0.00 0.00
1991 1376 1376 0.00
1992 23.20 23.20 0.00
1993 23.89 23.89 0.00
1994 27.94 27.98 0.04
1995 3324 33.07 -0.17
1996 39.02 3891 -0.11
1997 61.53 54.01 -7.52
1998 11565 84.34 -31.31
1999 22002 15116 -68.86
2000 204.85 19560 -9.26
2001 24555 24243 -3.12
2002 33354 337.89 4.35
2003 45640 46850 12.09
2004 59114 610.35 19.21
2005 75162 780.20 2858
2006 89392 934.98 41.05
2007 99934 106455 65.21
2008 112522 1207.96 8274
2009 118519 130618 12099
2010 126234 140807 14573
2011 139549 156422 16874
2012 1457.73 165803 20030
2013 153204 173163 19959
2014 176351 192857 16506
2015 189082 201340 12258
2016 178169 197496 19327
2017 174797 178551 37.54
2018 178736 182413 36.78
2019 181864 187007 51.42
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Submission Submission

2021 20%5 Difference
kt CQ equivalent
2020 184074 186892 28.18
2021 183218 186293 30.74
2022 174821 179923 51.02
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4.9 Other products manufacture and useRTcategory2.G)

4.9.1 Skuse in Electronics industrfRTsubcategory.G.1)

Emitted gases: SF
Methods: T1
Emission factors: D
Key sources: none

4.9.1.1 Methodological issues (2.G.1)

SF6 is mainly used as an insulation gas in electrical equipment, such as switchboards, switchgears. It
was further used in the past as intermediate gas in dowjdess heat insulation windows and
production of optical bodies, etc. and in electronics indygor several years. In Hungary SF6 is not
used as a cover gas in coloured metal foundries.

The application of the 2006 IPCC Guidelines causes a major change within this sector although still the
basic Tier 1 method is applied. Old Tier 1 calculation method accounted only for potential emissions,
while the new Tier 1 method estimated actual enuss. As it was expected, emissions are lower using

the new method(seeFigure4.9.1).

6

s Manufacturing EM T1 Operational EM T1

4

tonna SFg emission
LS

B.Y. 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021 2024

Figure4.9.1. Trend of SFemissions in 2.G.1 Electrical equipment sector (t)

4.9.1.2 Activity data (2.G.1)

Annual sales data is the basis for the calculation in the new method, as well. Data was collected from
both manufacturers and the Hungarian Electrotechnical Association. The latter was appointed to data
collection by 310/2008. Govt. Decree for data coll@tion importexport of SE This is the same time

series of annual sales data that had been used by the old calculation of potential emissions in previous
submissions. However, during the review of tiseries it came out that the largest equipment
manufacturer did not report any export before 1998. Therefore, export data has been extrapolated
using the import/export proportion of the last reported year (1998).

310/2008. Govt. Decree has now been replaced by 14/2015 (I1.14) Govt. Decree that moves the
responsibilities and the handling of the database to the newly established National Climate Protection
Authority.
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4.9.1.3 Emission factors (2.G.1)

Default emission factor from Tables 8.2, 8.3 and 8.4 of the 2006 IPCC Guidelines are applied. As there
is no information in the country what percent of electrical equipment are sealed pressure electrical
equipment (MV switchgear) or closed pressure eleatrequipment (HV switchgegaor gas insulated
transformersalways the higher EFs are taken into consideration as conservative estimation.

Table4.9.1. Emission Factors used in 2.G.1 sector

Manufacturing Emission Factor 0.085
Use Emission Factor 0.026
Fraction of Sfremaining at retirement 0.930
Lifetime (years) 35

4.9.1.4 Recalculations, QA/QC activities, uncertainties and planned improvements

There was no recalculation in this submission.

Uncertainty AD EF Combined
2.G Other Product Manufacture and Usgks 3 40 40.11
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4.9.2 Other applicationsGRTsubcategory 2.G)2

Emitted gas: SF
Methods: T1, T2
Emission factors: D
Key sources: none

4.9.2.1 Source category description (2.G.2)

Sk used mainly as an insulating medium in the radar systems of AWACS, in equipment in university
and research particle accelerator, industrial and medical accelerators, adiabatic applications and in
soundproof windows.Sk used for sounebroof window production (only in the past due to the ban
introduced by 842/2006/EC), scientific research and other-aefined purposes is included in sector
2.G.2.

4.9.2.2 Methodological issues

9ljdzt GA2Yy ydHo FNBY GKS Hnnc Lt/ / DdIJdZARStAYySa Aa
emissions that is recommended in the case of any other applications. This means that emissions are
distributed within two years 6 SOl dzaS 624K &l ftSa FyR SYyAaaairzya |
the year; that is, chemical sold in the middle of yeari$ not fully emitted until the middle of year

0 azhapter8.3.2.2 of the 2006 IPCC Guidelingshission from soungbroof windowsand particle
accelerators arestimated separately.

The activity data (and consequently the emissions calculated with present methodtoyyshow
strong annual variations throughout the whole time series.

Soundproof windows

Recommendation by ERT already had been drafted at review 2017. This was about reporting of
emission from use of doublglazed soungbroof windows. The application of S& windows began in

1975, but in Hungary it may appeared later. The average lifetinds igears becausthe annual
leakage rate of 1 percent is assumed. Emission was calculated according to the 2006 Guidelines
(equations 8.20 to 8.22). Annual leakage rate of 1 percent is assumed and a rate of 33 percent for the
filling operations.

As Hungary has no data about the whole amount of targeted windows, emission was established from
produced data. Data about manufactured doulgl@azed windows are available from 1996, moreover
Hungary has information about domestic trade from one of thgésy SF6 wholesaler. For years 2007
and 2008 data are also available from the wholesaler by companies. From these data it could be
concluded how much $Eompanies were used for windows.

According to the years 2007 and 2008 the useglgab for windows is a percent of 7.5 of the whole
amount of sold SFgas. So, before 2007 this rate was considered in the calculations. This amount of
Sk gas was filled to the souRgroof windows in Hungary.

The stock was established by summarized the annual filled quantity of the gas.
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Skis reported in 2.E sector between years 2005 based on the data provision of a semiconductor
manufacturer company. They also declared that thgh@B been acquired domestically, so the amount
was allocated from the timseries of annual sales of '&Br other use" in order to avoid double
counting. The Skvholesaler company reports the list of their customer too. So, the intended use of
Sk might be determined based on the sector of the activity of the customers.

Particle accelerators

As detailed data anthdividual accelerator charges are rentailable for this category, Hungary used
the Tier Imethod (country-level method).

Equation 814 from the 2019 Refinement to the 200B°CC Guidelines was applied.
DG Qi | 08 éd RIDOOQA QWO 1DO O G EYI@ED 1T "W & OO
where:
1 Number of accelerators: the total number of university and research particéteaators in
the country
1 Sk Use Factor is 0.33 (approximately one third of these accelerators ¢iag &Finsulatar
1 Sk Charge Factor is 2400 kg (the average @arge in a university and research particle
accelerator

1 EFis 0.7 (because the average annual university and research particle accelerator emission rate
as a fraction of the total charge)

Number of accelerators in Hungary is shown in the following table

19901995 19962009 20102013 20102023
Number of accelerators 4 5 6 8

In Hungary (in 208) a cascade accelerator, a Cyclotron, an Electron Cyclotron Resonance (ECR) ion
source, a Tandetron and three Van de Graaff generator.

4.9.2.3 Recalculations, QA/QC activities, uncertainties and planned improvement
There was no recalculation for this submission.
Uncertainties are estimated together with sector 2.G.2.

Emission from sounttIN2 2 F gAY R26a ¢l a GF1Sy Ayaz2 F002dz/i
recommendationin previous submissiann the 2021 submissignrecalculation was implemented
0SOlFdzaS RdzZNAYy 3 f I & dprogf Sihddd svereidorbRecuritedih @aiggory 2.6, R

That isthe estimated amount of $Eharged into windows was not subtracted from the total amount

of Skused in 2.G.2 dung the previous recalculation.

4.9.3 Use of NO CRTcategory2.G.3)

Emitted gas: BO
Methods: T3

Emission factors: CS, PS
Key sources: none
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4.9.3.1 Source category description

This suksector includes emissions ob® from different product uses and the manufacturing (and
other) losses from the production of these products. One of the two main important purposes is bulk
N2O use as an anaesthetic gas. Another is the use by household whipped cream cartridges. In Hungary,
making whipped cream in siphons usingI\tartridges was highly popular at the beginning of the time
series.

N>O from these products is emitted directly into the atmosphere, so all the filling of these products
used should be considered as emission.

The largest manufacturer of the region of bull)CNis operating in Hungary. The manufacturers of the
whipped cream cartridges acquire the buliNalso from this manufacturer.

4.9.3.2 Methodological issues

Emissions are reported using plasgecific data. Production and domestic sales data for both bidk N

and NO in whipped cream cartridges are available from the manufacs for the whole timeseries

N-O used for the preparation of whipped cream cartridges (2.G.3.b.i) is subtracted from bulk domestic
N>O use (2.B.b.ii), as the manufacturer declared that they acquire the gas from the manufacturer of
bulk NO.

Manufacturing losses for the whole tirseries is also available in the case of whipped cream
cartridges. While in the case of bulkONproduction data on losses is available only from 2008. In this
year, extrapolation was performed in order to include emissions from losses for the years before 2008
too, for the improvement of the consistency of the timeries. Extrapolation was perfoed using

data on losses from 2008 (as trend of the losses is decreasing later in timep@nardduction as
surrogate daa. Please find the trend of production and emissions on the following figure

EM from production of bulk N20 - manufacturing losses
EM from inland consumption of bulk N20 (mainly anestetics)
Inland consumption (from inland production)

=== Production of N20

0,70
0,60
0,50 -
0,40 +
0,30 -

0,20 4

Emissions and consumption (kt)
NN
() AzeBuny w1 uononpoud O°N

0,10 11+4-£L4L R

0,00

1985 1987 1990.1993 199-6 1999 2002 2005 2008 2011-2014 2017 2020 2023
Figure4.9.2 Trend of MO production and M0 emissions from Product Uses

In 2014, an expert from the manufacturer of whipped cream chargers (cartridges) contaiing N
provided an estimate for the share of imported products on the Hungarian market, as well. In the 2014
submission, this amount has been included in the tgrees. So, imports are estimated only within
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the subsector whipped cream, however in the case of other subsector (2.G.3.b.ii bulk use mainly for
anaesthetics) imports are even less significant, as there is no notable bulk import as the Hungarian
producer is the most important producer of the wholegien. In addition, the wholesalers having a
valid wholesaling authorisation for products containing nitraxéde issued by the National Institute

of Pharmacy (the agency responsible for licensing and control of drugs) have been identified. Most of
them have already declared that they acquire®ldomestically (from the Hungarian producer).

The strong interannual variations are due to the interannual variations of the reported data, which is
related to the production of the company and the volatility of the market.

The significant decrease on inland consumption (and consequently the emissions from inland
consumption) was also reported by the companies which was investigated in this submission. The
producer of NO has reported separately the consumption data of the firm producu@ dartridges

and other inland consumption for the last four years. The previous assumygtidny f | YR O2 y & dzY LJi
is equal to the total inland consumptiaywas not correct, because most of theQ\leave Hungary in

cartridges produced by audgarian company. Upon the new data request the producer company has
provided the separated consumption data back to 2002.

Ly OFasS 2F ot NPLISttFyd F2N LINBaadaNBE FyR | SNRaz2f
intended for export was not covered before. As the inland consumption is less year after year
meanwhile export rises dramatically as it turned out from thereoted inland consumption data. it

was necessary to include charging loss of it. Unfortunately, data about los®afiidrging of export
cartridges is available since 2009. Until 2002 this emission could be calculated from the new
consumption data of theompany (amount of O in cartridges for inland consumption is known for

the whole timeseries) combined with implied emission factor for 2009. It was assumed #@t N
cartridges were made only for inland consumption for the period 19880. Before 2002 until 1990
linear interpolation was used for calculating otheXd0\consumption (bulk use mainly for anaesthetics),
and the rest of the inland consumption was assumed to be the consumption of the company producing
cartridges. Inclusion of this new source utied significant changes of emission in this subcategory.
Data sources are summarized in the following table.

Table4.9.2 Summary table of data sources in 2.G.3 sector

Data source for different 2002 2008
periods 19851990 1991-2001 2007 2013 2014
1 - N20 production Directly from the producer
2 ¢ Inland consumption of . { dzy 2
bulk NO Directly from the producer FYR ¢
3 - Inland consumption for . Difference of DIEE) Directly from the
roducing cartridges 9 lj dzt ¢ aHe Y from the compan
P 9 9 producer pany
Linear
Difference of interpolation
4 - Other inland consumption GHE by between Directly from the producer
1990 and
2002
5 ¢ N20 amount used for
charging cartridges for inland Directly from the company

consumption
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6 - Emission from charging
cartridges for inland Directly from the company
consumption
S5ATFSNBYyOS
apé¢ o0dzaAy3
from period 20092014)

Directly from the
producer

7 - Emission from charging Assumed to
cartridges for export be null

4.9.3.3 Uncertainties and timseries consistency

Production data is quite reliable because they are obtdideectly from manufacturersdsed on a
legally binging data provision requirement, therefore the uncertainties are estimated as follows:

Uncertainty AD EF Combined
2.G Other Product Manufacture and Udg,0 3 3 424

4.9.3.4 Recalculations, QA/QC activities, uncertainties and planned improvement

Emission data from propellant use in aerosol products was recalculated for the repost3@2z2 and
2023.

4.10Other production CRTcategory2.H)

4.10.1 Source category description

Emitted gas: NMVOC

In accordance with the NRF report of Hungary, indirect NMVOC emissions from category 2.H are
reported in CRTtables.From category 2.H only NMVOC emissions are reported. NMVOC is emitted
from 2.H.1 (Pulp and paper) and 2.H.2 (Food and beverages industry).

The calculation methodology for NMVOC emissions is described in detail in the current lIR report.

In review 2020 TERT notes, that Hungary reports certain emission data and recovery in subcategory
2.H but without creating the relevant subcategofyH.3 Other This leads to problems in the
assessment toolFor these indirect emissions, Hungdrgs created subcategories 2.H2LH.2 and
2.H.3and these cells has filled with appropriate values for submissiod Ri22ch.
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5 AGRICULTURE TGEctor 3)

5.1 Overview othe sector

Agriculture production contributed to the greenhouse gas emission through the following processes:

1 3.A Enteric Fermentation by domestic livestock4CH

3.B Manure Management (GENnd NO).

3.C Rice Cultivation (@QH

3.D Agricultural Soils ¢N).

3.F Field Burning of Agricultural Residues: @id NO).

3.G Liming (C{

3.H Urea application (GD

3.1 Other carbon containing fertilizers (§0

/T G4S3I2NE 0®d9 t NSBAONAROGSR . dNYyAy3a 2F { I @BLyylLa Aa vy
used relating to all associated emissions in th@ Tables. In spite of this, the Ditontains a chapter
on 3.E, following a recommendation from the UNFCCC annual review conducted in 2013.

=A =4 =4 -4 -4 -4 -

The main greenhouse gas emissions from Agriculture az@a@HNO. Although C&emissions from
carbonate containing materials are also reported in the Agriculture sector, these emissions are less
significant compared with ne€Q emissions. Other GCemissions associated with agricultural
production as energy consumption of agricultural activities (heat production, agricultural vehicles, and
machinery) are reported in the Energy sector (1.AA.4C Energy, Agriculture/Forestry/Fishing), while CO
emissions frmn agricultural soils are included in the LULUCF sector.

To give an overview of Hungarian agriculture the main characteristics are as follows:

Due to national conditions agriculture played a definitive role in the Hungarian economy in the past
and even todayln recent years, the largest decline in the output volume of the agricultural sector in
Hungary occurred i2022, so it could not contribute to GDP growth in that year. The volume of the
G201t 2dziLdzé 2F | INAOdzf G dz2NB oA Ga @FtdzS +Hid GKS LN
to 2021. The largest contributors to the decline in the output were cerdatcounting for 11
percentagepoints) and industrial crops (accounting for 3.9 percentage points) (HCSO, 2623#)3

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 prices were 37% lower
than a year earlier. (HCSO, 2pJd%e agricultural land area was 55% of the total (HCSO, 202a3b).
2024, agricultural land accounted fob% of the total land area. Due to less favorable weather
conditions, grain yields were 16% lower than in 2023, while the number of livestock increased by 5.8%.
Fertilizer prices in 2024 were 25% lower than they had been a year earlier (HC50O, 202

According to the data of the General Agricultural Census, 2020 (HCSO, 2021), the number of
agricultural holdings in 2020 was 2@Q0, a reduction of 31% since 2010, with those using agricultural
land less than those keeping livestock. In the crop structime share of cereals has decreased while
that of industrial, fodder crops, and vegetables has increased. The largest share of agricultural land
was used by those with 5 hectares or more but less than 300 hectares. The reduction in subsistence
farming hasled to a concentration of livestock production. Between 2010 and 2020, the cattle
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population increased by 32%. The number of pigs has fallen by 7.4% compared to 2010, and the sow
herd has shrunk by a quarter. There are still many farms with at most a few poultry, but production is
more concentrated than in 2010.

The main characteristics for trends 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 prodantidecreased by 20% to 40% from the level of the

1980s. The drop was smaller for crop production-8309) than for animal husbandry. The output of

GKS fFrGGSNI gl a 2yte G662 0GKANRA 2N fSaa 2F GKS €S
gross agricultural production in 1993 reached a minimum of 6@df the 1990 level. The crop

production has fluctuated considerably since 1993. It fell in 28023 and 2007 due to drought. In

contrast, agricultural production was relatively high due to the significantly high crop production in

2004 and 2008. Animal Bbandry remained at a low level between 1993 and 2004 and has been
decreasing steadily since the year of the European Union accession (2004) (Laczka, 2007). In recent
years swine population decread further, while cattle population increased as a result of the state
incentives to promote the recovery of livestock sector. The volume of the total output of agriculture
OAGa GFftdzS i (KS LINBW ARz 202Bhe MEest cdiNutdrSta the 6+ a R
decline in the output were cereals (accounting for 11 percentage points) and industrial crops
(accounting for 3.9 percentage points) (HCSO, 20238023 the total output volume increased by

25.2% compared to 2022. The largest contrivateere the cereals again with their 65.4% increase.

Besides fertilizer prices were 37% lower than a year earlier. (HCSO,I2@0D4, agricultural land

accounted for 55% of the total land area. Due to less favorable weather conditions, grain yields were

16% lower than in 2023, while the number of livestock increased by 5.8%. Fertilizer prices in 2024 were

25% lower than they haldeen a year earlier (HCSO, 2025).

5.1.1 Emission trends

In 202, the agriculture sectorcontributed MM @122 (2 | dzy 3+ NB Q3&(exdu@ingl £ DI C
LULUCF). The trend in emissi¢ig. 5.1.1shows adecrease of 47.3% from the base yéaY, average

of 19851987) to 202 as a result of a drop in activity dafgigure 5.1.2 The bulk of this decline
occurred between 1985 and 1995, when agricultural production fell by more than 30%, and livestock
numbers underwent a drastic decrease. Between 1996 and 2008, agricultural emissions had stagnated
around 6.1 Mt C®eq with fluctuations of up to 4%. Agricultural emissions decreased both in 2009 and
2010, hitting the lowest point in 2010. There was a slight increase in emissions in 2011 reflecting the
higher fertilizer use and crop production. Since 2012, agriculamagsions havenainly increased due

to the increasing cattle livestock, milk production, and fertilizer use. The increasimmuiNfrom crop
residues also contributed to the upward trend in emissidn2022 due to the significantly increased
fertilizer prices the use of fertilizers dropped considerably which caused a 24% decrease in 3.D
Agricultural soils emission. Emission in this category further decreased in B62&ver, in 2024,
fertilizer use increased due to falling fertilizer prices, causing the resultingsems to begin
approaching pre2022 levels.
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Figure5.1.2 Main drivers of Agricultural emissions BY and 1204
5.1.2 Emission trends by gas

From the BY to 20 CH, NbO and C@emissions from agriculture decreased 13.86, 0.8% and
51.7%, respectively.

The decrease in GlEmissions is even more significant thasONbecause Glmissions are driven by
GKS GelLlsS YR ydzYoSNaE 2F tA@Sadtz201® Ly |1dzy3l NEQa
and swine populationin 2024 cattle and swine accountéat 78.9% and 10.7% of combined total of
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emissionof CH from enteric fermentation and manure management, respectivAiger the sudden

drop of in the livestock population at the beginning of the 1990s, it remained at that low level. Thus,
CH emissions had dropped by 46% from the base year lev@ll® Gg C&eq to 3318 Gg C&eqin

1994, when it reached a plateau. In 2004, which is the year of the European Union accession for
Hungary, livestock started to decrease moderately again, leading to the lowest level @h@Kions

at 2600 Gg C&eqin 201Q representing a reduction of 58% from the level of the BY. Since 2012 cattle
populations increased resulting in a moderate increase in thee@lissionsvhich peaked in 2021 with

an emission of 3071 GQQ-eq. From 2022 the population started to decrease, resulting in lower
emissions, bwever, in 2024, the number afwineand poultry began to rise agaiwhich caused a
minor increase in emissions. In 202¥ CH emission was 210Gg C@eq.

Emissions of }D show similar trends to those of £lbecause the change of the regime resulted in a
significant reduction in emissions. AgriculturalNemissions were 804 Gg Cgeq in the BY and
decreased by 54% to 1993 to reach the lowest level in emission48it &g C&equivalent. But unlike

the livestock sector, there was a slight recovery in crop production and nitrogen fertilizer use at the
beginning of the second half of the 1990s, resulting in a moderate increase in the emissions in the
period between 1993 ah 2004. Subsequently, in spite of the slightly increasing trends in nitrogen
fertilizer use, MO emissions fluctuated, rather than increased, because the effect of the decreasing
livestock overbalanced the increasing emissions from synthetic fertilizers. As a result, emissions
amounted to3 198Gg C@eq in 202, representing a reduction @1% on the BY leveNl fertilizer use
produces the bulk of agricultural8 emissions, accounting f@2% of the total emissions of the
Agriculture sector in 2023.

Agricultural C@emissions have dropped IBl. 7% over the inventory period, which is the effect of the
fall in urea use and liming. However, Agriculturak €@issions are of low importance in the overall
emissions, accountini@r 0.5% of the national total G@missiongexcluding LULUCF).

The trends in emissions by gas are presenteddhle 5.1.1 Trends by gas and sghtegories are
shown inFigure 5.1.3Figure 5.1.4andFigure 5.1.5
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Table5.1.1 Emissions of CIHNO and C@from Agriculture BY and 1992024

GHG emissions (Gg)

Year
CH N20 CQ
BY 220 20 407
1990 194 16 385
1991 183 12 274
1992 157 10 237
1993 134 9 195
1994 119 10 159
1995 116 10 117
1996 116 10 105
1997 112 10 95
1998 112 11 96
1999 114 11 95
2000 113 11 104
2001 108 12 AL
2002 108 12 117
2003 108 11 L2l
2004 104 12 151
2005 102 11 142
2006 98 11 1aa
2007 98 11 L
2008 96 12 91
2009 94 11 2t
2010 93 11 106
2011 92 11 122
2012 96 11 142
2013 97 12 L0
2014 100 13 169
2015 103 13 203
2016 105 14 209
2017 105 14 223
2018 107 14 214
2019 107 14 217
2020 109 14 240
2021 110 14 236
2022 107 11 212
2023 104 11 171
2024 104 12 197
Share of _Hunganar 425% 54.6% 0.5%
total in BY
oo 4% TeB6  0s%

Trend BY2024 -52.8% -40.8% -51.7%
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Figure5.1.4 NO emissions from Agriculture BY and 12904

Note: emissions from 3.C, 3.F, 3.G, 3.H and 3.l are small, but not zeros
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Figure5.1.5 CQ emissions from Agriculture BY and 12924
5.1.3 Emission trends by stdategory

Agricultural GHG emissions amounted to97ll Gg C&eq in the BY an@ 305 Gg C@eq in 202,
which means a reduction &f7.3%6. Total emissions from the Agriculture sector in 2010, 5t%Gg
CQ-eq, were the lowest level in the entire time series.

Table 5.1.3hows the trends in GHG emissions by source categories as well as their contribution to the
overall national emissions (excluding LULUCFe most important category is 3.A Enteric
Fermentation at 2%, followed by 3.D Agricultural Soils al%. and 3.B Manure Management
accounting for2.0% of national total GHG emissions in 20ZRT category 3.C Rice Cultivation
accounts for less than 0.1% of the national totad. kvealed from theFigure 5.1.3igure 5.1.5
emissions from all categories are decreasing between the BY arble2@2pt for category 3.l. The
reason for the declining trend in the emissions from Enteric Fermentation and Manure Management
is the decrease in livestock numbers, especially cattle. The total emissions from the Livestock, which
equals the combined totalfemissions from 3.A Enteric fermentation and 3.B Manure management
(including Indirect emissions), expressed in, EqQuivalents, were 841 Gg C&eq in the BY. This
decreased by 45% teach 3752 Gg C&eq in 1994 and subsequently decreased BYolto 3264 Gg

CQ -eq in 202. Livestock accounted for286 of GHG emissions in agriculture in 20The biggest
contributor to Livestock emissions is cattle, witto share of agricultural total emissions.

Over the period BY993 emissions from 3.D Agricultural soils had dipped sharply fr667 459 CO

eg in the base year to 957 Gg C&eq, representing a decrease of%7/Arom the BY to the 1993 level

This was attributed to the halt in state subsidies on fertilizers and the decrease in animal manure due
to the decreasing livestock numbers. Emissions lioP826 Gg C@eq in 202 represent a reduction

of 38% from the base year level.

The trends of emissions from liming, urea application and cadworiaining fertilizers slightly differ

from those of the other sectors. Emissions from all of the &®vant sectors decreased at the
beginning of the time series, but emissions from urea application and carbotaining fertilizers
started to increase at the end of the 1990s due to the increasing fertilizer use, while emissions from
liming after a sfjht increase to mi€2000s decreased again continuously. The reason for the second
drop inemissions from urea use was the economic crisis in 2008, when the price of the urea increased,
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leading to a sharp decline in urea applicati@mission from carbon containing fertilizers increased
again over the period 2009021. In 2022 due to the significantly increased fertilizer prices the use of
fertilizers dropped considerably which caused a 37% decrease in carbon containing fertilizsisremi
Emission in this category further decreased in 2028fertilizer prices fell in 2024, usage increased,
resulting in a 36.8% rise in emissions compared to 2BRdssions from ureencreased as wellwer

the period 20092022. In 2023 the emissions dropped due to the stabilization of fertilizer prices
resulting in a lower demand for it.adever, in 2024, fertilizer prices fell, causing demand to rise again,
resulting in a 5.5% increase in emissions compared to the previous year.
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Table5.1.2 GHG emissions BY and 192024 from agriculture by subcategories
GHG emissions (Gg &€x)

Year
3 3A 3B 3C 3D 3F 3G 3H 3l
BY 11971 4650 2191 91 4567 6471 130 229 48
1990 9968 4108 1998 91 3387 118 191 171 23
1991 8538 3897 1848 68 2449 063 188 80 7
1992 7315 3377 1570 38 2093 046 163 57 16
1993 6422 2854 1378 38 1957 039 128 55 12
1994 6239 2518 1234 38 2290 046 100 50 8
1995 5061 2466 1221 30 2127 0.38 58 51 8
1996 5068 2428 1246 24 2165 021 47 49 9
1997 5028 2370 1211 17 2234 022 38 51 7
1998 6097 2338 1240 17 2405 0.23 34 56 6
1999 6163 2364 1288 17 2400 0.22 24 60 10
2000 6053 2335 1267 24 2322 031 24 65 15
2001 6193 2242 1230 18 2595  0.23 23 69 16
2002 6212 2216 1258 16 2605 0.29 23 76 18
2003 6062 2192 1274 19 2449 033 30 80 17
2004 6286 2130 1195 21 2788 028 34 91 26
2005 5085 2110 1140 20 2572 028 33 87 22
2006 59209 2031 1109 18 2627 023 28 91 24
2007 5909 2037 1112 20 2590  0.29 24 95 31
2008 5919 2005 1067 19 2736  0.30 17 46 27
2009 5588 1976 1007 21 248 035 16 43 39
2010 5519 1967 998 15 2434 007 14 46 45
2011 5702 1958 981 20 2613  0.26 18 58 54
2012 5757 2037 997 22 2557  0.35 18 56 69
2013 6113 2094 980 20 2845 032 18 79 77
2014 6338 2160 1011 18 2979  0.29 19 75 75
2015 6550 2215 1041 21 3069  0.28 18 97 87
2016 6860 2264 1057 22 3307 0.34 13 99 97
2017 6865 2274 1029 21 3317 037 11 113 99
2018 6912 2313 1036 22 3327 040 10 112 92
2019 6902 2321 1035 20 3308 0.33 8 116 93
2020 7008 2363 1038 23 3435 0.35 5 137 08
2021 7116 2364 1067 21 3428 0.28 4 128 104
2022 6182 2315 1034 18 2603  0.30 3 143 66
2023 6014 2255 994 18 2575 025 4 109 59
2024 6305 2258 1006 18 2826 0.25 1 115 81
ShareofHU 0 g0 4206 20% 01%  41% 01%  01% 02%  0.0%
total in BY
shareofHU 1) 200 4206 1.0%  00%  53% 00% 00%  02%  0.2%
total in 2024
Trend
Bvooos  AT3%  5L4%  -54.1% -80.4% -38.1% -99.6% -991% -50.0% 68.2%
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5.1.4 Key Categories

Key category analysis is presented in Chapter 1.6. Tablechtains the key categories of the
agriculture sector.

5.1.5 Methodological issues

Methodologies of the 2006 IPCC Guidelines have been implemented throughout the agricultural
inventory. However, in some cases, where there are gaps in the 2006 IPCC Guidelines, methodologies
provided in the 2019 Refinement were applied.

IPCC Tier 2 methods were used for the following categories:

1 3.A Enteric Fermentation in Cattle.
1 CH emissions from 3.B Manure Management associated with all livestock categories, except
Rabbits.
1 N.O emissions from 3.B for Cattle, Swine, Poultry (Laying hens and Broilers) and Indirect
emissions.
1 N2O emissions from 3.D.1.5 Mineralization/immobilization associated with loss/gain of soil
organic matter.
91 Indirect NO emissions from 3B and 3D are reported in line with the nationaladd NQ
inventories, which also meets the requirements of a Tier 2 methodology.
For the other categories IPCC Tier 1 methods were applied. Cespdgjfic emission factors were
used whenever sufficient information was available, otherwise the IPCC default factors were used. See
the individual categories for further details.

5.1.6 Uncertainties and time series consistency

The following chapter gives an overview of uncertainty estimates for g8 and Cegemissions from
Agriculture.

Uncertainty estimates were performed using the Tier 1 approach based on the error propagation. Error
propagation was calculated independently for the lower (2.5 percentile) and for the upper (97.5
percentile) range to treat the asymmetric confidence rangEmcertainties were combined in
accordance with 2006 IPCC Guidelines Equation 3.1 and 3.2. The results of the Tier 1 approach are
shown inTable 5.1.4

The uncertainty of the activity data was calculatsmsedon the available datérom the Hungarian
Central Statistical Office (hereafter HCSO), HEEP/EEA Guidebook (EEA, 2028) expert
judgement The uncertainty of the emission factors was calculated following the 2006 IPCC Guidelines.
The uncertainty of the livestock population data for 202 presented according to the uncertainty
assessment of the HCSOTaible 5.1.3The overall weighted mean of the uncertainties in the livestock
LJ2 LJdzf | (i B%.yhe Aircertainty dn theSwine population is the lowest at @% while the
uncertainty inHorsespopulations is the highest at approximatdl.7%

In the Hungarian agricultural GHG inventory, timeertainties of NO emissions from agricultural soils
are the highest These high values derive from the uncertainties of the emission factors. The
uncertainty and the distribution of these emission factors:(lE and EE) strongly influence the
uncertainty and the distribution of the agricultural emissions as well as the overall uncertainty of the
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Hungarian GHG inventory. For these emission factors default confidence limit erdyésgnormal
distributions have been applied according to the 2006 IPCC Guidelines.

Table5.1.3 Uncertainty of animal population data for 202(HCSO)

2023 Dec

Livestock categories

95% Confidence Interval ¢+ 000 head)

Dairy Cattle 7.65
Non-Dairy Cattle 15.74
Buffalo 0.00
Sheep 74.40
Goats 3.10
Horses 6.90
Mules and Asses 0.70
Swine 19.20
Poultry 408.78
Rabbit 10.40

Overall (weighted mean)

2024 Jun

8.35
17.18
0.00
72.40
3.60
8.40
0.40
17.20
341.47
9.30

2024 Dec

8.48

17.45

0.00

61.50

3.00
9.70
0.70

16.00
484.08

7.10

Annual

Uncertainty Weighted

of the annual  annual
mean u(AD) mean

5.06 1.89

10.40 1.75
0.00 0.00

43.51 4.85
2.10 6.29

5.15 10.68

0.32 8.04

10.63 0.39
232.90 0.62
5.62 0.50

0.73

%

1 000
head
268
595
8
898
33
48
4
2725
37534
1131

Table5.1.4 Uncertainties of activity data, emission factors and emissions for key and particularly
significant categories by Tier 1 approach for 202

3 Agriculture

3.A Enteric Fermentation
3.A.1 Enteric Fermentation/ Cattle
3.A.2 Enteric Fermentation/ Sheep
3.B Manure Management
3.B.1 Manure Management/ Cattle
3.B.3 Manure Management/ Swine

3.B Manure Management
3.B.13 Manure Management/ Other

3.B Manure Management/ Indirect

3D Agricultural Soil Emissions
3.D.a.1 Direct Soil Emissions/
Synthetic Fertilizer

3.D.a.4 Direct Soil Emissions/
Crop residues

3.D.3 Indirect Emissions

GHG

CH
Ch
Ch
Ch
CH
Ch
N2O
N2O
N20O
N2O

N.O

N2O

N.O

Uncertainty of
activity data

WL
Bl
35
B N
pl
50

b N

BHM

BN
b N

bPp
bHP

BN

Uncertainty of
Emission Factor

%
B MO
50
L
b MO
B MM
b On
-36/+129
-50/+100
-85/+399
-66/+183

-70/+200

-70/+200

-80/+352

Combined
uncertainty of
emissions

MO
MM
L
H MO
M
ON

-36/+129

54/+102

-85/+399
-66/+183

-70/+200

-74/+202

-80/+352

Note: In accordance with the 2006 IPCC Guidelines particularly significant categories are those which
contribute together more than 60% to the key category.
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5.1.7 Quality Assurance and Quality Control

The agricultural greenhouse gas inventory is compiled by the HMS. The used activity data is mainly
RSNAGPGSR FTNRBY (GKS 2FFAOALFE RIGFIOFAS 2F GKS 1 /{hZ
9! wh{ ¢! ¢Qasx bcC/{hQa 2NJ (K $s Nonpefii Kt (HelieSfteAER) datad NRA O dzf |
are applied.

Data and documentation are archived by the Unit of National Emissions Inventories of the Hungarian
Meteorological Service. The annual sector specific QA/QC procedures are as follows:

1 Check of activity data for transcription and rounding errors, comparison with original data
sources.

1 Recheck of activity data, comparison with the latest submission of the activity data (following
the revision of the datdoy-data supplier).

1 Check of reasons for data gaps.

9 Verification of activity data with other data sources if it is possible.

1 Consistency check of time series of the activity data and the estimated emissions (reasons for
jumps).

1 Consistency check, following the methodological changes of the data collection.

1 Check of the time series consistency of the applied livestock characterization.

1 Crosscheck of data sources of the activity data if it is possible (e.g., total annual milk yield per
cow, and total dairy cow population).

9 Crosscheck of the applied activity data between the different sidtegories.

1 Check of emission factors, comparison with the IPCC default ones and comparison with the
@ fdzSa FLIJX ASR o0& 20GKSNJ O2dzy i NAS& 0 SHahdSOA | f f &
S&A report of the UNFCCC.

1 Check of the methodologies used for the development of cowpigcific emission factors,

comparison with the IPCC methodologies or other methodologies if it is available.

Check of the correct use of the units in the calculation sheets.

Check for transcription errors between the calculation sheets and tigabires.

Consistency check of sudategories with totals.

Check of recalculation differences.

Listing of QA/QC findings and the actions taken in the spreadsheets.

1 Recording of sources of activity data and equations in the spreadsheets.

= =4 =4 4 =4

Details of other sourcspecific quality checks can be found in the respectivechapters.

Since 2011 the Unit of National Emissions Inventories of the HMS has also been participated in the
preparation of the Air Pollution Emission Inventory under the Convention on -taovge
Transboundary Air Pollution of the United Nations Economic Commissi&urope (UNECE/LRTRAP).

(As a party to the UNECE/LRTRAP Convention Hungary is required to report annually data on emissions
of air-pollutants covered in the Convention.) This provides an additional opportunity to-chesk

the activity data and emissns with the GHénventory to ensure the consistency between the two
inventories.

Hungary as a member state of the EU has additional reporting obligations (e.g., Nitrate Directive and
Nutrient Balance) arising from different Community policies. In some cases, the same data and
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coefficients are required for the background calculation of these reports. As an additional QA
procedure, these data and methodologies are compared in the course of regular expert meetings.

Checks and reviews of national emission inventories reported by EU Member States under the
Monitoring Mechanism Regulation (MMR) is also considered as a quality assurance activity.

In-depth reviews required by the 406/2009/EC EU Effort Sharing Decision are performed in every two
years by external experts contracted by the EU, which covers the full inventory. The first review was
performed in 2012. The last comprehensive audit was2@20, during which there were no
recommendations for the agriculture sector.

5.1.8 Recalculations

The main reasons for changesGh Gemissions from Agriculter(CRT sectd) are as follows:

- Updating Mules and Asses population for 2&2P2
- Correction of calculation errors

Reasons for recalculations by TGRtegoriesare as follows:

The overall effect of the recalculations in sector 3. Agriculture resulted in emissions changes ranging
from -5.05kt CO2eq to11.41kt CO2eq for the periodl9852023, representing a percentage change
ranging from-0.17% t00.3%4

3.AEnteric Fermentation
3.A.3, 3.A.4 CH4 emissions from Enteric Fermentation

The correction of calculation error for 198923 resulted in minor changes in £#issions from
enteric fermentation.

The update of animal population for 202022 resulted in insignificant changes inh€mMissions from
enteric fermentation.

3.A.3 (CH) ¢ Swinefor the period19852023

Correction of calculation errors regarding the manure management system for the period
19852023 causedninor changes in CHmissions.

3.A.4 (CH) ¢ Other Livestock for 2022022

Updating of animal population for 2022022 resulted higher populations, which caused
insignificant changes in Gemissions in Other Livestock category.

The overall changes in emissions frorA Bnteric Fermentatiomanged from a3.56kt CO2eq t00.09
kt CO2eq for the periodl9852023. The percentage changes varied betwe2®®6 andd.128%.

3.B Manure Management
3.B.1, 3.B.3, 3.B.4 Gl@missions and 3.B.1, 3.B.3, 3.B.5xNemissions from Manure Management

The correction of calculation error for 1982823 resulted in minor changes in £id NO emissions
from manure management.

The update of animal population for 202022 resulted in relevant changes ins@Hd N20O emissions
from manure management.

3.B.1 (Ch), 3.B.3 (Chic Dairy Cattle, Noiiary Cattle and Swine for the periv@852023
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Correction of calculation errors regarding the manure management system for the period
19852023 caused minor changes in4{&hhissions.

3.B.1 (NO), 3.B.3 (D), 3.B.5 (bD)¢ Dairy Cattle, NoiDiary Cattle, Swine and IndirectQNemissions
for the period 2012023

Correction of calculation errors regarding the manure management system for the period
2017-2023 caused minor changes iBNemissions.

3.B.4 (Clj ¢ Other Livestock for 2022022

Updating of animal population for 2022022 resulted higher populations, which caused
insignificant changes in @emissions in Other Livestock category.

The overall changes in emissions frofd[danure Managementanged from a3.49kt CO2eq t06.97
kt CO2eq for the periodl9852023. The percentage changes varied betwe@®1% andl.57%6.

3.D Agricultural Soils
3.D.1 Direciand 3.D.2. IndirectN,O Emissions from Managed Soils

The correction of calculation error for 192023 resulted in negligible changes wONemissions from
managed soils.

3.D.1.a, 3.D.1.b, 3.D.1.c, 3.D.1.d, 3.D.2.a, 3.D.2.b (fA@)yganic Nfertilizer, Organic Mertilizer,
Urine and Dung deposition, Crop residuwdmospheridepositbn, Nitrogen leaching iad Ruroff

Correction of calculation errors regarding thnaged soilfor the period19852023caused
negligible changes in,N emissions.

The overall changes in emissions fro® Agricultural Soils ranged from@&26kt CQ-eq to 2.96 kt
CQ@-eq for the periodl9852023. The percentage changes varied betwe@24% and 0.11%.

5.1.9 Planned improvements

Participation in the EU review mechanisms, which is part of the QA/QC processes for compiling EU
inventory, provides an opportunity for examination of individual IPCC sectors and particular issues
relating to methodologies, countrgpecific emission facterand coefficients. Issues of planned
improvements will be assigned largely in accordance with the outcome of the EU and UNFCCC review
processes.

N-excretion rates for the main animal categories such as Swine and Poultry are also planned-o be up
dated based on the availability and processing of the data from the livestock feeding monitoring
program. We also plan to extend the calculation gdMmissions from crops residues to include green
manure.
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5.2 Enteric fermentation (CRsector 3.A)

Enteric fermentation in animals is considered as a significant source ©fTGel most important
process of CHjyeneration is anaerobic cellulose degradation in the rumen of ruminants. Sowie CH
generated in the colon of horses and rabbits, and in the caecum of poultry. In Hungary, the leading CH
emitters are cattle and sheep, with the most important category being-daainy cattle. In addition to

the number of animals, the level of production and feeding practices are the factors which primarily
influence the amount of CHrom enteric fermentation.

In 2024 77 6% of the total Ckemissions from agriculture derived from this source category.

5.2.1 Source Category Description

Emitted gas: CH

Methods: T1, T2

Emission factors: D, CS

Key source: Yes

Particularly significant subategories: Cattle

Figure 5.2.1presents the estimates o€H emissionsfor 3.A Enteric Fermentatioby livestock
categories Emissions amounted to 166 Gl in the base year and have reduced y8nto 81 Gg

in 2024 due to the decrease in cattle livestackhe bulk of this decrease occurred between 1985 and
1994, during which Hungary experienced a period of unprecedented drop in the agricultural
production resulting in a dramatic decrease in animal populations. Despite the continuous decrease in
the livesbck populations, emissions stagnated in the years between 1995 and 2000, because the
improving cow productivitpverbalanced the effect of declining cattlegulation Figure 5.2.2 In the

period 2000 to 2010 emissions slightly decreased again reaching their lowest levellinT204
decrease reflects the further decline in Cattle livestdetom 2012 to 2021 emissionsncrease,
following the slightly rising cattle population and milk producti®mce 2022 population started to
decrease.Emissions from 3.A mostly depend on cattle population and milk produckmberic
fermentation in Cattle producef3% of emissions from 3.A in 202
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Figure5.2.1 Trend in emissions from 3.A Enteric Fermentation by livestock categories BY and 1990
2024
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Figure5.2.2 DairyCattle population and daily milk production per cow BY and -P829

5.2.2 Methodological issues

Emissions from enteric fermentation were calculated using the Tier 1 method of 2006 IPCC Guidelines,
except for the Dairy Cattle and the N@airy Cattle categories, where counsgpecific emission
factors were used in accordance with the Tier 2 metho@Gff6 IPCC Guidelines.

5.2.2.1 Activity Data Livestock Population
The HCSO provides national livestock survey data to the emission estimate.

Following a recommendation of the centralized review conducted in 2014 the HCSO has provided
livestock data rounded to the nearest hundred instead of nearest thousand. The HCSO has been
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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 year t was calculated by using the
chronological mean of surveys data, as follows:
M) €O j 0EO0 [ T €0

C

€O

(Equation 5.1.)
Where:

NoA = chronological mean of the annual population of a livestock category in a ye@00 (1
head)

NoAvec,:1 = population of a livestock categoryrecember of the yearl (1000 head)

NoAunet= population of a livestock category in June of the yeat00L head)

NoAvec,:= population of a livestock category in December of the yeaf0QLhead)

¢tKS YSGK2R RSftAYySIFGISR | 020S ¢l a4 adzaasSaasSR oeée K
seasonal changes in the livestock population.
Until the end of 2008 the HCSO collected data on animal 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 similarlgetdan the three surveys data.

The annual average livestock populations calculated ashinenological means of the total animal
populatiors are reported in the CRables. Trends in livestock populations are provide@iable 5.2.1

In the case of Nowlairy Cattle and Poultry enhanced characterization for livestock populations were
used according to the requirements of the IPCC methodology. The annual aypenageations for
these livestock were determined by sahtegories. Detailed livestock data by stdiegories for Cattle

and Poultry are shown ihable 5.2.2and Table 5.2.3
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Table5.2.1 Livestock populations and trends BY and 198024 (1 000 head)

Dair Non- Mules Other
Year y dairy Sheep Swine Buffalo Goats Horses and Poultry .
cattle (Rabbit)
cattle Asses

BY 589.5 1233.6 2498.3 8963.0 0.1 19.3 98.7 5.0 81738.8 2536.5
1990 563.6 1053.0 1958.3 8708.5 0.1 35.1 79.8 45 70325.6 2587.2
1991 526.6 1017.8 2008.7 7809.1 0.1 39.3 84.0 43 58827.4 26295
1992 4795 8339 1867.3 62374 0.1 50.0 78.8 43 52168.4 2389.5
1993 436.3 648.5 1457.7 5805.4 0.1 60.6 74.6 4.3 43429.1 21495
1994 4085 5544 1089.0 5006.9 0.1 71.3 85.1 4.3 44 477.4 1909.4
1995 3945 548.8 997.7 5023.0 0.2 76.1 74.6 4.3 448745 1669.4
1996 389.4 5459 930.0 54935 0.3 80.9 73.5 43 38537.7 1148.9
1997 387.8 520.8 900.9 5012.7 0.4 85.7 75.6 43 40416.6 1071.3
1998 381.3 493.8 9545 5246.7 0.5 90.5 76.7 43 42707.6 1051.8
1999 385.0 4885 980.7 5609.0 0.6 95.3 77.7 43 40260.3 1040.4
2000 362.8 479.2 11922 5146.2 0.7 96.6 77.8 3.6 48562.1 9425
2001 353.0 443.3 1162.8 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 34 51333.7 1179.7
2003 330.0 433.2 12265 5077.5 1.0 94.5 62.5 3.3 52486.2 1088.8
2004 309.3 424.3 1380.2 4385.0 1.1 84.5 64.5 3.2 50492.0 1181.7
2005 299.8 419.7 1446.7 4021.7 1.2 77.8 67.0 3.0 46404.7 1002.7
2006 275.2 428.2 1358.2 3943.7 1.3 81.2 64.8 2.3 44653.3 1084.3
2007 267.5 442.3 1300.7 4039.0 1.4 71.5 59.0 21 43159.7 1055.0
2008 263.8 436.2 1269.7 3664.7 1.4 72.8 58.3 20 45032.7 9035
2009 257.5 4443 1260.8 3248.0 15 65.0 59.8 1.9 44789.3 871.3
2010 2445 454.0 1203.0 3208.0 2.5 79.3 65.5 3.1 46587.0 916.3
2011 250.6 440.2 1159.1 31313 3.7 83.8 73.0 3.5 46283.8 949.1
2012 256.0 474.8 1179.3 29815 3.4 86.0 76.2 3.5 43063.7 1367.1
2013 2485 518.7 1204.9 2943.9 3.7 85.2 66.1 27 41674.3 1560.1
2014 252.0 538.5 12226 3064.9 3.7 76.7 63.0 21 42683.1 1643.2
2015 252.1 562.8 11939 3127.0 3.7 79.5 61.3 25 44459.1 16104
2016 247.0 592.2 1189.3 3020.8 5.4 84.0 56.5 3.2 44907.6 1300.4
2017 2448 617.7 1160.3 2847.6 6.1 85.0 53.7 41 427111 11499
2018 242.7 635.8 11456 2865.1 6.6 75.3 51.9 46 43136.9 1204.6
2019 2439 660.0 1100.3 2796.4 6.9 69.0 51.6 5.0 42875.1 1195.7
2020 2384 688.7 9979 2831.1 7.8 56.1 58.0 44 378351 12184
2021 2454 679.2 936.9 2837.2 7.9 50.8 59.5 33 40 244.0 1183.2
2022 2437 6545 903.9 2678.4 8.3 44.6 51.1 3.2 36 568.0 1147.9
2023 265.5 608.7 9059 2565.0 8.5 38.5 46.7 40 37046.6 1070.3
2024 267.8 594.8 897.8 2725.0 8.4 334 48.2 40 37534.3 1130.7
Trend

BY: -54.6% -51.8% -64.1% -69.6% 8275.0% 72.6% -51.1% -21.5% -54.1% -55.4%
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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Table5.2.2 Livestock population and trends for nedairy cattle BY and 1990024 (1 000 head)

<1 year 1-2 year >2 year
Bovines  Bovines .
for for Heifers
for Mature .
Year slaughter - slaughter Bovines slaughter First calf Non- Heifers Beef
and and . . for
other other (male) and heifers Dairy Sl Cow
other (male)
calves calves heifers
(male) (female)

BY 256.9 264.3 226.0 277.7 72.0 20.4 19.6 96.8
1990 212.6 241.2 169.6 256.9 65.6 17.1 15.7 74.4
1991 204.7 237.8 162.2 251.9 61.8 16.4 14.9 67.9
1992 164.1 206.5 110.7 219.5 55.1 13.1 11.0 54.0
1993 128.7 162.9 86.2 170.9 44.7 9.7 7.0 38.5
1994 109.1 143.9 68.3 151.2 41.2 8.0 5.0 27.8
1995 107.4 143.4 65.9 149.1 42.7 7.9 4.9 27.5
1996 105.5 139.3 70.1 144.3 43.8 7.8 4.8 30.3
1997 99.5 133.0 63.5 138.8 47.3 7.4 4.3 27.0
1998 98.7 131.8 41.5 137.5 49.5 6.9 3.7 24.3
1999 97.4 130.1 47.8 135.7 44.3 6.8 3.6 23.0
2000 96.0 132.6 36.2 136.7 41.9 5.8 2.7 27.4
2001 88.0 125.9 29.4 131.4 37.1 4.8 2.7 24.0
2002 85.0 124.7 27.0 130.0 37.2 4.7 2.2 22.9
2003 87.8 121.4 26.6 124.4 36.0 4.5 2.3 30.1
2004 81.5 113.7 25.3 122.4 34.2 6.0 2.7 38.5
2005 84.7 109.2 22.6 119.1 32.8 5.8 2.0 43.4
2006 84.6 106.5 30.3 116.9 30.6 5.5 25 51.3
2007 86.6 106.2 37.0 116.4 33.0 6.2 2.2 54.7
2008 78.9 109.5 32.1 114.7 32.0 6.0 2.3 60.6
2009 81.5 108.2 31.7 120.2 32.5 6.5 2.0 61.7
2010 75.7 108.2 35.0 120.7 35.5 7.2 3.2 68.5
2011 74.5 105.6 26.4 115.7 35.6 7.0 2.6 72.8
2012 86.9 113.5 31.8 117.5 35.6 7.0 4.2 78.3
2013 89.1 119.6 415 130.1 35.3 8.2 4.3 90.5
2014 90.2 122.9 44.2 131.2 37.0 8.4 2.7 101.9
2015 90.3 129.9 43.2 135.7 38.3 9.2 3.7 112.5
2016 98.6 133.3 38.3 138.1 39.1 10.1 4.7 129.9
2017 104.0 138.9 37.8 137.4 37.8 10.5 5.2 146.2
2018 107.8 140.7 43.0 140.4 34.0 11.3 3.3 155.3
2019 107.4 146.7 44.9 146.4 33.3 11.1 4.3 166.0
2020 115.9 149.0 51.4 142.3 35.7 13.6 5.7 175.2
2021 116.6 159.4 39.2 129.6 27.8 16.8 19.1 170.7
2022 108.6 156.5 33.6 123.8 22.0 15.5 20.5 174.2
2023 1015 156.2 30.8 119.4 18.3 14.1 17.0 151.4
2024 100.9 150.9 32.2 119.9 20.6 14.6 17.8 137.8

525834 60.7%  -42.9%  857%  56.8%  -714%  -282%  -8.9%  42.4%
Trend

2005 19.1% 38.3% 42.5% 0.6% -37.1%  151.5% 792.6% 217.3%
2024
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Table5.2.3 Livestock population and trends for Poultry BY and 19804 (1 000 head)

Year

BY
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

Trend BY2024
Trend 20052024

Laying
hens
24 484.7
22 735.0
23 460.1
20 187.3
193144
17 092.6
157325
16 368.0
154911
15 824.0
15 255.0
13744.3
15 396.5
16 051.5
16 384.8
15 398.8
14 232.3
14 424.7
13 063.8
13 376.3
12732.3
12 544.5
11 453.4
11 088.8
11 839.9
11 291.9
117225
11 246.6
10 748.7
10 891.7
10 732.0
93124
8 647.6
8 503.8
8 032.3
8 254.3
-66.3%
-42.0%

Animal Population

Broilers

50 939.4
40 178.1
29 487.6
27 392.8
19 289.5
21 666.5
233494
16 430.5
18 816.0
20 158.3
17 749.4
24 223.7
25290.0
23 327.7
23 645.2
23187.2
22 058.3
20 268.5
20 359.0
21 865.8
22 364.5
23 163.5
23878.3
22 003.7
19 959.2
21 505.5
22 963.7
23 307.9
22990.4
22 118.3
22 176.7
21176.9
23 326.2
21739.8
22 086.0
22419.0
-56.0%
1.6%
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Turkey

1420.2
1772.6
1252.7
916.7

1080.1
1288.8
1599.1
1979.1
2156.9
2156.9
2084.3
4 029.8
3449.3
3789.8
3495.8
4 637.3
4 036.5
4 270.3
4 430.8
4071.2
3422.3
3365.0
3152.8
3023.6
2432.8
2692.7
2928.3
3022.3
2888.4
2834.1
2825.0
3013.8
29125
2557.0
2361.2
2172.4
53.0%
-46.2%

Ducks

2717.6
2 463.6
2216.7
1969.9
2008.4
2339.1
21446
1955.3
2139.8
2725.7
3222.1
3249.5
3790.2
4.490.0
4770.7
3898.0
3704.0
3117.3
2780.5
3070.0
3736.3
5155.0
5208.1
4 489.2
4533.1
4781.3
4 687.6
4 854.5
3952.7
4 898.8
4768.1
2829.6
3 756.7
2490.8
3107.2
3574.9
31.5%

-3.5%

Geese

1814.1
2926.5
2167.5
1459.2
1494.1
1854.9
1833.9
1616.4
1634.8
1623.8
1689.9
3080.3
29155
3474.3
3 986.3
3177.3
2183.2
2387.3
23745
2487.8
2384.8
22113
24555
2311.0
27747
2 280.7
2027.5
2354.1
2016.1
2290.3
2270.9
1404.9
1532.8
1238.0
1419.0
1065.1
-41.3%
-51.2%

Guinea
Fowls
362.8
249.8
242.6
242.6
242.6
235.5
215.0
188.3
178.0
219.0
259.6
234.4
232.5
200.3
203.3
193.3
190.3
185.2
151.0
161.5
149.3
147.8
135.9
147.4
134.6
131.1
129.6
122.3
114.8
103.8
102.6

97.6
68.2
38.7
41.0
48.6
-86.6%
-74.5%
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5.2.2.2 Emission Factors
5.2.2.2.1 Cattle

CH emissions from enteric fermentation in Dairy Cattle and Mairy Cattle categories were
calculated using the Tier 2 method (2006 IPCC Guidelines, Equation 10.21):
OCD—]T :,Zp Qv
00 D
LV &@vu
(Equation 5.2)

Where:
EF = CkHemission factor (kg GHead?! yr?)
GE = gross energy intake (MJ héddy?)
Ym = methane conversion rate (MJ %)J
365 = days of year (dayyr
55.65 = energy content of methane (MJ*KgH)

5.2.2.2.1.1 Gross Energy Intake in Dairy Cattle

Tier 2 emission estimate requires feed intakes expressed in terms of gross energy (MJ/head/day),
which is the amount of energy an animal needs for maintenance, activity, lactation, and pregnancy. In
the calculation of net energy requirements Holst&iriesian and Hungarian Simmental cattle were
distinguished, which are the most widespread dairy cattle breeds in Hungary.

To calculate the daily net energy requirements of cows the Hungarian Nutrition Codex (2004) was
generally applied, which contains standards of livestock feeding for Hungary. In Hungary, the American
energy requirement system was adapted in 1986 with sonm@mchanges, thus the Hungarian and

the IPCC equations for the calculation of net energy requirements are basically very similar. The main
difference between the Hungarian and the IPCC methodology is that the Hungarian system does not
differentiate the ne& energy for maintenance and activity, thus both energy requirements are taken
into account in the net energy for maintenance. To ensure the closest conformity with the IPCC
methodology and to avoid underestimate of emissions it was decided to take &dsaccount the net
energy for activity based on the IPCC methodology, using the Eq. 10.4 of 2006 IPCC Guidelines.

Calculation of net energy for lactation according to the Hungarian standards also differs from the IPCC
methodology. For this reason, it was determined based on both equations. Use of Hungarian standards
indicated higher values than the IPCC methodolobys Tthe net energy for lactation was calculated
using the Hungarian standards for the inventory purposes, because it was assumed that it is more
reliable for the Hungarian species.

The net energy requirement for pregnancy was also determined based on the standards of the
Hungarian Nutrition Codex (2004) as well as the IPCC methodology, and it revealed that there is no
difference between the outcomes of the two methodologies. As asequence, Eq. 10.4 of 2006 IPCC
Guidelines was applied for the sake of simplicity.

The Equation 10.16 of 2006 IPCC Guidelines was applied to transform net energy requirements into
gross energy intake. The value of digestible energy (DE%) was calculated as weighted average of
digestibility of components in the diet to the use of the afmientioned equation. Composition of the

diet was taken from the dataset of the Farm Accountancy Data Network (FADN). This dataset provides
annual data on the composition of the diet per 1000 kg milk basis, from which the feed intake can be
calculated usinghe annual milk yields. This statistical data was combined with expert judgement on
the composition of the diet and the seasonal changes in the feeding practices. Digestibility values for
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GKS RAFFSNBYyld F2RRSNJ ONRLEA Ay (G(KS RASG 6SNB Gl ¢
Nutrition Codex (2004). This database contains results of laboratory measurements for feeds used for
livestock nutrition in Hungary.

Parameters and equations used to estimate the gross energy intake for dairy cattle and their sources
are listed inTable 5.2.4

Calculation of net energy requirements requires further statistical data and parameters, which are
summarized inrable 5.2.4Net energy for maintenance depends on the average body mass of dairy
cattle, which was determined for each year of the time series based on the change of livestock
composition and characteristics of specigsthe1970s the Hungarian cattle herd consisted mainly of
double used cows (Hungarian Simmental) and partly dairy cattle having smaller body mass (Jersey,
Ayrshire). Since 1970 this cattle herd has been changed, continuously, crossing theramndiomed

species \ith Holstein Friesian cattle. In 1985 the Hungarian cattle herd consisted mainly of Holstein
Friesian and HolsteiRriesian Crosbred, but the Hungarian Simmental also had an importance.
Proportions of Jersey and Ayrshire can be considered as negl§jinte. 1985 proportion of Hungarian
Simmental species has been dropped and as a result the annual milk yield increased from 4671 kg to
6429 kg in the period BX005, together with this change the average body weight in the herd also
increased. The annual erage body mass was calculated from the typical body mass of the two main
species and their proportions in the certain year based on HCSO statistics. The typical body mass of
HolsteinrFriesian and Hungarian Simmental is assumed to be 650 and 550 kgcald¢bkation. The
resulted body weights by years are showmable 5.2.6
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Table5.2.4 Parameters and equations used to estimate the GE for Dairy Cattle

Activity data, parameters and

coefficients Unit
Weight kg
Cpregnancy

Digestible energy intake (DE) %

G

Proportion for grazing

NEn=2.96 + FM *4.25 + W * 0.0
where,
FM = farming method1 =

stalled; 2 = farming on good  MJ/day
pasture; 3 = farming on average
pasture)
W = live weight of Cow, kg
NE MJ/day
NE=NEmix* kg of milk per day
NEmik=1.45 + 38.45 * Milk fat +
3.02 * Milk protein,
where MJ/day
Milk fat = Fat content of milk, %
Milk protein = Protein content of
milk, %
Nep MJ/day
REM
GE MJ/day

Source
Y 2 {2019

Table 10.7 of IPQR006)

Y 2 {2019

Table 10.5 of IPGR006)

HCSO, agricultural surveys
NFCSO's Nitrate database

Hungarian Nutrition Codex
(20049

Eq. 10.4 of IPO@006)

Hungarian Nutrition Codex
(20049

Eqg. 10.13 of IPQR006)
Eq.10.14 IPC006)
Eg. 10.16 of IPQE006)

Values/ Notes

Calculated annually, based o
the ratio and the body mass
of typical Hungarian breeds.

0.1

Calculated annually, based o
feeding statistics from FADN

and laboratory measurement:
(Hungarian Nutrition Codex,

2004).

0 for stall, 0.17 for pasture

See also Chapter 6.3.

Countryspecific methodology
according to the Hungarian
net energy requirements
standards. Calculated
separately for Holstein
Friesian and Hungarian
Simmental
Calculated

Countryspecific methodology
according to the Hungarian
net energy requirements
standards.

Calculated
Calculated
Calculated

Net energy for lactation depends on the amount of daily milk production and fat content of milk. The

RIAf &

F @SN IS YAf]

BASER 41 a

O £ Odzf I G SR4tel &8 SR

daily average milk production w4 .4kg of milk percow (Table 5.2.5 Data on fat content of milk

was taken from the Eurostat statistics for the period 1298 1, while for the period 1985997 the
average of the values calculated for the period 12083 were assumed due to lack of statistical data.
Since 2004 this dataas been taken from the Market Price Information System ofAB®I(The legal
background of the price transmission is laid down in the Commission Implementing Regulation (EU)
2019/1746 and in the national regulation Degree of Ministry of Rural Developrb2i/2013.
According to the national regulation notification is mandatory for dairy processarseding 1@00

tonnes of raw milk delivery in the previous year.)
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5.2.2.2.1.2 Methane Conversion Rate for Dairy Cattle
Following a recommendation from the annual review conducted in 2013 cospgyific value of ¥

for Dairy Cattle were developed based on the data on composition of diet used for the estimation of
GE. Laboratory measurements an ¥imilarly to most of the other country, is unavailable in Hungary.
Therefore, until the 2019 submission counspecific values were calculated based on conclusions of
the related publication of Soliva (2006). As a result of a question raised duringNRECC Review,
2019, for his submission thenalues were revised according to the latest scientific publications.

AGRICULTURE

According to the most recently published scientific publicatidfisralues depend ofactors such as
feed type, quality and animal characteristgschas breed and genetics. In Hungary the most typical
dairy cattle breed is HolsteiRriesian (87.5%) while the remaining Jersey, and Ayrshire, which breeds
were mainly examined in the studies of Miual. (2018) and Hellwingt al. (2016). In the study of Niu

et al. (2018) 68% of the data examined related to Holstein cows. In the publication of Hedlinahg
(2016) Holstein and Jersey cows were studied.

In line with these publications and the 2019 Refinement to the 2006 IPCC Guidelines (IPC@e2019)
annual value of the \ywas determined based on the countgpecific values of milk yield (MY),
digestibility (DE) and Neutral Detergent Fiber (N&-percentage of the dry matter intake (DMI).

Hungarian cattle are considered as low producing cows (MY<5006)kat yhe beginning of the time
series and medium producing cows (5000 kg<Y<8500 kg ) since 1996 Proportions of
concentrate in the diet have changed in a range betw2&¥ and 38%yhile digestibility has changed
within a narrow range, betwee68.3% and 70.7%ver the time series, due to the goaypliality forage

ONER LJa ©

Ol dzy AL NAI Y OFGdt SQa RASH

O2yil Aya

YIAYE &

According to Niwet al. (2018) information on neutral detergent fiber (NDF) improves the prediction of
the enteric methane (Cfi production from cattle. Therefore, tobtain a more accurate estimate of

Ym, the values of NDF were determined based on the diet for the whole time series. The percentage of
NDF in DMVaried betweernd2% and 35%verthe time series.

The annual values of,Yvere determined as shown ifiable 5.2.5

Table5.2.5 Assumptions made to estimate Methane Conversion Rateg @r Dairy Cattle

Milk Yield (MY)
kg head yrt

<5000
5000<MY<8500
5000<MY<8500
5000<MY<8500

Digestibility (DE)
%

68%<DE<70%

68%<DE<70%
DE<70%
59 KT /K

Neutral Detergent Fiber

(NDF)
%

40%<NDF

37%<NDF
opizf b5 CXo

b 5 CXo iz

Enteric Methane
Conversion Factor
(Ym)
%
6.5
6.3
6.2
6.1

Time series of background data to the estimation of theiYd the resulted values are shownTiable

5.2.6
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Table5.2.6 Body mass, digestible energy, milk yield, gross energy intakexbretion and the
resulted emission factors for Dairy Cattle for the BY and 12024

Body L . . Gross Neutral . Enteric Emission
Milk Yield Digestibility Forage in methane
Mass, (MY) (DE) Energy I?etergent the diet conversion Factor
Average Intake  Fiber (NDF) for 3.A
Year factor Ym

MJ kg CH

kghead? kg hiadl % head % % % head?
yr Iday? yri
BY 628 4671 68.5 254 41.8 78 6.5 108
1990 633 5031 69.3 255 40.7 72 6.3 105
1991 636 4711 69.3 246 410 72 6.5 105
1992 639 4780 69.4 246 413 71 6.5 105
1993 641 4 757 69.4 244 414 71 6.5 104
1994 641 4716 69.4 243 415 71 6.5 104
1995 641 4991 69.9 247 40.2 68 6.5 105
1996 640 5 064 69.9 249 39.8 68 6.3 103
1997 640 5112 70.0 250 39.6 68 6.3 103
1998 641 5513 70.3 257 39.0 66 6.2 105
1999 639 5 454 70.2 257 38.6 66 6.2 105
2000 641 5 886 705 264 384 64 6.2 107
2001 641 6 051 70.6 267 37.9 64 6.2 109
2002 641 6 155 70.6 270 376 64 6.2 110
2003 642 6 154 70.6 271 37.6 64 6.2 110
2004 642 6131 704 269 374 64 6.2 109
2005 642 6 429 705 275 37.1 63 6.2 112
2006 642 6 706 70.6 280 36.8 62 6.1 112
2007 643 6 874 70.7 285 36.7 63 6.1 114
2008 643 6972 705 288 36.6 65 6.1 115
2009 642 6 815 704 286 36.6 65 6.1 115
2010 642 6 877 70.3 289 36.3 66 6.1 116
2011 640 6 835 70.0 290 35.8 68 6.1 116
2012 639 7 104 701 297 354 67 6.1 119
2013 641 7 135 70.2 298 35.6 66 6.1 119
2014 641 7 443 704 302 354 64 6.1 121
2015 642 7702 70.0 308 354 69 6.1 123
2016 643 7768 69.9 313 355 71 6.2 127
2017 643 8 038 701 316 35.1 70 6.1 126
2018 643 8 031 69.6 319 36.9 75 6.2 130
2019 643 8 048 701 315 35.2 73 6.1 126
2020 643 8 447 70.2 323 374 73 6.2 131
2021 640 8478 69.0 331 36.9 77 6.2 134
2022 640 8373 68.9 331 37.1 77 6.3 137
2023 637 7638 69.3 315 38.1 70 6.3 130
2024 636 7818 69.3 317 37.0 70 6.3 131
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5.2.2.2.2 Gross Energy Intake for NBrairy Cattle

Gross energy intakes for ngdl A NB  OF GGt S 6 SNB RSNKHNERvheFeNiRY (K S
typical Hungarian diets for each subtegory of nordairy cattle was determined. Besides, the
seasonal changes in the diets were also taken into account for eacbasedpory. In the calculation

the available data, the Hungarian dietary stardtaand expert judgments were combined to get the

most reliable results. Similarly, to the dairy cattle values of net energy requirements and net energy

for lactation for other cattle were calculated according to the Hungarian standafddle 5.2.7
summarizes the parameters and equations used to estimate the gross energy intake fdainpn

cattle.

Table5.2.7 Parameters and equations to estimate gross energy intakes for Mairy cattle

Activity data, _pgrameters and Unit Sources Values/ Notes
coefficients
Calculated based on the
livestock composition.
Weight Loss NO

1 for male<1 year, 0.73 for

female<1 year, 0.65 for

Weight kg Y 2 32019

WG (daily weight gain) kg Y2 opas heifers, 0.9 for bovines-2
years, 0 for mature
- 0.8 for females, 1.2 for
C, Coefficient Eqg. 10.6 ofPCG2006) bulls, O for mature
Cpregnancy Table 10.7 of |PqQ006) 0.1
Digestible enerav intake Calculated based on fed
g 9y % Y 2 32019 diets and laboratory
(DE%)
measurements
G Table 10.5 of IPGR006) 0 for stall, 0.17 for pasture
Pronortion for arazin HCSO, agricultural surveys
P 9 g NFCSO's Nitrate database
Countryspecific
Hungarian Nutrition Codex methodology according to
A= MJ/day (2009 the Hungarian standards o
net energy requirements
NE MJ/day Eq. 10.4 of IPCR006) calculated
Countryspecific
Hungarian Nutrition Codex methodology according to
NE MJ/day (2009 the Hungarian standards o
net energy requirements
Neg MJ/day Eq. 10.6 of IPCR006) Calculated
Nep MJ/day Eq. 10.13 of IPQE006) Calculated
REM Eqg. 10.14 of IPQR006) Calculated
REG Eqg. 10.15 of IPQR006) Calculated
GE MJ/day Eq. 10.16 of IPQE006) Calculated

Net energy for maintenance depends on the live weight, which was determined based on the study of
Y 2 @{2@ 3. The typical body mass for each stdiegory as well as the resulted gross energy intake
and the emission factors for the BY and the year2262 shown infable 5.2.&ndTable 5.2.9
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Table5.2.8 Gross energy intakes and emission factors by Miairy cattle subcategories for the

BY
Live weight kg
Digestible %
Energy
kg N/
N-excretion head
year
Gross MJ/
Energy head
Intake day
Concgntrate %
ratio
Y %
Emission kg /
Factor for head
3.A
year

base year (BY)
<1 year 1-2 year >2 year
Bovines  Bovines .
Heifers
for for
for . Mature .
slaughter slaughter . First Heifers
Bovines slaughter Non- Beef
and and calf . for
(male) and . Dairy Cow
other other heifers slaughter
other (male)

calves calves heifers

(male) (female)

195 170 415 370 515 575 530 600

69 71 62 62 69 66 67 69

42 41 40 36 61 56 53 70
94 92 156 160 200 192 185 157
31 33 10 12 18 17 17 16

5.51 5.47 7.03 7.00 6.87 6.90 6.89 6.90
24 23 72 73 90 87 84

71
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Table5.2.9 Gross energy intakes and emission factors by Niairy cattle subcategories for the

year 202
<1 year 1-2 year >2 year
Bovines  Bovines Heifers
2023 for for for , Mature ,
. First Heifers
slaughter slaughter Bovines slaughter Non- Beef
calf . for
and other and other (male) and . Dairy Cow
heifers slaughter
calves calves other (male)
(male) (female) heifers
Live weight kg 195 170 415 370 515 575 530 600
Digestible 69 70 61 62 68 65 65 67
Energy
kg N/
N-excretion  head 44 42 46 41 66 60 57 75
year
Gross MJ/
Energy head 94 94 161 163 192 199 191 162
Intake * day
Concentrate o, 30 33 10 12 18 17 17 17
ratio
Ym % 5.53 5.48 7.03 7.01 6.87 6.90 6.89 6.90
Emission kg/CH
Factor for 24 24 74 75 87 90 86 73
head
3.A
year

Methane conversion rate for Nodairy cattle

Methane conversion rate for nedairy cattle was calculated by linear interpolation in dependency of

GKS LINBLRNIA2Y 2F O2yOSyidNI 4GS Ay (GKS RNEB YI G0G§SNJ
consuming only milk methane conversion rate zemsvassumed in accordance with the 2006 IPCC
Guidelines. The time of consuming only milk for juveniles was assumed to be 60 days, which is in line
with the Hungarian standards.

5.2.2.2.3 Other livestock categories

Detailed information required to develop the Tier 2 emission factor is not available for other important
livestock category in Hungary, such as sheep. Therefore, the Tier 1 methodology for enteric
fermentation for all livestock categories other than caieapplied. The emission factors used are the
IPCC default ones provided for developed countries in Table 10.10 of the 2006 IPCC Guidelines. In the
case of Rabbit and Poultry the IPCC methodologies do not provide emission factors. Emissions from
enteric Brmentation in rabbits are relatively small, accounting for%odf the total emissions from

enteric fermentations in all livestock, so development of a couspgcific emission factor does not

seem to be reasonable. The emission factor provided by the Italian NIR (2008) is used, because Italy is
the nearest neighbouof Hungary, wkch reports emissions from rabbits. It is assumed that the
Hungarian housing and feeding practices do not differ from the Italian ones. Emission factor for poultry
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was taken from the literature, due to lack of IPCC default values. Sources of emission factors per
livestock species are summarizedliable 5.2.10

Table5.2.10 Emission factors used for the calculation of the methane emissions from enteric

fermentation
. CH-emission
Animal
category factor Comments
kg head! yr-
Buffalo 55 IPCC default value for developed countries
Sheep 8 IPCC default value for developed countries
Goats 5 IPCC default value for developed countries
Horses 18 IPCC default value for developed countries
Asses & Mules 10 IPCC default value for developed countries
Swine 1.5 IPCC default value for developed countries
Poultry 0.015 expert judgement, according to Minonzéd al. (1998)
Rabbits 0.08 expert judgement, according to the NIR of Italy, 20(

5.2.3 Uncertainties and time series consistency

Uncertainty of activity data (animal population) was estimated based on the confidence intervals for
each animal category and livestock survey provided by the HCSO. The uncertainty of the mean annual
averages was estimated according to the error propagetides. (Sedable 5.1.BFor the uncertainty

of the country specific ERg20% were assumed, while for the default EF40% were applied in
accordance with the 2006 IPCC Guidelines. The combined uncertainty in emissions from the 3.A sector
A a13%, CH EF for dairy cattle was estimated based on data for milk production and GE, for which
uncertainties could be estimated to be ldsK | Y 5 02": réspe&ively.NDaiz dh milk production

is readily available while the GE is checked against cattle feeding requirements arisingeftmoiaby

of ruminants (e.g., ratio of crude protein, dry matter intake and proportion of silage in the diet).

5.2.4  Source specific QA/QC information

Consistency of Animal Populations

Since the centralized review conducted in 20t HCSO has provided animal populations rounded

to the nearest hundred instead of nearest thousand (according to the recommendation of the ARR,
2014 para 47). Until 2014 the HCSO provided animal populations rounded to the nearest thousand,;
data for eacHivestock subcategory as well as the total livestock population were rounded by the HCSO.

It was not feasible to provide new animal populations rounded to the nearest hundreds for the full
time series. The HCSO provided revised animal numbers backward to 2011.

In the case of animal categories for which enhanced livestock characterization is used rounding can
cause slight differences between the rounded totals and the sum of the rounded values of
subcategories.

As the IPCC methodology requires annual average animal populations, this fact can cause further
seeming discrepancies in the case of enhanced livestock characterization, because of the error
propagation.

To avoid inconsistencies inMables arising from rounding and the use of annual average animal
populations the following correction is used:
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1 The HCSO has provided animal numbers rounded to the nearest hundred since the inventory
year 2011. However, using rounded values to the nearest hundred instead of nearest thousand
the error propagation cannot be completely avoided; only reduced.

1 An adjustment of animal numbers of Ndalairy cattle and Swine subcategories was applied to
the chronological means of totals to eliminate the differences between the chronological
means of totals and the sum of the chronological means by subcategoribe$eryears when
a slight difference occurred. It is worth noting, that the aforementioned discrepancy also exists
in the case of the inventory year 2011, because the chronological means contain the livestock
population in December of the previous yeae(i.2010).
Ly GKS ySEG FA3dzNBa ¢S LINBasSyid |y SEFYLES 27
populations to get the required activity data to the emission estimate. The method used to derive Dairy
cattle and Nordairy cattle average annual populations foethear 2011 are outlined in the following
steps below:

1 STEP1 HCSO provides annual population survey data by subcatdgjgries $.2.3

9 STEP2 Chronological means are calculated for each subcategory, as well as tiégiaial (
5.2.4). See also Section 5.2.2.1.

T {¢9to ! R2adzalYSyild (2 GKS |/ {Fywes2&20 € /GGt S

STEP 1 Data provided by the HCSO (1'000 head)
12/1/2010 6/1/201112/1/2011
Bovines less than one year old
Calves for slaughter, male 40.0 46.7 47.8
Calves for slaughter, female 12.0 10.9 12.0
Other calves, male 26.0 30.6 29.5
Other calves, female 92.0 93.0 98.5
Bovines aged between one and two
Male 30.0 25.6 24.5
Female for slaughter (heifers) 18.0 7.2 4.9
Other heifers 105.C 106.1 108.1
Bovines of two years and over
Male 8.0 6.7 6.4
Female for slaughter (heifers) 3.0 2.6 2.2
Other heifers 37.0 35.2 34.8
Cows, dairy 193.C 206.C 196.9
Cows, beef 70.0 71.9 77.2
Cows, dual purpose 47.0 49.3 54.7
Cattle, total 682.0 691.7 697.4
Cattle, SUM OF SUBCATEGORIES 681.C 691.8 697.5
Difference -1.00 0.10 0.10
Dairy Cattle 240.C 255.3 251.€
Other Cattle 442.C 436.4 445.8
Cattle, total 682.0 691.7 697.4
Cattle, SUM OF SUBCATEGORIES 681.C 691.8 697.5
Difference -1.00 0.10 0.10

Figure5.2.3 Cattle populations survey data provided by the HCSO for the inventory year 2011
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2011
Bovines less than one year old
Calves for slaughter, male 45.3
Calves for slaughter, female 115
Other calves, male 29.2
Other calves, female 94.1
Bovines aged between one and two
Male 26.4
Female for slaughter (heifers) 9.3
Other heifers 106.3
Bovines of two years and over
Male 7.0
Female for slaughter (heifers) 2.6
Other heifers 35.6
Cows, dairy 200.4¢
Cows, beef 72.8
Cows, dual purpose 50.08
Cattle, total 690.7
SUM OF CHRONOLOGICAL MEANS 690.5
Difference for Cattle -0.17

Dairy Cattle

Other Cattle

Cattle, total

Other Cattle SUM OF CHRONOLOGICAL MEANS
Difference for Non-dairy Cattle

250.€ reported in the CRF Table
440.2 reported in the CRF Table
690.7 consistent with the HCSO's total

440.0
-0.18

Figure5.2.4 Chronological means for Cattle, 2011

data
<1 year
Calves, male
Calves, male
1-2 year
Bovines (male)
Heifers for slaughter and other heifers
>2 year
Mature Non-Dairy (male)
Mature Non-Dairy (female)
First calf heifers
Beef Cow
Non-dairy Cattle
Non-dairy Cattle, SUM OF SUBCATEGORIES
Dairy Cattle
Cattle, total

STEP 3 Adjustment and conversion to activity

Original
74.5
105.6

26.4
115.7

7.0

2.6
35.6
72.8
440.2

440.0
250.6
690.7

2011
Adjusted Difference
745 0.03
105.€ 0.04
26.4 0.01
115.7 0.05
7.0 0.00
2.6 0.00
35.6 0.01
72.8 0.03
440.2 0.00
440.2 0.17
250.6 0.00
690.7 0.00

Figure5.2.5 Adjustment of average annual populations for Naairy cattle, 2011

The country specific value of the gross energy intake for Dairy Cattle was verified using values reported

by the EU member states. Verification revealed the Hungarian val8&7d¥1J head d* for the year

2024 was consistent with the reported values by other EU member states. The average gross energy

intake for the ELR8 member states was slightly low@23 MJ headd’l O 02 NRAy 3 {2
2023 submission. The milk yield in Hungary was slightly higher in 2023 than in-28&i&Q021. The
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milk production for the year 2021 was 21.2 kg for theZBJwhile 21.4 kg for Hungary in 2024. The
feed digestibility was 71.4% in the 28 in 2021, while 69.4% in Hungary in 2023.

5.2.5 Sourcespecific recalculations

3.A.3, 3.A.4 CH4 emissions from Enteric Fermentation

The correction of calculation error for 198823 resulted in minor changes in £#nissions from
enteric fermentation.

The update of animal population for 202022 resulted in insignificant changes iny€mMissions from
enteric fermentation.

3.A.3 (CH) ¢ Swinefor the period19852023

Correction of calculation errors regarding the manure management system for the period
19852023 causedninor changes in CHmissions.

3.A.4 (Ck) ¢ Other Livestock for 2022022

Updating of animal population for 2022022 resulted higher populations, which caused
insignificant changes in Geimissions in Other Livestock category.

The overall changes in emissions frorA Bnteric Fermentatiomanged from a3.56kt CO2eq t00.09
kt CO2eq for the periodl9852023. The percentage changes varied betwe2®®6 andd.128%.

5.2.6 Planned improvements

See Sectiobh.1.9
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5.3 Manure managemenQRT sector 3.B)

Emitted gases: GHNO

Methods: T1, T2

Emission factors: D, CS

Key source: Yes

Particularly significant subategories, Ckl Swine and Cattle

Particularly significant subategories, BO: Other AWMS and Indirect emissions

Animal manure is an important source of {aid NO. The amount of Gknd NO emitted from the
manure to the atmosphere depends on the conditions of manure management and use as well as on
the composition of releasedxcrements. CRT category 3.B compridiesct and indirect emissions
during storage and treatment of manure before it is applied to land.

5.3.1 Source Category Description

In 2024 21.8% of agricultural C+éind 11.6% of agricultural PO emissions arose from the 3.B Manure
managementThe bulk of emissions were generated in cattle and swine husbgachyuningfor 615

Gg Ceqgand 256 Gg C@eqdirectemissions in 2024vhich equates t&1% and 5% of total GHG
emissions from 3.B, respectivefjue to the considerable share of deep bedding and liquid manure.
The main sourcesf CH emissions from 3.B are Swine and Cattle mankigufe 5.3.}, and most of

N-O emissions are generated in thelidand deep bedding systems in case of Cattle and Swine, and
W2iKSNR a2aidSYYDZgWwNBAGA VR PiNdrabemn ssBraziontfibhteiivs NI
to the total GHGemissions fron8.B The uncoveredhanure tanks and the cattle housiage the main
sourcesf the significant amount of XD emissions from volatilization of N in form of Ntdd NQ.

2500

@ Cattle

@ Sheep

2000 A @ Swine o]
@ Other livestock
EIndirect

1500 A

o IIIIIIIIIIIIII _______ 1

soo (HEHSHEHSHEHEHEHEHSHEHEHEHEHEL BB -

Gg CO,-eq

> 0 d s N WM OOO d NS N W NS00 0 AN S N W00 0 NN S
O Qg 00 20 000 Q0 Q0 0 = o o e e e e e = N
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Figure5.3.1 Emissions from 3.B Manure management by sources BY an€20290
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Emissions from 3.B Manure management have decreaseddysince the BYConsidering CHand

N.O emissions separately, they have decreased #% Sand 5% over the inventory period,
respectively. The significant decrease in the emissions reflects the decreasing swine and cattle
livestock between 1985 and 1994. In the period 128993 emissions fluctuated to some extent on a
yearly basis, following the analichanges in swine population. Emissions decreased again in the period
2004 to 2010 reflecting again the falling swine livestock numbers over that pefiode 2011
emissions from 3.B slightly increased due to the increasingdamy cattle livestockbut from 2022
population started to decrease resulting in a lower emissioh and NO emissions from 3.B are
shownin Table 5.3..landTable 5.3.2

Indirect NO emissions due tteaching decreased continuousidyer the time series. The decrease in
the emission levelseflectsthe drop in livestock population and the effect of measures to reduce
nitrate leaching during manure storage.
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Table5.3.1 Trend in Cklemissions from 3.B Manure Management by livestock categories BY and

19902024
CHemissions from 3.B
Year Dair Non-Dair . Other
Catt?:z Cattle ’ Sheep  Swine livestock
BY 15.15 11.72 0.74 17.67 3.54
1990 14.28 10.01 0.58 16.16 3.25
1991 12.86 9.62 0.60 14.84 3.08
1992 11.63 7.82 0.56 11.89 2.68
1993 10.49 6.08 0.43 11.06 2.48
1994 9.76 5.18 0.32 9.59 2.38
1995 9.44 5.14 0.30 9.59 2.28
1996 9.37 5.16 0.28 10.93 2.21
1997 9.35 4.95 0.27 10.41 2.20
1998 9.37 4.62 0.28 11.26 2.26
1999 9.49 4.58 0.29 12.67 2.19
2000 9.06 4.44 0.35 12.07 2.40
2001 8.93 4.09 0.35 11.66 2.49
2002 8.81 4.00 0.34 12.65 2.58
2003 8.45 3.99 0.36 13.56 2.60
2004 7.98 3.97 0.41 11.94 2.49
2005 7.95 3.90 0.43 11.07 2.19
2006 7.46 4.00 0.40 10.86 2.09
2007 7.42 4.13 0.38 11.14 1.91
2008 7.34 4.11 0.37 10.20 1.83
2009 7.05 4.26 0.37 8.97 1.68
2010 6.71 4.46 0.35 8.85 1.68
2011 6.81 4.35 0.34 8.56 1.60
2012 7.18 4.77 0.35 8.14 1.50
2013 6.69 5.30 0.36 7.60 1.38
2014 6.89 5.70 0.37 7.63 1.40
2015 7.17 6.18 0.36 7.60 1.43
2016 7.18 6.68 0.36 7.78 1.41
2017 7.24 6.83 0.35 7.10 1.32
2018 7.39 6.95 0.34 7.22 1.34
2019 7.34 7.15 0.32 7.08 1.33
2020 7.45 7.38 0.29 7.19 1.22
2021 8.36 7.22 0.27 7.37 1.26
2022 8.10 7.10 0.27 7.19 1.12
2023 7.96 6.54 0.28 6.89 1.10
2024 7.68 6.62 0.28 6.97 1.09
Share in 3B CHn BY 31.0% 24.0% 1.5% 36.2% 7.3%
Share in 3B CHin 2024 32.3% 27.8% 1.2% 29.3% 4.6%
Trend BY2024 -49.3% -43.5% -61.8% -60.6% -69.1%

236



HUNGARY National Inventory Documerit9852024 AGRICULTURE

Table5.3.2 Trend in NO emissions from 3.B Manure Management by sources BY and-2020

N20O emissions from 3.B

Direct Indirect

Nitrogen
Year . . . .

Dairy- Non-Dairy Sheep  Swine Other Atmospheric  leaching

Cattle Cattle livestock  deposition and run-

off
BY 0.59 0.79 0.14 0.57 0.37 0.99 0.04
1990 0.61 0.68 0.11 0.53 0.35 0.90 0.04
1991 0.56 0.65 0.11 0.48 0.32 0.81 0.04
1992 0.51 0.53 0.10 0.39 0.29 0.69 0.03
1993 0.47 0.41 0.08 0.36 0.25 0.60 0.03
1994 0.44 0.35 0.06 0.31 0.25 0.55 0.02
1995 0.45 0.34 0.06 0.31 0.23 0.56 0.02
1996 0.45 0.34 0.05 0.34 0.19 0.55 0.02
1997 0.46 0.33 0.05 0.31 0.19 0.53 0.02
1998 0.47 0.31 0.05 0.33 0.19 0.55 0.02
1999 0.47 0.31 0.06 0.35 0.19 0.56 0.02
2000 0.46 0.30 0.07 0.33 0.21 0.58 0.02
2001 0.45 0.28 0.07 0.30 0.22 0.57 0.02
2002 0.45 0.27 0.07 0.32 0.22 0.57 0.02
2003 0.43 0.28 0.08 0.32 0.22 0.58 0.02
2004 0.41 0.28 0.09 0.28 0.22 0.55 0.02
2005 0.41 0.28 0.09 0.26 0.20 0.52 0.02
2006 0.39 0.29 0.09 0.25 0.20 0.50 0.01
2007 0.38 0.31 0.09 0.26 0.19 0.50 0.01
2008 0.38 0.31 0.09 0.23 0.19 0.49 0.01
2009 0.36 0.32 0.09 0.21 0.18 0.46 0.01
2010 0.34 0.33 0.09 0.20 0.18 0.47 0.01
2011 0.34 0.33 0.09 0.20 0.18 0.46 0.01
2012 0.36 0.36 0.09 0.19 0.20 0.45 0.01
2013 0.34 0.40 0.09 0.18 0.21 0.44 0.01
2014 0.35 0.42 0.10 0.19 0.21 0.45 0.01
2015 0.36 0.45 0.09 0.19 0.21 0.46 0.01
2016 0.35 0.49 0.09 0.18 0.19 0.46 0.00
2017 0.35 0.53 0.09 0.16 0.18 0.45 0.00
2018 0.32 0.55 0.08 0.16 0.18 0.45 0.00
2019 0.33 0.59 0.08 0.15 0.18 0.45 0.00
2020 0.32 0.62 0.07 0.15 0.17 0.43 0.00
2021 0.33 0.61 0.06 0.14 0.17 0.44 0.00
2022 0.32 0.58 0.07 0.13 0.16 0.42 0.00
2023 0.31 0.51 0.07 0.13 0.15 0.40 0.00
2024 0.33 0.46 0.08 0.14 0.14 0.42 0.00
Shar?n'giB 0 189%  253%  45% 185%  12.0% 31.9% 1.3%
Sharein3BBO 3906 331%  57% 101%  10.4% 30.0% 0.2%
in 2024
Trend BY2024 -43.6% -415%  -43.9% -75.6% -61.1% -58.0% -92.3%

F2S y2i0S GKIG GKS WnonnQ OFtdzSa +FNB RdzS (G2 GKS NRdzyRAy3 27
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5.3.2 Methodological issues

5.3.2.1 Calculation method

CH emissions from manure management were estimatesing Tier 2Znethodology, except Rabbit

from Other livestockwhich contribution is less than 1% to the source categdmect NO emissions

were calculated using Tier 2 method for the important livestock categories in Hungary, such as Dairy
cattle, Nondairy cattle, Swine and Poultry. For these livestock categacmmtry-specific nitrogen

excretion rateswere applied but IPCC default values of emission factors wesed For the other

livestock categries Tier 1 method was adopted. IndirectNemissions were estimated based on the

national air pollutant emissions inventory (i.e., reported sNtHd NQ emissions), which meet the
requirement of the IPCC Tier 2 method. A detailed description of the methods applied for the
calculation of Neland NQSYA aaAz2ya Aa 3IAGSYy Ay (Refort, REBOIZ NI W1 ¢
Submission under the UNECE/CLRTAP.

5.3.2.2 Activity Data
5.3.2.2.1  Animal Waste Management System Distribution

Activity data on allocation of manure to animal waste management systems is based on processing
FYR aeyikKSaAaATAy3a 2F adGraAradiada FTNRBRY (GKS 1 /{hQ&a T
and 2020, Farm Structure Surveys, conducted in 2003, Zllly,, 2013, 2016, annual data for the

period 20042024 from the Nitrate Databasstatistics on agricultural wastes treated in biogas plants

provided by the Hungarian Energy and Public Utility Regulatory Authority. Expert judgments were
drawn on to the futher stratification of primary data e.g., to stratify deep litter by mixing and
frequency of removals.

In Hungary the first comprehensive study on animal waste management system distribution for
SYAaaA2y AYy@Syd2NE LlzNLI2 d0Sxt {68 Bl #0% MANGR VS RO R Siz(1 /0&h W
Agricultural Census 2000. This study focused on product producer farms and provides data-by farm

aAT S A0NHZOGAINBE® ¢KS NBad# 6a 2F GKS 1/{hQa DSyS
comprehensive information on the margl management system distribution again. The ceasus

provide data on housing practices foaittle, swine and laying hens, and in addition on grazing for all

animal species. The surveyed housing systems are as follows:

Cattle:
i Tied and loose housing solid systems
i Tied and louse housing liquid systems
1 Other systems

Swine:

Partly slatted floors (liquid systems)
Fully slatted floors (liquid systems)
Solid systems

Deep litter systems

Other systems

=a =4 -4 -8 -9
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Poultry:

Deep litter

Cage with manure belt
Cage with pit

Battery cage with stilt house
Other battery cage

Aviary (without litter)

1 Other

= =4 -4 —a —a A

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 and 20142020 time series. Farm structurergay conducted in 2013 and 2016 contained a more
detailed data collection on grazing than former surveys. This data on proportion of grazing animals as
well as grazing period was also taken into account in the inventory preparation.

Agricultural census is taken every 10 years, thus for the recent years statistics from the Nitrate
Database provides the most reliable data on animal waste management system distribution. Annual
statistics from the Nitrate Database are supplied by the d&veti Food Chain Safety Office (NFCSO) to
the inventory. Data collection for the Nitrate Database is based on the Decree of the Ministry of
Agriculture and Rural Development No. 59/2008 (IV. Z2)nex 6 of the Decree contains a
guestionnaire, which is the basis of the data collection. Data supply obligation is prescribed for farmers,
whose animal production exceeds the household requirements. The first version of this Decree
(Government Decree N@9/2001 (IV. 3)) entered into force in 2001. The collected data have been
stored in a database since 2003. This database contains data on cattle and swinechyegabies,
poultry (laying hens, cocks and broilers, ducks, geese, turkey), sheep andhgoats, 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
collection. Until 2007 only the livestbaumbers 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 sheep and goats were separated into two
different categories. The former paper questionnaires were replaced bjnerforms in 2014. This
measure contributed to the improvement of compliance with data provision obligations. In 2013,
Hungary revised the area of the-€bl £ f SR Wb A (b ViS4 & def K/SNNG 16F ISS NI b + & 0
designated as NVZs increased to approximatetg®® 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 farmes 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
detailedcategories

The number of the 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 and poultry, about-80% of these livestock are covered. This data
collection covers about 705% of the pig livestock. It is least representative for goats and horse with
10-15%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
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6asSalt NRPA&Z H netg, 200§) Rereapplied to Gett ddditional information. Data on sheep
and goats were updated by a survey for sheep and goats in 2011 @&aka2010).

The 2006 IPCC Guidelines require data on liquid manure to be disaggregated by manure storage
coverage. The Nitrate Database has provided data on covered manure tanks, including formation of
natural crust from the year 2015 onwards. This databass used to determine the proportion of
covered and uncovered manure stores for the period 22034. In Hungary, regulations on the
construction of manure storage facilities have been in place since 2001, and covered slurry storage
facilities have been built sindben. Therefore, before 2001, only natural crust cover was considered,
other types of cover were considered as 0. Between 2001 and 2015, linear interpolation was used.
Table 5.3.3hows the proportions of the covered cattle and swine slurry tanks in Hungary.

Table5.3.3 Proportions of covered cattle and swine slurry tanks

1990 1995 2000 2005 2010 2015 2020 2024
Cattle 52% 52% 52% 54% 57% 59% 54% 71%
Swine 53% 53% 53% 55% 56% 58% 64% 2%

9 ELISNI 2dzR3Y S Ral3 wese Traven D tb th&Brther stratification of deep litter by
mixing and frequency of removals.

ANAEROBIC DIGESTION

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. For the
LISNA2R 0ST2NB (KIFG>X ¢S NBHSR Ndlailed dataloriiagrizuffura] viagtes Wb h Q
treated in biogas plants have been collected by the Hungarian Energy and Public Utility Regulatory
Authority based on Regulation No 11/2017. (VIII. 25.) since 2017. However, according to the Hungarian
Statisti@l Act (Act CLV of 2016 on Official Statistics), these detailed feedstock 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 anarfnyard manure (FYM) treated in biogas plants for

the calculation of emissions from 3.B Manure management and based on this data collection we also
calculate the emissions from the application of biogas digestate for the 3Da2c sector. In order not to
violate the statistical law, but to comply with the transparency requirement of the GHG inventory, in
Table 5.3.4ve report the proportion of slurry and solid manure used in the biogas plant, by animal
species.

Table5.3.4 Proportions of slurry/solid manure used for biogas production

2000 2005 2010 2015 2020 2021 2022 2023 2024

Swine, slurry 0.0% 0.2% 2.3% 5.1% 5.6% 43% 32% 3% 54%
Swine, solid 0.0% 0.0% 0.1% 0.3% 0.6% 05% 02% 03% 0.7%
Cattle, slurry 0.0% 4.9% 315% 41.8% 26.3% 20.% 232% 27.0% 21.7%
Cattle, solid 0.0% 0.1% 0.8% 1.6% 1.7% 15% 15% 16% 0.9%
Broiler, solid 0.0% 0.0% 0.5% 1.2% 1.4% 15% 14% 1.6% 1.6%
Turkey, solid 0.0% 0.0% 0.1% 0.2% 0.6% 0.0% 0.0% 0.0% 0.6%

Laying hen, solid 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.2% 0.4%
£ fdzSa Ay AlGFftAOa FNB SadAayYlFLiSa olFlaSR 2y aGa20KSRIRIO6A23Il a¢

¢CKS Y2dzyd 2F a20KSNJ o6A23l &8¢ LINRPRdA2OGAZ2Y YR GKS
verified, ensuring consistency of data between the energy, waste, and agriculture sectors in terms of
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emissions from anaerobic digestion. Based on this verification, we found that on average about 25%
of other biogas produced in Hungary comes from animal manure. We used this verification for gap
filling for the period 20042016 and estimated the amount afanure used in biogas plants based on
GKS FY2dzyi 2 Pproduced 46 Hivsd Frathiz adaéspanning 2012021, it was found

that the manure N used for biogas production averaged 7.heésrN per TJ. The N from manused

for biogas productiondr each year wasstimated and allocated amomtifferent animal species based

on the data from 20122021.

TRENDS IN DATA ON ANIMAL WASTE MANAGEMENT SYSTEM DISTRIBUTION

The most significant change occurred in the poultry manure management. From 200040tR262
proportion of the liquid manure had droppdidom 249% to zero for laying hens. Previously, the semi
solid manure was diluted by water and handled as liquid manurerdugntly the semsolid manure

is rather dried than diluted and handled as solid manure. Thus, the liquid manure technology has been
replaced by the drying technology as a result of environmental restrictions (Paztiectk2006). The

other notabk change in the poultry manure management is the decrease of the proportion of grazing
for geese. As a result of the avian influenza pandemic, the animals are kept in barn rather than
pastures.

For pigs, and in particular dairy cattle, thereais increasen slurry farming practices, which is also
linked to an increase in the concentration of production. A growing proportion of the herd is
concentrated on large farms where slurry farming is the dominant practice. At the same time, since
2004 part of the slrry has been used in biogas plants.

The share of manure used in biogas plants peaked in @0d&as 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 biogas production compared to other agricultural and
food waste.

In case of nomairy cattle, the AWMS data show an increase in graZihg can be explained by the
increase in the proportion of beef cattle in the ndairy cattle population, as in Hungary theost
common typeof beef cattle farming is deelitter housing and grazing.

Activity data for the base year and 2Dare presented imable 5.3.%nd Table 5.3.6respectively. In

case of cattle and swine extrapolation and surrogate data were used to complete the time series. For
the other livestock categories data for the year 2000 were used for the period-198% due to lack

of information.
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Table5.3.5 Animal waste management distributions for the base year per livestock categories

Poultry Poultry

- . Anaerobic Deep manure  manure
BY Liquid Solid Pasture digesters Other litter Yard with without
bedding bedding
Dairy
3.6% 40.9% 8.0% NO 47.5% 44.0% 3.4% - -
Cattle
Non-Dair
Y 25% 308% 16.1% NO 41.6% 38.3% 3.3% - -
Cattle
Swine 39.5% 59.0% 0.0% NO 1.5% 0.0% 1.5% - -
Poultry 82% 22.0% 0.1% NO 69.7% - - 58.0% 11.7%
Sheep 0.8% 44.9% 54.2% NO 0.0% - - - -
Goats 0.8% 55.7% 43.4% NO 0.0% - - - -
Horses 0.0% 60.0% 40.0% NO 0.0% - - - -

Table5.3.6 Animal waste management distributions for the year 20py livestock categories

Poultry Poultry

2024 Liquid Solid Pasture Ar.1aerob|c Other [?eep Yard mapure m.anure
digesters litter with without
bedding  bedding
Dairy
13.7%  37.5% 2.4% 4.4% 41.9% 32.3% 9.7%
Cattle
EZ;]E"’“W 43% 182%  15.2% 1.8% 60.5%  47.5%  13.0%
Swine 71.3% 15.7% 0.0% 3.8% 9.1% 7.8% 1.3%
Poultry 0.0% 13.8% 0.0% 0.8% 85.4% 85.2% 0.2%
Sheep 0.0% 70.1% 29.9% 0.0% 0.0%
Goats 0.0% 48.6% 51.4% 0.0% 0.0%
Horses 0.0% 60.3% 39.7% 0.0% 0.0%

5.3.2.2.2 Livestock Number

Livestock population data provided by the HCSO are used for the estimation. For more details on the
calculation of the annual average population and the activity data see see@op.1 The enhanced
livestock characterization was used for the key categories according to the IPCC methodology. The
livestock population data for swine by sghtegories are shown ihable 5.3.7
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Table5.3.7 Swinepopulation and trends from the BY and 1992024 (1 000 head)

Animal Population

. . Sows
Year Piglets Young Pigs for Breeding Breeding Guilts not mated for
under Pigs, fattening boars sows yet mated  the first
20 kg 2050 kg  over 50 kg time

BY 2 015.2 1718.2 4 341.0 25.2 690.9 76.1 96.4
1990 1953.1 2 626.3 3239.6 27.2 657.5 116.3 88.5
1991 1612.3 2 349.7 3 090.6 25.1 563.0 104.0 64.4
1992 1310.1 1844.5 2 436.3 20.4 486.7 81.7 57.8
1993 1222.7 1744.1 22454 18.0 446.0 77.2 52.0
1994 1 050.0 1499.5 1958.4 15.4 372.5 66.4 44.8
1995 1107.2 1 458.5 1921.6 15.3 404.7 64.6 51.1
1996 1256.8 1523.9 2 146.8 15.7 429.8 67.5 53.0
1997 1187.5 1302.1 2 039.4 14.3 356.3 56.7 56.3
1998 1247.4 1 407.0 20735 14.0 364.0 65.0 75.8
1999 1281.3 1503.1 2 299.8 14.8 396.9 56.3 56.8
2000 1208.0 1302.8 2 1435 14.2 359.8 56.7 61.2
2001 1260.5 1108.0 1984.5 12.5 342.2 54.7 61.0
2002 1361.2 1136.7 2 043.0 12.8 368.0 60.3 68.0
2003 1281.8 1157.8 2 150.9 12.0 362.3 56.0 56.7
2004 1064.3 1015.0 1885.3 9.8 309.2 50.0 51.3
2005 998.7 916.5 1701.9 10.0 2915 50.7 52.5
2006 976.0 933.1 1635.4 8.7 282.2 54.8 53.5
2007 1015.3 934.2 1700.3 7.8 279.0 52.0 50.3
2008 877.5 848.3 1595.3 6.8 249.7 46.3 40.7
2009 757.4 795.4 1374.1 6.0 226.5 45.0 43.5
2010 763.4 751.7 1374.1 6.5 225.2 42.2 44.7
2011 751.5 748.6 1 326.9 5.7 217.6 43.4 37.8
2012 707.1 726.7 1 256.8 5.0 205.8 42.0 38.1
2013 724.0 683.6 1250.4 4.8 194.2 44.1 42.8
2014 761.3 725.0 1288.5 4.9 198.5 43.5 43.2
2015 784.2 741.4 1 308.3 4.7 201.1 44.8 42.5
2016 710.9 665.9 1370.3 4.2 184.9 43.7 40.9
2017 683.0 636.8 12715 3.4 175.0 41.0 36.9
2018 695.9 633.9 1275.1 3.0 176.6 44.1 36.4
2019 690.2 626.4 1228.9 2.7 167.9 45.3 35.0
2020 730.6 574.1 1277.3 2.7 164.2 46.1 36.1
2021 736.7 596.0 12545 2.4 163.4 48.3 36.0
2022 7115 573.2 1154.1 2.4 155.6 455 36.1
2023 699.0 522.6 1111.4 2.2 149.8 44.6 35.3
2024 758.7 554.9 1168.3 2.0 162.8 44.3 34.0

322824 623%  67.7%  -731%  -92.0%  -76.4%  -41.8%  -64.7%

Trend o oa0%  395%  314%  -79.7% 441%  12.6%  -35.2%

20052024
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5.3.2.2.3 Annual Average Nitrogen Excretion Rateg (N

For the values of annual average nitrogen excretion rates country specific (Tier 2) coefficients derived
based on the Equation 10.31 of the 2006 IPCC Guidelines were used for Dairy CaitlairilQattle,
Swine, Laying hens and Broilers.

In the calculation for breeding sows three different stages as gestation, lactation, and the period
WoSGeSSYy 6SIFHYyAy3a YR YFiAYy3aQ oSNB RAAGAYIdzA &K S
determined for each period and annual values were calculated aswéighted mean using the length

of the periods as weighting factor&ccording to the Hungarian practictee length of gestation and

lactation are 114 and 21 days, respectively. While the period between two successive farrowing
decreased gradually acrog®e time series. Annual values are provided able 5.3.11

For broilers fowphase feeding was assumed for the period 2Q038 and three phases from 2004
backwards. Time series consistency was ensured based on the time series overlap approach of the
2006 IPCC Guidelines (Volume 1, Chapter 5). Therefore, foedine 0052007 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 certivthe protein content into nitrogen. In

the case of cattle and swine subcategories (breeding sows and breeding boars excepted) crude protein
content in the diet was calculated from the feed ingredients. Data on crude protein contents of each
component wee taken fromthese®Ol t f SR WFSSR RIGF0FASQ 02yl AyAy3
all kinds of feed used for livestock nutrition in Hungary. The feed database is available in the Hungarian
Nutrition Codex, 2004. In the case of cattle, nitrogen intakese determined in conjunction with the
examination of gross energy intake (see also sed&iarP.2.

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 theAERI Therefore, the nitrogen intake for a certain animal subcategory and stage was
calculated using the Equation 10.32A of the 2019 Refinement:
6P
0 0D PO —p—(p&"U“

(Equation 5.3)
Where:

Nintake(r,ii= daily N consumed per animal of category T and stage i (kg N ardangl)
DMk = dry matter intake per animal in a certain stage (kg DMI animal)day

CP% = percent 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 interpolation wasd to complete the time series. According

to the expert opinions and the depth interviews of tA&RIthe Hungarian Nutrition Codex provided

GKS Y2ad FLILINRLNAFGS O fdSa 2F 5alL FyR /t: FT2NJ &
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guides seemed to be the most reliable sources before 2005. However, as the researchA&Rhe

revealed, in the years between 20@807, the crude protein content of the laying hen and broiler diet

O2dzZA R 6S aftAaakiafte t26SN) GKFy Fa Ad Aa &dz@3sSais
overlapping was applied to avoid the time series incstesicy arising from the use of data from two

different sources.

Table 5.3.8hows the trends in the crude protein content in the diet of breeding sows and breeding
boars. These trends in the CP% for sows are the result of two opposite effects. The rising productivity
resulted in an increase in the protein demand and the nitroigégke. This rising trend was maintained

to 2010 after which the amino acid supplements lead to decreasing trends in the crude protein content
in the breeding sow diet. Trends in the CP% for breeding boar shaslight increase over the
inventory period

The trend in the Nntake of broiler is also driven by the abovementioned two contrary effects. The
growing living weight result in an increase in the protein demand and the nitrogen intake. In 2007 the
N-intake reached a peak. After thatiNtake decrease gradually, due to the amino acid supplements.
The CP% of the diet which was the source of thathke estimate are provided ifiable 5.2.

The overall slightly decreasing trend in thentake of laying hens reflects the improvement of the
feeding practices and the importance of the amino acid supplemdrabsi¢ 5.3.1D
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Table5.3.8 Crude protein content in the diet of breeding sow and breeding boar in proportion of
DMI BY and 199Q024
Gestating Lactating Weighted Breeding
average for

Year Sow Sow . boar
breeding sow

%

BY 13.8 16.1 14.1 15.0
1990 13.8 16.1 14.1 15.0
1991 13.8 16.2 14.1 15.1
1992 13.9 16.2 14.2 15.1
1993 13.9 16.3 14.2 15.2
1994 13.9 16.4 14.2 15.2
1995 14.0 16.5 14.3 15.3
1996 14.0 16.5 14.3 15.3
1997 14.0 16.6 14.3 15.4
1998 14.1 16.7 14.4 15.4
1999 14.1 16.8 14.4 15.5
2000 14.1 16.8 14.5 15.5
2001 14.2 16.9 14.5 15.6
2002 14.2 17.0 14.5 15.6
2003 14.2 17.1 14.6 15.7
2004 14.3 17.1 14.6 15.7
2005 14.3 17.2 14.7 15.8
2006 14.3 17.2 14.7 15.8
2007 14.3 17.2 14.7 15.9
2008 14.3 17.2 14.7 15.9
2009 14.3 17.2 14.7 16.0
2010 14.3 17.2 14.7 16.0
2011 14.3 17.0 14.6 16.1
2012 14.0 17.1 14.4 16.1
2013 13.9 17.2 14.3 16.2
2014 13.7 16.9 14.1 16.2
2015 13.6 16.7 14.0 16.3
2016 13.4 16.7 13.8 16.3
2017 13.3 16.9 13.8 16.4
2018 13.4 16.9 13.9 16.4
2019 13.4 16.9 13.9 16.4
2020 13.4 16.9 13.9 16.4
2021 13.4 16.9 13.9 16.4
2022 13.4 16.9 13.9 16.4
2023* 13.4 16.9 13.9 16.4
2024* 13.4 16.9 13.9 16.4

SourceAERI

*No data were available for 2032024, therefore, data from 2018 were used.
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Table5.3.9 Crude protein content in the diet of broilers in proportion of DMI BY and 1204

Crude protein content, % Crude protein content, %
60 NESRSNRA& NB (AERMdata collection)
Year Year
starter grower |. finisher starter grower I. gr?lvver finisher
BY 23.0 20.0 18.5 2005 22.1 20.3 20.2 194
1990 23.0 20.0 18.5 2006 22.0 20.3 20.0 19.2
1991 23.0 20.0 18.5 2007 22.0 20.3 19.9 19.1
1992 23.0 20.0 18.5 2008 22.0 20.3 19.7 19.0
1993 23.0 20.0 18.5 2009 21.9 20.3 19.6 18.9
1994 23.0 20.0 18.5 2010 21.9 20.3 19.5 18.7
1995 22.9 20.0 18.6 2011 21.9 20.2 19.2 18.6
1996 22.9 20.1 18.6 2012 21.6 20.1 19.0 18.4
1997 22.8 20.1 18.7 2013 21.4 19.9 19.1 18.3
1998 22.8 20.2 18.8 2014 21.3 19.8 19.0 18.5
1999 22.7 20.2 18.8 2015 211 19.9 18.9 18.3
2000 22.7 20.3 18.9 2016 21.2 19.8 19.0 18.2
2001 22.6 20.3 19.0 2017 21.4 20.0 19.3 18.3
2002 22.6 20.4 19.1 2018 215 20.1 19.4 18.5
2003 22.5 20.4 19.1 2019 21.4 20.0 19.2 18.4
2004 22.5 20.5 19.2 2020 215 21.5 215 21.5
2005 2021 21.6 20.1 19.3 18.5
2006 2022 216 20.1 19.3 18.5
2007 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
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Table5.3.10 Crude protein content in the diet of laying hens in proportion of DMI BY and 1990

2024
Crude protein content Crude protein content
Year 60 NESRSND& NB vear (AERMata collection)
% %
BY 17.4 2005 17.2
1990 17.4 2006 17.2
1991 17.5 2007 17.2
1992 17.6 2008 17.1
1993 17.6 2009 17.1
1994 17.7 2010 17.1
1995 17.8 2011 17.4
1996 17.6 2012 17.5
1997 17.5 2013 16.8
1998 17.4 2014 16.7
1999 17.4 2015 16.7
2000 17.4 2016 16.7
2001 17.4 2017 16.6
2002 17.4 2018 16.4
2003 17.4 2019 16.7
2004 17.4 2020 16.6
2005 2021 16.5
2006 2022* 16.5
2007 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 Equation 10.33A and 10.33B
of the 2019 Refinement:

(Equation 5.4)
Where:

Neetention,= @mount of N retained by the sow in the stagbead day)

Ngain= @amount of N retained in the sow in the stagbead day)

Nbiglets, = amount of N in piglets in the stagéheads dayl)

i=stage (i=1gestation, i=2lactation, i=3LISNA 2 R WoSG6SSy ¢SIyAy3a | yR
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0 FooTBIC udD OYYDWO® i
(Equation 5.5)

Where:

LITSIZE litter size, in the stage heads;

WGygets, = Weigh gain of piglets, inthe stage K S FIRi R &
0.0256 = Ncontent of weight gain (kg/kg) Lfl, 2013

For sows in the period between two successive farrowing and breading boars the nitrogen retention
was calculated based on the daily weight gain.

Background data as litter size, weaning weight and days between two successive farrowing are
provided inTable 5.3.11

5 GF ¢l & O2YLAEfSR o6& GKS la{zZ o0lFlaSR 2y {2®W$E | yydz
published by the NFCSO. Piglets weight at birth was assumed to be 1.3 kg.
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Table5.3.11 Background data to the calculation of nitrogen retention rate of breeding sows BY and

19902024

Period

Piglet Number of Number of between
v weight at  pigletsat  piglets at two

ear weaning birth weaning  successive

farrowing
kg heads heads days

BY 5.9 9.8 8.9 178.4
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 6.3 104 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 11.5 10.3 161.4
2018 7.9 11.4 10.2 161.8
2019* 7.9 11.4 10.2 161.8
2020* 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 2032024, therefore, data from 2018 were used.
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N retention for laying hens was calculated from the production data using the Equation 10.33D of the
IPCC Refinement:

0 000
PTTT

0 0 VWO
(Equation 5.6)

Where:
Neeenion]l RIFAf & YAGNRISY NBGSYidaywzy 2F fle&Ay3d KSya
Nwl I @SNIF 38 O2yGSyid 27F vy A (NRESvaludof0.028 S 6 SA I K
provided in the 2019 Refinement was applied;
52D ' | SN} 3S RIAfieRHSAIKG 3IFLAYy 6131 KSIR
Necll F @SNIF 3S 02y iSyid 27T YyDetabtRali&of 0.008ovllEddIna ¢ 1 3 &
the 2019 Refinement was used.
OoDD ' §$33 YI aa LIN&RdzOidAz2zy 63 S$33i KSIR

Data on egg production was obtained from the HCEbIé 5.3.1p2 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 Hungary were provided by the Hungarian Poultry
Board. The average egeight was calculated similarly, based on the egg weight of the typical laying
hen breeds.
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Table5.3.12 Background data to the calculation of nitrogen retention rate of laying hens BY and

19902024
Egg production
vear §331 KBISR 1
BY 206
1990 206
1991 189
1992 206
1993 218
1994 227
1995 220
1996 200
1997 212
1998 207
1999 202
2000 208
2001 213
2002 212
2003 210
2004 212
2005 208
2006 205
2007 218
2008 215
2009 215
2010 218
2011 214
2012 217
2013 208
2014 214
2015 218
2016 225
2017 227
2018 233
2019 240
2020 273
2021 293
2022 286
2023 290
2024 291

SourceAERI based on HCSO data
Nitrogen retention for broilers was calculated using the Equation 10.33E of the 2019 Refinement:
0w 0w 2
01 € QoRAITRE Q

(Equation 5.7)

Where:
Nretention= amount of N retained in animal (head) day
BWkina= Live weight of the animal at the end of the stage (kg)
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BWiniia = Live weight of the animal at the beginning of the stage (kg)

Ngain= the fraction of N (kg) retained per kg BW gainkgrd)

Production period = length of time from chick to slaughter (fattening duration)
Ngainwas assumed to be 0.0304 kg'zpsed on Haenelt al. (2018 and Haeneand5 N Y Y J25G9).
This value relates to the 40 days fattening duration, but in order to ensure the time series consistency
this value was applied for the whole inventory period. Data onsBW/as obtained from the
slaughterhouse statistics of the AERI. This statistic provides data on living weight before slaughtering.
The value of BWawas estimated to be 0.042 kg based on expert judgemene fttening period
was estinated to be 49, 42 and 40 days for the years 1994, 2007 and 2018 based on the Breeders
Management Manuals of Arbor Acres and Aviagen, respectively; and interpolation was used to
complete the timeseriesBackground data to calculate nitrogen retention rate for broilers are shown
in Table 5.3.13
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Table5.3.13 Background data to the calculation of the nitrogen retention rate in broilers BY and

19902024
Production period

BWhinai (fattening

Year duration)
kg day
BY 1.9 49.0
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 2.0 447
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 40.4
2015 2.4 40.2
2016 2.4 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

SourceAERI, 2025
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Values of fraction of annual-iMtakes that is retained by animals {dhion) and their sources are
summarized inrable 5.3.14The resulted values of-&kcretion for Dairy Cattle and Nafairy Cattle

are provided inTable 5.2.4Table 5.2.8and Table 5.2.9respectively, while values of N excretion for

Swine are presented ihable 5.3.15

Table5.3.14 Nietention rates and their sources

Animal species

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)t

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
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Source

Table 10.20 of IPCC (2006)
Table 10.20 of IPCC (2006)

R Ddzyl
CSo6St R Ddzy/ |
CS6St FyR Ddz/l

countryspecific (calculated based o

the Hungarian production data)
country-specific
country-specific

country-specific

countryspecific (calculated based o
the Hungarian production data)
CS6St FyR Ddzl

CS6St FyR Ddz/l

countryspecific (calculated based o
the Hungarian production data),
2024
countryspecific (calculated based o
the Hungarian production data),
2024

AGRICULTURE



HUNGARY National Inventory Documerit9852024 AGRICULTURE

Table5.3.15 Annual average Nitrogen excretion rates {/Nfor Swine

Subcategories Nex
kg head! year?

Piglets under 20 kg 3.0
Young pigs, 260 kg 8.6
Pigs for fattening over 50 kg 12.3
Breeding sows (weighted average, BY) 15.9
Gestating Sows 13.2

Lactating Sows 35.3

Sows between weaning and mating 134

Breeding sows (weighted average, 24?2 15.8
Gestating Sows 12.5

Lactating Sows 37.9

Sows between weaning and mating 12.9

Breeding boars (BY) 24.4
Breeding boars (209 22.1
Guilts not yet mated 9.9
Sows mated for the first time 13.8
Swine, weighted average (BY) 9.9
Swine, weighted average (2@2 9.3

For other livestock categories the default values of nitrogen excretion provided in Table 10.19 of the
2006 IPCC Guidelines were used except Buffalo for which the EMEP/EEA Guideb®2d:mAare
applied (Table 3.9). It should be noted that in the case of nitrogen excretion rate of Buffalo the 2006
IPCC Guidelines refer to the EEA, 2002, thus the use &NIE°/EEA Guidebook (EEA, 20&28)ch is

the most upto-date emission inventory guidebook of the EEA, seems to be reasonable. Nitrogen
excretionrated T2 NJ Wh (i KdSheXelatgdibody Weiglfds akeyshownTable 5.3.16ind Table
5.3.17
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Table5.3.16 Annual average Nitrogen excretionratesdli F2 NJ Wh i KSNJ f A S a (i 2

Nex

Animal Category kg head! year®

Source

Table 39 of EMEP/EEA Guidebook (EEA

Buffalo 82.00 2023)
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 (202) 0.63 Weighted average for 2@P
Laying hens (202 0.71 Countryspecific, calculated annually
Broilers (202) 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 of EMEP/EEA Guidebook (EEA
2023)
Guinea Fowls 036 as default for Broilers provided in the Tabl

10.19 of IPCC (2006)

Rabbit 8.10 Table 10.19 of IPCC (2006)
*2006 IPCC GLs refer to the 2002 EMEP/EEA GB. Therefore, the EMEP/EEA Guidebook (EEA, 2023) as the more updated
version of the GB was applied.
**There is no value provided in the IPCZD06)

Typical animal weights to calculate the annuaXdretion per head are provided Trable5.3.17.

Table5.3.17 Typical animal mass (TAM) for other livestock

Livestock Wight Source/Note

Buffalo 3800 Table 1046 of 2006 IPCC GLs
Sheep 48.5 Table 1049 of 2006 IPCC GLs
Goats 38.5 Table 1049 of 2006 IPCC GLs
Horses 3770 Table 1049 of 2006 IPCC GLs
Asses and Mules 1300 Table 10A9 of 2006 IPCC GLs
Poultry (2024) 2.2 Weighted average for 202

Laying hens (202 2.0* Countryspecific, calculated annually

Broiler (202) 1.6* Countryspecific, calculated annually

Turkey 6.8 Table 10A9 of 2006 IPCC GLs

Ducks 2.7 Table 1049 of 2006 IPCC GLs

Geese 35 Table A1.5 of EMEP/EEA Guidebook (EE

2023)
Guinea fowls 09 Default for Broilers provided in the Table 10,

9 of 2006 IPCC GLs
Rabbit 1.6 Table 10A9 of 2006 IPCC GLs
*Please note that Tier 2 is applied, therefore TAM is not used in the calculation. These values are reported for information.
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5.3.2.3 Estimation of CHemissions
5.3.2.3.1 Emission factors for GH

As Manure Management is a key source the Tier 2 method was applied to calculate, ta@i€sion

factors, except Rabbit, for which a default value of 0.08 is given in the Tablé 802006 IPCC
Guidelines was used. According to the Equation 10.23 of 2006 IPCC Guidelines, development of
country-specific emission factors involves determiningieighted average methane conversion factor
(MCF) using the estimates of the manure managed in each AWMS and the volatile solid eRe¢f&tion
which means the organimaterial in livestock manure. The £¢iission factor also depends on the
maximum methane producing capacity o(Bfor the livestock categories. The values of these
components in the aboveentioned equation were calculated as it is delineated in the following sub
sections.

5.3.2.3.1.1 Volatile solid excretion per day (VS)

Countryspecific values of VS for Cattle, Laying hens and Broilers were calculated according to the
Equation 10.24 of 2006 IPCC Guidelines. Values needed for this calculation are the gross energy intake
(GE), and its fractional digestibility, DE. The esfiiom of these values is detailed in Chapter 6.2.2.2.
Metabolizable and digestible energy of feed for Laying hens and Broilers were calculated similarly,
based on feeding practices. Forage composition parameters were taken from the Hungarian Nutrition
Code (2004).

For the ash content of the manure the IPCC default value (8%) was applied due to lack of-country
specific values. Similarly, the urinary energy which is also required to the Equation 10.24 was calculated
Fda nodnni D9 | OO2NRAYy3 G2 GKS wWwnnc Lt/ / DdAzARSt AyYySa

Table 5.3.1&ontairs the values of volatile solid excretion rate and the emission factors fordainy
cattle subcategories for the BY and 202espectively.

Table5.3.18 Volatile solid excretion rate and GHEmission Factor for NeDairy Cattle in the BY

and 202
BY 2024
VS CH- VS CH-
. . . Emission ) Emission
Non-dairy cattle subcategories excretion excretion
Factor Factor
13 5a 13t 13 5a 13t

headi Rt head% & N headl R+t headl & M
Bovines for slaughter and other calve

1.6 4.7 1.6 7.1

(male)

<L year Bovi for slaught d oth I

ovines for slaughter and other calve 15 43 16 6.9

(female)
1-2 vear Bovines (male) 3.2 13.3 3.4 17.3
y Heifers for slaughter and other heifer: 3.3 13.3 3.4 14.7
First calf heifers 3.4 14.7 3.5 14.8
2 vear Mature NonDairy (male) 3.6 155 3.9 16.5
y Heifers for slaughter 3.5 14.7 3.7 15.6
Beef Cow 2.8 10.6 3.0 12.4

For the other livestock categoriesyichas Swine, Buffalo, Sheep, Horses, Asses and Mules, Ducks and
Geese the IPCC default values provided for Eastern Europe or Developed countries in the Féble 10A
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10A9 in the 2006 IPCC Guidelines was used. IPCC default values for geese and guirsga fawls
available; hence values for ducks and broilers were used, respectively.

In the case of swine, the country specific (Tier 2) VS used for market swine and breeding swine
categories were based on Dammgatral.(2011). The reasons for applying the Dammegtal.(2011)
methodology were as follows: Equation 10.24 of the 2006 IPCC Guidelines contains inaccuracies; for
instance, it includes organic matter excreted in the urine, which is erroneous, because urea, the
primary component of urine organic matter, does mobduce methane due to bacterial breakdown.
Additionally, the grosenergy content of swine feeds in dry matter is not constant (18,45 MJ/kg d.m.)

for the entire time series.

The VS excretions for swine are calculated with the national procedure of Damanhgk(2011):
WY a R ROP W [ JOp @ j
(Equation 5.3)

Where:
VS$= VS excretions for animal category i (in kg ptat®
Mreed,om= Drymatter intake for animal category i (in kg plaad?)
Xoowm,i= Digestibility of organic matter for animal category i (in k§ kg
Xashi= Ash content of feed for animal category i (in kg)kg

Based on the timeseries data collection for assessing the nutrient content of AERI swine feeds
monitoring system (2005320102019, 202), the results of the Hungarian Feed Code (1990 and 2004)
and the FADN feed intake and weight gain, the time series result between 1990 aBdvag2
determined and compiled.

Table 5.3.1%ontains the values of volatile solid excretion rate and the emission factors for swine sub
categories for the BY and 202%espectively.

Table5.3.19 Volatile solid excretion rateand CH-Emission Factoior Swine in the BY and 2@2

BY 2024
VS CH-Emission VS C.H_.
Swine subcategories excretion Factor excretion Emission
Factor
Piglets, under 20 kg 0.08 0.31 0.06 0.72
Market swine Young pigs, 260 kg 0.20 0.82 0.18 2.25
Pig for fattening, over 50 kg 0.34 1.37 0.28 3.52
Boars 0.39 1.57 0.49 6.12
Breeding Breeding sows 0.38 1.53 0.36 4.35
swine Guilts (not yet mated) 0.23 0.94 0.27 3.39
Sows (first mated) 0.21 0.86 0.45 5.68
Swine 0.26 1.97 0.19 0.21
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5.3.2.3.1.2 Maximum Ckiproducing capacity gBvalues
Due to lack ofcountry-specific data default values listed in Tables -HOXOA9 of the 2006 IPCC
Guidelines were applied.

5.3.2.3.1.3 Methane conversion factors (MCF)

Default MCFs for different manure management systems by average annual temperatures provided in

Table 10.17 of 2006 IPCC Guidelines were used. The annual mean temperature in most parts of

l dzy AF NB A& 0S0G6SSy wmn YR mwm dihate zen&Kweieappked fara O f c
Pasture/Range/Paddock, Solid and both Poultry manure.

The choice of MCFs for liquid manure and deep litter required the disaggregation of livestock
categories by annual average temperatures. However, Hungary does not have either large animal
populations or multiple climate regions. To the further stratifioatthe annual mean temperature and
livestock data by counties were used. The detailed climate data (i.e., annual mean temperatures for
19 counties of Hungary) were extracted from the HMS climate database for the perioe20201

while the detailed livestck data from the General Agricultural Censuses, conducted 29. Zlhe
resulted proportion of animal population by average annual temperature and livestock categories are
provided inTable 5.220. In the previous submissions|imate data from 1981 to 2010 were utilized,
resulting in significantly lower average annual temperaturempared to the period from 1991 to
2020 Nevertheless, this update of climate data was essential to ensure the use the most current data.

Table5.3.20 Distribution of main livestock categories by average annual temperatures

Proportion of animal population
Average annual

temperature CD:titrl)é 82:3; Swine L:Zinnsg Broiler
Xmnc/ 16% 14% 5% 14% 12%
MMmcC / 78% 80% 92% 81% 86%
MH C / 6% 5% 3% 5% 2%

Beyond the average annual temperature, the IPCC methodology differentiates between liquid manure
GAOGK Wyl dzNF f ONdHzaG O20SNR YR ¢AGK2dziz & 6Sftf
According to the expert opinion of the NARIC Instit2atd ! ANR Odzf (G dzNF £ 9y IAY SSNA
duration of deep litter is generally longer than one month in Hungary.

To determine the MCF for pig and cattle slurry, the proportion of covered and uncovered manure
stores was determined (see also SectoB.2.2.]) and the IPCC default values for these were weighted
according to the proportion of covered and uncovered manure tanks.

Anaerobic digestion

The technological specificities of the use of animal manure in biogas plants were investigate& by

AY HAnumM® ¢KS addzRe gl a FAYFrYyOSR o0& GKS aAyAaidNe
LX Fyda G§SOKy2f23A0If adNOSRERRal BINEB880A T SRy R2 (KK
most manure is treated in agricultural biogas plants and not in centralized ones. Consequently,
emission losses during transport and storage of manure are not typical. Thus, slurry used in biogas
plants is no stored on livestock farms, either 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 the farm. Most of the solid manure treatediogas plants comes from calves and

is stored for up to two weeks before being used in biogas plants.
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The MCFs for manure treated in anaerobic digesters were determined based on the 2019 Refinement
Tier 2 methodology using equations provided in the Annex 10A.4 of the 2019 Refinement. The 2019
Refinement provides a much more detailed and scientifically more improved methodology for
calculating the MCF for anaerobic digestion than the 2006 IPCC Gesdéla, it separates the MCF
from the digester during prstorage and storage of digestate, allowing open and covered storage to
be taken into account. Thefare, we believe, that the 2019 Refinement methodology reflects better
the Hungarian circumstances than the 2006 IPCC Guidelines.

The following assumptions were used in the calculations, and the parameters required for the
calculations were determined as follows:

For the leakage rate of digesterg) the default value of 0.01 was assumed, presuming high quality
biogas digesters. This assumption is also supported by the verification calculation carried out, as the
estimated biogas yields are in good agreement with the amount of biogas producedndagfihat

there should not be any significant loss from the digester. The value of 0.046 is used for relative amount
2 F NB a A B,dakcausedn Hungarythe mesophilic digestion is dominant. In accordance @ith th
report of the AERthe share of gastight storage of the digestatgs(xvas 21% in Hungary, inZD No

data was available on the leakage rate of the storagegfl. therefore ko g= Ligwas assumed.
Methane conversion factor for the negastight storage of digestate, (M(#H a value of 11% was
assumed, similarly to the countgpecific value of open cattle slurry tank with natural crust, because
the viscosity of the digestate is similar to the cattle liquid manure and tHemoented crop resides

allow the formation of natural crust. Values of methane conversion factor for thegastight storage

of digestate (MCJ) were calculated based on the values of the MCFs for manure not treated in biogas
plants, considering the significantly lower length of manure storage.

IPCC Guidelines provide no methane conversion factor for Yard therefore the MCF of Solid was applied
for yard manure. Methane conversion factors used in the inventory are provideabie 5.321.
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Table5.3.21 Methane conversion factors for manure management systems

Manure Management System NL/CO:F
Pasture range and paddock

Poultry 2.0

Other livestock 1.0
Solid storage and dry lot 2.0
Liquid systen{2024)

Cattle 13.8

Swine 14.0

Poultry 18.8
Other AWMS2024)

Dairy cattle 6.4

Non-dairy cattle 15.4

Swine 15.9

Poultry 15
Anaerobic digestior(2024)

Cattle 2.2

Swine 14

Poultry 1.4
Dairy cattle deep bedding 18.7
Non-dairy cattle deep bedding 18.8
Swine deep bedding 18.9
Yard 2.0
Poultry manure with litter 1.5
Poultry manure without litter 1.5

5.3.2.4 Estimation of direct XD emissions from Manure Management

Default emission factors from 2006 IPCC Guidelines were used. In the case of cattle and swine liquid
manure covered and uncovered manure tanks were distinguished, similarly to the selection of MCF
values (see section above for further details). Mixingadfle and swine deep bedding does not occur

in practice in Hungary (expert judgement, Fenyvesi, 2015). Therefore, for cattle and swine deep
0SRRAY3I Wy2 YAEAYIQ 46l a | aadzySRo

In the IPCC Guidelines emission factor is unavailable for Yard, therefore the emission factor for solid
manure was applied. Emission factors used in the inventory to estim#@eelissions from manure
management are listed iflable 5.322. In response to a recommendation from the UNFCCC review
2019, Table5.3.15was supplemented with the sources of the emission factor indicating where
weighted averages of the IPCC default values were applied.
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Tableb5.3.22 Emission factors used for the estimation of®lemissions

N20-N emission factors
Manure management system Source
kg NeO-N kgt Nex
Solid storage and dry lot 0.005 Table 10.21 of the IPG2006)
Liquid system

Weighted average depending on the ratio «

ttle (2024 .
Cattle (2024) 0.003 covered to uncovered slurry tanks
Swine (implied, 202) 0.003 Weighted average
Sows (202) 0.003 Weighted average depending on the ratio «
covered to uncovered slurry tanks
. . Weighted average depending on the ratio «
F 2 .
attening pigs (20) 0.003 covered to uncovered slurry tanks
Poultry 0.000 Table 10.21 of the IPG2006)(without
natural crust cover)
Other AWMS
Cattle deep bedding 0.010 Table 10.21 of the IPGZD06YNo mixing)
Swine deep bedding 0.010 Table 10.21 of the IPGZ006)YNo mixing)
As solid due to lack of default value provide
vard 0.005 in the IPCQ2006)
Poultry manure with litter 0.001 Table 10.21 of the IPG2006)
Poultry manure without litter 0.001 Table 10.21 of the IPG2006)

5.3.2.5 Estimation of indirect XD emissions from Manure Management
5.3.2.5.1 Indirect NO emissions through volatilization losses from manure management

Following the 2006 IPCC Guidelines, indired Mmissions due to volatilization of N from manure
management were calculated using the Tier 2 methodology.

The countryspecific value of fraction of N that is volatilized as Bl NQ (Fragaswg was calculated

based on the Nkand NQemissions from 3.B Manure management reported to the UNECE under the
LRTAP Convention. Hungary appliesEMEP/EEA Guidebook (EEA, 2028alculate emissions of air
pollutants from agriculture. Tier 2 and Tier 3 methodology is applied for Cattle, Sheep, Swine, Laying
hens and Broiler and Tier 1 for other livestock categories.ed@issions are calculated based on Tier

1 methad. Derivation of the amount of manure nitrogen that is lost due to the volatilization ebNH

NO, based on the Hungarian air pollutant emission inventory under the UNECE/LRTAP Convention is
demonstrated inTable 5.34. Timeseries of volatilization losses were calculated similarly for all years

of the inventory periodTable 5.33).
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Table5.3.23 Volatilized N as NH3 and NOx from manure management systemg20a4

CR code

3Bla

3B1b

3B2

3B3
3B4a
3B4d

3B4e

3B4f

3B4gi

3B4gii

3B4gii

3B4giv

3B4h

3B

y20$S

National Inventory Documerit9852024

Long name

Manure management
Dairy cattle
Manure management
Non-dairy cattle

Manure management Sheep

Manure management Swine

Manure management
Buffalo

Manure management Goats

Manure management
Horses
Manure managemert

Mules and asses
Manure management
Laying hens
Manure managemert
Broilers
Manure management
Turkeys
Manure managemert
Other poultry
Manure managemert

Other animals (Rabbit)

Manure management

aKI G

NO (as NQ)
0.17

0.12

0.01

0.03
0.00
0.00

0.00
0.00
0.12
0.61
0.06
0.09

0.00

1.20

are zeros.
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Total N volatilized

NHs kg N
7.54 6 258 157
7.09 5875 082
1.46 1207 027
7.00 5 770 446
0.04 29 869
0.01 11 108
0.34 278 334
0.01 6 849
1.18 1010 536
3.44 3015691
1.22 1019 723
1.93 1619 127
0.53 437 972
31.78 26 539 921
FNBE RdzS G2

GKS WnonnQ g f dzzSa

G KS NERdzy RA
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Table5.3.24 NH-N and NQ-N volatilization losses of manure management systems BY and 1990

2024
Total N FragGaswvs
Year volatilized
kg N %

BY 63 133 402 19%
1990 57 141 728 22%
1991 51 699 038 21%
1992 44 054 276 21%
1993 38 278 031 21%
1994 35134016 21%
1995 35513 648 22%
1996 34 816 168 22%
1997 33927 278 22%
1998 35103 031 22%
1999 35 561 008 22%
2000 37 080 190 23%
2001 36 035 342 23%
2002 36 429 539 23%
2003 36 744 763 23%
2004 34 986 500 22%
2005 33021 720 22%
2006 31934 592 22%
2007 31 654 999 22%
2008 30913 283 22%
2009 29 428 385 22%
2010 29 627 907 22%
2011 28 979 348 22%
2012 28 396 587 21%
2013 27 768 528 21%
2014 28 676 469 21%
2015 29 373 596 21%
2016 29 388 131 21%
2017 28 418 584 21%
2018 28 462 608 21%
2019 28 320 483 21%
2020 27 358 704 21%
2021 28 069 046 21%
2022 26 447 926 21%
2023 25 593 766 21%
2024 26 539 921 21%

To ensure transparency of reporting the volatilization losses, agriculturaleNtissions and NO
emissions from 3.B Manure management are reported i CGidle 6.

To estimate the indirect XD emissions from volatilization default value of 0.01 k§-N (kg NREN +
kg NQ-N volatilized} for ER given in Table 11.3 of 2006 IPCC Guidelines was used.
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5.3.2.5.2 Indirect NO emissions through-ldaching and ruoff from manure storage

In Hungary there are strict environmental obligations concerning the manure storage arising from the
Nitrates Directive (91/676/EEC). The current regulations require to prevent/decredsaching.
Therefore, Neaching from housing and manure storage syst not falling within the scope of nitrate
regulations, and nitrogen leaching before the compliance deadlines of the regulations are reported
here.

Information concerning Hungarian animal housing and manure storage systems was derived from the
Nitrate Database, data from the national Farm Structure Survey (FSS), Codes of Good Agricultural
Practice (GAP) and nitrate regulations.

National regulations concerningldaching from manure storage systems are as follows:

1 Government Decree 27/2006. (1. 7.) on the protection of waters against pollution caused by
nitrates from agricultural sources (Nitrate Decree), amending Government Decree
49/2001(1V.3);

1 Decree 59/2008 (IV. 29.) FVM on the detailed rules of the action program required for the
protection of waters against pollution caused by nitrates from agricultural sources and on the
procedures for data provision and registration (hereafter GAP Decatahdse established
from data provided under the regulation is called Nitrate Database);

91 Decree 43/2007. (VI.1.) FVM on Designation of nitrate vulnerable zones by MePAR blocks
(MePAR is the abbreviation of the Hungarian Land Parcel Identification System).

The watertight construction of animal housings and manure storage systems is generally required
under the GAP Decree. The use of impermeable barriers on the underlying strata, to prevent nitrate
leaching is needed to ensure the compliance with the Niti¢eree.

Areas and farms falling within the scope of Nitrate Decree are as follows:

9 Farms operating on designated nitrate vulnerable zones and producing more than household
needs. (Household needs is here defined as five livestock unit (LSU) or three LSU in the case of
poultry; LSU is here defined as 500 kg live weight);

1 Farms under the Environmental Permitting Regulations (EPR);
1 Large livestock farms (defined in Decree 41/1997/. (V. 28.) FM);

{1 Areas of manure storage systems and manure processing.
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Figure5.3.2. Maps of areas under the regulation of Nitrate Decree

Legend: nitrate vulnerable zones designated in 2007 are marked with green color, while areas under the regulations of
Nitrate Decree since 2013 are marked with red color
The compliance deadline for nitrate regulations was 31 December 2014 for lisjuicly, and 22
December 2015 for solid manure storage systems in accordance with the amended Nitrate Decree.

(The Government Decree 49/2001(1V.3) contained earlier deadlines, between 2006 and 2014, which
were extended in the amended regulation.)

Arising from the nitrate regulations amount of nitrogen leached was determined using the following
assumptions:

1 Measures for preventing éaching from manure management systems should have been
started in 2001.
1 Measures to improve manure management systems in order to predatfease Neaching
should have been finished according to the extended deadlines in the amended Nitrate Decree
(i.e., at the end of 2014 or 2015).
91 After the compliance deadline-Naching could only occur on small farms (<5 LSU; or <3 LSU
for poultry).
To summarize, Neaching could occur from solid manure and deep litter of animals housed on small
farms; and from solid manure, deep litter of animals housed on large farms before the compliance
deadlines of nitrate regulations.

In 2000, one year before the introduction of the new legislation, a comprehensive survey was
conducted to measure the proportion of farms where actions were needed to ensure compliance with

the nitrate regulations. The results of the survey were published (G KS &aidzRe 2F wt ] @&

year 2000 livestock on farms wherel&hching could occur was estimated based on this study in the
emission estimate.

For each year between 2000 and 2016 the livestock housed on farms with less than five or three LSU
was determined based on FSS data. Besides, the fraction aforopliance was estimated using linear
interpolation between 2000 and the deadline of full cdimpce. (Smooth implementation of the
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nitrate regulations was assumed.) For the period 14899 data for the year 2000 was applied due to
lack of reliable statistics.
Annual amount of manure nitrogen that leached from manure management systems was determined
according to the Eq 10.28 of the 2006 IPCC Guidelines, modified for the Hungarian legal circumstances
as follows:

RO RN AYA T o I A YA T Ol OO

0 0 HQw D Yy e —
pTT prm h

(Equation 5.8.)
Where:

Nieachingmms= amount of manure nitrogen that leached from manure management systems (kg
N yrh)

Nr= humber of head of livestock species/category T in the country

Nexr=annual average N excretion per head of species/category T (kg N &girjal
MSrsifraction of total annual nitrogen excretion for each livestock species/category T that is
managed in manure management system S in the country, dimensionless

Fragachmspercent of managed manure nitrogen losses for livestock category T due to runoff
and leaching during solid and liquid storage of manure

Fragmai= percent of livestock on small farms (<5 LU; or <3 LU for poultry)

Fragc =percent of livestock on large farms (>5 LU; or >3 LU for poultry), not meeting the
requirements of nitrate regulations.

In the case of Buffalo, Goat, Horse, Mule and Asses, Guinea Fowls and Rabbit, which livestock
categories have small share to the total emissions, the whole livestock was assumed to be farmed on
small farms (Fraga~100).

Time series opercent oflivestock on small farms (Fra@) or large farms, which do not meet the
requirements of nitrate regulation (Frag, by livestock categories, are showrTable 5.325.
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Table5.3.25 Fractions of livestock on small farms (Fgag) or large farms, which do not meet the
requirements of nitrate regulation (Frag) for 200062024

Swine  Dairy Cattle Ncgi;’:ry Sheep Laying hens Geese Broiler Turkey Ducks
Year Solid/ . .

Deep Solid/ Solidl soid Solid  solid Solid Solid  Solid

litter Deep litter  Deep litter
2000 49 100 100 53 72 21 29 29 97
2001 47 95 94 51 71 20 28 27 92
2002 44 89 89 48 70 19 26 26 87
2003 42 83 82 46 69 18 24 24 81
2004 39 78 76 44 67 17 22 22 76
2005 36 72 70 43 65 16 20 21 71
2006 33 65 64 39 66 15 18 19 66
2007 30 59 58 35 68 15 17 17 61
2008 29 53 52 34 61 14 15 16 56
2009 27 47 46 32 55 13 13 14 51
2010 26 42 40 30 47 12 11 12 46
2011 24 35 34 27 46 10 10 11 40
2012 22 29 27 25 45 8 8 10 35
2013 20 23 21 22 43 7 6 8 29
2014 18 16 15 20 38 6 4 6 22
2015 16 9 9 17 32 4 2 4 15
2016 14 3 3 15 26 3 0 2 9
2017 12 2 2 15 23 3 0 2 9
2018 11 2 2 15 19 3 0 1 10
2019 9 2 2 15 16 3 0 1 10
2020 8 2 2 15 13 3 0 1 11
2021 5 2 2 14 10 3 0 1 7
2022 3 2 2 14 7 3 0 0 4
2023 0 2 2 14 4 3 0 0 0
2024* 0 2 2 14 4 3 0 0 0

*No data were available for 2@2 therefore, data from 2R3 were used.

The 2006 IPCC Guidelines provide a range2ifo4 for the default value of Fragnus but there is no

animal and manure management specific default values available in the IPCC methodology. However,
the difference of Fragsswsand Fragasmsgiven in Tables 10.23 and 10.22 seems to be as a proxy for
Fracachms but according to the footnote of the Table 10.23, this difference contains the leaching losses
as well as the Nemissions, therefore cannot be used as default values in the estimation.

In the submissions before 2021, the default (EEaer12.0 as a proportion of TAN entering storage)
provided for solid manure in the Table A1.12 of the EMEP/EEA Guidebook (E§Ay&Oapplied for
Fragachms due to lack of countrgpecific measurements on the leaching losses from manure
management systems and considering the low share of this emission. In line with the 2006 IPCC
Guidelines, as well as the EMEP/EEA Guidebook (EEA, 2016) N leaching fréstutiguidas not
assumed as a source of leachate. In the most up to date EMEP methodology, BEMER/EEA
Guidebook (EEA, 202B}leaching is no longer taken into account in thdl®v, thus the related EF

was omitted from the Guidebook. Therefore, to calculate the indiregd Mmissions from Manure
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Management due to leaching/runoff in this submission the methodology and the default value of
Frageachmgprovided in the 2019 Refinement was applied (2% for solid and 3.5% for deep litter).

In accordance with the Table 11.3 of 2006 IPCC Guidelines the default value of 0.00@8\KkdI N
leaching and run offyfor EE was applied to estimate the indirect emissions from leaching/ run off.

5.3.3 Uncertainties and time series consistency

5.3.3.1 CHemissions

Uncertainty of activity data (animal population) was estimated based on the confidence intervals for
each animal species and livestock survey provided by the HCSO. The uncertainty of the mean annual
averages was estimated according to the error propagatibes.

Uncertainty of EFsfor G YA a a4 A2y a FTNRBY Yl ydz2NB YIyF3aSySyd oI a
FYR posmE: FT2N Fff fA0SaiG201 OFGS32NASa SEOSLI N
DdzA RSt AySa LINBPOGARS poE: FT2NJ ¢m YR pHENMENI ¢H Y
with the IPCC values. The Tierl uncertainty analysis gives an aizgfdl SNIi I AyGé& 2F pmo 27
emission from manure management.

5.3.3.2 Direct NO emissions

' YyOSNIFAyiASa 2F pHp: | NB | dadzy SR NdfdatifeAayd G2
swine, for which countrd LISOA FA O @I f dzSa | NB dzaSRd | yOSNIF Ay,
because countrgpecific N excretion rates are applied foNRP A f SNJ ' yR [ @8Ay3 KSyas
other livestock categories in accordance with the 2006 IPCC Guidelines. The uncertainty of the manure
management systemusage (M8 RI G &6l a | &dadzYySR (2 06S pHpE: AY |
provided by 206 IPCC Guidelines. The uncertainty of the EF588/+100% according to the 2006

IPCC Guidelines, therefore the lower combined uncertainty of the dirgatavhissions from Manure
management is 36% and the upper one is 67%.

5.3.3.3 Indirect NO emissions

Uncertainties in emission factor (fere likely to dominate these emissions, thus uncertainties in the
volatilized nitrogen are comparatively less important in terms of emissions. Consequleeattiefault
uncertainty ranges for the Fragms and default uncertainty of the emission factor {faken from

the 2006 IPCC Guidelines were applied. The lower combined uncertainty of the indiDeeirissions
from Manure management is 85% and the upper one is 399%.

The overall combined uncertainty in the@®lemissions from 3.B i36%/+129%.

5.3.4 Source specific QA/QC

Following the recommendation of the 2021 UN review (A.7, 2021), the following information has been
added to this chapter:

The CHIEF for swine for 1983000 is lower than the lowest value in the IPCC default range due to the
higher proportion of solid manure in Hungary than accounted for in the IPCC default value for Eastern
Europe. For 1982000, the proportion of solid manure rgad from 59.%to 45.74 while tables 10A
7¢10A8 of the 2006 IPCC Guidelines assume a proportion%fd2Eastern Europe. Additionally, the
IPCC default MMS usage assum#saBaerobic lagoon with methane correction factors oP6&nd

68% but anaerobic lagoons do not exist in Hungary. The extremely high methane correction factors
for anaerobic lagoons significantly increase the IPCC default EF.
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Nitrogen excretion rates for Cattle and Swine were verified using different calculation methodologies

and compared with values used by other countries (EU Member States). For Dairy Cattle two different
methodologies were used to verify the annual valueNséxcretion. Firstly, the Mxcretion was
SAaGAYIFIGSR o0FraSR 2y (KS o062Re& Yraa FyR YAf]l @ASEtR
and Gunde[2007). This methodology indicates a value of 124 kg N/head/year for the year 2019 and

149 kg N/head/yeardr the year 2020. This methodology also justifies a significant increase in the N
excretion factor in the inventory between 2019 and 2020, due to a significant increase in milk
production.

Incaseof Now  ANE / FGGEtS FYR {6AyS (KS YS@KRZRRRHAeE I3& LINE
lower values. However, the difference for Swine is insignificant. Nitrogen excretion rates were
compared with the values reported by other EU Member States. This verification revealed that the
Hungarian values are in the range of values repobyge&U Member States. Thefor norntdairy cattle

was on average 52 kg N/head/year for the EU MS for the year 2020, which is very close to the
Hungarian figure. ThelEaverage of Mxcretion rates for pigs was 10.7 kg N/head/year for the year

2020. The Hungarian value is slightly lower, but the Hungarian value is well within the range of EU
values. The slightly lower value in Hungary is probably due to the lower ifagt@reights and the use

of amino acid supplements.

Nitrogen excretion rate for Laying hens was compared with the default values provided in the 2006
IPCC Guidelines, 2019 Refinement and the EMEP/EEA Guidebook (EEA, 2023). Default IPCC values are
given in kg N (1000 kg animal masdpy'v = KSy OS GKS WGeLIAOIt yAYL
determine the annual N excretion. The table below summarizes the default values and the resulted
annual N excretion.

Table5.3.26 Comparison of N excretion rates for laying hens between the IPCC Guidelines and the
EMEP/EEA Guidebook

IPCC Guideling2006) IPCQRefinement(2019) EMEP/EEA

Laying hen Guidebook
Eastern Western Eastern Western (EEA, 2023)

Europe Europe Europe Europe
Daily N excretion rate

. .82 . .81 .87 .96*
(kgN (1000 kg animal massjlay?) 0.8 0.96 0.8 0.8 0.96
TAM (kg) 1.8 1.8 1.9 1.9 2.2
Annual N excretion (kg N heddyr?) 0.54 0.63 0.56 0.6 0.77

* Calculated from the values provided in Table 3.9 and Table A1.5 of the EMEP/EEA (EEA, 2023) Guidebook.

The value of 0.7R&g N head yr! used in the Hungarian inventory for the year 2021 is higher than the
IPCC default values. The higher, 2.0 kg weight of laying hens in the Hungarian inventory justifies the
higher annual N excretion rates. TEMEP/EEA Guidebook (EEA, 262R) uses higher default weight

than the IPCC Guidelines, resulting in similarly higher annual N excretion ratabléhabove reveals

that the value of 0.70 kg N hedgr?! used in the Hungarian inventory is in the range of the default
values provided in the differéremission inventory guidelines.

Nitrogen excretion rates for broiler was also compared with the default values provided in the different
emission inventory guidebooks. This comparison reveals that the mest-date guidebooks suggests
higher values than the 2006 IPCC Guidelines duthd@oincrease in the weight and the recently
published defaults ranged from 0.4 to 0.5 kg N h&ad'. However, the default daily N excretion rates
combined with the countrspecific TAM result in values ranging from 0.60 to 0.62 kg Nigddhus
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the value of 0.49 N hediyr! for the year 2021 in the Hungarian inventory can be considered as
consistent with the default values provided in the recently published emission inventory guidebooks.

Table5.3.27 Comparison of N excretion rates foroiler between the IPCC Guidelines and the
EMEP/EEA Guidebook

IPCC Guideling2006)  IPCRefinement(2019) EMEP/EEA

Broiler Guidebook
Eastern Western Eastern Western (EEA, 2023)*
Europe Europe Europe Europe
Daily N excretion rate
(kgN (1000 kg animal masSjay?) 1.1 11 1.12 1.14 1.1
TAM (kg) 0.9 0.9 1.1 1.2 1
Annual N excretion (kg N heddyr?) 0.36 0.36 0.45 0.50 0.40

*Values are taken from the Manure Managementflblv tool.xIsx provided to the EMEP/EEA Guidebook (EEA, 2023)

N>O emissions are calculated and reported consistently with the atid NQ inventory under the
UNECE/LRTAP conventidio. calculate the N&and NQ emissions theEMEP/EEA Guidebook (EEA,
2023)was applied.

5.3.5 Sourcespecific recalculations

3.B.1, 3.B.3, 3.B.4 Gl@missions and 3.B.1, 3.B.3, 3.B.BNemissions from Manure Management

The correction of calculation error for 19923 resulted in minor changes in £#id NO emissions
from manure management.

The update of animal population for 202022 resulted in relevant changes ins@Hd N20 emissions
from manure management.

3.B.1 (Ch), 3.B.3 (Chi¢ Dairy Cattle, NoiDiary Cattle and Swine for the periv@852023

Correction of calculation errors regarding the manure management system for the period
19852023 caused minor changes in &hhissions.

3.B.1 (NO), 3.B.3 (D), 3.B.5 (bD)¢ Dairy Cattle, Notiary Cattle, Swine and IndirecitONemissions
for the period 20172023

Correction of calculation errors regarding the manure management system for the period
2017-2023 caused minor changes iBNemissions.

3.B.4 (Chj ¢ Other Livestock for 2022022

Updating of animal population for 2022022 resulted higher populations, which caused
insignificant changes in Gemissions in Other Livestock category.

The overall changes in emissions frofd[danure Managementanged from a3.49kt CO2eq t06.97
kt CO2eq for the periodl9852023. The percentage changes varied betwe@®1% andl.57%6.

5.3.6 Planned improvements

See Sectioh.1.9
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5.4 Rice cultivation (ORector 3.C)

Emitted gas: CH
Methods: T1
Emission factors: D
Key source: none

5.4.1 Source Category Description

Hungary is situated on the north edge of the rice production arghere climatic conditions are
generallyunfavorablefor rice cultivation The production area of rice involves the poorer quality soils.
Since the production volume is very low in Hungary, the contribution of rice cultivation to the
greenhouse gas emissions is minimal, @h6#oof the entire Chlemissions from agriculture sector.

5.4.2 Methodological issues

In Hungary the rice is cultivated on poorer quality soil, without organic amendments, the fields are
AYGSNYAdGGSyGdte FE22RSRd ! SNYGA2y A& | LIWXASR +Fa

Methane emissions from rice cultivation were calculated according to the Equation 5.1 of 2006 IPCC
Guidelines. As GHemissions from rice cultivation are not a key category in Hungary, the Tier 1
methodology with default emission factors was applied. The adjusted daily emission factor to the

above equation was calculated based on Equation 5.2 of 2006 IPCC Guidelimeguired values of

baseline emission factor (§Fwater regime (Sff, water regime in the preeason (SiFto this equation

were taken fom Tables 5.15.13 of 2006 IPCC Guidelines. The adjustege@litsion scaling factor

for organic amendment (§Fwas calculated using the Eq. 5.3 of 2006 IPCC Guidelines. The value of
conversion factor (CFOA) was taken from Table 5.14 of 2006 IPCC Guidelines. Due to lack of detailed
AYF2NXEOGA2Y WaldNl g AyO2NLRNI G§SR aKadkcdngervativeo n R &
approach.
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In response to a recommendation from the-dountry review conducted in 2016, this section was
supplemented with theTable 5.4.10 present values of parameters used for calculating the EFs for
irrigated rice cultivation.

Table5.4.1 Parameters used for calculating the Emission Factors fof €&Regory 3.C

Parameters Value Unit Source Notes
Ek;jk daily o Eq. 5.2 ofPCC
emission factor 1.86 g Crlr e (20006
Sowing: third ten days of
t, cultivation April, or first ten days of May.
p'ér’io d, day 145 day Calculated Harvesting: between 10th of
' September and 10th of
October
EFR, baseline 1 Table 5.11 ofPCC
emission factor 1.3 G E (2006
Sk, water 0.78 Table 5.12 ofPCC
regime ' (2006
=i LS, Table 5.13 ofPCC
regime, pre 1.22
(2006
season
. Eq. 5.3 and Table
i:;‘e?]?ﬁg:t 1.51 5.14 for CFOA of
IPCCZ006
There is no default value
provided in the IPCR006)
Sk, soil type, 1 However, it should take into
rice cultivar account if it is available
according to the IPCC
methodology.

la OGA@GAGeE RIGEFZ GKS d2drt aAalsS 2F GKS LINBRdAzOGA
5.4.3 Uncertainties and time series consistency

C2NJ 0KS dzy OSNIiFAyide 2F GKS FOGA@AdGe RIGlIZT ppr Kl
of scaling factors and the baseline emission factor were taken from the 2006 IPCC Guidely®gs. (SF

26%; SF4%/+5%; SF14%/+15%, EF63%/+69%) Combination of uncertainties listed above resulted

in 69%/+75% combined uncertainty for the adjusted daily emission factor. Therefore, the overall lower
and upper uncertainty 069% and 76%an be calculated for the emissions from rice cultivation.

5.4.4 QA/QC Information

See 6.1.5.

5.4.5 Sourcespecific recalculations

There were no recalculations in this category.

5.4.6 Planned improvements

There are no further improvements planned.
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5.5 N20 emissions from Agricultural soils TG&ctor 3.D)

Emitted gas: BD

Methods: T1

Emission factors: D

Key source: Yes

Particularly significant subategories: Inorganic N fertilizers, Crop residue

5.5.1 Source Category Description

In 2024 agricultural soils emitted 84% of the total MO emissions from the agriculture sector, and
67.3%o0f the national total MO emissions are generated in agricultural sdilsb{e 5.5.1L Emissions
from agricultural soils contribute@.0% (2826 Gg C@eq) to the national total GH@missions in 202

The overall trend in emissions is decreasitgowever, trends in emissions from crop production
related sectors as 3.D.a@rop residuesand 3.D.a.SMineralizationare different from the other
subsectors. Emissions from 3.[2.dluctuatedsignificantly depending on crop production, which is
determined by the weather conditions. Trends for 3.Dshbw a continuous slow increadgowever,
emission from this source is low and uncertain.

275



HUNGARY National Inventory Documerit9852024 AGRICULTURE

Table5.5.1 Trends in emissions from 3. D Agricultural Soils by subcategories BY and20290

N20 emissions (Gg49)

Year
3.D.a 3.D.a.l 3D.az2 3.D.a.3 3.D.a4 3.D.ab5 3.D.a6 3.D.b 3.D0.b.1 3.D.b.2
BY 15.75 9.25 3.24 0.37 2.50 0.005 NO 1.49 1.36 0.13
1990 11.64 5.63 2.97 0.29 2.39 0.005 NO 1.14 1.01 0.13
1991 8.49 2.20 2.77 0.30 2.89 0.005 NO 0.75 0.68 0.07
1992 7.24 2.33 2.38 0.28 1.97 0.005 NO 0.66 0.59 0.07
1993 6.77 2.53 2.09 0.23 1.70 0.005 NO 0.61 0.54 0.07
1994 8.00 3.49 1.88 0.18 2.25 0.005 NO 0.64 0.56 0.07
1995 7.42 3.00 1.86 0.16 2.19 0.005 NO 0.60 0.54 0.07
1996 7.56 3.19 1.81 0.16 2.20 0.005 NO 0.61 0.54 0.06
1997 7.84 3.24 1.75 0.15 2.50 0.005 NO 0.59 0.54 0.05
1998 8.41 3.90 1.78 0.16 2.37 0.005 NO 0.66 0.60 0.06
1999 8.40 412 1.81 0.17 2.12 0.005 NO 0.65 0.61 0.04
2000 8.06 4.05 1.82 0.19 1.80 0.005 NO 0.70 0.63 0.07
2001 9.08 4.32 1.79 0.19 2.60 0.005 NO 0.71 0.64 0.07
2002 9.08 4.76 1.82 0.18 2.14 0.005 NO 0.75 0.67 0.08
2003 8.49 454 1.83 0.18 1.75 0.005 NO 0.75 0.66 0.09
2004 9.76 4.60 1.77 0.20 3.00 0.005 NO 0.76 0.67 0.08
2005 9.03 4.09 1.69 0.20 2.87 0.000 NO 0.67 0.62 0.06
2006 9.21 4.54 1.67 0.19 2.64 0.000 NO 0.70 0.64 0.06
2007 9.03 5.03 1.66 0.17 1.98 0.000 NO 0.75 0.67 0.08
2008 9.67 4.62 1.62 0.17 3.07 0.000 NO 0.65 0.58 0.07
2009 8.78 4.32 1.56 0.16 2.54 0.000 NO 0.60 0.54 0.07
2010 8.57 4.42 1.57 0.15 2.24 0.000 NO 0.61 0.54 0.07
2011 9.23 4.74 1.57 0.15 2.57 0.004 NO 0.64 0.56 0.07
2012 9.00 4.92 1.60 0.15 2.11 0.010 NO 0.65 0.57 0.08
2013 10.02 5.39 1.65 0.14 2.61 0.010 NO 0.71 0.63 0.09
2014 10.52 5.36 1.70 0.14 3.07 0.011 NO 0.72 0.63 0.10
2015 10.80 5.95 1.73 0.14 2.72 0.011 NO 0.78 0.69 0.10
2016 11.67 6.35 1.70 0.14 3.21 0.011 NO 0.81 0.72 0.09
2017 11.66 6.67 1.66 0.14 2.89 0.011 NO 0.86 0.76 0.09
2018 11.70 6.67 1.65 0.14 2.94 0.012 NO 0.85 0.76 0.10
2019 11.64 6.54 1.63 0.14 3.00 0.015 NO 0.84 0.75 0.09
2020 12.07 7.00 1.62 0.13 2.97 0.015 NO 0.89 0.79 0.10
2021 12.05 7.17 1.63 0.13 2.78 0.016 NO 0.88 0.79 0.10
2022 9.08 5.13 1.58 0.11 1.95 0.019 NO 0.74 0.66 0.09
2023 9.09 417 1.55 0.10 3.02 0.022 NO 0.63 0.55 0.08
2024 9.94 5.32 1.74 0.08 2.59 0.022 NO 0.72 0.63 0.09
Share of
Hungarian
total N2O 422% 248% 8.7% 1.0% 6.7% 0.0% NO 4.0% 3.6% 0.3%
emissions
in BY
Share of
Hungarian o, a0 33606 11.0%  0.5%  164% 0.1%  NO  46%  4.0%  0.6%
total N2O
in 2024
Trend
B\:2024 -36.9% -42.5% -46.2% -76.9% 3.6% 338.8% NO -51.3% -53.5% -27.7%
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The total emissions from 3.D Agricultural soils have reduced88yof the BY levels until 2@2 A
significant drop had occurred in the period 198893 due to the significant decrease in synthetic
fertilizer use and livestock population (organic manure applied) which resulted in liegaitN After
reaching the lowest point of the emission leveld P93 there was a slight increase until 1998 due to a
small rise in synthetic fertilizer use. After that emission levels remained quasi stable in the pe8ed 199
2013 as a result of compensatory processes between the different sources of N input. Agure
5.5.1reveals emissions are primarily driven by the amount in synthetic fertilizer used. At the beginning
of the time series the second most important source was the organic manure. In contrast, in the recent
years N in crop residues has exceeded the amourmtrgénic N, reflecting the restructuring in the
Hungarian agricultural. Namely, the animal husbandry has declined in importance in the agricultural
production, while crop production has become more meaningful. For more details on trends see also
Section5.1.1
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Figure5.5.1 Trends in nitrogen input to soils BY and 1294

5.5.2 Methodological issues

5.5.2.1 Direct soil (CRsector 3.D.a)

Direct soil emissions are the main source @ONn the Hungarian inventoryn 202, 62.8% of the

national total NO emissions originated from this sectarhich includes N inputs from synthetic N
fertilizer (3.D.a.1), organic manures as animal manure use and sewage sludge application (3.D.a.2),
emissions from urine and dung N deposited on pasture (3.D.a.3) and crop residues (3.D.a.4). Emissions
from N minenlization associated with loss of SOM (3.D.a.5) are rather low but also was taken into
account to met the principle ocompleteness. In response to the recommendation of the ESD review

in 2016,N,O emissions form 3.D.2.c Other organic fertilizers applied to soils (compost) have been
reported since the 2018 submission. Organic soils are protected, thus not cultivated in Hungary.
Therefore, emissions from cultivation of histosols are not reported.

Emissions from these sources were calculated using Tier 1 methodology based on the Equation 11.1 of
2006 IPCC Guidelines. ThgONN was converted to #D by the factor (44/28) in line with the IPCC
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methodology. Terms of the Equation 11.1 were determined as it is detailed in the followirg sub
sections, while amounts of various N inputs to soils are provid@alie 5.5.7

5.5.2.1.1 N input from synthetic fertilizer uses{-

Annual amount of synthetic N fertilizer applied to soils was estimated from the total amount of
synthetic fertilizer sold to end users, annually. Collection of this data is executed according to the
National Statistical Data Collection Program (OSAP)dAERIAlthough, this is sale statistics instead

of consumption data, but so comprehensive survey on fertilizer consumption there is not available in
Hungary. Moreover, this sale statistics contain the sold fertilizers by product line, which enables us to
determine the amount ohitrogen applied to soils by fertilizer types, thus the detailed and more
accurate calculation of volatilization and indirect emissions. Data on synthetic fertilizer apglied (F
for the period 198582024 are provided irrable 5.5.7

5.5.2.1.2 Applied organic fertilizersdfy

The amount of organic N inputs applied to soils other than by grazing animals was calculated using
Equation 11.3 of 2006 IPCC Guidelines. In Hungary, this includes animal manure, sewage sludge and
composted sewage sludge, composted municipal solid wastelayestate from anaerobic digesters.

Animal manure applied to soils k)

Annual amount of animal manure N applied to soilsvas calculated using the equation 11.4 of the
2006 IPCC Guidelines. In Hungargnureis not usedas feed, fuel or for constructigrtherefore
fractions (Fragep FraguelFragns) inthe equationwere assumed to be zero.

Consequently, annual amount of animal manure N applied to saily (5 corresponded to the
managed manure nitrogen available for application to managed sailss(Ny, which was calculated

based on Eq. 10.34 of 2006 IPCC Guidelines. The first term of this equation is the managed manure N
taking into account the losses in the manure management systems. Data and information on the
calculation of managed manure N, volizgation, leaching andJ@-N losses from manure management
systems are provided in Chap 5.3.

In the equation 10.34 reference is also made to kkags for which default values are provided in
Table 10.23. According to the footnote b of this tglileemissions are also taken into account in the

N losses form the manure management systems. Thus, the losses in equation 10.34 covers the N
emissions for most manure management systems.

Hungary uses Tier 2 and counspecific values to calculate the volatilization and leaching losses from
the manure management systems, therefore the default values provided in Table 10.22 and 10.23 are
not used in the inventory. Nevertheless, accepting ttoncept that the default total N losses from
manure management systems covers theehhissions, the Nemissions were subtracted to get the N
content of animal manure applied to soils.

As the IPCC methodology does not provide emission factors to calculameidsions from the storage
of manure the default EFs given in the Table 3.10 oEfM&P/EEA Guidebook (EEA, 202%) applied.
(ERoic=0.3 kg M kg TAN and 0.003 kgMNkg TAN.) Blemissions are calculated in thefldw tool used
to calculate NElemissions and published with the EMEP/EEA Guidebook (EEA, 2023).

The time series of Nemissions are shown ihable 5.5.2
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Table5.5.2 N; emissions calculated to estimater, for the BY and the period 19929024

Nz emissions (kg) from

Year manure management
systems
BY 29 114 449
1990 26 199 192
1991 23 932 415
1992 20 594 325
1993 17 642 028
1994 16 212 676
1995 16 365 051
1996 15 852 307
1997 15 561 855
1998 15 952 601
1999 15 810 298
2000 16 524 508
2001 16 219 023
2002 16 100 270
2003 16 053 955
2004 15 644 799
2005 14 937 141
2006 14 453 030
2007 14 187 080
2008 14 098 147
2009 13 574 820
2010 13 605 173
2011 13 331 113
2012 13 094 365
2013 12 971 759
2014 13 240 704
2015 13 515 458
2016 13438 421
2017 13 006 517
2018 12 678 368
2019 12 483 051
2020 11880 173
2021 11 862 413
2022 11 272 022
2023 10 894 298
2024 11338171

The second term of the Equation 10.34 of the 2006 IPCC Guidelines is the N input from bedding
materials. Straw N amounts depend on livestock population and the housing systems. The 2006 IPCC
Guidelines provide default values on the nitrogen contained ganic bedding materials for Cattle

and Swine, which were used in our calculation. For other livestock categories default values taken from
the Table 3.7 of th&é MEP/EEA Guidebook (EEA, 2023 applied. Data used in the calculations to
estimate N from bdding materials with their sources is providedliable 5.5.3
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Table5.5.3 Nitrogen in bedding materials by animal category and manure management systems

N content of bedding materials by
manure management systems

Animal category kg N head yr Source
Solid Deep Litter
Dairy Cattle 7.000 13.000 p.10.66 of IPC(2006)
Non-Dairy Cattle 4.000 8.000 p.10.66 of IPC(2006)
EMEP/EEA Guidebook
Buffalo 6.000 - (EEA, 2023)
EMEP/EEA Guidebook
Sheep 0.080 - (EEA, 2023)
EMEP/EEA Guidebook
Goats 0.080 - (EEA, 2023)
EMEP/EEA Guidebook
Horses 2.000 - (EEA, 2023)
EMEP/EEA Guidebook
Mules 2.000 - (EEA, 2023)
Swine 0.800 1.600 p.10.66 of IPC(2006)
Poultry 0.022* - Expert judgments

*Poultry manure with bedding

The time series of the resulted N inputs from bedding are shovitable 5.5.5

Sewage N (§&w

Data on annual amount of total sewage N that is applied to agricultural soils is available in the Urban
Wastewater Information System (UWIS) since 2011. For the period2®@B3 data were taken from

the EUROSTAT statistics. The EUROSTAT provides daismge skidge disposal for agricultural use,

but this statistic contains the sewage sludge disposal for recultivation as well as agricultural purposes.

40% of the reported disposed sewage sludge based on expert judgment was assumed to be applied on
agricultual lands and the remaining 60% for recultivation. Activity data was extrapolated for the

period 1988m pcpn @ C2NJ GKS @SIFNE wmdpyy oFO16FNRa | LILX A O
200dzNNAY3IQ> 06SOlFdzaS 2F GKS f2¢ LIMPThé\Nudnteneof 2F 4|
sewage sludge was assumed to be 4.2% in the calculation. Following a recommendation from the
centralized review 2019, countgpecific value on the Nontent of the sewage sludge based on the
measured data provided by the NFCSO werun the estimate. Data on applied organic fertilizers

(Fon) was determined in coordingn with the Waste sector.

Other organic waste including compost Ncwmd

In this category, composted sewage sludge, composted municipal solid waste (MSW) and digestate
from anaerobic digesters are reported.

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 Strat2$42023 (GeneraDirectorate of Water Management, 2013)
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shows that 38% of composted sewage sludge is used in agriculture.cbméeXt of the sewage sludge
compost was assumed to be 2% based on the Table 4.1 of the 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 the Vol. 5. Ch. 4 oR@@6 IPCC Wdelineswas used.
According to the NHKV (National Coordination of Waste Management and Asset Management Plc.)
reports for the last years, loss during composting approximately 25% and 50% of the sewage sludge
compost generated is used for agricultural purposes (NR2B20Q).

Digestate (other than animal manure and crop residues)

The Ncontent of the biogas compost applied is calculated on the basis of the N content of feedstock.

As biogas feedstock statistics are only available from 2017 onwards, the N consumption per TJ energy
LINE RdzOG A2y ¢l & RSGOSNNAYSR féedstdk doKsBmptigNId ha gedadd & S| N.
2017-2020. N per T estimated to 42 tonnesN per TJ based on average of N in feedstock and energy
production in 20172020.

The resulted activity data for the period 192824 are provided inTable 5.5.4
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Table5.5.4 Nitrogen applied to soils as organic waste including compost BY and 19824

Digestate (other

CZZVSSSLM Composted than animal Totgl N

Year MSW N manure and crop applied
sludge N .
residues) N
kg N

BY 152000 - - 152000
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 486 603
2005 399 932 124 182 212711 703 659
2006 326 414 177 321 269 016 730 806
2007 388 672 184 608 521 349 1013 341
2008 469 573 246 075 1021 845 1578 167
2009 683 795 262 797 1530 682 2238610
2010 624 935 396 942 1872687 2602576
2011 618 408 403 674 2786 091 3373767
2012 685 342 463 623 2 304 364 3094 034
2013 708 761 487 764 4 258 381 4 790 942
2014 739 125 596 301 4204 161 4884 077
2015 754 845 629 079 4 074 866 4 823 440
2016 773726 656 496 4 097 806 4889 100
2017 779 684 803 250 4 524 504 6 220 533
2018 749 154 863 802 4141 339 5847 828
2019 695 815 1001 709 3781759 5552 554
2020 704 836 1077 990 3899 874 5759 644
2021 859 978 1102 413 3724 869 5 788 464
2022 771993 1072677 3700 585 5 647 232
2023 784 282 1110996 3828481 5 827 855
2024 781440 1177896 12021394 13980730

5.5.2.1.3 Urine and dung from grazing animals:fF

The term brAs estimated using Equation 11.5. For the required values of the equation see Chapter
5.3. Annual amount of urine and dung nitrogen deposited by grazing animals on pasture, range and
paddock (Brg for the period19852024 are provided inTable 5.5.7
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5.5.2.1.4 Crop residue N including forage/ pasture renewa) (F

Nitrogen input from crop residues was estimated in accordance with the Tier 1 methodology, Equation
11.7A of the 2006 IPCC Guidelines. Activity data on crop yields and annual area of hamggssted c
were taken from the HCSO. To estimate the N added to soils from crop residues and forage/pasture
renewal mainly default parameters from the Table 11.2 of the 2006 IPCC Guidelines were used. Since
yield statistics are reported as fiettty weight a corection factor was applied to estimate dry matter
yields in accordance with Equation 11.7 of 2006 IPCC Guidelines. In the case of wheat parameters
provided for grains were used, because the default values given for wheat in théR00QBuidelines

are inapropriate for Hungarian wheat species. For rapeseed and sunflower seed, for which default
values are unavailable in the 2006 IPCC Guidelines, cegpwific values of ratio of aboxground
residues, dry matter to harvested yield crop and N content ofvelground residues for crop were

used, while Ncontents of belowground biomass for these crops were calculated using default values
LINE A RSR F2NJ woSkya FyR LldzZ aSaQ Ay GKS wnnc Lt/
lucernehay, red clovehay, silo maize and grass hay were sourced from the Hungarian Nutrition Codex
(20049). Input factors used to estimate the N added to soils from crop residues are providedblie

5.5.6

The 2006 IPCC method accounts for the effect of residue burning or other removal of residues. Annual
areas of burning for cereals (Area bysitwere estimated based on expert judgement. It was taken

into account for the years before 1990, because burning of crop residues has been banned since 1986
in Hungary. A decreasing proportion of illegal field burning for cereals was assumed for the period
between 1986 and 1990. Since this submission emissions from rice field burning due to plant
protection reasondave already been reported, for the estimation of area of burnt rice fielddrsee
Chapter 5.7.

Equation 11.7 requires fractions of total area of crops that is renewed annually. For annual crops
Fragenew=1 Was assumed, while for Lucerne hay (Alfalfa) and Red clover hay 25%, as the area of these
forage crops are renewed on average every four years. In additiorkkt&0.2 was assumed for the
forage/pasture renewal, assuming fiyear renewal frequency based on expert judgement (Monori,
2015).

In the fraction of aboveground residues of crops removed annually (kéa&9, Straw used as bedding
materials was taken into account. Proportion of straw used as bedding materials were subtracted here,
to avoid double counting, as this N is taken into account in the termwofTHis fraction was calculated
consistently with the 3.B Manure management and the 3.D.a.2 Annual amount of animal manure N
applied to soils (k). In response to a recommendation from the 2017 UNFCCC review, this section
has beersupplemented with the following information on the derivation of the value k4ags

According to the 2006 IPCC Guidelirmsrvey of experts in country is required to obtain data on
Fragemove If data for Fragmoveare not available, assume no removal. While, in accordance with the p.
10.64 of the IPCC Guidelines where organic forms of bedding material (straw, sawdust, chippings, etc.)
are used, the additional nitrogen from the bedding material should also be @yesics part of the
managed manure N applied to soils. However, the 2006 IPCC Guidelines referring to the EEA, 2002
states,that the volatilization losses from bedding is zero. It should be noted that the metst-date

version of the EMEP/EEA GuideboBEA, 2023does consider the bedding material as a source of
ammonia. Consequently, the use of Tier 2 for the volatilization losses entails the detailed
characterization of the flow of nitrogen through the manure management. In housing systems with
bedding the bedohg material is generally straw and the bedding material should be considered as a
part of the nitrogen budget.
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As Hungary uses afléw approach to calculate the emissions from 3.B and 3.D, which is in line with
the IPCC Guidelines, thelemissions from straw used for bedding is reported iM&ER.a.2 Animal
manure applied to soils, and this amount of N was taken into account in the value af.kyad he
value of Fragmovewas calculated for all year from the N content of straw used for bedding divided by
the sum of the N content of the aboxground biomass of grain crops of which straw is used for bedding
(wheat, barley, rye and oats). For other crops the value oferaewas zero.
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Table5.5.5 Nitrogen in bedding materials and Fragnovefor the BY and 199Q024

N content of above

There is not comprehensive survey on the amount of crop residues burned as fuel in Hungary. Thus,

N input from . .
bedding ground biomass of gr.aln Fragemove
Year . crops used as bedding  (for Wheat, Barley,
materials .
kg material Rye and Oat)
kg

BY 18 570 123 45 816 497 41%
1990 16 288 098 54 154 798 30%
1991 14 942 494 53999 172 28%
1992 12 581 264 38 806 951 32%
1993 10 876 230 32 929 235 33%
1994 9783694 48 318 199 20%
1995 9 689 709 44 110 126 22%
1996 9784 246 37 435 227 26%
1997 9433 348 48 700 129 19%
1998 9 366 668 45 877 198 20%
1999 9541831 28 788 874 33%
2000 9 400 809 34 985 052 27%
2001 8 875 423 47 729 049 19%
2002 8872012 38049 930 23%
2003 8 740 600 30 688 130 28%
2004 8 192 855 53 247 162 15%
2005 7747 92 45 797 614 17%
2006 7 497 98 40 484 154 19%
2007 7513 47 38 025 633 20%
2008 7 282 BY 50 820 104 14%
2009 7 040706 40 763 617 17%
2010 7 083 D6 35 366 925 20%
2011 7031 31 37 476 309 19%
2012 7 084 43 37 608 560 19%
2013 7 149986 44 180 338 16%
2014 7 340975 46 829 467 16%
2015 7 485587 47 625 106 16%
2016 7 563 28 50 157 836 15%
2017 7 3H3378 46 362 040 16%
2018 7290509 44 676 710 16%
2019 7193345 46 831 375 15%
2020 6991330 45 684 704 15%
2021 6984527 47 860 493 15%
2022 6670337 42 018 399 16%
2023 6673003 56 067 310 12%
2024 6842204 46909453 15%

no removal for burning of fuel was assumed. Amount of N in crop residues, includixigd\crops,
and from forage/ pasture renewal, returned to soils arewh inTable 5.5.7

285



HUNGARY National Inventory Documerit9852024 AGRICULTURE

Table5.5.6 Parameters used to estimate emissions from crop residues

Dry matter N content of  Ratio of below N content
fraction of above ground residues of below-
Crops harvested Slope Intercept ground to aboveground  ground
product residues biomass residues
(DRY) (Nag) (ReeBI0) (Neg
Wheat' 0.880 1.09 0.88 0.0060 0.22 0.009
Maize (corn) 0.870 1.03 0.61 0.0060 0.22 0.007
Rice 0.890 0.95 2.46 0.0070 0.16 0.009
Barley 0.890 0.98 0.59 0.0070 0.22 0.014
Rye 0.880 1.09 0.88 0.0050 0.22 0.011
Oats 0.890 0.91 0.89 0.0070 0.25 0.008
Bean 0.900 0.36 0.68 0.0100 0.19 0.010
Peas 0.910 1.13 0.85 0.0080 0.19 0.008
Soyabean 0.910 0.93 1.35 0.0080 0.19 0.008
Green peas 0.910 1.13 0.85 0.0080 0.19 0.008
Potatoes 0.220 0.10 1.06 0.0190 0.20 0.014
Sugar beat 0.220 0.10 1.06 0.0190 0.20 0.014
Sunflower 0.800 NA NA 0.0057 0.19 0.008
Rapée 0.700 NA NA 0.0033 0.19 0.008
Lucernehay? 0.864 0.29 0.00 0.027 0.40 0.019
Red Clover 0.855 0.29 0.00 0.027 0.40 0.019
hay?
Maize (silo¥ 0.317 1.03 0.61 0.006 0.22 0.007
Meadows’ 0.874 0.18 0.00 0.015 0.54 0.012

WManc Lt/ / RSFlLdzA G F2NJ WAINIAYAEAQ g+ba FLIWXASREI Fa REGE
°Dry matter content and Rare countryspecific based on Zsembetial. (2011). Ragsunflower3.0, Raraps2.0.
3Values of DRY are counpecific, sourced from Hungarian Nutrition Co2304).

5.5.2.1.5 N mineralization associated with loss of SOMJF

Fsomrefers to the amount of N mineralized from loss in soil organic C in mineral soils througimskand
change or management practices. To estimate the N mineralized as consequence of this loss of soil
carbon the Equation 11.8 of 2006 IPCC Guidelines wasdpphe activity data was the carbon loss
from management changes under 4.B.1 cropland remaining cropland/ mineral soils.

CH category4.B.1 covers conversions of setide croplands and nesetasidecroplands to each
other in Hungary.Among these conversions neetaside croplands conversions to sedide
croplands and seaside croplands conversions to neataside croplands leads to carbon losses.
These carbon losses calculated in the LULUCF sector based on the detaHeselandtices were
used as activity data to calculate thdd$ses due to mineralization. (See also Section 6.6.2). According
to the 2006 IPCC Guidelines, usage of disaggregateeulsndategories of 4.B.1 cropland remaining
cropland, in the calculation meets the requirent of Tier 2 methodology.

The default C:N ratio of the soil organic matter of 10 was used. The resulted annual valuesdoe F
provided inTable 5.5.7
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Table5.5.7 Amount of N inputs to soils BY and 192024

Organic N applied as fertilizer  Urine and . N, .
Synthetic (Fon) dung inputs  Crop mmerah;aﬂon
- . associated
Year Fertilizers Animal to grf:\zed Residues with loss of
(FsN) Sewage Compost soils (FeR
manure SOM
(Fw) (Fsw) (Fcomp (FerP (Fson)
1000t N

BY 589 206 NO NO 36 159 0.31
1990 358 189 0.2 0.2 30 152 0.33
1991 140 176 0.2 0.2 30 184 0.33
1992 148 151 0.3 0.2 27 126 0.33
1993 161 132 0.3 0.2 22 108 0.33
1994 222 119 0.4 0.2 18 143 0.33
1995 191 118 0.6 0.2 17 140 0.33
1996 203 115 0.5 0.3 16 140 0.33
1997 206 110 0.4 0.3 16 159 0.33
1998 248 113 0.5 0.2 16 151 0.33
1999 262 114 0.4 0.3 17 135 0.33
2000 258 115 0.5 0.3 18 115 0.33
2001 275 113 0.4 0.3 18 165 0.33
2002 303 115 0.5 0.4 17 136 0.33
2003 289 115 0.5 0.6 17 111 0.33
2004 293 112 0.6 0.5 18 191 0.33
2005 260 106 0.9 0.7 19 182 0.02
2006 289 104 0.9 0.8 18 168 NO
2007 320 104 0.8 1.1 17 126 NO
2008 294 101 1.0 1.7 17 196 NO
2009 275 96 1.1 2.4 16 162 NO
2010 281 96 1.0 2.8 16 142 NO
2011 302 95 0.9 3.7 16 163 0.25
2012 313 98 0.8 34 16 135 0.64
2013 343 99 0.6 5.3 16 166 0.66
2014 341 102 0.6 54 17 195 0.72
2015 378 104 0.6 5.3 17 173 0.72
2016 404 102 0.7 54 17 204 0.72
2017 424 99 0.7 5.9 18 184 0.72
2018 424 98 0.7 5.6 19 187 0.78
2019 416 98 0.7 54 19 191 0.93
2020 445 97 0.7 5.6 19 189 0.93
2021 456 97 1.0 5.6 19 177 1.0
2022 326 94 1.0 55 16 124 1.2
2023 266 91 1.4 5.6 14 192 1.4
2024 339 95 1.8 13.7 11 165 14

5.5.2.1.6 Area of drained/managed organic soilsg(F

[ dzft GA@lF GA2y 2F 1 AaG2az2fta Aa y2i 200dz2NNAY IO AY | dzy
emission in CRTable 3.D. Following the recommendation in the 2013 annual review, and the 2016 in
country review, the NIR has been supplemented with the following justification.
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In the Hungarian soil classification system Peat soils and Ameliorated peat soils could be identified as
WRB Histosols. It should be noted that one of the features of the Hungarian genetic soil classification
system is that the name of certain types oflsdiints at the condition of the soil formation and not
necessarily at their current characteristics. Thus, the translation of this name into English can cause
a42YS YAadzyRSNAEUGIYRAYID LP Sd g2NRa fA1S Rl YLRC
types does not definitely mean that the soil falls in the group of Histosols.

Total areas of Peat and Ameliorated peat soils aré¥1 and 9085 ha based on AGROTOPO, the
Hungarian agrdopographical map at scale of 1. 1000. The delineated areas of Peat and
Ameliorated Peat soils are shown Bigure 5.5.2

= 5P
&

h\ﬁf%ﬂ‘"

Jelmagyarazat

C:S lecsapolt
9 sikiap

Figure5.5.2 Peat soils and Ameliorated peat soils in Hungary
Source: Research Institute for Soil Science and Agricultural Chemistry (Hungary)

b2dSY WwWitSOalLREGQ I 'YSEA2NI SR LISKHG az2rafaz v
t SFG az2Afa F2N¥Y FyR OFy 6S NBAG2NBR dzyRSNJ gSif |
Hungary in accordance with the Article 23 Paragraph (2) of the Act No LIII of 1996. (This law is in force
currently, but Wetlands was protected decades ago.hguy also signed the Ramsar convention in
1971, thus the protection of wetlands is also encouraged based on this convention. As a consequence,
areas of wetland soils are mainly national parks and landscape protection dreasimmary,
cultivation of organic soils/ Histosols is prohibited by law in Hungary.

Before the 1950s attempts were made on the utilization of peat lands by draimémg The results of

this activity are the Ameliorated peat soils. After draining, the organic carbon content of these soils
declined resulting from the oxidization of organic matters during more than 60 years of continuous
cultivation. Consequently, as it goved by measurements, these cultivated Ameliorated peat soils
KFE@2S 'y @SN} 3IS Kdzvdza O2yiSyid 2F 33X gKAOK R2 y?2
useal in the IPCC Guidelines.

The FAO database on GHG emissions indicates 229.2 kha cultivated organic soil for Hungary based on
the Harmonized World Soil Map and the Global Land Cover 2000 dataset, but this area exceeds the
total area of Peat soils and Ameliorated peat soils in Hyn@ae., 132.3 kha altogether) delineated
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based on higher resolution national soil map regardless of land cover and land use. This significant
overestimation indicates the high uncertainty in the estimated area from the harmonized international
databases. Areas of cultivated organic soils base@Asd GHG emission database are showRigare

5.5.3

Area of cultivated organic soil (ha per pixel)
- High : 50.2265

- Low -5.694

Figureb.5.3 Cultivated Histosols in Hungary based on FAO GHG emission database
Source: FAO

The data of the Hungarian Soil Protection and Monitoring System (hereafter referred to as TIM) prove
this fact, namely there are no cultivated organic soils in Hungary. Arising from the definition of
Histosols in the 2006 IPCC Guidelines, the organic caratents of agricultural soils were analyzed

to distinguish between Histosols (organic soils) and mineral soils.

The organic matter content of agricultural soils was derived from the measurements of the TIM. A
adzYYF NBE | 62dzi GKS ¢La A& | @G3F The deaduted umhus cohtght 9 y I f A
data for1014 sample pointsvas received from the Plant, Soil and Agmvironmental Directorate of

the National Food Chain Safety Office. The humus content data based on laboratory measurements

are available for the year 1998 and 2000. According to the data of the TIM, the humtesitcof the

soil does not reacB0%, the lower limit of humus content in organic soils, in any of the TIM points. The

Table 5.5.&ummarizes the measured humus content data for Ameliorated peat soils and Peat soils.
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Table5.5.8 Measured humus content for Ameliorated peat soils and Peat soils based on TIM

Humus Humus '?]\Len:iie H )
content content unganan ;
Code EOV_X EOV_Y content  genetic soil IPCC soil
1998 2000  1998,2000  types ype
% % %
Ameliorated

10908 489320 258154 5.69 4.97 5.33 4 \Wetland
peat soils

11614 531672 149870 6.01 6.7 6.36 Ameliorated - g
peat soils

11707 500004 203609 5.36 6.04 5.70 RIETEISE o o e
peat soils

13008 520145 273846 5.69 4.61 5.15 Ameliorated - nd
peat soils

Ameliorated

13819 512187 219795 6.77 5.3 6.04 °% Wetland
peat soils

14019 526785 166020 5.65 5.9 5.78 Peat soils Wetland

14715 001096 276942 2.83 2.44 2.64 RTINS o o s
peat soils

S4920 504239 148173 5.25 5.85 5.55 Peat soils Wetland

S5008 502087 262733 5.24 5.6 5.42 RTINS o o e
peat soils

S6303 675522 115685 5.11 5.11 Peat soils Wetland

S6515 901822 285368  12.05 11 g ANSIOESE o o
peat soils

Source: Soil and Aggnvironmental Directorate of the National Food Chain Safety Office (NFCSO)

In 2009, the European Commission extended the periodic Land Use/Land Cover Area Frame Survey
(LUCAS) to sample and arsalyhe main properties of topsoil in 23 Member States of the European
Union (EVU). The LUCAS Topsoil Data (EC JRC, 2013) providing measured organic carbon@@ia for 20
sample points in Europe for the year 2009 were also aadland confirmed that organic soils are not
cultivated in Hungary.
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Figure5.5.4 Organic carbon contents of soil samples in Hungary based on LUCAS Topsoil Survey, 2009

In the course of the LUCAS Topsoil Survey 497 samples were collected in Hungary, out of them 314
samples from annual croplands, 6 from permanent crops, 60 from woodlands, 4 from shrublands and
104 from grasslands. For more information on the survey antl#8@ Sy G F G A A G& A aadzSa
et al. (2013. As the data on organic carbon content of soil samples revealed, only two samples have
12.08%and 12.1860rganic carbon content which might be classified into the group of Histosols, but
none of them was from cultivated cropland. (The point IDs of these samples are 49422714 and
48782686, respectively.) The resulted organic carbon contents expressed inofegrkg are shown

on Figure 5.5.4Photos of sample plots where the samples having about 12% organic carbon content
were collected are shown irigure 5.5.5According to the LUCAS survey, the land cover of these plots

is grassland without tree/ shrub cover (Code: E20). Therefore, cannot be disturbance leading to loss of

organic matter stored in the soil.
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|

’ Figure5.5.5 Photos of sample plots where soil samples with 12% organic carbon content were
collected in the course of LUCAS Topsoil Survey, 2009

As a consequence of the domestic legislation on one hand and based on data from soil surveys on the
other, it can be confirmed that organic soils are not cultivated in Hungary. Soils in Hungary, which are
classified as Histosols in international soil datsds (e.g., FAO HWSD) are either on protected wetlands
(Peat soils) or, if on managed croplands, they have lost most of their carbon content (Ameliorated peat
soils) and cannot be classified as Histosols.

5.5.2.2 Indirect Emissions (TR.D.b)

In addition to the direct emissions ot® from managed soils, emissions eO\also take place through
two indirect pathways.

The first of these pathways is the volatilization of N as &td NQ, and the subsequent deposition of
these gases and their products onto soils and water surfaces. The sources of N volatilization are not
confined to agricultural fertilizers and manures, but also include fossil fuel combustion, biomass
burning, and process in the chemical industry. In the Hungarian inventory reporting of volatilization

of N and the deposition of Nknd NQis confined to agricultural sources.

The second pathway of indirect emissions is the leaching and runoff from land of N from agricultural
inputs.

5.5.2.2.1 Indirect NO emissions through atmospheric deposition of N volatized

In response to a recommendation from the-dountry review conducted in 2016his section was
supplemented with information on the EMEP/EEA methodology used to deriveaksa@td Fragasm
including the parameters and equation used.

The Hungarian national system takes advantage of parallel inventory preparation and reporting of air
pollutants under the LRTAP Convention ensuring efficiency and consistency in the compilation of
emission inventories, because a wide range of substandeg aesmmon datasets and inputs. Hungary

applies the most up to date EMEP/EEA Guideb&®&( 2028to calculate the agricultural Nknd

NGO emissions. A detailed description of the method applied fog Bitl NQ is given in the report

Wi dzy 31 NE Qe Repeitf 20Mydubimitted under the UNECE Convention on -rangg
¢CNFyaoz2dzyRFNE ' AN t2ffdziA2yQ o6/ [we¢!ltO 6'b9/ 9% md
and CEU, 2016).
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The NO emissions from atmospheric deposition of N volatilized from managed soil was calculated
based on Tier 1 methodology, following the Equation 11.206f6 IPCGuidelines. The activity data
are the same as those under 3.D.a.

The method requires values for the fractions of N that are lost through volatilizationsfsg&tacasy)
and the emission factor (BF The volatilization rates for Hungary are courgpecific based on the
reported NH and NQ emissions.

Countryspecific volatilization fraction of synthetic fertilizers (Fyag includes the NHN and NQN
losses from fertilizers calculated by fertilizer types.

Countryspecific volatilization fraction of applied organic N fertilizer materials and urine and dung N
deposited by grazing animals (Reag) includes:

1 NH:-N and N@N losses from livestock manure application on agricultural soils.
1 NH:-N and N@N losses from dung and urine deposited by grazing livestock.

T NH:-N and N@N losses from sewage sludge applied to soils.

1 NH:-N and N@N losses from compost applied to soils.

To calculate the N&-N losses the reported Nigmissions were multiplied by 14/17. In the air pollutant
inventory NQ s reported as Ng) therefore, the N@Qemissions were multiplied by 14/46 to get the
NO-N losses.

NH-N and NQ@-N volatilization losses from mineral fertilizer application

The parallel and consistent emission inventory compilation enables the use of capetific data,
which is more accurate than the use of the IPCC default value afaErac

NHs and NQemissions from Sector 3 Agriculture are estimated according t& MEP/EEA Guidebook
(EEA, 2023¥or the calculation of NHN losses from synthetic fertilizers tieer 2 methodology was
applied. This method uses specific A\dnission factors for different types of synthetic fertilizers
depending on the soil acidity. To summarize,s;rhissions can be calculated by means of the
following equation:

o a 0@

(Equation 5.9)
Where:

Bert nva= NH emission from fertilization (kg aNH;)
Meer_= Mass of fertilizer type i consumed nationally (Rd\a
ER;= EFor fertilizer type i inppHregion j (kg NE(kg N}

Proportion of soil with normal pH and high pH was determined based on the measi-dgte high
NBazfdziAz2y oOHpnYetah 200%).3EmidsionJactoré pravided byDsoil pH in the
EMEP/EEA Guidebook (EEA, 20&3e weighted by the resulted proportions and weighted national
average emission factors, givenTiable 5.5.9were calculated for each fertilizer types.
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Table5.5.9 Country specific emission factors for ammonia emission from fertilizers

Fertilizers IER
kg NH kg! N
Ammonium nitrate 0.041
Anhydrous ammonia 0.020
Ammonium phosphate, NP mixtures 0.145
Ammonium sulphate 0.145
Calcium ammonium nitrate 0.041
Other straight N compounds 0.145
Nitrogen solutions 0.131
Urea 0.193
NK mixtures 0.041
NPK mixtures 0.145
Implied EF (202 0.089

Mass of fertilizetype i consumed nationally was derived from the sales statistics by product line.

Detailed data on fertilizer consumption by fertilizer types is not published in this report because of
data confidentiality. However, main driver in the trend of M\drhissions from inorganic fertilizers is
the urea consumption and the time series of urea use is published in this report.

For the calculation of N@missions, the Tier 1 methodology of tR&IEP/EEA Guidebook (EEA, 2023)
was applied, by means of the following equation:

(0] oY 00
(Equation 5.10)
Where:

Boolutant = @amount of pollutant emitted (kg3

AR, appieamount of N applied in fertilizer or organic waste (Ky a

ERoiutant EF of poIIutant (kg ng
Emissions were calculated as a fixed percentage of total fertilizer nitrogen applied to soil. For all types
of mineral fertilizer, the default emission factor of 0.04 kgN@r kg applied fertilizeN was used
(EEA, 2023).

In 2024 the value of Fragaspwas0.09,which isslightly lowerto the IPCC default valugsflectingthe
slightly belowaverage proportion of Urea in the total fertilizer uSéne proportion of Urea in Hungary
in 2024 was 3%, which is lower than the average of 20% as indicated in Table Al1.1 &EME#/EEA
Guidebook EEA, 2023)

NH-N and NQ-N volatilization losses from organic N fertilizers and N deposited by grazing animals

Similarly, to Fragasy Fragasvis also an annual implied value ofldéses referring to N&-N as well as
NO-N losses from organic manure that is volatilized as &fid NQ.

NHs-N volatilization losses from livestock manure application

For the calculation of NHemissions from manure application, we partly used the EMEP/EEA
GuidebooKEEA, 2023Jjier 1 and Tier 2 emission factors, on the other hand, the Tier 2 emission factors
have been adjusted according to the specific; Mduction technologies and their penetration, taking
into account the measures for solid/liquid manure application. Information on the derivation of
correction factors to account for NHeduction technologies for the unabated emission factor is
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describedini KS Hnun &adzoYAaairzy 27F | dzy 3l NBXDEEMS, 0H)2 N | A ¢
Emission factors and the level of the applied methodologies to calculajeiMidsions from manure
application are shown ifable 5.5.10

Table5.5.10 Emission factors for Ndemissions from animal manure application

. EF spreading Applied
Livestock Manure type kg NH-N (kg TANY methodology

slurry 0.26 Tier 3

Cattle solid 027 Tier 3
Fattening pigs sIur-ry 0.18 T?er 3
solid 0.18 Tier 3

slurry 0.13 Tier 3

Sows solid 018 Tier 3
Sheep solid 0.90 Tier 2
Horses, Mules and Asse solid 0.90 Tier 1
Laying hens solid/ slurry 0.18 Tier 3
Broilers solid 0.15 Tier 3
Turkey solid 0.54 Tier 1
Ducks solid 0.54 Tier 1
Geese solid 0.45 Tier 1

NO«-N emissions from animal manure spreading

NO, emissions were calculated using the default emission factors for 3.D.a.2 Animal manure applied
to soils. The default emission factors were calculated on the basis that all manure is stored before
surface application without rapid incorporation.

NH:-N and NN volatilization losses from sewage sludge application

As with the application of animal manure, the emissions from the application of sewage sludge were
calculated taking into account NMA G A 3+ GA2Yy (GSOKy2f23ASad ¢ KSNBETF2NE
kg NH per kg N applied) provided in the EMEP/EEA Guidebook (EEA, 2023) was adjusted according to

the annual penetration of the applied Nldbatement technologies. For more information see HMS

(2021).

NO, emissions were estimated using the default emission factor of 0.04 kgpBiCsewage sludge
Nitrogen (EEA, 2023).

NH-N and NQ-N volatilization losses from compost application

For the calculation of Nd¢missions the default emission factor provided for other organic waste (0.08
kg NH per kg N applied) was applied (EEA, 2023).

NO, emissions were estimated using the default emission factor of 0.04 kgo8ICON applied (EEA,
2023).

Derivation of N losses from mineral fertilizer and applied organic N fertilizer materials including grazing
from the Hungarian air pollutant emission inventory is demonstratetkiple 5.5.1%or the year 202.
The time series of the volatilization losses were calculated similarly for all years of the inventory period.

Annual NHBHN and NQ@N volatilization losses from synthetic fertilizers and organic N fertilizers
(including grazing) for the BY and the period from 1990 tag1202 provided irrable 5.5.12ogether
with the resulted values of Fragssand Fragaswm
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Table5.5.11 Derivation of NH-N and NQ-N volatilization losses from synthetic and organic N
fertilizers (including grazing) for the year 2@2

Total N volatilized

NFR code Long name NO (as NQ) NHs kg N

3Dal Inorganic Nertilizers (also 13.54 30.17 28 969 183
includes urea application)

3Da2a Animal manure applied to soils 3.81 9.19 8 726 403

3Dazb Sewage sludge applied to soils 0.00 0.10 83 592

3Da2c Ot.her.organ-lc fertilizers applied tt 0.56 112 1091 284
soils (including compost)

3Da3 Urine and dung deposited by 0.45 1.37 1263 186
grazing animals

3Da4 Crop residues 0.03 22011

3D Agricultural soils 18.36 41.97 40 155 659
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Table5.5.12 NH:-N and NQ-N volatilization losses from synthetic and organic N fertilizers
(including grazing) BY and 199024

N losses from N losses from applied
mineral organic N fertilizer

Year . . . Fragasr Fragasm
fertilizer materials and grazing
kg N kg N

BY 52 005 398 34 411 052 0.09 0.14
1990 33 102 866 31 184 397 0.09 0.14
1991 13 992 315 29 127 448 0.10 0.14
1992 12 626 166 24 840 680 0.09 0.14
1993 12 693 594 21 839 545 0.08 0.14
1994 16 066 688 19 731 986 0.07 0.14
1995 14 396 853 19 843 112 0.08 0.15
1996 14 579 264 20011 312 0.07 0.15
1997 15218 742 19 407 616 0.07 0.15
1998 18 415 002 20 019 563 0.07 0.15
1999 18 388 604 20 401 555 0.07 0.15
2000 19 106 365 20 830 689 0.07 0.16
2001 20 365 312 20 328 532 0.07 0.15
2002 22 438 871 20 351 973 0.07 0.15
2003 21 989 998 20 269 866 0.08 0.15
2004 23652 311 19 296 672 0.08 0.15
2005 20 983 565 18 182 359 0.08 0.14
2006 23 324 039 17 431 753 0.08 0.14
2007 25 582 569 16 972 252 0.08 0.14
2008 20 672 940 16 328 063 0.07 0.14
2009 18 697 039 15 366 714 0.07 0.13
2010 19 331 509 15210931 0.07 0.13
2011 21 155 300 14 779 203 0.07 0.13
2012 21 744 924 14 384 987 0.07 0.12
2013 25 693 504 14 116 672 0.07 0.12
2014 25 749 242 14 264 117 0.08 0.11
2015 29 460 925 14 298 635 0.08 0.11
2016 31288 702 14 218 310 0.08 0.11
2017 34 744 719 13712 762 0.08 0.11
2018 34 725 582 13 364 845 0.08 0.11
2019 34 536 434 13 122 087 0.08 0.11
2020 37 313 398 12 858 129 0.08 0.11
2021 37 710 717 12 355 021 0.08 0.10
2022 30943114 10 933 088 0.09 0.09
2023 24 237 155 10 448 339 0.09 0.09
2024 28 969 183 11186 363 0.09 0.09

5.5.2.2.2 Leaching and runoff

The NO emissions from the N lost through leaching and runoff was calculated using the Tier 1
methodology and Equation 11.10 of 2006 IPCC Guidelines. The activity data are the same as those
under 3.D.a.
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In accordance with the 2006 IPCC Guidelines for humid regions and in regions where irrigation is used,
the default value of Frageacy+),0.3 was applied. For dryland regions, where precipitation is lower than
evapotranspiration throughout most of the year, Fragwas assumed to be zero. According to the

IPCC methodology the determination of proportion of irrigated areas and humid regions are required.
Thus, the Equation 11.10 of the 2006 IPCC Guidelines can be considered as the same as Equation 5.11.

00 0 O O O O 20 OO0 GO0 O J0"0
(Equation 5.11)
Where:

N2OwrN = annual amount of J0-N produced from leaching and rwoff of N additions to
managed soils in regions where leaching/runoff occurs, XM

Fsn= annual amount of synthetic fertilizer N applied to soils in regions where leaching/runoff
occurs, kg N yr

Fon= annual amount of managed animal manure, compost, sewage sludge and other organic
N additions applied to soils in regions where leaching/runoff occurs, kg N yr

Ferp= annual amount of urine and dung N deposited by grazing animals in regions where
leaching/runoff occurs, kg Nyr

Fcr= amount of N in crop residues (abewand belowground), including Mixing crops, and

from forage, pasture renewal, returned to soils annually in regions where leaching/runoff
occurs, kg N yr

Fsov= annual amount of N mineralized in mineral soils associated with loss of soil C from soll
organic matter as a result of changes to land use or management in regions where
leaching/runoff occurs, kg Nyr

Frag: = fraction of irrigated agricultural areas

Frag.: = fraction of humid agricultural areas

Fraceacyn) =fraction of all N added to/mineralized in managed soils in regions where
leaching/runoff occurs

EFR= emission factor for XD emissions from N leaching and runoff, kNl (kgN leached and
runoff)™.

Derivation of fraction of irrigated areas (Frag

t NPLR2NIA2Yyad 2F ANNAIFGSR FNBFra 6SNBE RSNADGSR Fyyc
total agricultural areas. The 2006 IPCC Guidelines require to distinguish the drip irrigated areas within
the irrigated areas, because according to thethodology, Neaching is assumed to be unlikely on

drip irrigated areas. The HCSO publishes the total irrigated areas annually, which include the drip
irrigated areas as well for the period 192914. Unfortunately, the drip irrigated areas are not
reported separately in this statistic. For the period before 1989 data on the total irrigated areas and
within this the drip irrigated areas are available, separately. Therefore, since the 2016 submission it
has been decided to account the total irrigated argias., areas of drip irrigation are not subtracted
from the total irrigated areas, due to lack of reliable and consistent statistics on drip irrigation for the
whole time series. As the fraction of drip irrigation was 1.5% of the total irrigated areageoage for

the period 19851989, inclusion of drip irrigation in the emission estimation probably causes a
negligible overestimation of emissions.

Because it is assumed that N is applied only on utilized agricultural areas, annual fractions of irrigated
areas were calculated as a fraction of utilized agricultural areas. (Calculation of irrigated areas as
fraction of the total agricultural areas coutdsult in an underestimation of the amount of N leached
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andrun2 FFo0 ! GAfTAT SR I NBlL& 6SNB G118y FTNRY GKS 17/ ¢
Annual areas for years between censuses data have been based on linear interpolation between data
points. For the period before 1990 the total agricultured@awas assumed to be utilized, as agricultural

areas started to be abandoned as a result of the change of the regime 990s.

In 24 107 .4thousandhectares (2.1% of the utilized agricultural areas) were irrigated. Although, the
National Water Authority indicates a total area with water right permit 150.9 thousand hectares (about

3% of total agricultural areas) for 204,002 NRAYy 3 (2 ( K% oflthe {rrigaRlé areasi | G A &
were irrigated in 2Q4.

In Hungary the fraction of irrigated areas is significantly lower than the average of the EU Member
States because of the limited and outdated irrigation system and the segmentation of irrigable areas.
In 2010 5.8% of the Member States utilized agricultaraas were irrigated. In contrast this proportion

was 2.4% for Hungary in that year according to the EUROSTAT statistics. Because of this low proportion
of irrigation, the improvement of water management efficiency and irrigation systems are among the
priorities of the Hungarian Rural Development Program for the period 20P8. Additionally, the

large interannual fluctuations in the harvested crop productions also reflect the high dependence on
weather conditions (e.g., droughts) partially due to the low proportion of irrigated areas.

The resulted fractions of irrigated areas are showmable 5.513.
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Table5.5.13 Derivation of activity data on irrigated agricultural areas, from the BY and 199024

Total Total Utilized .
irrigated  agricultural  agricultural Imigated
vear areas areas areas (UAA) areas as %
of UAA
ha 1000 ha 1000 ha

BY 147 871 6186 6186 2.4%
1990 216 937 6132 6132 3.5%
1991 148 669 6116 5989 2.5%
1992 177 808 6091 5839 3.0%
1993 180 088 6 080 5702 3.2%
1994 160 384 6 064 5562 2.9%
1995 146 541 6048 5422 2.7%
1996 126 344 6028 5278 2.4%
1997 81908 6008 5137 1.6%
1998 93431 5990 4997 1.9%
1999 44 822 5972 4858 0.9%
2000 125 866 5745 4555 2.8%
2001 104 172 5729 4598 2.3%
2002 117 035 5698 4629 2.5%
2003 148 642 5667 4660 3.2%
2004 120 596 5632 4686 2.6%
2005 75 161 5604 4718 1.6%
2006 78 193 5570 4744 1.6%
2007 121 064 5536 4769 2.5%
2008 80 149 5503 4794 2.0%
2009 107 106 5471 4820 2.2%
2010 114 550 5261 4686 2.4%
2011 101 046 5256 4681 2.2%
2012 124 945 5257 4682 2.7%
2013 118 933 5259 4657 2.6%
2014 130 400 5266 4663 2.8%
2015 124 300 5266 4663 2.7%
2016 108 233 5284 4679 2.3%
2017 108 595 5305 4697 2.3%
2018 111 401 5298 4691 2.4%
2019 108 300 5271 4667 2.3%
2020 111 850 4919 4355 2.6%
2021 105 506 5046 4468 2.4%
2022 133 126 5078 4496 3.0%
2023 119 222 5085 4502 2.6%
2024 130 885 5068 4488 2.9%

Derivation of fraction of humid regions (Frag)

Estimating the fraction of humid regions is also required to calculate the emissions fteatiNng.

The proportion of humid regions was determined based on the analysis of te&80climate means
(1992:2020) of the yearly precipitation and evaporatioiata from the HMS climate database. In
previous submissions, the calculation of the proportion of humid regions was based on climate data
from 1981 to 2010The update of climate data necessitated the recalculation of estimates for humid
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regions as wellThe definition of wet climate used in the latest inventalignswith the 2019
Refinement, which requires less detailed data (no need for monthly data) than the method in IPCC
2006Guidelines.

According to the 2019 IPCC Refinemenke&thing could occur in areas where:
0 0"Y | ¢ 0BOBIA QRADRDO QO ©
(Equation 5.12)
Where:
0 = precipitation,
'O "Y= reference evapotranspiration.

Because the soil water holding capacity is generally greater than zero, the following equation can be
derived from Equation 5.12:

0 oY m
(Equation 5.13)
Where:
0 = precipitation,
'O "Y= reference evapotranspiration.

Evaporation is the process whereby liquid water is converted to water vapor and removed from the
evaporating surface. Water evaporates from various surfaces, including water bodies, soil, and wet
vegetation. In agricultural areas, the soil and plants sesgethe evaporating surfaces. Thus,
evaporation in agricultural areas depends on the weather conditions, soil properties, management
practices, and crop types. As a consequence, potential evaporation (PE) could vary significantly within
a country and canridoe adequately represented by a single value. To analyze the climatic conditions
affecting leaching and ruaoff, the 30year means yearly precipitation and reference
evapotranspiration (50 RF GF FTNBY adal dAz2y RIEGFE gSNB RSGSN)A
resolution grid over Hungary. It is important to note that the 2019 Refinement, as stated on p.11.26,
also uses the potential evapotranspiration instead of potential evaporation tindissh between
dryland and humid regions.

The FAO Penmavionteith method was employed to calculate EThe definition and concept of ET
are as follows:

We¢KS SOFLRIONIYALIANI A2y NI GS FNBY || NBFSNBYyOS aoc
evapotranspiration or reference evapotranspiration and is denoted asTHE reference surface is a
hypothetical grass reference crop with specific characteristics. The concept of the reference
evapotranspiration was introduced to study the evaporative demand of the atmosphere
independently of crop type, crop development anthnagement practices. As water is abundantly
available at the reference evapotrgpiration surface, soil factors do not affect evapotranspiration

(ET). Relating ET to a specific surface provides a reference to which ET from other surfaces can be
related. It obviates the need to define a separate ET level for each crop and stage . gigwalues
measured or calculated at different locations or in different seasons are comparable as they refer to
the ET from the same reference surface. The only factors affecting@rETclimatic parameters.
Consequently, ETs a climatic parameterral can be computed from weather data..EEkpresses the
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evaporating power of the atmosphere at a specific location and time of the year and does not consider
the crop characteristics and soil factors. The method has been selected because it closely approximates
grass EdJat the location evaluated, is physically based, and explicitly incorporates both physiological
FYR FSNRReylYAO Liabldatgr§i SNEPQ 6C! hX 9¢

{ dzo0 2 S1j dzSy (i f & >H F.MIdreadet@riiidBrought GIS analysis of the gridded climate

data. The resulting areas were then overlaid onto the CORINE 2018 land cover database. The use of
the CORINE 2018 land cover database is also an update compared to the previous submission, whic
utilized the CORINE 2012 land cover database. From the CORINE 2018 land cover database, areas
classified as croplands, grasslands, and agricultural mosaics (200<CLC codes<300) were considered as
agricultural lands.

As a result of the GIS analysis of climate and land cover maps, the fraction of agricultural lands where
N-leaching could occur due to the potential presence of precipitation surplus @2®&0a, which
equates to 1.31% of the agricultural lands in the OBRdatabaseT@ble 5.514). This rate is
significantly lower than the one used in the previous submission, which was 10.65%. This large
RAFFSNBYOS Aa Ffaz O2yFTANXYSR o6& G(KS tsSOiSte
temperature during the vegetation and the aridtyy RSE® | O0O2NRAyYy3I (G2 (GKS t
part of Hungary is categorized as wadny for the period 1982010 Figure 5.5.5 However, the area

of warm-dry regions significantly increased for the period 12820 Figure 5.5.Y compared to the

period 19812010, which indicates, that the area of humid regions decreased significantly.

of
el

Table5.5.14 Resulted areas from GIS analysis of climate and CLC, 2018 land cover databases

Area
ha As % of the total area
of the country
Total area of humid regions 159095 1.67%
Agricultural lands from CORINE, 2018 6170179 64.96%
Area
ha As % of the total area
of agricultural lands

Total area of humid agricultural lands 80926 1.31%
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B warm - dry

B warm - moderately dry

[0 warm - moderately wet

[ moderately warm — dry

1 moderately warm — moderately dry
[ moderately warm — moderately wet
[ moderately cool - dry

[ moderately cool - moderately dry
[ moderately cool - moderately wet
[ moderately cool - wet

[ cool - dry

(_‘\\\ HUNGARIAN B cool - moderately dry
@ ggg\ﬁSEOLOG'CAL B cool - moderately wet
B o0l - wet

Figure5.56/ ft AYF GAO NB3IA2ya AYy |1 dzyIFNBE o660l aSR 2y OfAY

period 19812010

Figure557/ t AYF GAO NBIA2yA Ay 1dzy3FNB 60FasSR 2y OfAY

period 19912020

5.5.3 Uncertaintiesand timeseries consistency

Implementation of the methodologies provided in the 2006 IPCC Guidelines resulted in significant
reduction in the uncertainties in 3.D>-8 Emissions from Agricultural Soils. Uncertainties in this
category are driven by uncertainties related to the emission factors. For the default emission factor for
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