National Inventory Report
for 1985-2015

Hungary

Compiled by the Hungarian
Meteorological Service

Unit of National Emissions
Inventories

2017



HUNGARY National Inventory Report 1985-2015 2017

PREPARED BY:

ENERGY

INDUSTRIAL PROCESSES AND
PRODUCTCT USE

AGRICULTURE

LULUCF

WASTE

Gabor Kis-Kovacs
Head of Division

Gabor Kis-Kovacs
Klara Tarczay
Katalin Kébanyai

Klara Tarczay
Erika Lilla Ludanyi
Edit Nagy

Katalin Kébanyai

Katalin Lovas
Dora Szentes
Eva Ilona Kiraly

Dr. Veronika Kozma-Bognar
Dr. Zoltan Somogyi

Gabor Kis-Kovacs



HUNGARY National Inventory Report 1985-2015 CONTENT

CONTENT
EXECUTIVE SUMMARY ..ottt ettt h et eb et b bbb bbb bbbttt e b nn s 5
ES.1. BACKGROUND INFORMATION .....cuvitirimetisisranesseseesessessesessesesessesesessessesessessesessesnesessesnesessesnessesesnessesennns 5
ES.2. SUMMARY OF NATIONAL EMISSIONS AND REMOVAL RELATED TRENDS ......ccvireueriinreisrenreesesrereesneseesennens 5
ES.3. OVERVIEW OF SOURCE AND SINK CATEGORY EMISSION ESTIMATES AND TRENDS ......cccovevrenreeerenreennennens 6
ES.4. INDIRECT GREENHOUSE GASES AND SO02 .....vviiiieiiiiieicsiese st 9
1. INTRODUCTION ..ottt et r et r e r et r e renn e nnns 10
1.1 BACKGROUND INFORMATION AND CLIMATE CHANGE .......ceiuiitiiiieeiteesteateatesiresteesbeesbeebesaesssesseesaeesneennas 10
1.2 INSTITUTIONAL ARRANGEMENTS......uttiuetiteseatinseseatesteseatesseseesesseseesesses st sbe s ese b e b eseab e e ebenb s eb e ab e s b s 11
1.3 INVENTORY PREPARATION ... .ceiteeteesteanttaseeaueesseesteasseassesseesseesseessessseessesnsesnsesssesssessesssesssessesssnssesssesssesnses 13
1.4 DATA COLLECTION, PROCESSING AND STORAGE......cututueitirteseatirteseatesteneesestesesessessesessessesessessesessessesesnenes 15
1.5 BRIEF GENERAL DESCRIPTION OF METHODOLOGIES AND DATA SOURCES USED .....c.vevvrveieiirieieienieneenennens 17
1.6 KEY SOURCE CATEGORIES. ... ccteeteesttareasrtauresseesseeseessesssesseesseessessseasseanseassesssesssessesssesssesssesssessesssesssesnnes 18
1.7 QA/QC INFORMATION. .. .uuiiteeiteesteesteaseasseasseassesseesseesseassessaesssessessseesseanseasseassesssessesssenssessssssenssesssesssesnses 20
1.8 UNCERTAINTY «.tteutieutiettesttesieestee it e ste e et eeme e s bt e st e s e e st e es e e s e e e b e e e Re e eb e e R e e s e e Re e eR e e eb e e nb e e bt e s n e e nnenseenreenreenneennis 22
1.9 COMPLETENESS ...tteutiettesteeteesieesteeseeesessseaseeaseesse e beesseassesseeabeesbe e ab e e R e e s e eae e aR e e aR e e nb e e bt e s b e e snenmeenreenbeenneenis 23
1.10 CONSISTENCY CHECKS. ..c.utiiteesteeiteesteeseasreaueesseesseesseessesssesseesseesbessseesseanseasseasseaseenbeebeesnessneaseesreesneenneennes 23
2. TRENDS IN GREENHOUSE GAS EMISSIONS .....ocoiiiiiictieee e 26
2.1 DESCRIPTION AND INTERPRETATION OF EMISSION TRENDS FOR AGGREGATED GREENHOUSE GAS EMISSIONS
.............................................................................................................................................................. 26
2.2 DESCRIPTION AND INTERPRETATION OF EMISSION TRENDS BY GAS......ecueuiriiieninienieseaiesieeaiesseessessenessennens 31
2.3 DESCRIPTION AND INTERPRETATION OF EMISSION TRENDS BY CATEGORY ...c.veuviieienisienienesiesieniesesieneeseneens 33
2.4 TRENDS OF INDIRECT GASES AND SO ....iiutiiiiiiiieiieesieesteaste et eseeestesteesteesteebeaseesseesseesseesseesseenseansesneesseeses 37
3. ENERGY (CRF SECTOR 1) ..ottt ettt sttt b et sttt nnn 38
3.1 OVERVIEW OF SECTOR....eutttuttatteateeteasteastesstesseesteesseasseanseasseasseasseaseenbeasbeasbeasbesseesbeesbeenbeenteanneanneannenneenes 39
3.2 FUEL COMBUSTION (CRF LLA) ...ttt ettt sttt ettt et e et e s e e e ste e steenteenteenseeneennee e 42
3.3 FUGITIVE EMISSIONS FROM SOLID FUELS AND OIL AND NATURAL GAS AND OTHER EMISSIONS FROM ENERGY
[2aT0] T8 [oa 1 0N (O {1 = ) SR 80
3.4 CO2 TRANSPORT AND STORAGE (CRF 1.C)..vviiiiiiii ittt 90
3.5 REFERENCES. ... eettettitt ettt ateeateesteeste e bt es e e s e sseesteesbeesteeneeameeemeees e e eaeeae e e beenbeeseeeseeeseesaeenbeeneeenteanseanneeneenes 91
4. INDUSTRIAL PROCESSES (CRF SECTOR 2.) ...iiiiiiiiriiiiie ettt 92
4.1 OVERVIEW OF SECTOR .....cttttttesteattaneeaseeaueesseasseasteasaeasesssessaeesseanseansssssesssesseessesssessesssesssesssesnseansesnsesseees 92
4.2 EMISSION TRENDS ... .ueiteeiteeiteeseeaeeaseeaneeaueesseeseasseaseessesssessaessseanseaneeansesseesseesseessessssssesssessseenseansesneesseenes 94
4.3 MINERAL PRODUCTS (CRF SECTOR 2.A) .ttiiiititeiieieite ettt sttt sttt sttt et sttt st e sttt 97
4.4 CHEMICAL INDUSTRY (CRF SECTOR 2.B).....ciuiiiiiiiiieiinieiei et 115
4.5 FLUOROCARBON PRODUCTION (CRF SECTOR 2.B.9) ..ottt e 128
4.6 METAL PRODUCTION (CRF SECTOR 2.C)..cutitiitiitiiieiiieiieieeie sttt sttt e bbbt nn b e sbe e 128
4.7 OTHER PRODUCTS USE (CRF SECTOR 2.D) ..ottt sttt sttt 139
4.8 USE OF FLUORINATED GREENHOUSE GASES (CRF SECTOR2.E-2.F—2.G.1-2.G.2).cccceviiiirriren 142
4.9 USE OF N2O (CRF SECTOR 2.G.3) ...ttt 162
4,10 REFERENCES. ......cetttuttattesttesttesteesteesteaeeasseeatesbt e bt e bt asbeesbeehe e she e ebe e bt e ab e e as e ehe e eh s ekt e bt e nbeasbesbeesbeesbeesbeeris 164
5. AGRICULTURE (CRF SECTOR 3) ...c.oiiiiiriiieiiiteiei sttt 167
5.1 OVERVIEW OF SECTOR . .euttettestteteasteaseessessseesseesseasseanesasessssesseenseessessssssesssesssessseanseansesssesseesseessenssenens 167
5.2 ENTERIC FERMENTATION (CRF SECTOR 3.A) ...eiuiitiiiiiitirieiete sttt ettt sttt 183
5.3 MANURE MANAGEMENT (CRF SECTOR 3.B) ...oviiiiiiiiiiiiriicic e 200
5.4 RICE CULTIVATION (CRF SECTOR 3.C) .ottt ettt ettt ettt ettt 223
5.5 N0 EMISSIONS FROM AGRICULTURAL SOILS (CRF SECTOR 3.D) ...ccoviiiiiiiienie et 225
5.6 PRESCRIBED BURNING OF SAVANNAS (CRF SECTOR 3.E) ...cuiiiiiiiiiiiiieienie et 254
5.7 FIELD BURNING OF AGRICULTURAL RESIDUES (CRF SECTOR 3.F) .ccueiiiiiiiinie e 254
5.8 LIMING (CRF SECTOR 3.G) ..t itiiieiuieiieiieite sttt sttt se ettt sb ettt e bbb e b e bt e se e e et sbesbesbeebeenes 255



HUNGARY National Inventory Report 1985-2015 CONTENT

5.9 UREA APPLICATION (CRF SECTOR 3.H) ..ctiiiiiiiiie sttt sttt st ane s 263
5.10 OTHER CARBONATE CONTAINING FERTILIZERS (CRF SECTOR 3.1) .vvcveieiiiiese et 266
LI I I = = = =N od = 269
6. LAND-USE, LAND-USE CHANGE AND FORESTRY (CRF SECTOR 4).....ccccccovviviieieneie e 272
6.1  OVERVIEW OF SECTOR ...iiiiiiiiitttttieeeetsiiitttttessesssassssttessesssasisbbasssessssssisbasteasesssassbbatessesssasabbbasseesssssarbrenes 272
6.2 LAND USE DEFINITIONS AND CLASSIFICATION SYSTEMS ....iiuttiiiieeeeiiiitiriieeessssisibaiessesssessssssessessssssasssenes 275
6.3 LAND IDENTIFICATION AND LAND TRANSITION MATRICES .....uvvviiieeeiiiiitiitiieeeesisisiiriessesssesssssessessssssasssenes 276
6.4 GENERIC METHODOLOGICAL STEPS TO ESTIMATE EMISSIONS AND REMOVALS ....ovvviiiieeiiiiiriieieeeeeesssivenns 291
6.5 FOREST LAND (CRF SECTOR 4.A) .. ittt sttt sttt sb ettt ettt b 298
6.6 CROPLAND (CRF SECTOR 4.B) .. uiiiiiiciiiiiieste st sttt ettt sttt st te s s et stestesneanaenes 329
6.7 GRASSLAND (CRF SECTOR 4.C)..ueiuiiuieiiiieitesteste e ste e et e et ettt a e es et e bestestesbeanaesa et e aestestesneanaenes 337
6.8 WETLAND (CRF SECTOR 4.D) ..itiiiiiiieiieieiie et ie st e e ae sttt sttt et st st e teanaena e e ae st e nteaneenaenes 346
6.9 SETTLEMENTS (CRF SECTOR 4.E) ...ccuiiiiiiie ettt sttt sttt sbe e enaens 352
6.10 OTHER LAND (CRF SECTOR 4.F) .. uiiuietiiiiie ettt sttt sttt sttt na et stesbesnnanaens 357
6.11 UNCERTAINTY AND TIME-SERIES CONSISTENCY ....uuuttiiiieeiiiiiiiiieieeeesiiiisirsieesessssisssssessesssssssssssssessssisssssnes 357
6.12 SECTOR SPECIFIC QA/QC AND VERIFICATION ...vtttitiereaueesieseestessessesseaseeseessessessessessessessesssesssssessessensenses 357
6.13 SECTOR SPECIFIC RECALCULATION .....uuttttiitieetiiiitttiteeessssissbaetesessssisbsssessssssssssssssssesssssssbsssssessssssssssenns 357
6.14 SECTOR SPECIFIC PLANNED IMPROVEMENTS ....oiiittttiiiieeiiiiiitttiteeesssssssrstessssssssssssssssesssssssssssssesssssssssssnes 357
7. WASTE (CRF SECTOR ).ttt sttt sttt sttt tesaesbesteabeaseenteseesteseesnesneenes 358
8. CHAPTER 8: OTHER (CRF SECTOR B6) ...ccuiiiiiiiriesiesiieeeieiesiestesiesteseeee e e stessessesseenseseessessessessesns 380
9. CHAPTER 9: INDIRECT CO2 AND NITROUS OXIDE EMISSIONS.........ccoovviiiieee e, 380
10. RECALCULATIONS AND PLANNED IMPROVEMENTS ..ottt 381
PART Il: SUPPLEMENTARY INFORMATION REQUIRED UNDER ARTICLE 7, PARAGRAPH 1389
I T = O L o R 389
11.1 GENERAL INFORMATION ...uuuttieiieeieiiittrtteeeesssiitssstessesssasssssssssesssssssstsssssssssssssssssessssssssssssesssesssnssssesseens 389
11.2 LAND-RELATED INFORMATION ...ocuiitiiitiitiiietists ittt sttt bbb bbb bbb 398
11.3 ACTIVITY-SPECIFIC INFORMATION. .....cciitiiiitiiiiiitistc sttt sttt bbbt 403
O Y T I = T T 425
R (oI = T 429
11.6 OTHER INFORMATION ... .iiuttettieeeetiittteteeeessssessestsssesssassssseessessssssasbestseessssssbaeseesesssassbasseassesssasrbsesseses 436
11.7 INFORMATION RELATING TO ARTICLE B ..veiiiiiiiieiiiiiie e s eeeitttet e e e e s e esittvet e e e e s s ssabbaeasesesssebbasseaesesssnssrnanssesens 436
R I = === N =T 438
12. INFORMATION ON THE ACCOUNTING OF THE KYOTO PROTOCOL UNITS........ccve..e. 441
12.1 CALCULATION OF THE COMMITMENT PERIOD RESERVE (CPR) .....ocviiiiiicciieci e 442
13. INFORMATION ON CHANGES IN NATIONAL SYSTEM....cccoiiiiiiee e 442
14. INFORMATION ON CHANGES IN NATIONAL REGISTRY ..oviiiiiie et 443
15. INFORMATION ON MINIMIZATION OF ADVERSE IMPACTS IN ACCORDANCE WITH
ARTICLE 3, PARAGRAPH 14.......eoie oottt ettt ettt e s et e e s s baa e s s b ba e e s sbaaeeans 446



HUNGARY National Inventory Report 1985-2015 E. SUMMARY

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 gas (GHG) inventory is to give an as
complete 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 with
the Kyoto Protocol, the following direct greenhouse gases are taken into account: carbon dioxide
(COy), methane (CHa), nitrous oxide (N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
sulphur hexafluoride (SFs), and nitrogen trifluoride (NFs). The quality of the inventory is controlled by
Hungarian and international experts regularly.

The GHG inventory is compiled by the Hungarian Meteorological Service as laid down by a
government decree. The participation of the National Food Chain Safety Office (NFCSO) together
with the NARIC Forest Research Institute, the Agricultural and Rural Development Agency (ARDA)
and the Hungarian Chamber of Agriculture as compilers of the whole LULUCF sector is formalized
by the same governmental decree. Also, other institutions and external experts are involved in the
process of inventory preparation, e.g. the Hungarian Central Statistical Office, Hungarian Energy and
Public Utility Regulatory Authority, Szent Istvdn University, G6doll6, Karcag Research Institute of
University of Debrecen, 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 series for the years 1985-2015. 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 emissions 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 2015, total emissions of greenhouse gases in Hungary were 61.1 million tonnes carbon dioxide
equivalents (CO--eq) excluding the LULUCF sector. Taking into account also the mostly carbon
absorbing processes in the LULUCF sector, the net emissions of Hungary were 54.6 million tonnes
CO2-eq in 2015. Being about 6 tonnes, the Hungarian per capita emissions are below the European
average.

Now, our emissions are 44% lower than in the base year (average of 1985-87). For the most part, this
significant reduction was mainly a consequence of the regime change in Hungary (1989-90) which
brought in its train radical decline in the output of the national economy. The production decreased in
almost every economic sector including also the GHG relevant sectors like energy, industry and
agriculture. Then, between 2005 and 2013, after a period of about 14 years of relatively stagnant
emission level (1992-2005), GHG emissions fell again quite significantly by 24 per cent. The global
financial and economic crises 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 drop of 9%
between 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,
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and Hungary not only reached the pre-crisis level of GDP again in 2014 but exceeded it even in 2015.

The decreasing trend of emissions stopped in 2014. Moreover, an increase of 6% could be detected in
2015. About 74% of this growth was realized in the energy sector, whereas industrial processes
contributed by a further 24%. Despite the 3.2 million tonnes increase in 2015, current emissions
remained by 19% far below the emission level of 2005.

The most important greenhouse gas is carbon dioxide accounting for 77% of total GHG emissions.
The main source of CO, emissions is burning of fossil fuels for energy purposes, including transport.
CO: emissions have decreased by 45% since the middle of the 80’s. Methane represents 12% in the
GHG inventory. Methane is generated mainly at waste disposal sites and in animal farms, but the
fugitive emissions of natural gas are also important sources. CH4 emissions are by 39% lower than in
the base year. Nitrous oxide contributes 7% to the total GHG emissions. Its main sources are
agricultural soils, and manure management. N>O emissions are 61% lower compared to base year. The
total emissions of fluorinated gases amount to 4% and due their steadily growing tendency special
attention is needed as their applications in the cooling industry and the use of SFg in electrical
equipment are still popular.

Table ES.1Trend of emissions by GHGs, excluding LULUCF (Gg CO»-eq)

BY 1990 1995 2000 2005 2010 2013 2014 2015
CO» 85565 73,448 61608 58545 60488 52217 43868 44034 46,778
CHa 12544 11,746 8812 8923 8404 8067 7,810 7,703 7,626
N2O 11,020 8315 4742 5367 5709 3809 4347 4224 4,309
HECs NO NO 38 259 798 1,223 1281 1808 2,267
PECs 371 376 223 283 281 2 2 1 1
SFe 6 11 52 84 94 87 94 109 112
NFs NO NO NO NO NO NO NO NO NO
Total 109505 93,896 75474 73461 75774 65405 57401 57,879 61,092

Base year(BY)=average of 1985-87

ES.3. Overview of Source and Sink Category Emission Estimates and Trends

By far, the biggest emitting sector was the energy sector contributing 71% to the total GHG emission
in 2015. Industrial processes and product use was the second largest sector with 12% while emissions
from agriculture accounted for 11% and the waste sector contributed 6%. Compared to the base year,
emissions were significantly reduced in the energy (-45%), agriculture (-44%), and industrial
processes and product use (-52%) sectors. In contrast, emissions in the waste sector have increased
since 1985 (+14%). The land use, land-use change and forestry (LULUCF) sector shows fluctuating
behavior. Looking at the more recent trends since 2005, emissions have significantly decreased in the
energy and industrial processes sectors by 23% and 22%, respectively. The agriculture sector seems to
have recovered and could show an increase of 10% since 2005. The previous growing trend turned
back in the waste sector (-13%).

The energy sector was responsible for 71% of total GHG emissions in 2015. Carbon dioxide from
fossil fuels was the largest item among greenhouse gas emissions contributing 96% to the sectoral
emission. Looking at fuel combustion only, the share of CO, emissions was even higher (98%).
Considering fuel use in combustion processes, gases had still the highest (but decreasing) proportion
(42%), liquids and solids represented 30% and 11%, respectively. It is worth mentioning that the share
of biomass in fuel combustion grew to 16% in 2015. The most important subsector was energy
industries with a proportion of 32% within the energy sector, followed by transport and other sectors
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(e.g. the residential sector) both representing 28%. Fugitive emissions from fuels played only a small
role with 1% out of which 93% originate from oil and natural gas production, processing, transmission
and distribution.

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 after 2005 was even higher!) In
addition, ongoing changes in fuel-structure, i.e. gradual replacement of solid fuel by natural gas, led to
further decrease of total emissions.

Overall emissions from the energy sector have increased by 6% or 2.4 million tonnes between 2014
and 2015. Above all, transport related emissions continued to increase by 9% in 2015 after a 12%
growth in 2014. Especially diesel oil consumption increased significantly whereas gasoline sales grew
at a more moderate level. Still, transport related emissions were by 7% lower in 2015 than in 2007.

After years of dominantly decreasing trend, also the residential sector produced higher emissions
mostly due to higher natural gas consumption by 13%. Residential gas consumption was still lower in
2015 than the average of the last decade by 26%.

Gross electricity production increased slightly by 3%. The increase in natural gas based electricity
production was especially significant (20%). It must be noted, however, that in spite of this growth,
natural gas-fired electricity generation was three times as high around 2007-2008. The basic feature of
the Hungarian energy industry is that 52% of gross electricity production stems from nuclear energy
and only 37% from classic fossil fuels. At the same time, electricity import has a significant share of
31%.

Table ES.2 Trend of emissions and removals by sector (including LULUCF, Gg CO2-eq)

BY 1990 1995 2000 2005 2010 2013 2014 2015
Energy 78987 68,197 57,066 54,663 55954 48,876 41325 40906 43,275
Industry 15209 11,832 8333 8327 9338 6610 5711 6543 7,302
Agriculture 11,933 9976 5943 6,101 6072 5642 6340 6494 6,676
LULUCF 1,808 -2672  -5,699 767 5857  -4552 3875 5361  -6512
Waste 3376 3891 4133 4370 4410 4277 4025 3937 3,839
Total 107,698 91,224 69,775 72,694 69,917 60,854 53526 52518 54,580

Base year (BY)=average of 1985-87

The industrial processes sector was the second largest sector, contributing 12% to total GHG
emissions in 2015. The most important greenhouse gas was CO», contributing 65% to total sectoral
GHG emissions, followed by F-gases with 33%. In 2015, 33% of the emissions came from chemical
industry, followed by 31% from product uses as ODS substitutes. Mineral and metal industry has
equal, 16% contribution to sectoral GHG emissions. Other product uses (SFs and N»O containing) and
non-energy products from fuels and solvent use have the smallest influence on the 2015 IPPU
inventory with 2% for each category. Process related industrial emissions decreased by 52% between
base year and 2015, and by 22% between 2005 and 2015.

Although emissions of F-gases represent only 4% of the total GHG emissions, their trend requires
special attention. As these gases are harmless for the ozone layer, the use of HFCs in the refrigeration
and air conditioning industry got widespread thus their emission steeply increased.

GHG emissions from industrial processes sector are 12% (759 Gg COz-eq) higher in 2015 than in
2014. There is an increase in almost all subsectors except for other (SFs and N>O containing) product
uses and chemical industry. The first might be explained by the volatility of the markets, the trade and
the consumption of these products. Meanwhile the resulted emission reduction in chemical industry is
the sum of several factors, namely: nitric acid production dropped by 9%, also emission from
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ammonia production decreased significantly with increasing amount of CO, recovery caused by urea
production, petrochemical production had a slight increase. Significant increase of emissions might be
observed in metal industry (particularly in iron and steel production) and in subsector of product uses
as ODS substitutes, 29% and 25% respectively. In mineral industry, the change is 12%, which can be
explained by vigorous increase of cement and lime production. Iron and steel industry seems to
recover after the drop of production in 2013.

In 2015, agriculture accounted for 11% of total emissions. Emissions from agriculture include CH4
and N2O gases. 87 per cent of total N-O emissions were generated in agriculture in 2015. Emissions
from agriculture have decreased by 44% over the period of 1985-2015. 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. The contribution of agriculture to total
emissions was 11% in 2015 similar to the level in the base year (BY).

Between 1996 and 2008, agricultural emissions had stagnated around 6.1 Mt with fluctuations up to
4%. Behind this trend there were compensatory processes. While the number of livestock decreased
further leading to lower emission, the use of fertilizers increased by 67.5% in the period 1995-2007
which caused growing nitrous oxide emissions from agricultural soils. In 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 hit the lowest point in 2010. A slight increase started in 2011, due to the higher
N-fertilizer use, and higher emissions from crop residues resulting from greater crop production, then
in 2012 emissions remained on the level of 2011. In 2013 and 2014 the further rising fertilizer use,
increasing animal livestock and relatively higher crop production resulted in growing emission levels
again. The increased fertilizer use resulted in a further rise in N,O emissions in 2015. The higher
cattle, poultry livestock and milk production also contributed to the higher agricultural N-O and CH,
emissions again. Though the contribution of agricultural CO, emissions to the national total is rather
low, it is worth mentioning here, that the agricultural CO, emissions increased by 15% from 2014 to
2015, as a result of the significant increase in urea fertilizers use.

The waste sector was responsible for 6% of total national GHG emissions in 2015. The largest
category was solid waste disposal on land, representing 80% in 2015, followed by wastewater
treatment and discharge (12%), incineration of waste (5%), and biological treatment of solid waste
(3%). In contrast with other sectors, emissions from the waste sector are by 14% higher now than in
the base year. However, the growth in emissions had stopped in the last decade, and a reduction of
13% could be observed between 2005 and 2015. The degradation process 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 amount of disposed waste had dropped significantly since 2005
(e.g. landfilled municipal waste decreased by 48%) consequently methane emissions started to
decrease as well. GHG emissions from wastewater handling have a pronounced decreasing trend due
to a growing number of dwellings connected to the public sewerage network.

The Land Use Land-Use Change and Forestry sector is a sink of carbon because of the huge amount
of carbon uptake of forests, due to continuous afforestation efforts and sustainable forest management.
The complex dynamics of the land use and land-use changes leads to highly fluctuating estimates of
sectoral removals. Our estimates indicate an average annual 3.5 million tonnes net removal, CO»-eq
net removals range from 0.08 million tonnes in 1985 to 6.5 million tonnes CO; in 2015. In 2015, the
LULUCEF sector accounted for 6.5 million tonnes carbon-dioxide removals. The net removals of
forests amounted to 5.8 million tonnes CO..
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Figure ES. 1 Change in greenhouse gas emissions from base year (BY, 1990-2015)

ES.4. Indirect Greenhouse Gases and SO»

NOx, CO and NMVOC gases are referred to as indirect gases because they (together with SO,)
influence 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 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 calculated 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 regime. The following table shows the main trends in emissions:

Table ES. 3 Emissions of indirect gases, including LULUCF (Gg)

1990 2000 2003 2005 2006 2010 2013 2014 2015

NOx, Gg 236 181 177 170 162 139 120 119 123
CO, Gg 1388 578 600 510 553 476 554 480 472
glg\]/lvoc, 296 181 175 156 152 142 146 136 138
SOz, Gg 825 429 247 42 40 31 31 28 24
NHs, Gg 139 84 85 77 77 69 72 73 76

The substantial reduction in sulphur dioxide emissions is attributable to the decreased use of fossil
fuels in general and the decreasing share of coal with higher sulphur content. After 2000, further
reductions were observed due to the introduction of SO, precipitators in coal-fired power stations.
Reduced carbon monoxide emissions are obviously a consequence of decreased fuel uses. The
decrease in NOx emissions is relatively moderate due to the increasing significance of transport.
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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 years were prepared. 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 already on 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 referred to as “base
year”’) was selected because these three years represented a certain level of 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 chlorofluorocarbons since the early 1990’s.) Hungary has chosen
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
emphasis was 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 the well-known wave of the global
temperature since the beginning of the 20th century.
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Figure 1.1. Linear trends in annual mean temperature (°C) over the period 1901-2015 in Hungary,
based on the homogenized, interpolated dataset of the Hungarian Meteorological Service

The yearly average temperature was 11.72 °C in 2015 in Hungary. That year was the third warmest
among the last 115 years. This fact only would suggest a warming process which can be confirmed by
a linear trend that shows a temperature increase of +1.28°C for the last 114 years. Considering the last
30 years, the temperature increase is even more pronounced with +1.54°C based on the homogenized,
interpolated dataset of the Hungarian Meteorological Service (Fig. 1.1).
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The precipitation in 2015 could be seen as an average year, the annual precipitation of Hungary was
538.9 mm. Similar to the latest years the significant period of the summer was dry, but the August is a
commendable exception because of the large amount of precipitation. The exponential trend fitted to
the 115 year-long data series shows a moderate decline by 5 per cent, whereas for the last 30 years a
growth of 14.8% can be seen (Fig. 1.2), although neither of these trends are significant.
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Figure 1.2. Exponential trends in annual precipitation sum (mm) over the period 1901-2015 in
Hungary, based on the homogenized, interpolated dataset of the Hungarian Meteorological Service

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 Reporting. He is responsible 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 its tasks have been taken over by the Ministry of Rural Development.
The structure and 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 has the same
responsibilities regards environmental matters. Therefore, the designated single national entity is now
the Ministry of Agriculture.

Contact details of the single national entity are as follows:

Ministry of Agriculture

Head office: 1055 Budapest, Kossuth Lajos tér 11.
Postal address: 1860 Budapest

Phone: +36-1-795-2000

Fax: +36-1-795-0200

E-mail: info@fm.gov.hu, press@fm.gov.hu

11



HUNGARY National Inventory Report 1985-2015

Sandor Fazekas, Dr., Minister of Agriculture

Postal address: 1055 Budapest, Kossuth L. tér 11.
Phone: +36-1-795-3723

Fax: +36-1-795-0072

E-mail: miniszter@fm.gov.hu

See also at: http://www.kormany.hu/en/ministry-of-agriculture/contacts

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 budget. Within the Ministry of National
Development, i.e. the ministry responsible for energy policy, a Climate Policy Department has been
established that plays a coordinating and supervisory role in the national system. The head of this
department is Hungary’s current UNFCCC Focal Point.

At the end of 2006, a Greenhouse Gas Inventory Division (GHG division) was established in the
Hungarian Meteorological Service (HMS) for the preparation and development of the inventory. This
division is responsible for most inventory related tasks, compiles the greenhouse gas inventories and
other reports with the involvement of external institutions and experts on a contractual basis and
supervises the maintenance of the system. In 2015, the name of the division was changed to Unit of
National Emissions Inventories.

At the very end of 2009, a new government decree 345/2009 (X11.30.) on data provision relating to
GHG emissions was put into force. This decree confirmed the designation of the Hungarian
Meteorological Service as the compiler institute. As a new element, the participation of the Forestry
Directorate of the National Food Chain Safety Office (NFCSO, Forestry Directorate) together with the
National Agricultural Research and Innovation Centre (hereafter referred to as NARIC) Forest
Research Institute was formalized by this decree. These two institutes were responsible for the forestry
part of the LULUCF sector and for the supplementary reporting on LULUCF activities under Articles
3.3 and 3.4 of the Kyoto Protocol by making recommendations to HMS of the content of the
inventory. The govt. decree had to be revised according to the changing EU regulations and reporting
needs, therefore Govt. Decree 345/2009 (X11.30) was replaced by Govt. Decree 528/2013 (X11.30.).

1 January 2015, a new government decree 278/2014. (XI. 14) entered into force in Hungary
designating the National Food Chain Safety Office (NFCSO) Plant Protection and Soil Conservation
Directorate, together with the Agricultural and Rural Development Agency (ARDA) and the
Hungarian Chamber of Agriculture, responsible for the development of the GHG inventory of the non-
forest sectors. (This is a change from the previous system, in which the Hungarian Meteorological
Service was responsible for the non-forest sectors. In order to facilitate this change, and in order to
ensure a smooth transition to the application of the IPCC 2006 Guidelines, a new estimation system
has been recently developed for, and together with, the NFCSO by an external expert.)

The Hungarian Meteorological Service is a central office under the control of the Ministry of
Agriculture. The duties of the Service are specified in a Government Decree from 2005. The financial
background of operation is determined in the Finances Act. HMS has introduced the quality
management system ISO 9001:2000 for the whole range of its activities in 2002 to fulfill its tasks
more reliably and for the better satisfaction of its partners. The Unit of National Emissions Inventories
functions as part of the Department of Climate and Ambient Air. The Unit of National Emissions
Inventories of the Hungarian Meteorological Service coordinates the work with other involved
ministries, government agencies, consultants, universities and companies in order to be able to draw
up the yearly inventory report and other reports to the UNFCCC and the European Commission. The
Unit of National Emissions Inventories can be regarded as a core expert team of four people. The
division of labor and the sectoral responsibilities within the team are laid down in the QA/QC plan and
other official documents of HMS. The Head of Unit coordinates the teamwork and organizes the
cooperation with other institutions involved in inventory preparations. He is responsible for the
compilation of CRF tables and NIR. Within the team the experts are responsible for different sectors.
Besides, a QA/QC coordinator and an archive manager have been nominated.
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Most parts of the inventory (energy, industrial processes and product use, agriculture, and waste) are
prepared by the experts of the Unit of National Emissions Inventories themselves. The whole
LULUCEF sector is compiled by the institutes listed in the above-mentioned government decree. As
before, and also complying with the decree mentioned above, the Forestry Directorate of the NFCSO
is responsible for the GHG inventory of the forestry sector. Quality control for the forestry sector is
provided by the NARIC Forest Research Institute. The role of the Agricultural and Rural Development
Agency and the Hungarian Chamber of Agriculture in the inventory preparation is not clarified yet.
Data for the estimation of non-forest related emissions is also provided by the Central Statistical
Office, the Hungarian Mining Authority and National Directorate General for Disaster Management.
Szent Istvdn University, G6doll6 had been heavily involved in the calculations for the agriculture
sector of the inventory for several years. For the calculation of emissions from agricultural soils the
Karcag Research Institute of University of Debrecen (Department of Soil Utilization and Rural
Development) provided inputs. The following table summarizes the institutional arrangements:

Function Institution Responsibilities

Ministry of Agriculture

(in consent and cooperation
with Ministry of National o
Development and Ministry
for National Economy)

Supervision of national system

e  Official consideration and approval of

Single national entity inventory

Provision of work plan
Contracting consultants

e Inventory preparation of Energy,
) . Industry,  Agriculture and Waste
HMS  Unit of _Natlonal sectors
Emissions Inventories Compilation of the CRF and NIR
Archiving

Inventory coordination and

Oy Coordinating QA/QC activities
compilation

Reporting to UNFCCC secretariat

National Food Chain Safety
Office (NFCSO)

Inventory preparation of the NARIC Forest Research

LULUCF sector

and LULUCF
under the KP.

activities

(by law)

Institute

Agricultural and Rural
Development Agency
(ARDA)

Hungarian Chamber of
Agriculture

Data collection, choice of methods and
EFs, inventory preparation

Compilation of the relevant parts of the
CRF and NIR

Contribution to the inventory
preparation of the
Agriculture sector

Szent Istvan University,
G6dolls

Karcag Research Institute
of University of Debrecen

1.3 Inventory preparation

Data collection, choice of method,
development of country specific
emission factors

Background studies

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 IPCC Guidelines are applied and the latest CRF
Reporter software is used. Usually, the sectoral experts are responsible for the choice of methods and
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emission factors in consultation with the head of Unit of National Emissions Inventories. 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, where the activity 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 always
available in the required depth and resolution. The default emission factors (EF) are being gradually
replaced by country-specific emission factors characteristic of domestic technologies. Efforts are made
to use the highest possible Tier method, especially in case of key categories. After preliminary quality
control of the basic data, the necessary calculations are carried out with the coordination of the core
team. The sectoral data are compiled and - after repeated checks - unified by using the CRF Reporter
software. QA/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 and the old archiving manual) is
included in Annex 5.

Recalculation of some data-series of the inventory can be justified by several reasons. Just to hame a
few, QA/QC procedures, ERT recommendations, changing for higher Tier methodologies can lead to a
recalculation. As a basic rule, whenever new information emerges 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 always documented in the relevant chapter of the national inventory report.

The inventory 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;

Data collection, choice of methodologies,

Start of calculations

From May to November Repeated checks

From September to December (and

April) Calculations from external expert
From September to December (and
April) Calculations, checks, archiving
Main features for National Inventory Report (CRF  National
08 January tables and part of NIR) for approval Authority
15 January Official submission EU
Between January and March QC procedures including EU internal review
National
08 March National Inventory Report final version for approval Authority
EU
15 March National Inventory Report, Official submission
QC procedures in the process of finalizing the NIR
Between March and April and CRF tables
National
08 April National Inventory Report for approval Authority
15 April Official submission UNFCCC
31 July Preliminary inventory of year x-1 EU
From 15™ of April to October Archiving, QA/QC and Development Plan internal

A Figure presenting the inventory cycle is included in Annex 5.
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To summarizing the above, the two main compiler institutes are: (1) the Hungarian Meteorological
Service (HMS) and (2) the National Food Chain Safety Office, the latter is responsible for the
LULUCEF part of the inventory.

The Meteorological Service, where an inventory team is located, is authorized by law to collect the
necessary data. Calculations are either carried out by the Unit of National Emissions Inventories of the
HMS or by external experts on contractual basis. The inventory report is approved by three ministers:
(1) minister for national development, (2) minister for agriculture (responsible for environment and
agricultural policy, and (3) minister for national economy (responsible for national budget) before
submission to the UNFCCC.

1.4 Data collection, processing and storage

Data is collected in several ways and throughout the whole yearly cycle of the inventory preparation.
Sector specialists of the core team (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. (XI. 14) as described below in more detail). Plant specific data are 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 Hungarian Central 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 has changed in
recent years. The compiler institute relies less 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 international
organizations which ensure the consistency with 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 by the National Inspectorate for Environment
and Nature.

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

For the calculation of F-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 Monitoring and Certification Body
(OMKT-HMBC), 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 842/2006 on F-gases (for the consistency
check required by the MMR) is received from Hungarian contact point responsible for the reporting
under 842/2006/EC. This data provision is also included in Govt. Decree 278/2014. (X1. 14).

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 authorization to the Ministry
of Agriculture in 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: “The state
authorities having disposal of the data necessary to operate the National Registration System and the
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 legal instrument.”
“The data (...) necessary to fulfill international data supply shall be provided for the National
Registration System irrespective of the fact that they are qualified as individual data pursuant to the
relevant provision of Act XLVI of 1993 on statistics.” This separate legal instrument, the above-
mentioned government decree 278/2014. (XI. 14) on data provision relating to GHG emissions
prescribes compulsory data provision for GHG inventory purposes for numerous governmental bodies
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and emitters. QA/QC Activities connected to data collection are regulated by the updated QA/QC Plan
included in Annex 5.

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 Long-range, 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 the Unit of National Emissions Inventories of the HMS or by the
institutions involved in inventory preparations. Significant steps were taken to create a central archive
in the premises of the Hungarian Meteorological Service where all background data would be stored.
The most important paper information archived already in the Service is the following:

e Statistical Yearbooks of Hungary from the year 1961

e Environmental Statistical Yearbook of Hungary from 1996

o Energy Statistical Yearbook published by the Energy Efficiency, Environment and Energy

Information Agency from 1985.
¢ Hungarian Statistics on Road Vehicles (in electronic format since 2000)
¢ National, regional and local emission survey of the Hungarian road, rail, water-borne and air
transport (1995-2004) 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 the HMS. The following information is stored elsewhere:
Data from individual industrial plants — Ministry of Agriculture
ETS data, registry - National Inspectorate for Environment and Nature
Forestry statistics — National Food Chain Safety Office Forestry Directorate
Wastewater data — National Inspectorate for Environment and Nature + Research Institute for
Environmental and Water Management + Ministry of Agriculture.
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
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 up-to-date fire service system. All events connected with the data saving are
logged in accordance with the documents of the Quality Management System of HMS.
As HMS is a central office, strict record management, documentation and archiving rules apply in
general. HMS’s general record management, documentation and archiving 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 of the ‘manual for the
maintenance and management of the archiving system’ as the procedures of documents and data
handling had been formalized 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

. accessible only for members of the Unit of National Emissions Inventories. They are not
allowed to be forwarded to other institute or persons, except for the ERT

. it is not allowed to make hard copies of these documents, only one electronic copy can be
made, which is stored on the server of the Unit of National Emissions Inventories;

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

. it is not allowed to take out any confidential information from the HMS, not even their copies;
. the original hard copies are not allowed to be forwarded to the Hungarian Environmental

Archives; they are stored in the records of the HMS’s Unit of National Emissions Inventories.

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 Inventories are stored
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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 folder) and for the submitted reports and incoming data which cannot
be modified. Within the Unit of National Emissions Inventories of HMS, 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 regulation of the HMS and the new QA/QC Plan of
the Unit of National Emissions Inventories of the HMS. (Instead 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 regulations define the QA/QC activities connected to data collection,
processing, storage and the documentation and archiving activities of the Unit of National Emissions
Inventories. Further development of the system may include the incorporation of other emission data,
which are relevant to air pollution.

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. see the 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 quantifies the emission (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 t CO./TJ and 107.9 t CO/TJ, respectively; the
importance of the mix of fuels used to produce energy becomes apparent at a glance.
Emission factors are usually dependent on several other factors, used technologies etc. which leads 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 factors are default values representing typical process conditions.
Higher tier methodologies are more demanding in terms of complexity and data requirements as they
require country-specific information on the used technologies, facility level data whenever possible, or
use of complex models. For key categories, i.e. categories that have a significant influence on a
country’s total inventory of greenhouse gases in terms of the absolute level of emissions and removals,
the trend in emissions and removals, or uncertainty in emissions and removals, it is required to apply
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 disposal sites, a calculation method is applied which
assumes that the degradable organic component in waste decays slowly throughout a few decades.
To ensure that the national inventory fulfils its main purpose, namely monitoring the country’s
compliance with its commitments, it has to meet certain quality standards, in other words it has to be
accurate, complete, consistent, comparable and transparent (ACCCT). The first two requirements need
no special explanation: an inventory is accurate, if it has no systematic bias towards under- or
overestimations, whereas a complete inventory covers all relevant sources and sinks, and gases within
the borders of the country. The next two criterions are closely linked to the requirements of the
UNFCCC. Consistency ensures that the trends in the times-series of the inventory reflect real
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differences in emissions, and not caused by any methodological changes. National greenhouse 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 inventory report.

1.6 Key source categories

Key categories have been identified based on the IPCC Tier 1 methodology. As the category 3D
Agricultural Soils NoO was splitted into 3.D.1 Direct NoO Emissions From Managed Soils and 3.D.2
Indirect NoO Emissions From Managed Soils, it isn’t possible to identify changes compared to last
year.

Tablel.6.1 Number of identified Key categories

TIER 1 TIER 1
(excluding LULUCF) (including LULUCF)
Number of key category / number of Number of key category / number of
categories categories
LEVEL 25/144 31/171
TREND 26/144 31/171

Table.1.6.2. Key category analysis summary

KEY CATEGORIES OF

EMISSIONS AND REMOVALS Gas Criteria used for key source identification

1AL Energy Industries - CO; L incL L excL T incL T excL
Gaseous fuels

]}l;AellsEnergy Industries - Liquid CO2 L incL L excL T incL T excL
1A1 Energy Industries - Other Co, TincL T excl.
fossil fuels

]}L]AellsEnergy Industries - Solid CO2 L incL L excL T incL T excL
1A2 Manufacturing industries - COo, LinclL L excl. Tincl T excl.
Gaseous fuels

.1A2 Me_mufac_tur_mg CO, L incL L excL T incL T excL
industries - Liquid fuels

1A2 Manufacturing . .

industries - Other fossil fuels CO: L incl. L excl T incl Texcl
1A2 Manufacturing . .

industries - Solid fuels CO; L incL L excL T incL T excL
1A3Db Road trasport - All Fuels  CO» L incL L excL T incL T excL
1A3c Railways - All Fuels CO; T incL T excL
1A4 Other sectors - Biomass  CHs4 L incL L excL TincL T excL
1A4 Other sectors - Gaseous ~ CO: L incL L excL T incL T excL
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KEY CATEGORIES OF

EMISSIONS AND REMOVALS Gas Criteria used for key source identification

fuels

LA4 Other sectors - Liquid CO, L incL L excL T incL T excL
fuels

1A4 Other sectors - Solid CH, TincL T excl.
fuels

1Ad4 Other sectors - Solid CO; L incL L excL T incL T excL
fuels

1B1 Solid fuels CH4 T incL T excL
1B2b Natural Gas CH4 L incL L excL

1B2c Venting and flaring CO, T excL
2A1 Cement Production CO; L incL L excL T incL T excL
2A4 Other Process Uses of Co, LincL L excl

Carbonates

2B1 Ammonia Production CO; L incL L excL

2B2 Nitric Acid Production N0 T incL T excL
2B8 Petrochemical and carbon . .

black production CO, L incL L excL T incL T excL
2C1 Iron and Steel Production CO, L incL L excL T incL T excL
2C3 Aluminium Production PFC T incL T excL
2F1Refrigeration and Air

Conditioning Equipment - Aggregate F-gases L incL L excL T incL T excL
HFC+PFC

3.D.1Direct N2O Emissions L incL L excl TincL  Texcl
From Managed Soils

3A Enteric Fermentation CH4 L incL L excL T incL T excL
3B Manure Management CH, L incL L excL

3B Manure Management N2O L incL L excL

4(11) Emissions and removals

from drainage and rewetting

and other management of CO, L incL T incL

organic and mineral soils -

CO2

4A1 Forest Land Remaining CO, LinclL TincL

Forest Land

4A2 Land Converted to Forest Cco, LincL TincL

Land

4B1 Cropland Remaining CO, LincL T incL

Cronland

4B2 Land Converted to Co, Lincl TincL

Cropland

4C2 Land Converted to CO, TincL

Grassland

4G Harvested Wood Products CO; L incL
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KEY CATEGORIES OF

EMISSIONS AND REMOVALS Gas Criteria used for key source identification

5A Solid waste disposal CH4 L incL L excL T incL T excL

5D Wastewater Treatment CH
and Discharge 4 L incL L excL

Note: L = Level assessment; T = Trend assessment.

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 activities are performed in two levels: based on the 1SO 9001
standards and following the IPCC recommendations. The updated QA/QC Plan that entered into force
in 2013 aims to integrate these two set of requirements. The QA/QC Plan was updated again and
entered into force in the beginning of 2016 in order to follow the changes of legislation and the
Guidebook, and the change of the name and acronym (from “UHG” to “NELO”) of the Unit of
National Emissions Inventories.

ISO activities

The Hungarian Meteorological Service introduced the quality management system ISO 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 of
our 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 1ISO documents were created,
among others: 1SO procedure on the activities of the GHG Division; QA/QC plan; registers and
records for quality checks and documentation. Naturally, from that time on, HMS level QA/QC
activities apply for the Unit of National Emissions Inventories as well, such as general quality
objectives, application of QA/QC Manual of the HMS, QA/QC regarding contractors, etc. Further
information on quality management system of the HMS is 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 required for inventory 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 recommendation 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 and references to legislation and the Guidebook are reflected. The records and their functions
are the following at the moment:

e NELOO1: QA/QC checklist: to be filled in by sectoral experts which includes a compulsory
check list, summary of results of checks, suggestions for corrective actions and planned
improvements;

e NELOO02: Data quality check: to be filled in case of data providers and external experts on
data quality;

o NELOO3: Development Plan: to be filled in every year by the end of the inventory cycle based
on the outcome of all reviews and own experience;

e NELOO4: Responsibility: for the specification of the sectoral responsibilities of the core team
and the QA/QC coordinator

o NELOOS5: Data source logbook: for the standardized documentation of data sources;

NELOO06: Uncertainty and NELOO7: Key category analysis; for the standardized
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documentation of uncertainty and key category analysis.
e NELOO08: QA activities logbook: record for the documentation of QA activities.
The records and the English translation of the QA/QC Plan are presented in the Annex 5 of the NIR.

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 before, especially:

e ELFO_NELO _401.01 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
HMS for collecting non-public data has been raised in a legally binding level by since 2009
when 528/2013. (X11.30.) Govt. Decree entered into force. In addition, Act LX of 2007 on the
implementation framework of the UN Framework Convention on Climate Change and the
Kyoto Protocol authorizes HMS to collect confidential data if needed as well.
ELFO_NELO_401.01 prescribes that any data used by the preparation of the inventory have
to be documented and archived.

e Documentation and archiving: As it is mentioned in chapter 1.4 above, the Hungarian
Meteorological Service is a central office under the control of the Ministry of Agriculture.
Strict documentation and archiving is a basic requirement by the institution. The HMS has 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
of HMS. This ensures that every document is traceable. In additional data, data sources and
calculation files and background documents for every inventory submission need to be
documented and archived by the sectoral experts. The exact process of documentation and
archiving (naming and location) is detailed in document ELFO_NELO_401.01.

o Data quality check. Besides self-checking, the entries of data providers and external experts
are checked regularly which is an interactive process during the whole inventory cycle.
Significant changes compared to previous data shall be explained. NELO02 QC record was
created for standardized documentation of evaluation of data quality by the data providers
which can be regarded as a continuous development. The QA/QC plan prescribes the
obligation of filling in the records mentioned before, including Development Plan, where first
of all the recommendations of the last years’ reviews conducted by the expert review team of
the UNFCCC have to be taken into consideration as much as possible every year.

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 favorably in the end of March 2007; and our ISO certification
has been renewed in January 2012 and a comprehensive external audit was again performed in January
2014 2015, 2016, 2017 as well. On the 5™ April 2013 and on the 12" December 2014 and 11" October
2016 an internal audit has been performed too. In both cases the result was a few non-significant
recommendations. Therefore, we can claim that the GHG inventory is subject to and our procedures
are in line with 1SO 9001:2008.

As part of the QA and verification activities there is an ongoing QA procedure between the two
institutes involved in the forestry part of the inventory. Peer-reviews will be conducted depending on
available resources

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 will conduct an annual review of the national
inventory data submitted by Member States. We believe that this process contributes significantly to
the quality assurance procedures.

Further QA and verification activities to be continuously performed and/or planned:
e Several consistency checks as detailed in chapter 1.10.
e Active participation in the support project organized by EU DG Climate for the ,, Assistance of
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Member States for effective implementation of the reporting requirements under the Kyoto
Protoco! fo the United Nations Framework Convention on Climate Change (UNFCCC)”

In November 2015, Hungary took part in an informal review organized by the EU, where all the
sectors had been thoroughly reviewed by international experts. Several recommendations have been
formulated and some of them are already implemented in the present submission.

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
(EU) 525/2013 Article 27.

The in-country review of Hungary’s 2016 submission had also an important impact on the
development of quality and transparency of the emission estimates. The majority of the
recommendations in the 2016 review processes have been implemented in the 2017 submission, while
further recommendations in the 2016 reviews will be addressed where feasible in the next submission.

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 team in the Meteorological Service. 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 on the provided
calculations. Moreover, this exercise can be regarded as an interactive process throughout the whole
inventory cycle, since the used methodologies, early results are discussed during the process of the
emission/removal calculations. This QC procedure also led to a few recalculations. The used
parameters and factors, the 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 data sources are
compared and thus verified. In response to our request, several data suppliers made declarations as
regards quality assurance systems in place during the collection of the data and QC record NELOO02
has been introduced for the documentation of evaluation of data quality by data providers. Experts
involved in emission forecast consulted in many areas with inventory experts of the Hungarian
Meteorological Service to 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 IPCC Guidelines.

1.8 Uncertainty

The reliability of the data for individual source categories was estimated on the basis of the 2006 IPCC
Guidelines but information from the industry and expert estimates was also used. On the basis of Table
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 year
2015) is 10.8% (excluding LULUCF) and the uncertainty introduced in trend in national emissions is
2.3%.

The uncertainty values have been determined by gas as well:

% SUM Uncertainty excluding LULUCF

CO2 2.5

CHy 22.6
N20 144.9
F-gases 12.9
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Estimation of the uncertainties including LULUCEF is a planned improvement. Please find the detailed
Tables presenting the whole calculation in chapter 2 of Annex of the NIR.

1.9 Completeness

GHG inventory data are provided for the base year (the average of the three years 1985-1987) and the
years 1986-2015. 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.

1.10 Consistency checks

Regulation (EU) No 525/2013 of the European Parliament and of the Council of 21 May 2013 on a
mechanism for monitoring and reporting greenhouse gas emissions and for reporting other information
at national and Union level relevant to climate change requires 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 reported to 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 to our 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.1.b 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 under Directive
2001/81/EC

As basically the same team has prepared both inventories, the consistency of the used data is
safeguarded. Consistently, the emissions estimates of carbon monoxide (CO), sulphur dioxide (SO2),
nitrogen oxides (NOx) and volatile organic compounds, in inventories submitted by the Member State
under Directive 2001/81/EC of the European Parliament and of the Council and under the UNECE
Convention on Long-range Transboundary Air Pollution are consistent with the corresponding
emission estimates in greenhouse gas inventories. The difference between the total emissions of any of
the above pollutants reported in both inventories is well below 5% as it is demonstrated in the table
below. (The relatively larger differences in CO emissions are mainly due to emissions reported in the
LULUCEF sector.)

As the new Directive (EU) 2016/2284 of the European Parliament and of the Council of 14 December
2016 on the reduction of national emissions of certain atmospheric pollutants, amending Directive
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2003/35/EC and repealing Directive 2001/81/EC has changed the reporting deadline to February 15,
the table below will be updated in the March submission

1990 1995 2000 2005 2008 2010 2012 2013 2014 2015

NOx Kt 236 183 181 170 155 139 124 120 119 123
cre O kt 1388 905 578 510 399 476 590 554 480 472
NMVOC  kt 206 204 181 156 139 142 144 146 136 138
S02 Kt 825 616 429 2 35 31 32 31 28 24
NOx Kt 235 182 180 169 155 140 123 120 119 123
co kt 1372 891 554 486 389 470 555 547 465 458
\er  NMVOC ki 207 205 182 157 141 143 145 147 137 139
SOx
osoz K 825 615 428 42 36 31 32 31 28 24
NH3 Kt 139 81 85 77 70 69 70 73 73 76
< NOx %  -02% -02% -04% -02% 01%  02% -10% 02% -01%  01%
8 co %  -11% -15% -40% -47% -27% -14% -60% -14% -31%  -30%
é NMVOC %  04% 05% 07% 09% 08% 05% 04% 04%  04%  0,5%
a (SaOsXSOZ) %  00% 00% -01% -04% 10% 02% -01% 00% 01%  0,1%

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 Hungarian F-gas regulations, data is available also on import/export
of F-gases within the EU for the preparation of the inventory. Thus, the data used for the preparation
of the inventory is significantly wider than the data reported based on 517/2014/EC.

In the table below there are the data reported by Hungarian National Climate Protection Authority for
inventory preparation purposes for 2015 and the quantities that were reported within the scope of
517/2014/EC to the European Environment Agency (EEA) for 2013. There are significant differences
between the imported/exported quantities.

SUM quantity used for

preparation of the Data reported pursuant to Article 19o0f Regulation (EC) No
inventory 517/2014
Import Export Import Export
R134a (t) 818.1 168.8 39.9 0.3
R404A (t) 414.1 125.1 7.3 0.0
R407C (t) 139.3 198.5 16.2 0.0
R410A (t) 226.0 219.2 14.8 0.0

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 non-energy use of fuels partly also in the industrial processes sector. Consistency is further
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enhanced by our practice that emission calculation files 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

In the United Nations Framework Convention on Climate Changes, Hungary undertook to keep its
CO; emissions in 2000 at or below the 1990 level. In the first commitment period of the Kyoto
Protocol, our country committed to reduce the average greenhouse gas emission by 6% of the base
year level during the five years of the first commitment period (2008 to 2012). It will be shown in the
next Sections that Hungary has complied with these commitments.

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

The trends of the total greenhouse gas emissions may be assessed on the basis of the GWP. The table
below shows the time series of net and gross emissions:

Table 2.1 Total GHG emissions (including and excluding LULUCF)

BY 1990 1995 2000 2005 2010 2013 2014 2015

(incl -II_-E)JtEIUCF) 107,698 91,224 69,775 72,694 69,917 60,854 53,526 52,518 54,580
Total 109,505 93,896 75,474 73 461 75774 65,405 57401 57,879 61,092

(excl.LULUCF)

BY=average of 1985-87

The figure below shows the net emissions from the base year until the last year assessed in the last two
submissions, taking also removals into account. The small effect of the recalculations can also be seen

on this figure.
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BY 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013
E Total (including LULUCF) in 2017 MARCH submission

E Total (including LULUCF) in 2016 MAY submission

Figure 2.1 Total emission (including net CO, from LULUCF) between 1985 and 2014
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Compared to the base year, emissions were significantly reduced in the energy (-45%), industrial
processes and product use (-52%), and agriculture (-44%) sectors. In contrast, emissions in the waste
sector have increased since 1985 (+14%). The land use, land-use change and forestry (LULUCF)
sector shows fluctuating behavior. Looking at the most recent trends since 2005, emissions have
significantly decreased in the energy and industrial processes sectors by 23% and 22%, respectively.
The agriculture sector seems to have recovered and could show an increase of 10% since 2005. The
previous growing trend turned back in the waste sector (-13%).

For a better understanding of the Hungarian emission trends, the time interval of the inventory should
be split into three periods with different emission relevant economic processes in the background. The
first period (1985-95) would be the years of the regime change in Hungary, whereas in the second
period (1995-2005) the rules of the market economy became 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 pre-1990 level; however, emission levels
remained significantly below the levels of the preceding years. Thus, the emissions per GDP were
decreasing.

160

100%0

Index 1990

1900 1992 1994 1904 19983 2000 2002 2004 2006 2003 2010 2012 2014
GDP GHG emissions

Figure 2.2 Comparison of trends in GDP and GHG emissions

In the third period, after 2005, Hungary experienced an emission reduction of 24% up to 2013, out of
which 6% 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 financial-economic crisis
made its radical influence felt which can also be seen at the dropping GDP values in Fig. 2.2. From
2010 on a slight recovery of the economy could be observed, the emissions, however, not just
remained at a relatively low level but decreased again quite significantly. The decreasing trend stopped
in 2014 and an increase of 7% could be observed in 2015.

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 economy. The production decreased 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 34 million tonnes CO
equivalent. Between the mid 80’s and the mid 90’s emissions fell back in the energy sector by around
28%, and even more, by around 45-50% in the industrial processes and agriculture sectors.

The most significant drop in energy use occurred in the industry especially in the energy-intensive

industrial sectors (manufacture of basic metals and machinery, mining etc.). The industrial output of
1992 was two third of that of 1989. Several factories were closed down, capacity utilization was
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reduced, consequently the production decreased more or less drastically in each industrial sector.

Some examples:

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

e Aluminum: two out of three plants were closed down in 1991 (aluminium production stopped

in 2006 eventually);

o Ferroalloys: ceased to exist (1991);

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

o 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 of the gross agricultural production by more than 30%, the livestock by
about 50%, and the use of fertilizers by more than 60%. As a consequence, the share of the agricultural
sector in total GHG emissions decreased from 11% to 8%.

Enteric Ferme

I
Waste management
1

L= T

-10 -6 -4 -2 0 2

million tonnes €O eq

Figure 2.3 Changes in emissions due to regime change, Y1995-BY, million tonnes CO-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 assumes that the degradable organic component in waste
decays slowly throughout a few decades.
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Figure 2.4 Changes in emissions between 1995 and 2005, million tonnes CO--eq

After the mid 90’s, emissions seemed to have stabilized around 75-76 million tonnes CO, equivalent.
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 in GHG emissions around 2005. In contrast, emissions from
transport increased significantly by almost 5 million tonnes CO; equivalent which represented a
growth of 61%.

In the third period, between 2005 and 2015, emissions fell by 14.7 million tonnes or 19%. (The
decrease was even higher, 24%, if we look at the period between 2005 and 2013.) About a quarter of
this decrease occurred between 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 in the residential sector
decreased by about 17% (including a 33% drop in solid fuel and a 18% 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 reduction of 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) decreased by 9% (-6.1
million tonnes) between 2008 and 2009. In comparison with 2008, emissions in 2009 were lower in all
major sectors. The highest relative reduction (-14%) occurred in the industrial processes and product
use sector mainly due to lower production volumes especially in mineral product manufacturing (-
27%). Parallel to that, also energy use decreased in manufacturing industries and construction,
consequently GHG emission fell by 28% here. Regarding absolute changes in emissions, out of the 6.1
million tonnes reduction, fuel combustion was responsible for about 4.6 million 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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Figure 2.5 Changes in emissions between 2005 and 2015, million tonnes CO--eq

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 0.5% in 2010. The change in GHG emissions
was about the same. In the next three years, however, emissions decreased again altogether by 12%.

In 2011, we could see decreases in many areas but especially in the energy sector. Electricity
production had decreased by 4% which resulted in a similar fall in GHG emissions. Natural gas
consumption of the 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 production (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 decrease of 3.7 million tonnes (or -6%) can
almost be explained by processes in the energy sector alone (e.g. further decrease in electricity
production, a 13% drop in natural gas consumption in “other sectors”) as it will be elaborated more in
chapter 2.3.

2013 was not an exception in the decreasing trend, either. Total emissions have decreased by 5%
corresponding to 2.7 megatons in CO»-eq. The decrease was dominated again by the energy sector.
Emissions from power and heat production alone dropped no less than 2.6 Mt COz-eq due to
significantly lower electricity production from fossil fuels.

Total emissions have not change much in 2014; they increased slightly by 0.8 percent. 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 fuel
based electricity production, and the lower and lower energy consumption in the residential sector led
to an overall decrease of emissions.

The decreasing trend of emissions seems to have stopped in 2014. Moreover, an increase of 6% could
be detected in 2015. About 74% of this growth was realized in the energy sector, whereas industrial
processes contributed by a further 24%. Despite the 3.2 million tonnes increase in 2015, current
emissions remained by 19% far below the emission level of 2005.
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Figure 2.6 Changes in emissions between 2014 and 2015
2.2 Description and interpretation of emission trends by gas
The following table shows the emission data for each greenhouse gas (Gg CO; equivalent):
Table 2.2 Trends in emissions of greenhouse gases in Hungary
(excluding LULUCF Gg CO2-eq)
BY 1990 1995 2000 2005 2010 2013 2014 2015

CO2 85 565 73448 61 608 58 545 60 488 52217 43 868 44 034 46 778
CHa 12 544 11746 8812 8923 8 404 8 067 7810 7703 7626
N20 11020 8315 4742 5367 5709 3809 4347 4224 4309
HFCs NO NO 38 259 798 1223 1281 1808 2267
PFCs 371 376 223 283 281 2 2 1 1
SFs 6 11 52 84 9 87 9 109 112
Total IS0 93896 75474 73461 75774 65405 5740 57879 61092

Base year (BY)=average of 1985-87
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BY (1985-1987) Emission by gasesin 2015
excluding LULUCF (Gg CO2 eq)
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Figure 2.7 Shares of emissions of greenhouse gases in the base year (BY) and in 2015

The drop of CO, emissions during the early 1990’s was attributable to the reduction of fuel uses in
conjunction with the decline of the national output. From the second half of the 1990’s, emissions
showed stagnating or slightly decreasing tendencies reflecting the effects of restructuring following
the economic growth. The changes in the fuel-mix resulted in reduction of the specific emission levels.
Between 2005 and 2014, CO, emissions decreased by 27 per cent which is about the same as the
decrease during the regime change around 1990. The drop of emission accelerated after 2008 mainly
driven by the global economic crisis, and the reduced fossil fuel based electricity production.

As regards CH. emissions, agriculture, fugitive emissions, and waste management are the trend setting
sectors. Most importantly, reductions in the livestock resulted in lower emissions. Besides, emissions
from waste disposal had grown until 2008, but started to decrease recently. This is the reason why the
resultant trend was relatively stagnating until the first half of the last decade, and why it has been
slowly decreasing since then.

Due to the above factors, also 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.
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Figure 2.8 Trend of emissions by gases, including LULUCF, Gg CO2-eq
Note: BY=average of 1985-87 but 1995 for F-gases
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The use of HFC gases became more intensive in the second half of the 1990’s in conjunction with the
restriction of the use of chlorofluorocarbons as refrigerants. The rise of emissions is obvious.

PFCs emissions 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 steady increase. Then the aluminium production
ceased suddenly in 2006.

SFe¢ 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 growth of the electricity
consumption results in an increasing application of SFs, however the tendencies vary according to the
manufacturing/application needs and the steep increase seems to be stopped in the recent years in SFg
emissions too.
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Figure 2.9 F-gases trend (1985-2015), Gg CO2-eq
Note: "BY=average of 1985-87 but 1995 for F-gases

2.3 Description and interpretation of emission trends by category

The following figure shows the emissions by sources and removals by sinks for each sector. As
demonstrated by the figure, Energy and Agriculture are the sectors with the greatest influence on the
total emission. The biggest emitting sector was the energy sector contributing 71% to the total GHG
emission in 2015. Industrial processes and product use was the second largest sector with 12% but
only slightly larger than emissions from agriculture that accounted for 11%. The waste sector
contributed 6%. Compared to the base year, emissions were significantly reduced in the energy (-
45%), agriculture (-44%), and industrial processes and product use (-52%) sectors. In contrast,
emissions in the waste sector have increased since 1985 (+14%). The land use, land-use change and
forestry (LULUCF) sector shows fluctuating behavior. Looking at the most recent trends since 2005,
emissions have significantly decreased in the energy and industrial processes sectors by 23% and 22%,
respectively. The agriculture sector seems to have recovered and could show an increase of 10% since
2005. The previous growing trend turned back in the waste sector (-13%).
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Figure 2.10 Shares of sectors in 2015

Emissions by the energy sector decreased in the first part of the period as a result of reduced energy
consumption and use of fuels with more favorable composition. 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 crisis
came.

The energy sector was responsible for 71% of total GHG emissions in 2015. Carbon dioxide from
fossil fuels was the largest item among greenhouse gas emissions contributing 96% to the sectoral
emission. Looking at fuel combustion only, the share of CO, emissions was even higher (98%).
Considering fuel use in combustion processes, gases had still the highest (but decreasing) proportion
(42%), liquids and solids represented 30% and 11%, respectively. It is worth mentioning that the share
of biomass in fuel combustion grew to 16%. The most important subsector was energy industries with
a proportion of 32% within the energy sector, followed by transport and other sectors (both 28%).
Fugitive emissions from fuels played only a small role with 2% out of which 93% originate from oil
and natural gas production, processing, transmission and distribution. Emission in subsector 1.B.1 —
Fugitive emissions from solid fuels are 96% smaller than the base year caused by the huge recession of
underground coal mining in Hungary. The aggregate change of sector 1B — Fugitive emissions is 76%
decrease compared to the base year.

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 after 2005 was even higher!) In
addition, ongoing changes in fuel-structure, i.e. gradual replacement of solid fuel by natural gas, led to
further decrease of total emissions.

Overall emissions from the energy sector have increased by 6% or 2.4 million tonnes between 2014
and 2015. Above all, transport related emissions continued to increase by 9% in 2015 after a 12%
growth in 2014. Especially diesel oil consumption increased significantly whereas gasoline sales grew
at a more moderate level. Still, transport related emissions were by 7% lower in 2015 than in 2007.

After years of dominantly decreasing trend, also the residential sector produced higher emissions
mostly due to higher natural gas consumption by 13%. Residential gas consumption was still lower in
2015 than the average of the last decade by 26%.

Gross electricity production increased slightly by 3%. The increase in natural gas based electricity
production was especially significant (20%). It must be noted, however, that in spite of this growth,
natural gas-fired electricity generation was three times as high around 2007-2008. The basic feature of
the Hungarian energy industry is that 52% of gross electricity production stems from nuclear energy
and only 37% from classic fossil fuels. At the same time, electricity import has a significant share of
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31%.

The industrial processes sector was the second largest sector, contributing 13% to total GHG
emissions in 2015. The most important greenhouse gas was CO2, contributing 65% to total sectoral
GHG emissions, followed by F-gases with 33%. In 2015, 33% of the emissions came from chemical
industry, followed by 31% from product uses as ODS substitutes. Mineral and metal industry has
equal, 16% contribution to sectoral GHG emissions. Other product uses (SFs and N-O containing) and
non-energy products from fuels and solvent use have the smallest influence on the 2015 IPPU
inventory with 2% for each category. Process related industrial emissions decreased by 52% between
base year and 2015, and by 22% between 2005 and 2015.

Although emissions of F-gases represent only 4% of the total GHG emissions, their trend requires
special attention. As these gases are harmless for the ozone layer, the use of HFCs in the refrigeration
and air conditioning industry got widespread thus their emission steeply increased.

GHG emissions from industrial processes sector are 12% (759 Gg COz-eq) higher in 2015 than in
2014. There is an increase in almost all subsectors except for other (SFs and N>O containing) product
uses and chemical industry. The first might be explained by the volatility of the markets, the trade and
the consumption of these products. Meanwhile the resulted emission reduction in chemical industry is
the sum of several factors, namely: nitric acid production dropped by 9%, also emission from
ammonia production decreased significantly with increasing amount of CO, recovery caused by urea
production, petrochemical production had a slight increase. Significant increase of emissions might be
observed in metal industry (particularly in iron and steel production) and in subsector of product uses
as ODS substitutes, 29% and 25% respectively. Quantity of emitted F-gases increased primarily as a
result of intensified use of HFCs as refrigerants in refrigerant and in air conditioning systems.

In mineral industry, the change is 12%, which can be explained by vigorous increase of cement and
lime production. Iron and steel industry seems to recover after the drop of production in 2013.

In 2015, agriculture accounted for 11% of total emissions. Emissions from agriculture include CH4
and N,O gases. 87 per cent of total NoO emissions were generated in agriculture in 2015. Emissions
from agriculture have decreased by 44% over the period of 1985-2015. 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. The contribution of agriculture to total
emissions was 11% in 2015 similar to the level in the base year (BY).

Between 1996 and 2008, agricultural emissions had stagnated around 6.1 Mt with fluctuations up to
4%. Behind this trend there were compensatory processes. While the number of livestock decreased
further leading to lower emission, the use of fertilizers increased by 67.5% in the period 1995-2007
which caused growing nitrous oxide emissions from agricultural soils. In 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 hit the lowest point in 2010. A slight increase started in 2011, due to the higher
N-fertilizer use, and higher emissions from crop residues resulting from greater crop production, then
in 2012 emissions remained on the level of 2011. In 2013 and 2014 the further rising fertilizer use,
increasing animal livestock and relatively higher crop production resulted in growing emission levels
again. The increased fertilizer use resulted in a further rise in N2O emissions in 2015. The higher
cattle, poultry livestock and milk production also contributed to the higher agricultural N-O and CH,
emissions again. Though the contribution of agricultural CO» emissions to the national total is rather
low, it is worth mentioning here, that the agricultural CO, emissions increased by 15% from 2014 to
2015, as a result of the significant increase in urea fertilizers use.

The waste sector was responsible for 6% of total national GHG emissions in 2015. The largest
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category was solid waste disposal on land, representing 80% in 2015, followed by wastewater
treatment and discharge (12%), incineration of waste (5%), and biological treatment of solid waste
(3%). In contrast with other sectors, emissions from the waste sector are by 14% higher now than in
the base year. However, the growth in emissions had stopped in the last decade, and a reduction of
13% could be observed between 2005 and 2015. The degradation process 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 amount of disposed waste had dropped significantly since 2005
(e.g. landfilled municipal waste decreased by 48%) consequently methane emissions started to
decrease as well. GHG emissions from wastewater handling have a pronounced decreasing trend due
to a growing number of dwellings connected to the public sewerage network.

The Land Use Land-Use Change and Forestry sector is a sink of carbon because of the huge amount
of carbon uptake of forests, due to continuous afforestation efforts and sustainable forest management.
The complex dynamics of the land use and land-use changes leads to highly fluctuating estimates of
sectoral removals. Our estimates indicate an average annual 3.5 million tonnes removal, CO2-eq net
removals range from 0.08 million tonnes in 1985 to 6.5 million tonnes CO; in 2015. In 2015, the
LULUCEF sector accounted for 6.5 million tonnes carbon dioxide net removals. The net removals of
forests amounted to 5.8 million tonnes CO,.
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2.4 Trends of indirect gases and SO

NOx, CO and NMVOC gases are referred to as indirect gases because they (together with SO,)
influence 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 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 calculated 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 regime.

The following table shows the main trends in emissions:

Table 2.3 Trends in emissions of indirect greenhouse gases and SO, including LULUCF (Gg)

1990 2000 2003 2005 2006 2010 2013 2014 2015

NOx 236 181 177 170 162 139 120 119 123
(6{0) 1388 578 600 510 553 476 554 480 472
NMVOC 296 181 175 156 152 142 146 136 138
SOz 825 429 247 42 40 31 31 28 24
NH3 139 84 85 77 7 69 72 73 76

The substantial reduction in sulphur dioxide emissions (-95%) is attributable to the decreased use of
fossil fuels in general and the decreasing share of coal with higher sulphur content. After 2000, further
reductions were observed due to the introduction of SO, precipitators in coal-fired power stations.
Reduced carbon monoxide emissions are obviously a consequence of decreased fuel uses. The
decrease in NOx emissions is relatively moderate due to the increasing significance of transport.
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3. ENERGY (CRF sector 1)

Recent key developments:

Since 2005, Hungary experienced an almost constant emission reduction in the energy sector.
However, the decreasing trend of emissions stopped in 2014. Still, current GHG emissions are
by 23 per cent lower than in 2005;

Emissions from the energy sector have increased by 6% or 2.4 million tonnes between 2014
and 2015;

Above all, transport related emissions continued to increase by 9% in 2015 after a 12% growth
in 2014. Especially diesel oil consumption increased significantly whereas gasoline sales grew
at a more moderate level. Still, transport related emissions were by 7% lower in 2015 than in
2007,

After years of dominantly decreasing trend, also the residential sector produced higher
emissions mostly due to higher natural gas consumption by 13%. However, residential gas
consumption was still lower in 2015 than the average of the last decade by 26%;

Gross electricity production increased slightly by 3%. The increase in natural gas based
electricity production was especially significant (20%). It must be noted, however, that in spite
of this growth, natural gas-fired electricity generation was three times as high around 2007-
2008. The basic feature of the Hungarian energy industry is that 52% of gross electricity
production stems from nuclear energy and only 37% from classic fossil fuels. Electricity
import has a significant share of 31%.

Major changes compared to previous submission:

Activity data has been updated (e.g. the latest version (i.e. March 2017) of the Annual
IEA/Eurostat Questionnaires has been used that contained amendments back to 2010. The
most pronounced changes affected biomass consumption in the residential sector. Also, the
most up-to-date database received from Eurocontrol has been taken into account).
Some of the above changes affected some of the automatic reallocations and extrapolations
that usually depend on the energy use of the most recent years:
o Generally, less gasoil has been reallocated from road transport to off-road machinery;
o Less natural gas has been allocated to oil and gas extraction from 1A4a;
o Less natural gas has been reallocated from 1A4a to 1A1b
To be consistent with the approach in the CLRTP inventory, all gasoil used in all
manufacturing industries (1A2) has been allocated off-road machinery (LA2gvii);
NCV of gasoline, gasoil and refinery gas has been changed. This had a smaller effect on
transport emissions as these are based on carbon content of the fuels (kt C/kt fuel);
CO, emission factor of gasoline has been revised as the previously used value corresponded to
the blend E5 and not to the fossil part only;
First estimate is presented for the category 1A4bii;
T2 methodology from the EMEP/EEA guidebook is applied for the categories 1A2gvii and
1A4cii
Military aviation is reported for the first time;
Emissions from lubricants in 2-stroke engines have been added to road transport;
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3.1 Overview of sector

Emitted gases: CO2, CH4, N20O
Methods: T1, T2, T3
Emission factors: D, CS, PS

This sector covers emissions from combustion processes and fuel-related 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 domestic energy resources of good quality are
available in Hungary, therefore the energy demand has to be met by import to a great extent. In 2015,
primary energy production amounted to 420.2 PJ which was by 32 per cent less than in 1990 and the
lowest value in the whole time-series (1990-2015). Most importantly, uneconomical deep coal mines
were closed down, but also crude oil and natural gas production decreased. In contrast, energy import
increased by 37 per cent between 1990 and 2005, and after drop of about 21 per cent until 2012, it
grew again by 12 per cent until 2014, and then decreased by 8% until it reached its current level of 738
PJ. As the share of production in consumption is about 42%, our import dependency is quite
significant. The primary energy use of Hungary was 992.2 PJ in 2015 which was about half per cent
above the 2014 figure.

In 2015, final domestic electricity use amounted to 37,341 GWh, which was by 4% lower compared to
the previous year and at about the same level as in 2012-2013. 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. Recently, 52 per cent of the domestic generated electricity is produced by
nuclear energy whereas the share of fossil fuels decreased to 37% in 2015 from 67% in 2003. The
share of gas-engines, wind-turbines, and biomass in electricity generation increased in the last decade,
however, the use of gas engines decreased in recent years.

Also, wind power production decreased somewhat in the last three years, still 693 GWh was produced
in 2015 which is a great increase after 10 GWh in 2005. Altogether, electricity produced from all
renewables (including part of municipal waste) accounted for 11% of total electricity generation after
5% in 2005 and 8% in 2010, so the growing tendency seems obvious.

Figure 3.1.1 shows the emission trends in the sector compared to the total.
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Figure 3.1.1 GHG emissions of the Energy sector compared to total (BY-2015)
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As the figure above demonstrates, the biggest emitting sector by far is the energy sector contributing
71% to the total GHG emission in 2015.

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 after 2005 was even higher!) In
addition, ongoing changes in fuel-structure, i.e. gradual replacement of solid fuel by natural gas, led to
further decrease of total emissions. Some classical types of fossil fuels have disappeared or their use
decreased significantly, e.g. city-gas, heavy fuel oil (by destructive technologies it has been
transformed to motor fuels and partly petrol-coke is produced from it). At the same time, the market
penetration of new fuel types became significant e.g. petrol-coke, bio-ethanol, LPG and compressed
natural-gas (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.

In the last 10 years, 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 the emissions especially 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,
however, emissions from the energy sector decreased further and reached their lowest level in the
whole time series in 2014.

However, the decreasing trend stopped in 2015. Total emissions from the energy sector have increased
by 6% or 2.4 million tonnes between 2014 and 2015 (after decreases of 6% and 1% in the last two
years, and an overall decrease of 30% since 2003). Above all, transport related emissions continued to
increase by 9% in 2015 after a 12% growth in 2014. Especially diesel oil consumption increased
significantly whereas gasoline sales grew at a more moderate level. Still, transport related emissions
were by 7% lower in 2015 than in 2007.

After years of dominantly decreasing trend, also the residential sector produced higher emissions
mostly due to higher natural gas consumption by 13%. Residential gas consumption was still lower in
2015 than the average of the last decade by 26%.

Gross electricity production increased slightly by 3%. The increase in natural gas based electricity
production was especially significant (20%). It must be noted, however, that in spite of this growth,
natural gas-fired electricity generation was three times as high around 2007-2008. (The decrease in
natural gas based electricity production was especially drastic between 2008 and 2014: -72%!) The
basic feature of the Hungarian energy industry is that 52% of gross electricity production stems from
nuclear energy and only 37% from classic fossil fuels. At the same time, electricity import has reached
a significant share of 31%.

Carbon dioxide from fossil fuels was the largest item among greenhouse gas emissions contributing
96% to the sectoral emission. Looking at fuel combustion only, the share of CO, emissions was even
higher (98%). Among all sectors, the energy sector contributes the most to the total CO, emissions as
well (89% in 2015).

As regards methane emission, its contribution is 3% and 2% to the energy sector’s emissions and to
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 fugitive emissions from natural gas transmission). Among methane emitters, this sector’s
proportion is 17% (waste and agriculture sectors dominate here, see Fig. 3.1.2).

Considering nitrous oxide emission, this sector represents 1% (without LULUCF) of the total
greenhouse gas emission. Among nitrous oxide emitters, its proportion is 8% which represents though
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the second highest emission compared to other sectors but it is still far behind agriculture.
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Figure 3.1.2 Sectoral contributions to the total emissions of the main GHG gases (2015)

The most important subsector was energy industries with a proportion of 32% within the energy
sector, followed by transport and other sectors (both 28%). In Fig. 3.1.3 we can observe some changes
in the relative contributions of the different subsectors, most notably the growing share of transport
emissions (from 11% in the base year to 28% in 2015) and the diminishing share of manufacturing
industries (from 21% in the base year to 7% in 2009 or 10% in 2015).

Fugitive emissions from fuels played only a small role with 1% out of which 93% originate from oil
and natural gas production, processing, transmission and distribution. Emission in subsector 1.B.1 —
Fugitive emissions from solid fuels are 96% smaller than the base year caused by the huge recession of
underground coal mining in Hungary. The aggregate change of sector 1B — Fugitive emissions is 76%
decrease compared to the base year.
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Figure 3.1.3 Changing shares of the different subsectors (BY-2015)
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3.2 Fuel combustion (CRF 1.A)

The principal driver of emissions in the energy sector is fuel consumption, therefore emissions of the
sector strongly depend on the amount of combusted fuel. The use of combustible fuels decreased quite
considerably, by 29% between the base year and 2015. 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 significant (-22%
until 2014) where the global economic crisis must have played a role.
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Figure 3.2.1 Fuel consumption by main fuel types (1985-2015)

Beside the amount, also the type of the used fuels has a great influence on the emission levels.
Considering fuel use in combustion processes, gases had the highest proportion (42%) in 2015, liquids
and solids represented 30% and 11%, respectively. It is worth mentioning that the share of biomass in
fuel combustion grew to 16%. Especially solid fuels lost their importance: their share in the fuel mix
was around 30% in the base year.

Figure 3.2.2 presents the proportion of combusted fuel types in the base year and in 2013.

a) Fuel Combustion (1985-1987) b) Fuel Combustion {2015)
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Figure 3.2.2 The used fuel mix in the base year and in 2015

In Fig. 3.2.3 the share of energy consumption among subsectors is illustrated (a) together with the
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subsectoral proportion of the combustion related GHG emissions in the energy sector (b). The most
important subsector within the energy sector (fuel combustion only) is energy industries (1Al) with a
proportion of 33%, followed by transport (LA3) with 29%, and other sectors (1A4) representing 28%.
Following the trend of previous years, the least contribution to the emission from fuel combustion has
manufacturing industries and construction (1LA2) with 10%.
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Figure 3.2.3 Proportions of energy consumption and emissions in the base year and 2015

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 Energy and Public 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/Eurostat 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) were provided. 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:

e Based on 2011-2015 data allocations and value added volumes for previous years, some gasoil
consumption has been reallocated from road transport to non-road mobile machinery
(1A2gvii);

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

e Some natural gas use has been reallocated between petroleum refining (1Alb) and “Not
elsewhere specified (Transformation)” category (1Alc) or autoproducer plants (1A2gviii) to
increase consistency with fuel consumption reported by the refinery under the ETS;

e Further natural gas consumption has been reallocated between other energy industries (LAlc)
and commercial/institutional (1A4a) to reflect fuel consumption in oil and gas extraction. Data
on natural gas production served as basis of extrapolation here;

The fuel use and emissions of autoproducer plants (that generate electricity or heat, wholly or partly
for their own use as an activity which supports their primary activity) are accounted for in this
inventory mostly under other stationary combustion (1A2g) which means not under the relevant
economic sector and not in energy industries. (The only differences are coke oven gas and blast
furnace gas that are reallocated from autoproducers to iron and steel, and to manufacture of solid fuels,
and some industrial waste incineration that are reallocated to energy industries.) Knowing the order of
magnitudes, this might not have led to large allocation errors, since in 2015 only 4 PJ of fuel
combustion was allocated to autoproducer use compared to 164 PJ energy use by public power plants.
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The problem of the network losses in the natural-gas transmission and distribution system should be
also mentioned here. These losses are partly not technical ones in the reality, but the result of
accounting. After discussing the situation with the experts of the natural gas industry, only about one
third of the losses reported in statistical publications was taken into consideration as real loss (i.e. that
is emitted into the atmosphere as methane), while the remaining two-third was assumed to be fired.
This one-third figure was more or less in line with our fugitive methane emission estimate from
transportation and distribution of natural gas reported to the UNFCCC. Thus, the natural gas
consumption in the residential sector is not the same as reported in the IEA natural gas annual
guestionnaire because 50 per cent of the network losses are added to it. As recent information from the
energy statistics provider indicated that natural gas used on compressor stations was allocated to
distribution losses for previous years therefore we reallocated about 1-2 PJ natural gas consumption to
pipeline transport based on IEA data of total consumption.

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 was 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 CO, from 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 international bunkers. The 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 performed for all years from 1985 to 2015 and is an integral part of
reporting to the UNFCCC. The analysis includes also the comparison from the base year (1985-87).
The reference approach, in theory, includes all CO, emissions from all fossil fuel uses in a country and
should be compared with a set of emissions from the sectoral approach that includes all CO; emissions
from energy use of fossil fuels.

Emissions from feedstocks and non-energy 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 stored is 1 for 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):
o All coke related emissions (including blast furnace gas) in the iron and steel industry are
allocated to the IPPU sector;
e More natural gas consumption in the chemical sector is allocated to the IPPU sector.

In the CRF reporting software, the RA is directly compared with the sectoral fuel combustion total.
This direct comparison of the energy outputs from the RA and the SA used in the Common Reporting
Format (CRF) shows that the total fuel consumptions of the RA are consistently larger than the SA
totals (Fig. 3.2.4). The remaining differences — after extracting the feedstock and non-energy use of
fuels — are basically statistical differences, fugitive emissions and transformation losses which are
occurring during coking, briquetting or oil refining.
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Figure 3.2.4 Differences between the reference and the sectoral approach as regards fuel
consumption and CO- emissions

In 2015, comparing the two approaches the difference was -1.3% in energy consumption and -1.1% as
regards CO, emission (Fig. 3.2.4). The ranges of differences are between -2.0% (2014) and 2.6%
(2006) with a 0.9% mean value as regards the fuel consumptions, and -2.0% (2014) and 2.7% (1989)
with a 0.7% mean value as regards the CO, emissions.

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 according to the Hungarian and IPCC categories. Practically this
means that imported “brown coal” in the Hungarian terminology would classify as sub-bituminous
coal 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 aggregate of hard 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 hard coal, brown 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 coal, sub-bituminous 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 account the changing
share of the higher quality lignite from underground production, a time dependent carbon emission
factor (changing between 103.0 and 108.6 t CO»/TJ) was introduced and applied for the pre-ETS
years. For the lowest quality lignite from surface mines 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
849% in 2010. For other bituminous coal and sub-bituminous coal, the IPCC default values are used.
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Table 3.2.1 Comparison of Hungarian and IPCC coal terminology

Hungarian Terminology Net Calorific Values IPCC Category (Gross calorific value)

Hard Coal 17-33 MJ/kg Other Bituminous Coal (>23.865 MJ/kg)

Hard Coal 17-33 MJ/kg Sub-Bituminous Coal (17.435 MJ/Kkg - 23.865 MJ/kg)
Brown Coal 10-17 MJ/kg Lignite (<17.435 MJ/kg)

Lignite (young brown

coal) 3.5-10 MJ/kg Lignite (<17.435 MJ/kg)

Gas Coal and Coking Coal Coking Coal

(Source: Bihari, 1998; IPCC, 2006)

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 CO2 emission, significant jumps are present at certain places, which are obviously due to
the changes in kerosene consumption because the same default EF was used throughout the entire time
series. Naturally, changes in kerosene consumption reflect the travelling/transport needs. This is
clearly illustrated in Table 3.2.2 which shows the air travelling/transport performance of the past years.

Table 3.2.2 Air travelling and transport performance in Hungary since 2000 in selected years

2000 2005 2008 2009 2010 2011 2012 2013 2014 2015

Passengers — ,476 3785 4340 4573 4512 4875 2108 2274 2857 3234
(thousands)

Transported 23 20 17 20 19 16 18 17 17
goods (kt)

l'fs‘zr?%r)‘e 9722 11892 11675 9982 9937 9982 7204 7031 7421 7595

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 Yugoslavia. The war set back the navigation on the
Danube South to Hungary, and decreased the trade in Hungary, too. In the last years, the sea
navigation (there was only tramp navigation) has relapsed due to falling into disuse of ship-fleet. This
process could be traced back to the absence of Hungarian harbor on seas and Danube-sea ships.
Between 1990 and 2000 the role of transportation of goods on waterways decreased from 28.2% to
2.9% among goods transportation in other ways. (Source: webpage of Koézponti Koézlekedési
Feliigyelet)

3.2.3 Feedstocks and non-energy use of fuels

The 2006 IPCC Guidelines introduced significant changes regarding feedstocks and non-energy use of
fuels. It is good practice now to report all the feedstock and non-energy use of fuels in the IPPU
Sector within the source category in which the process occurs.

In addition, also chapterl.2 of Volume 2 states: “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.”
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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 by Natural Gas use in sector 2B1 — Ammonia, Naphtha use
in 2.B.8 Petrochemical and the Coke used in 2C1 — Iron and steel.

Therefore, the Fuel quantities for NEU reported in CRF Table 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. However, the differences are well-known and documented.

Table 3.2.3 Allocation of feedstocks and non-energy use of fuels

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

Liquefied petroleum gases (LPG) 2.B.8 -Petrochemical and Carbon Black Production

Naphtha 2.B.8 -Petrochemical and Carbon Black Production
Bitumen 2.D Non-energy Products - Other (no COy)
Lubricants 2.D.1 - Lubricant Use

2.D.2 - Paraffin Wax Use

Other oil 2.B.8 - Petrochemical and Carbon Black Production
Coking coal 2.C.1 -Iron and Steel Production
Coke oven/gas coke 2.C.1 -Iron and Steel Production
2.B.1 -Ammonia Production
Natural gas 2.C.1 - Iron and Steel Production

2.B.8 - Petrochemical and Carbon Black Production

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 the reference approach), however the calculation of emission in the
IPPU sector is not based on a default carbon-stored approach, but usually plant-specific (EU ETS)
data, except for Lubricant and Paraffin wax use source categories.

3.2.4 Country-specific issues: on the use of plant level EU-ETS data

It is important to note first that no emission data are taken directly from the ETS database and put into
the CRF as they are without 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 then applied with 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 natural units 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 always as 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.
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Table 3.2.4 Country specific emission factors derived from the EU ETS database

Default 2008 2010 2011 2012 2013 2014 2015

Gasoil 74.1 74.1 82.6 75.4 75.2 74.1 74.1 74.1
Heavy fuel oil 77.4 82.0 77.4 78.4 78.6 77.4 77.4 77.4
Other oil 733 80.1 80.1 80.2 80.1 - - -
Lignite* 101.0 106.1 107.9 107.5 107.8 107.9 1085  108.2
Blast furnace gas 260.0 2557 2434 2542 2600  252.6 2461 2565
Coal/petroleum
coke - 94.1 93.3 93.5 92.4 93.0 92.8 92.9
Natural gas 55.6-
g 56.1 - 55.3 55.6 55.6 55.9 56.1 oot

*including the oxidation factor

Other country-specific issues are included under the source category descriptions and methodological
chapter of each category.
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3.2.5 Energy Industries (CRF sector 1A1)

Emitted gases: CO2, CH4, N20

Methods: T1, T2, T3

Emission factors: D, CS, PS

Key sources:

1A1 Fuel combustion - Energy Industries - Liquid Fuels—CO2 - L, T

1A1 Fuel combustion - Energy Industries - Solid Fuels—CO2 —-L, T

1A1 Fuel combustion - Energy Industries - Gaseous Fuels —CO2 - T

1A1 Fuel combustion - Energy Industries - Other Fossil Fuels -CO2 - L, T

3.2.5.1 Category description

This subsector includes facilities generating electricity, district heating stations, oil refineries and
coking and briquetting plants. On an overall level, here are the largest energy consumers.
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Figure 3.2.5 Trends of CO2, CH4 and N20 emissions in the Energy Industries (1985-2015)

Public Electricity and Heat Production was responsible for about 85% of fuel use in energy industries.
Based on a publication of the Hungarian Energy and Public Utility Regulatory Authority (“Data of the
Hungarian Electricity System 2015”), the energy consumption of the power plants in 2015 was 329
887 TJ, 1.3% more than in the previous year. In 2015, 52,4% of the used energy sources consisted of
nuclear fuel. Natural gas made up 15.4%, while coal made up 18,6% of the energy source usage of the
power plants. The renewable energy sources used in the power plants provide 9.2% of the total energy
source consumption of the power plants.

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 28% to 6-7%. In
addition to the effects of the financial crisis, an interesting 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 firing 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 has dropped quite substantially in 2013 by 13%. The share of import is a highly variable
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figure: in the last decade it changed between 8% (2001) and 18% (2004). After 2010, however, it grew
constantly and has reached a share of 31% in 2014 and remained at the same level in 2015.
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Figure 3.2.6 Domestic Electricity Production and Net Import (1980-2015)

Naturally, as domestic emissions are related to domestic production, the yearly fluctuation of
production is one of the decisive factors. Not less important is the way how electricity is produced, e.g.
what energy source is used. In Hungary, this sector consumes the deterministic part of our solid fossil
fuel production. However, some uneconomical coal-fired power plants of low efficiency were stopped,
and blocks of combined-cycle-gas turbine units were installed. For example, new 150 MW combined
cycle gas-turbine units were installed (Ujpest, Kelenfold, Szazhalombatta, Nyiregyhaza Power Plants),
and aged coal fired units (Inota, Banhida) of low efficiencies were taken out of service or blocks have
been converted to the combustion of biomass (Pécs, Kazincbarcika, Ajka Power Plants). The demand
for fossil fuel decreased by about 150 PJ in the electricity sector between 1980 and 1990 because of
the penetration of the nuclear electricity into the electricity market. This means that the fossil fuel
consumption of public power plants is smaller now than it was before the introduction of nuclear
electricity generation, in spite of much higher domestic electricity production. As a promising new
development, increasing use of renewable sources could be observed by some public power plants. All
these developments are demonstrated in Figure 3.2.7.

100% -
90% -
30% 1
T0% -
60% -
0% 1

=== e
40% A

0%+

20% 4 | 1k -

10% H |- 1+ -

I}E'XD T T T T T T T T T T T T T T T T T T T T
1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2013
ONuclear BCod OGas E0Oil BHydro BWind 0O 0ther ren.

Figure 3.2.7 Share of produced electricity by fuel (1995-2015)

In 2011 there were considerable changes in several areas of the Hungarian Power System. On the
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generation side, AES Borsodi Energetikai Kft. (AES Borsod Heat PP Ltd), being under liquidation,
ceased its electricity generation. This meant that two coal and partly biomass firing power plants were
closed. However, new units were added to the system: the combined cycle power plant of E.On Erémi
Kft. (E.On Power Plant Ltd.) in Gonyii and the open cycle gas turbine power plant of BVMT Bakonyi
Villamos Miivek Termel6 Zrt. (BVMT Bakony Power Generation Ltd.). In addition, the amendment of
the operating licence of Dunamenti Erdmii Zrt. (Dunamenti Power Plant Ltd.) enabled the commercial
operation of a GT3 unit.

“Since the regional supply and demand factors affect the electricity market, the utilisation of domestic
power plants is strongly influenced by the fuel costs and the regional wholesale electricity prices
changing country by country. The gas-fired power plants have lost significant market share also in our
region due to the high and basically oil price-indexed gas prices, the drop in electricity consumption,
the collapse of CO2 allowance price system and the increase of electricity generation from
renewables. Consequently, the load factor of domestic power plants was low. The traders
compensated the loss of domestic generation from import. Thus, the amount of import-export balance
reached 18.8% of total domestic electricity consumption in 2012.”

(Source: STATISTICAL DATA OF THE HUNGARIAN POWER SYSTEM,2012)

The above words taken from a previous edition from the already referenced Statistical Data of the
Hungarian Power System 2012 seem to be valid also for 2013-2015. There were no further large
power generating units connected to the Hungarian Electricity System either in the last three years.

(The gas and oil powered AES Tisza II. Power Plant (900 MW) was put into ,,constant non-operational status’”’
as from April, 2012. The suspension is valid from 1 July 2013 to 30 June 2016. After having been in constant
non-operational status from 1 January 2014, Unit XIII of Dunamenti Power Plant was removed, upon the
initiation of the power plant, from the electricity system with its total installed capacity on 1 January 2015.
Borsod Power Plant (137 MW), which was in constant non-operational status as well, has also been excluded
from total installed capacity of the Hungarian electricity system since 1 January 2015. Referring to
unfavourable market conditions, the generation licence of Debrecen Combined Cycle Power Plant (95 MW) is
being suspended. The suspension is valid from 1 July 2013 up to 30 June 2016. The operation of Nyiregyhdza
Combined Cycle Power Plant (49 MW) is also being suspended. In the virtue of its agreement concluded with the
Transmission System Operator, it has been in constant non-operational status with its total installed capacity as
from 1 July 2013. The power plant intends to keep up the suspension until 30 June 2016. In the virtue of the
amendment of the Operation Licence for Generation, approved by the Hungarian Energy and Public Utility
Regulatory Authority, Unit No. ‘C6’ of the Dunamenti Power Plant ceased to operate on 8th April 2015. The
installed capacity of the power plant was modified on the official date of notice (23rd April) received by MAVIR.
The four units with 60 MW installed capacity of Vértes Power Plant was put into “constant non-operational”
status as from 1st January 2016. Pécs-Tiiskésrét Photovoltaic Generator started its operation, with 10 MW, in
Nominal Trial Operation, in December 2015. It was included in Installed Capacity with 10.097 MW on 17th
March 2016. Matra VIII. Photovoltaic Generator started its operation, with 15 MW, in Nominal Trial
Operation, in September 2015. It was included in Installed Capacity with 16 MW in November 2015. Hamburger
Hungdria Generation Unit started its operation, with 44.7 MW, in Nominal Trial Operation, in November 2015.
(Source: Situation of large power plants in Data of the Hungarian Electricity System 2015).

3.2.5.2 Methodological issues

Activity data
Energy consumption data were taken from the IEA annual questionnaires compiled by the Hungarian

Energy and Public Utility Regulatory Authority. Besides, waste statistics and ETS data were taken into
account.

As it can be seen in Figure 3.2.8, total fuel consumption (without nuclear energy) in the energy
industries sector shows strong fluctuations. After a significant decrease around the political and
economic regime change in 1990, we could experience some increase till 1998, then a slight decrease
till 2005 and a more pronounced drop after 2008 due to the global financial crisis. After 2010, until
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2014, fuel consumption has reached record low values every year. In 2015, however, the decreasing
trend stopped. Within the inventory period, the consumption of liquid and solid fuels decreased
significantly. In contrast, the consumption of natural gas increased until 2007 to a great extent then it
shrunk substantially afterwards. The biomass use due to burning or co-burning in power plants became
more and more important and exceeded in amount the liquid fuel use in 2005. In 2006 the greatest
power plant of Hungary reduced biomass-use, because the amount of obligatory purchased electricity
was less than in 2005, this is also illustrated on Figure 3.2.8. In 2007 the produced electricity increased
by more than 11%, in parallel the fuel consumption (mainly natural gas) increased only by 9%,
because the efficiency of natural gas combustion is better than that of the others. Biomass burning in
power plants became again popular on favorable terms, which was induced by the EU carbon trading.
In 2008, the produced electricity from fossil fuels and also the fossil fuel consumption of this sector
decreased again, but the total generated electricity — including nuclear, waste and renewable sources —
was a bit higher than in the previous year. In 2009, the electricity generation in Hungary was by 10%
less than in 2008. The generation decrease of power plants of 50 MW and higher capacity was 11.6%
while it was 2.8% in case of small power plants. The fuel-mix also changed in 2009: coal and natural
gas consumption decreased, however liquid fuel use increased, but its contribution to total fuel
consumption is very low. Use of nuclear, waste and renewable sources continued to increase. In 2010
domestic electricity production increased again by 4%.
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Figure 3.2.8 Fuel combustion in the Energy Industries Sector (1985-2015)

In 2011, electricity production fell back by 4% which meant lower fuel use at power plants. Moreover,
the decrease in fossil fuel use was more pronounced, whereas there was only a slight change in GHG
emission irrelevant nuclear fuel use.

In 2012, gross electricity production fell back by a further 4%. Moreover, the decrease in natural gas
based electricity production was the most pronounced (-12.5%), whereas the share of air pollutant
neutral nuclear fuel has steadily grown in the last few years, and wind energy utilization showed a
steep increase. In addition, electricity import grew significantly by 16% in 2012.

This trend continued and even intensified in 2013. Domestic electricity production has dropped by a
further 13 per cent. At the same time, net import grew by 49 per cent!

The overall picture did not change in 2014, either. We experienced decreasing production levels (-3%)
and increasing import (+13%). In fact, net import was never higher in the whole period (1980-2015)
than in 2014, and electricity production was never lower since 1990 (see Fig. 3.2.6).

In 2015, the share of import remained at a quite high level (31%). At the same time, production
increased by 3% mainly due to a 20% growth in production of natural gas fired plants.
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The fuel consumption of oil refining showed a pronounced drop around 2000 but remained more or
less at the same level afterwards. Currently its share is about 10%. Even less significant is manufacture
of solid fuels and other energy industries with a portion of 2-4% within energy industries.

Going into more detail regarding fuel use, it can be seen that domestically produced lignite is the
dominant fuel among solid fuels (Fig. 3.2.9). In energy industries, solid and gaseous fuels are
dominant representing together around 80% 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 disappeared (Fig.
3.2.10).
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Figure 3.2.9 Share of different solid fuels used by energy industries (1985-2015)
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Figure 3.2.10 Share of different liquid fuels used by energy industries (1985-2015)
Traditionally, refinery gas and heavy fuel oil were reported together in the Hungarian Energy
Statistical Yearbooks. Expressed in mass units, three-four 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 2008-2015, “real” heavy fuel oil burned by the refinery has
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a net calorific value between 39.8 TJ/kt to 40.6 TJ/kt and a CO2 emission factor between 79.3 t/TJ and
83.7 t/TJ. Refinery gases show in contrast more diverging values. (Even more so, if we include tail
gases and purge gas, t0o.) We can see here calorific values between 45.6 TJ/kt and 65.9 TJ/kt with
corresponding CO2 emission factors between 33.0 t/TJ and 60.6 t/TJ. On yearly average, it can be
calculated with a NCV of 48.7-52.4 kt/TJ and an EF of 49.8-55.0 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 CO2 IEF based on the IEA energy statistics for the pre-ETS period (2000-2007) and the ETS
period (2008-2013) is the same (i.e. 62.2 t CO2/TJ). For the 90’s, where the share of refinery gas was
definitely lower with 40% on average. On the other hand, the use of end-gases 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.

Table 3.2.5 Country specific parameters used in the category petroleum refining

Avg. NCV EF
Period Fuel [TJ/Kkt] [t CO2/TJ] Comment

2008-2015 refinery gas 48.7-52.4 49.8-55.0 ETS data
2008-2015 other liquid fuel 40.0-40.6 78.9-82.7 ETS data
1985-2007 gasoil 43.0 74.1 IPCC default
1985-2007 refinery gas 49.5 57.6 IPCC default
1985-2007 fuel oil 40.2 77.4 CS /IPCC default
1985-2015 petroleum coke 32.5 106.0 EF based on ETS

Emission factors

Carbon dioxide emissions were calculated in accordance with the 2006 IPCC Guidelines. Country
specific OF and EF values — taken mostly from the ETS database — were used for most solid fuels and
some liquids. The used factors are summarized in Table 3.2.6.

Table 3.2.6 CO2 emission factors used in energy industries in the 2015 inventory year

Fuel type Emission factor Oxidation
(CO21/TJ) factor
Coking coal 94.6 1.0
Other Bituminous Coal 94.6 1.0
Sub-Bituminous Coal 100.1 0.979
Lignite (domestic brown coal) 105.3 0.949
Lignite (domestic lignite) 112.2 0.972
Coke Oven Gas 44.4 1.0
COG in coking plant (IEF) 50.9 1.0
Blast Furnace Gas 256.5 1.0
Gas/Diesel Qil 74.1 1.0
Residual Fuel Oil 77.4 1.0
RFO in refinery 79.3 0.995
Refinery gases (IEF) 55.0 0.995
Petroleum Coke 97.5 1.0
Natural Gas (in PPs) 56.1 1.0
NG in coking plant 56.5 1.0
NG in the refinery 55.6 1.0
Biomass (Solid) 112.0 1.0
Biogases 56.6 1.0
Waste (IEF) 82.0 1.0

(Source: 2006 IPCC Guidelines; in bold and italics — EU ETS database of Hungary
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*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 measured (from EU ETS) carbon content
and fossil carbon fraction data from Table 2.4 — 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 guidelines, the emissions from 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 category 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 three
main activity data sources were used: data from the Waste Incineration Works (FKF) of Budapest
(1985-2015), the Hungarian Waste Management Information System (2004-2015), the IEA Renewable
Questionnaire, and the ETS data (2006-2015). 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 Directive. The latter made it possible to distinguish 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 directly taken out from the IEA statistics. It
should be stressed, however, that the reported TJ values are (mostly) not used for CO2 emission
estimations therefore the resulting IEF values have little significance.

As only CO; emissions resulting from incineration of carbon in waste of fossil origin should be
included in the national CO2 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 from Table 2.4-2.6
in the 2006 Guidelines. In case of the two biggest incinerators, plant specific data were used. The
Waste Incineration Works (FKF) of Budapest determines regularly the composition of incinerated
municipal solid waste (MSW), therefore the fossil carbon fraction could easily be calculated with the
help of Table 2.4 of the 2006 Guidelines. The fossil carbon fraction of MSW grew from 5% in 1990 to
17% around 2010 and decreased to 13% in 2014 and 10% in 2015. CO2 emissions were estimated
then with an oxidation factor of 1.0.

The biggest co-incinerator plant is Matra Power Plant. Since this plant reports its verified emissions in
the framework of the European emission trading, direct ETS data relating its fuel use and CO2
emissions were taken over.

In addition, there is a relatively small amount classified as industrial waste (35 TJ in 2015) reported in
the IEA questionnaire for which the default emission factor was applied (143.0 t CO2/TJ).

All in all, waste incineration contributed around 214 Gg CO2 to GHG emissions in this category in
2015.

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 same can be stated about N20
emissions that were estimated the same way with the default emission factor of 4 kg/TJ.

3.2.5.3 Uncertainties and time-series 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 from other sources). Taking all this into account, the
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estimated uncertainty of the energy consumption data is £1% (for biomass 5%). This is particularly
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 CO2 is 2-5%. The uncertainty of the methane factor is
significantly higher (50-150%), while that of N20O may be of an order of magnitude.

The time series can be regarded as consistent.

3.2.5.4 Category-specific 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/blast furnace 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 conducted. Based on the results of this consistency check, and after several
consultations with the energy statistics provider, it was decided to build the calculations in the
IEA/Eurostat questionnaires.

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 consumption in 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 above-mentioned
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 reported under the ETS could be used
directly.)

In previous inventories, emissions from natural gas were 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 these facilities, 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
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 2010-2013.

A comparison between the ETS data (based on mass balance methodology) and calculations based on
fuel use was also made for the coking plant. The difference was higher here: CO2 emissions from
solid fuels differed from ETS data by between -4% (2011) to 17% (2010). Emission calculations
showed a better agreement for 2012 though: CO2 emissions calculated on the basis of fuel use were by
only 2% higher than in the ETS database. These smaller differences allowed us to base our emission
estimates on the ETS data for the years 2011-2013 to reach a greater consistency with the ETS
database. In 2014, the difference became greater again (the ETS data is significantly higher) which led
to an unusual high IEF based on coke oven gas reported as activity data here.

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

power plants the total fuel consumption’s difference between the ETS and this dataset was around 1%
in 2009.
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3.2.5.5 Category-specific recalculations

No methodological changes have been undertaken, all amendments were due to changes in activity
data. For this submission, the latest energy statistics were used as submitted to Eurostat in march 2017.
For gasoil, the NCV has been changed from 42.0 TJ/kt to 43.0 TJ/kt which is the default value in the
2006 IPCC Guidelines. Also for refinery gas, the default NCV is used for the whole pre-ETS period
(1985-2007) consistently. In addition, the updated energy statistics had an effect on the extrapolated
natural gas consumption values used for oil and gas extraction reported in the CRF category 1Alciii.
The resulting changes in emissions were minimal for the base year: CO2 emission changed by -49.32
kt or -0.19%. For 2014 the changes were larger, +308.75 kt or 2.36%, basically due to the revised
natural gas consumption data which is demonstrated below

Revised natural gas consumption data:

Hungary

Terajoules 2010 2011 2012 2013 2014 2015
|
Inland demand (Total consumption) 457,653 436,050 389,745 365,697 341,110 359,345
Transformation sector h 146,772 136,022 124,289 89,453 75,685 84,463
Main activity producer electricity plants N 46,598 35,302 35,757 10,027 7,119 12,192
Autoproducer electricity plants h 0 0 0
Main activity producer CHP plants h 72,597 67,348 54,937 45472 35,766 34,991
Autoproducer CHP plants b 1,564 3,851 1,597 2,085 1,786 1,094
Main activity producer heat plants h 14,612 18,141 22,289 23214 22 936 26,283
Autoproducer heat plants h 1,934 1,978 2204 1,494 879 904
Gas works (Transformation) h 0 0 0 0 0 0
Coke ovens (Transformation) h 0 0 0 0 0 0
Blast furnaces (Transformation) h 1,661 1,304 367 412 670 1,549
Gas-to-liquids (GTL) plants (Transformation) 0 0 0 0 0 0
Mot elsewhere specified (Transformation) h 7,806 8,098 7,138 6,748 6,529 6,550
Energy sector ‘ 2,594 2,547 2,876 4,194 4,801 3,955
Coal mines ‘ 0 0 0 0 0 0
Oil and gas extraction h 0 0 0 1,078 975 816
Qil refineries h 2,156 2,061 2,494 2,627 3,242 3,124
Coke ovens (Energy) h 50 57 43 46 26 15
Blast furnaces (Energy) b 0 0 0 0 0 0
Gas works (Energy) h 0 0 0 0 0 0
Electricity, CHP and heat plants b 0 0 0 0 0 0
Liquefaction (LNG) / regasification plants h 0 0 0 0 0 0
Gas-to-Liquids (GTL) plants (Energy) h 0 0 0 0 0 0
Mot elsewhere specified (Transformation) h 388 429 334 443 558 0
Distribution losses h 7.881 6,639 6,070 5622 4,889 4742
|

Total final consumption (2ii+2iii) 300,406 290,842 256,510 266,428 255,735 266,185

Natural gas consumption in the previous submission:
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Hungary
Terajoules 2010 2011 2012 2013 2014
|
Inland demand (Total consumption) 458,263 436,864 388,806 365,834 331,295
Transformation sector h 138,966 127,924 117,193 82,772 65,679
Main activity producer electricity plants h 46,598 35,302 35,757 10,027 7,119
Autoproducer electricity plants 3 ] 0 42 B8 129
Main activity producer CHP plants h 72,507 67,348 £4,037 45,472 35,659
Autoproducer CHP plants h 1,564 3,851 1,597 2,085 1,657
Main activity producer heat plants h 14,612 18,141 22 289 23214
Autoproducer heat plants h 1,934 1,978 2,204 1,494 873
Gas works (Transformation)) h 0 0 0 0 0
Coke ovens (Transformation) h 0 0 0 0 0
Blast furnaces (Transformation)) h 1,661 1,304 367 412 670
Gas-to-liquids (GTL) plants (Transformation) 0 0 0 0 0
Mot elsewhere specified (Transformation) h 0 0 0 0 0
Energy sector ‘ 11,010 11,459 9,033 11,012 4101
Coal mines N 0 0 0 0 0
0il and gas extraction h 0 0 0 3,778 975
Qil refineries h 10,572 10,873 8,651 6,745 2542
Coke ovens (Energy) h 50 57 48 46 26
Blast furnaces (Energy) h 0 0 0 0 0
Gas works (Energy) h 0 0 0 0 0
Electricity, CHP and heat plants h 0 0 0 0 0
Liquefaction {LNG) / regasification plants 3 ] 0 ] o 0
Gas-to-Liquids (GTL) plants (Energy) h 0 0 0 0 0
Mot elsewhere specified (Transformation) 3 338 429 334 443 558
Distribution losses b 7,881 6,639 6,070 5622 4,889
N

Total final consumption (2ii+2iii) 300,406 290,842 256,510 266,428 256,626

3.2.5.6 Category-specific planned improvements

The different oxidation factors used by ETS facilities will be analyzed.
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3.2.6 Manufacturing Industries and Construction (CRF sector 1A2)

3.2.6.1 Source category description

Emitted gases: CO2, CH4, N20

Methods: T1, T2, T3

Emission factors: D, CS, PS

Key sources:

1A2 Fuel combustion - Manufacturing Industries and Construction - Liquid Fuels- CO2 -L, T
1A2 Fuel combustion - Manufacturing Industries and Construction - Solid Fuels - CO2 — T

1A2 Fuel combustion - Manufacturing Industries and Construction - Gaseous Fuels - CO2 - 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 questionnaires and in the CRF tables can be more easily
harmonized. Emissions from autoproducers have generally been included under 1A2gviii Other.
Emissions from off-road wvehicles and other machinery are reported as a separate category
(1.A.2.9.vii).

Emissions in the Manufacturing Industries and Construction Sector:
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Figure 3.2.11 Trends of CO2, CH4 and N20 emissions in the Manufacturing Industries and
Construction Sector (1985-2015)

3.2.6.2 Methodological issues

The energy consumption data have been taken from the IEA/Eurostat questionnaires. All feedstock
and non-energy use were removed from the chemicals subsector for the entire time-series, and all
relating CO2 emission originating from non-combustion 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
database with preference to ETS data in case of differences. Special attention was given to the four big
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cement factories, as they incinerate large amount of waste of fossil origin (plastics, rubber etc.). Their
verified ETS data (emissions and fuel use) were analyzed, from which a specific emission factor was
derived: 85.5 tonne CO2/TJ waste. This EF was used for the years 2004-2007 in case of fossil wastes.
From 2008 on, ETS data (fuel consumption and emission) of the cement factories were used directly.
It could be seen that other industrial facilities incinerate predominantly waste of biogenic origin,
mostly wood waste, therefore their CO2 emissions did not contribute to the national total. The
insignificant CH4 and N20 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.

Activity data

Figure 3.2.12 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 sector (Chapter 4).
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Figure 3.2.12 Fuel combustion in the Manufacturing Industries and Construction Sector (1985-2015)

In 2009 the global economic crisis caused a drop of fuel consumption by more than 25% which led to
lower emissions. In 2010, the growing industrial production increased the energy demand that did not
change much either in 2011 or in 2012. In 2013, however, fuel consumption returned to the level of
the years before the economic crisis.

Fig. 3.2.12 clearly demonstrates the dominance of natural gas (67% in 2015). 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
fuels. Liquid fuels represented 15% in 2015 out of which gas oil seems to be the most important (see
Fig. 3.2.13).
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Figure 3.2.13 Share of different liquid fuels used by manufacturing industries (1985-2014)

The share of solid fuels became quite low (5% in 2015). Also, the fuel mix has been changing as
demonstrated by Fig. 3.2.14. The growing relative share of coke oven gas define the CO2 IEF in the
iron and steel category since coke oven gas has a very low (44.4 t/TJ) CO2 emission 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.
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Figure 3.2.14 Share of different solid fuels used by manufacturing industries (2005-2014)

Biomass cannot be considered as the most important fuel but its contribution grew slowly to 8 per
cent. Within this the growing share of biogases (especially in autoproducer plants) might deserve our
attention as the default emission factors are quite different for solid biomass and biogas.

Emission factors

Mainly default CO2 factors are used in this sector with some exceptions. Country specific emission
factors are applied for example in the non-metallic minerals category (based on ETS information). The
situation is somewhat complicated here as the cement factories often use mixed fuels. The applied
country specific CO2 emission factors for petroleum coke/coal mix are varying between 92.4 t/TJ and
95.0 t/TJ for the period 2008-2015.
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3.2.6.3 Uncertainties and time-series 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 from other sources). Taking all this into account, the
estimated uncertainty of the energy consumption data is 5% in consideration of the fact that uses are
less easy traceable due to the high number of users.

The estimated specific uncertainty for CO2 is 2-5%. The uncertainty of the methane factor is
significantly higher (50-150%), while that of N20O may be of an order of magnitude.

3.2.6.4 Source-specific 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 cross-checked with the Industrial Processes sector.

3.2.6.5 Source-specific recalculations

Part of the changes in this subsector were due to changes in activity data as:

e The energy statistics provider made some revisions back to 2010;

e The above revisions had an effect on the reallocations between road transport and manufacturing
industry;

e All gasoil consumption reported for the industry sector in the energy statistics is allocated now to
off-road vehicles and other machinery (to be consistent with the CLRTP reporting).

e NCV of gasoil has been changed to 43 TJ/kt (from 42 TJ/kt).

The resulting changes in CO; emission for the base year were negligible, an increase of 0.02%. In
2014, the changes were a somewhat higher with a decrease of -142.85 kt or -3.42% that corresponded
to -0.32% of total emissions.

The methodology for off-road vehicles and other machinery used in industry and construction has
been changed. For this submission, we have implemented the Tier 2 method from the 2016
EMEP/EEA Guidebook. 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 cover the emissions from engines prior to
the first EU legislation stages. The used layers are as follows: <1981; 1981-1990; 1991-Stage I; Stage
I; Stage Il; Stage IlIA; Stage 111B; 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) as it can be seen for diesel-fueled non-road machinery in Table 3-3 in the Guidebook.

This new method affected mostly the N20O emissions that decreased by -22.28 kt or -40.83%

corresponding to -0.20% of total emissions in the base year, and by -41.26 kt or -71.88%
corresponding to -0.98% of total emissions in 2014.

3.2.6.6 Source-specific planned improvements

None.
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3.2.7 Transport (CRF sector 1A3)

3.2.7.1 Source category description

Emitted gases: CO2, CH4, N20

Methods: T1, T2, T3

Emission factors: D, CS, M

Key sources:

1A3b Road Transportation — CO2 - L, T;

1A3c Railways - CO2 - T

1A3d Domestic Navigation - Liquid Fuels — CO2 — T (only excl. LULUCF)

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
observed during the regime change in the early 90’s. The Hungarian transport performance expressed
in freight tonkilometers had not reached the level of 1985 until 2005. Beside these significant changes
of volume, also the structure of goods transport altered. Currently, the most important means of freight
transport is road transportation with a share of 69%, followed by rail (18%), pipeline (10%) 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. The share of road transportation
was 15% about 25 years ago.

Passenger transport also underwent considerable changes. The stock of passenger cars had more than
doubled since 1985, and increased by 64% since 1990. Within this increase, the proportion of Eastern
European cars characterized by high fuel consumption and obsolete technology decreased; for
example, currently about 60% of the passenger cars complies with at least the Euro 3 emission
standards. At the same time, the average age of the car fleet has increased again in recent years to 13.7
years in 2015. Figure 3.2.15 summarizes the above-mentioned developments.
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Figure 3.2.15 General changes in the transport sector
Electrification of the railways in Hungary eliminated mostly decreased the solid fuel consumption.

(Today there are only few lines where steam engines are used during non-scheduled vintage train
trips.) Diesel oil consumption of railways decreased as well, by 78% between the base year and 2015.

63



HUNGARY National Inventory Report 1985-2015 ENERGY

Emissions were calculated generally from the national fuel consumption data from the IEA/Eurostat
annual questionnaires. However, national statistics usually does not have separate lines for the
guantities of aviation gasoline used for in-country aviation and of the diesel oil used for international
(river) navigation (both represent negligible amounts in Hungary). Fuel consumption data (i.e. both
aviation gasoline and jet kerosene) of domestic aviation are taken from the Eurocontrol database that
contains data on IFR flights. We also assume (based on personal communication with the energy
statistics provider) that 0.9 kt aviation gasoline is consumed for domestic flights. It is still possible that
some minor amount of aviation fuel (for VFR flights) is included elsewhere in the inventories (e.g.
under road transport).

Based on information received from the energy statistics provider, natural gas use related to natural
gas transport was previously included under distribution losses in the energy statistics. In the
inventory, however, a complete time series of emissions from pipeline transport is included separately.

Figures below illustrate the fuel consumption of the sector:
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Figure 3.2.17 LPG, natural gas and solid fuel combustion in the Transport Sector (1985-2015)

Figure 3.2.18 clearly shows that in contrast to the other described sectors, transport consumption had a
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rising overall tendency from the mid 90’s until 2008. Starting in 2009, the trend of fuel consumption
has changed due to the economic crisis. Both fuel consumption 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 reasons of a record low gasoline consumption in the transport sector. It is worth
mentioning that 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 21% since 2012.

In the second half of 2005 the Hungarian oil and gas company’s refinery, MOL Danube Refinery,
started to process bioethanol from vegetable raw material with high sugar content, also biodiesel have
been used for blending. These bio components appear also in Fig. 3.2.16.

LPG has been used since 1992. It should be noted that due to the current commercial practices, in-
container (household, institutional) uses are difficult to separate from traffic uses (i.e., distribution at
petrol stations). This may be the reason for the sharp 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) show a significant
drop — on the basis of the national statistics.
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Figure 3.2.18 Trends of CO2, CH4 and N20O emissions in the Transport Sector (1985-2015)

3.2.7.2 Methodological issues

CO2 emission from transport was previously calculated by multiplying fuel consumption taken from
Energy Statistics Yearbooks (1985-2010) by the default IPCC emission factors. In 2013, as the
compiler institute received data on carbon content of gasoline and diesel 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 non-CO2 emissions, the COPERT-4 (Computer Programme to Calculate Emission from Road
Transport) model, specifically version 11.1, was used consistently for the period 1985-2013, and a
later version (v11.3) for 2014 and 2015. The transition to the COPERT-4 model for the whole time
series was a necessary step in the area of national road transport emission calculations, since most
countries use this model, and our previous approach (i.e., using COPERT for the period 2005-2012
and a different method for the preceding years) led to significant inconsistencies in the time series.
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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, 2012, 2013, 2014, and 2015. 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 COPERT-4 are as follows:

e vehicle stock data
emission categorization
mileage data
traffic situations, average speed values
fuel used
country-specific data.

As the above data were not obtained from the same source and were not always suitable for direct use.
The largest bulk of work was processing the vehicle stock data, since this data ensures the basis for
emission calculations performed by COPERT-4. Thus, with respect to the vehicle stock it was crucial
to perform work of the utmost precision, therefore, in the course of the work, the vehicle stock related
data of the Central Statistical Office (CSO) were used. At the request of the Institute for Transport
Sciences, vehicle data tables required to perform the task were extracted from the CSO database. The
vehicle stock classifications and emission categorizations for the year 2015 were prepared with the use
of these data tables.

The data on traffic situations, that is, the percentage of runtime distribution within individual road
categories by vehicle category, and, within road categories, the average speed values also by vehicle
category were included based on emissions defined in the previous years. These earlier data were
based on the results of previous research carried out by the Institute for Transport Sciences. The
mileage data were specified based on previous emission calculations with the use of the research
outcomes of the Institute for Transport Sciences, as well as based on the annual emission calculation
for the year 2009 provided by the Ministry of Environment from the extract of the Regular
Environmental Audits database, subsequently corrected based on the annual fuel consumption. The
source of the "amount of fuel used" data was the official energy statistics.

The country-specific data was taken partly from the Hungarian Meteorological Service (HMS)
(average maximum and minimum temperatures by month), partly from the Hungarian fuel standards
(Reid vapor pressure RVP).

In case of larger differences between the calculated fuel consumption and the fuel sold statistics, the
input mileage data (km/year) were slightly modified.

2./ For all the years in the period 2000-2015 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 provider, “the vehicle fleet and activity data provided by EMISIA SA
for 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 transport dataset and methodology of the TRACCS research project. More specifically, TRACCS
dataset of the period 2005-2010 has been combined with the previous FLEETS research project
dataset (2000-2005) and with latest official statistics available (2011-2013) to produce aligned and up
to date time series for the period 2000-2013 (no projection included). The quality, completeness, and
consistency of these two projects datasets, which have been extensively reviewed and cross-checked,
ensure that the compiled countries data are also of good quality.”

Again, whenever necessary, the mileage data were slightly modified to reflect better the domestic
statistics on fuel sold.
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3./ The compiler institute produced input data for the remaining years (i.e. 1985-1999). 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 the Hungarian vehicle fleet. Also, personal
communications with experts took place. It should be noted that unleaded gasoline was sold only after
1989. Since lead is poison for catalytic converters, it was assumed that real catalyst vehicle has been
used after this time.

Elimination of leaded gasoline in Hungary
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Figure 3.2.19 Elimination of leaded gasoline in Hungary
(Source: Hungarian Petroleum Association (MASZ), Annual Reports 1996-2008)

Compared to recent years where about 200 vehicle categories were taken into account, the input
database for the earlier part of the time series is less detailed containing 35 vehicle categories, and it
probably has a higher uncertainty.

Emissions from in-country aviation, which represent a very low proportion, were taken previously
equal to the emission from consumption of aviation gasoline, and calculated 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 Hungary, Eurocontrol data for the period 2005-2015
suggested that about 0.23 per cent of total jet kerosene is used for domestic flights. Using the same
share back to 1985, some kerosene (i.e. 12-37 TJ) is now allocated to domestic aviation. As regards
aviation gasoline, based on personal communication with the energy statistics provider, it is assumed
that altogether 0.9 kt aviation gasoline is sold in the country. This amount was amended with
Eurocontrol data on international fuel consumption. For all other (pre-Eurocontrol) years (i.e. 1985-
2004) the average value of 2005-2015 was used. The resulting CO, emission (from both aviation
gasoline and jet kerosene) is 4 Gg on average (i.e. far below the significance threshold).

(Background of the Eurocontrol data: At the end of 2010 the European Commission signed a
framework contract with EUROCONTROL, the European organization for the safety of air
navigation, regarding ‘the support to the European Commission in relation to climate change policy
and the implementation of the EU ETS".

This support project is organized in different Work Packages. One of these Work Packages pertains to
the improvement of GHG and air pollutant emissions inventories sub-mitted by the 28 Member States
and the European Union to the UNFCCC and to the UNECE. The main 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 EU-
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ROCONTROL.

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 national railway 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 lines has not changed in recent years. The number of locomotives dropped
only minimally. The total volume of passenger transport in terms of the number of persons transported
has decreased since 2001 by about 13 percent. As far as the railways are concerned, although the
decrease was a significant one but compared to the total volume changes, the decrease was a little
smaller (-11%). However, expressed in passenger kilometers, the decrease was more pronounced (-
24%). Considering transport of goods, rail transport has been showing some sign of growth since
2011, especially domestically.

Table 3.2.7 Interurban passenger transportation (2001-2015)

Total number of

ver o Ortevans TOWMBSRONofess rams
millions)
2001 755.9 161.7 25,546 10,005
2002 755.9 164.6 26,102 10,531
2003 743.7 159.9 26,418 10,286
2004 737.3 162.7 27,217 10,544
2005 720.1 156.4 26,736 9,880
2006 721.7 156.8 27,733 9,584
2007 682.3 149.8 26,885 8,752
2008 691.1 144.9 25,989 8,293
2009 650.8 142.8 24,881 8,073
2010 652.8 140.5 25,059 7,692
2011 665.9 145.7 25,979 7,806
2012 669.3 147.8 23,285 7,806
2013 671.0 148,5 23,701 7,842
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2014 671.9 146.1 25,056 7,738

2015 656.9 144.4 25,623 7,609

Table 3.2.8 Domestic freight transport (2001-2015)

Weight of Freight ton-
Year transported of these, by Kilometers in of these, by
goods, thousand railway millions railway
tons
2001 152,552 17,824 9,766 1,967
2002 237,732 16,560 13,413 1,788
2003 230,961 14,592 13,224 1,593
2004 228,019 15,217 13,692 1,725
2005 238,233 13,440 14,031 1,645
2006 253,388 12,078 14,928 1,491
2007 237,823 10,834 15,629 1,289
2008 251,666 11,198 15,495 1,374
2009 222,568 12,362 14,448 1,268
2010 190,635 11,398 13,667 1,341
2011 176,031 10,763 12,844 1,169
2012 156,503 11,556 12,411 1,423
2013 158,213 12,461 12,504 1,606
2014 184,218 15,020 13,559 2,049
2015 186,575 14,409 13,868 1,784

(Source: Institute for Transport Sciences)

Emissions from pipeline transport are reported separately since the 2015 submission. The calculations
are based on (amended) energy statistical data and default emission factors. The IEA Annual Gas
Questionnaire contains fuel consumption data only for the period 2010-2015. Therefore, backward
extrapolation was carried out using total natural gas consumption as proxy information.

Emission factors

Carbon dioxide emissions were calculated using country-specific emission factors for gasoline and
diesel in road transportation, otherwise default factors were applied as summarized in Table 3.2.9
below.
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Table 3.2.9 Some CO2 emission factors in the Transport Sector

Emission factor

Fuel type (kt CO2/TJ) Source of EFs
Gasoline 69.3 2006 IPCC Guidelines
in road transport Refinery

fossil 71.3 based on carbon content
bio 77.1
Gas/Diesel Oil 74.1 2006 IPCC Guidelines
in road transport Refinery
fossil 73.6 based on carbon content
bio 84.4
LPG 63.1 2006 IPCC Guidelines
Residual fuel oil 77.4 2006 IPCC Guidelines
Natural Gas 56.1 2006 IPCC Guidelines
Lubricants 73.3 2006 IPCC Guidelines

It has to be noted that the cited CO2 emission factors in the above table are somewhat different from
what was reported in the previous submission for two reasons. Previously, the used activity data for
emission calculations were gasoline and diesel oil consumption expressed in kilotonnes and not in
terajoules. The net calorific value applied in the Hungarian energy statistics was usually 42 TJ/kt for
both fuels. We kept this figure in the inventory. 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 in COPERT. In the 2006 IPCC Guidelines, we can found 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. Therefore, there might be some smaller change in the reported activity
data for transport, i.e. fuel consumption in TJ, but that would not change the emissions because these
are based on kilotonnes of fuels. The used emission factors were 0.8406 t C / t gasoline and 0.86275 t
C / t diesel, and the oxidation factor was changed to the new default value of 1.0.

For this submission, we have changed the NCV values from the previously used 42 TJ/kt both for
diesel (to 43.0 TJ/kt) using information from the refinery and for gasoline (to 44 TJ/kt) on the basis of
the revised energy statistics. Moreover, as the carbon content of the fuel as received from the refinery
related to the fuel mix E5 (i.e. 5% biofuel), we have realized that this value cannot be used for the
fossil part of the fuel as in the previous submission. Therefore, we have changed the used emission
factor for gasoline (fossil part) by taking into account the difference between the default CO emission
factor for gasoline (3.180 kg CO./kg fuel) and for the blend E5 (3.125 kg CO./kg fuel) (See Table 3-
12 in the 2016 EMEP/EEA Guidebook). This means, we have multiplied the original EF with
3.180/3.125 for the fossil part. At the same time, we have changed our approach by using also CS
emission factor for the biofuel part for this submission. These CS EFs are calculated by assuming 5%
biofuel share in the blend (which is justified also in the energy statistics), and taking into account the
original total carbon content of the blend, i.e. 84.06% (m/m) for gasoline and 86.275% (m/m) for
diesel. All the revised EFs are included in Table 3.2.9 above.

As discussed above, CH4 and N20 emissions were calculated using the COPERT model (COPERT 4,
versions 11.1 and 11.3) for the whole inventory period for gasoline and diesel. Otherwise, the default
IPCC emission factors were applied.
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For the first time, CO, emissions from lubricants in 2-stroke engines have been included in the
transport sector. Activity data have been taken from the COPERT database (i.e. fuel consumption of 2-
stroke cars, mopeds, and motorcycles. With an assumption of a 1:40 mixing ratio, the total 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 3.2.10 CO; emissions from lubricants in 2-stroke vehicles (with activity data)

BY 1990 1995 2000 2005 2010 2013 2014 2015

Fuel . t 440 720 479 286 241 046 166 112 69 070 48 243 22411 20433 26 996
consumption

2-stroke cars t 428 813 471 356 233 262 158 923 46 402 21668 8790 7634 5657

Mopeds t 5000 5000 5000 5561 20 369 24 606 11734 11 005 19 758

Motorcycles t 6 907 2930 2784 1628 2298 1968 1887 1794 1581

Lubricants kt 11,02 11,98 6,03 4,15 1,73 1,21 0,56 051 0,67

CO.2 . kt 32,16 34,97 17,59 12,12 5,04 3,52 1,64 1,49 1,97

emissions

3.2.7.3 Uncertainties and time-series consistency

We assume that the uncertainty of the transport-related 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 consumption data is +5%. The estimated uncertainty of the
emission factors for CO2 is +1-5%. It should be noted, that in the 2006 IPCC Guidelines the
uncertainty for default methane and nitrous oxide factors is much higher (200-300%).

3.2.7.4 Source-specific 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 and net calorific values of gasoline from fuel
suppliers, to develop a country-specific EF for CO2 from gasoline that is representative for gasoline
used in Hungary and to revise data accordingly.

During the 2016 review, it was recommended that CO, emissions from lubricants for non-energy use
should be reported under 2D1 Lubricant use and emissions from energy uses (such as in 2-stroke
engines) should be reported under 1A3b Road transportation. Following this recommendation, this
submission contain the first estimates of CO, emissions of lubricants from 2-stroke engines taking fuel
consumption data (FC_t) from the COPERT database (2-stroke passenger cars, mopeds, and
motorcycles).

3.2.7.5 Source-specific recalculations

There have been several changes for this submission, mostly related to the used activity data and
emission factors. The used methodology remained basically the same.
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Changes in activity data:

e The latest IEA Annual Questionnaires (as submitted to Eurostat in March 2017) that contained
revisions back to 2010 served as basis of (re)calculations;
¢ Revisions of the above database led to modifications in backward reallocations/extrapolations of:
o gasoil consumption in 1A3b due to modified reallocations to 1A2gvii
o hatural gas consumption in 1A3e.
6 kt gasoline has been reallocated from 1A3b to 1A4bii;
EUROCONTROL provided updated data for the period 2005-2015;
Additional 0.9 kt aviation gasoline has been added to the inventory;
Activity data have been changed also due to revised net calorific value of some fuels:
o diesel oil: 43 TJ/kt (from 42 TJ/kt);
o gasoline: 44 TJ/kt (from 42 TJ/kt);
o jet kerosene 43.4 TJ/kt (from 42 TJ/kt)
o aviation gasoline 44.3 TJ/kt (from 42 TJ/kt);
Lubricants used in 2-stroke engines are have been added as activity data in road transportation.

Changes in emission factors:

Emission factors have been changed in road transportation for gasoline and diesel (both fossil and
biofuel) due to:

(1) the above-mentioned changes in the used NCV values (this, however, should not have led to
changes is emissions as previous calculations were also based on mass based carbon content
of the fuels);

(2) revision of the carbon emission factor of non-bio gasoline using (a) the country-specific
carbon content of the E5 blend and (b) the difference between the default CO, emission
factors for gasoline (3.180 kg CO./kg fuel) and for the blend E5 (3.125 kg CO./kg fuel);

(3) revision carbon emission factors for the biofuel parts taking into account their NCVs and total
carbon content of the E5 blend as received from the refinery

Altogether, due to the above changes, CO, emission in the transport sector increased by 106.08 kt or
1.28% in the base year that corresponded to a 0.12% increase in total emissions. Changes remained
even more limited for 2014 with an increase of 35.39 kt CO; or 0.32% that corresponded to 0.08%
change in total emissions.

3.2.7.6 Source-specific planned improvements
It is planned using the latest version of the COPERT model for the whole time series. We have made

our first experiments with COPERT-5, however, as 2-stroke vehicles are missing from the current
version, we decided not yet to use it for this submission.
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3.2.8 Other Sectors (CRF sector 1A4)

3.2.8.1 Source category description

Emitted gases: CO2, CH4, N20

Methods: T1, T2

Emission factors: D, CS

Key sources:

1A4 Other Sectors - Liquid Fuels - CO2 - L, T;
1A4 Other Sectors - Solid Fuels-CO2 - L, T;
1A4 Other Sectors - Solid Fuels —CH4 - T

1A4 Other Sectors - Gaseous Fuels —CO2 - L, T;
1A4 Other Sectors - Biomass — CH4 — L

This sector covers combustion in public institutions, by the population and in the Agriculture
[Forestry/Fisheries Sector.

Emissions in the Other Sectors:
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Figure 3.2.20 Trends of CO2, CH4 and N20O emissions in the Other Sector (1985-2015)

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 3.2.21 illustrates the fuel consumption of the sector by fuel types.
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Figure 3.2.21 Share of different combusted fuel types in the Other Sectors (1985-2015)

Since about two third of the fuel consumption is related to the residential category, the fuel structure is
influenced principally by changes in this sector (see Fig. 3.2.22.)
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Figure 3.2.22 Fuel combustion in the subsectors of the Other Sector (1985-2015)

Generally, in contrast with the significant reduction of coal and oil consumption, natural gas
consumption has increased significantly. The population switched from coal to natural gas
combustion. Household heating oil was completely replaced by LPG (see Table 3.2.11).

Table 3.2.11 Oil and LPG consumption in the Commercial/Institutional and Residential Sectors in
selected years after 1990

1990 2000 2005 2010 2011 2012 2013 2014 2015

Commercial/ Oil 11,073 1246 379 0 0 499 247 591 978
Institutional LPG 1,504 2209 1,081 893 752 705 517 564 658

. . Qil 35,991 1118 86 0 0 0 40 40 40
Residential

LPG 13,536 12,079 7802 5640 4371 3290 3525 2538 2491
During the period 1990-2015, the length of natural gas pipe-network increased from 22,549 km to
83,728 km. The number of households supplied with natural gas increased from 1.6 million in 1990
(42%) to 3.4 million in 2010 (78%) but decreased a little to 3.2 million (73%) since 2010. Residential

74



HUNGARY National Inventory Report 1985-2015 ENERGY

consumption represented 34% of total inland demand in 2015. Piped gas is available in 91% of all
settlements in Hungary. Some 85% of households use natural gas for heating purpose as well.
Although individual residential heating became more and more widespread, still 648 thousand
dwellings are supplied with district heating and 600 thousand with hot water. Most of this heat (76%)
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 businesses. This index is derived from daily temperature
observations. The inside temperature is 18°C and base temperature (the outside temperature above
which a building needs no heating) is 15°C in our calculation (following the standard European
methodology). Figure 3.2.23 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.
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Figure 3.2.23 Comparison of residential fuel consumption and HDD between 1995 and 2015

Another factor is definitely the price. The (nominal) price of pipelined gas increased from 325 to 1360
Ft/10 m3 between 2000 and 2012. This price increase might have led to increased biomass use as a
substitute fuel in the residential sector. However, the above-mentioned trends have changed in recent
years. Gas prices have dropped by 26% since 2012 (but are still more than double as high as in 2005).
Biomass consumption has also decreased in the same period by 11% (but this decrease was probably
due to favorable weather conditions).

All in all, the monthly average natural gas consumption of a household user decreased from 125.4 m3
in 2003 to 79.2 m3 in 2015. In this significant decreasing trend - beside the higher energy prices —
most probably also the more energy-conscious approach of the population plays a role and is definitely
greatly affected by the weather. In addition, growing biomass use indicate some fuel switch from
natural gas to firewood in the residential sector.

In the Agriculture category, the trend in biogas use might deserve our attention as its share within
biomass can be as high as 30 per cent as in 2008-2009, or as low as 9% as in 2014-2015.

In order to report separate emissions for the source category “Agriculture/Forestry/Fishing: Off-road
vehicles and other machinery”, diesel oil consumption had to be split between stationary and mobile
combustion. The Energy Statistical Yearbooks published around 1990 contained separate data for
gasoil used in tractors and harvesters. Based on this information, a bit more than 60% could be
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allocated to mobile consumption in the early period of the time series. Considering the generally
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 mobile off-road machinery.

Emission factors

Default emission factors for CO2 are used for liquid and gaseous fuels 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 directly to
residential 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 for CO2 is very low.

For non-CO2 emissions, default emission factors were applied (except for the category 1A4cii).

3.2.8.3 Uncertainties and time-series 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 uncertainty of the energy consumption data is +5-20%.

The estimated specific uncertainty for CO2 is 2-7%. The uncertainty of the methane factor is
significantly higher (50-150%), while that of N20O may be of an order of magnitude.

3.2.8.4 Source-specific 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, the higher values from the domestic
publication were kept.

3.2.8.5 Source-specific recalculations

As a general practice, the latest available energy statistics has been used for the calculations taking
into account all modifications. As a consequence, some reallocations (e.g. between lada and 1Alc)
have been automatically changed. These changes in activity data are mostly responsible for the
changes in CO, emissions in this sector. In the base year, the revised CO, emissions are higher by
176.35 kt or 0.75% that represents 0.21% of the total. In 2014, the amendments are in the same order
of magnitude with an increase of 197.76 kt or 1.90% that corresponds to 0.45% of total emissions.

For the first time, we have reported emissions from household machinery 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 which is 2.2 million. 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 resulting emissions are not significant (e.g. 19 kt COy), and as the required
activity data have been reallocated from the category 1A3b road transportation, the effect on the total
emission should be negligible.

In March 2017, the energy statistics provider (MEKH) has published new (and more detailed) statistics
on household energy use. New methodology has been introduced to re-assess solid biomass
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consumption of the residential sector taking into account surveys and building energetics calculations
in a consistent manner. The new results revealed that biomass consumption in the residential sector as
reported in previous statistics was significantly underestimated. The latest IEA/Eurostat Annual
Renewable Questionnaire consists the revised biomass data, however, only back to 2010. In
consultation with the energy statistics provider, biomass consumption data has been extrapolated back
to 2000 based on total heating demand of households (see Fig. 3.2.24). The significantly increased
biomass combustion had its biggest effect on methane emissions in this sector that increased only by
0.18% in the base year but by 106.87% in 2014. This increase of methane emission, i.e. 301.75 kt in
CO; eq, corresponded to 3.92% of total emissions in 2014.
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Figure 3.2.24 Changes in residential biomass consumption

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 has been changed. For this
submission, we have implemented the Tier 2 method from the 2016 EMEP/EEA Guidebook. 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 cover the emissions from engines prior to the first EU legislation stages. The used
layers are as follows: <1981; 1981-1990; 1991-Stage I; Stage I; Stage Il; Stage I1I1A; Stage 111B; 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) as it can be seen for diesel-
fuelled non-road machinery in Table 3-3 in the Guidebook. As domestic information on stock of
agricultural machinery indicate a somewhat slower penetration of new technology (as in Denmark),
original data in Table 3-3 have been modified as follows:

Table 3.2.12 Used values for the split (%) of total fuel consumption per engine age (irrespective of
inventory year) for diesel-fuelled non-road machinery in Agriculture

Engine USED ORIGINAL
age in Table 3-3
0 8

7.6
7.2
6.79
6.39
5.99
5.59
5.18

~N| o O B W N
| O O O M M b b
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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 19
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
25 1 1.28
26 1 121
27 1 1.14
28 1 1.07
29 2 1

ENERGY

The application of the above T2 method is the main reason for the decreased N,O emission levels. In
the base year, N2O emissions of the sector decreased by 142.25 kt (in CO; eq) or -55.88% that
corresponded to -1.29% of total emissions. In 2014, the decrease in N2O emissions was -47.19 kt or -

31.31% that corresponded to -1.12% of total emissions.

3.2.8.6 Source-specific planned improvements

None.
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3.2.9 Other (CRF sector 1A5)

Following a recommendation of the EU ESD Review, we have included the first broad estimate for
emissions from military avaiation into 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 is confidential but we learned from different press sources (referencing the
Hungarian Defense Force) that the Hungarian combat fleet had altogether 14000 flight hours
(including domestic and international training 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 factor (per
hour) from Table 3.6.7 (i.e. 3283 kg fuel per hour) which resulted in a (probably somewnhat
conservative) kerosene use of 5.8 kt per year. First preliminary information from the energy statistics
provider indicate a kerosene consumption of 4-5 kt used by the Hungarian Defense Force which more
or less verifies our estimate. Emissions are then calculated with default EFs, (i.e. 71.5 t CO2/TJ
kerosene, 0.5 kg CH4/TJ and 2 kg N,O/TJ) resulting in 18 kt CO2-eq. This figure is by about 40%
below the threshold of significance (i.e. 30.5 kt in 2015).

Table 3.2.13 The first broad estimate of emissions from military aviation. Values for 2005 were kept
constant back to the base year.

2005 2008 2009 2010 2012 2013 2014 2015
Flight hours  hour/year 1400 1044 1044 1044 1756 1756 1756 1756

Kerosene kt 4.60 3.43 3.43 3.43 5.76 5.76 5.76 5.76
consumption TJ 199.48 148.75 148.75 148.75 250.20 250.20 250.20 250.20
CO2 kt 1426 1064 1064 1064 1789 1789 1789 17.89
CH4 kt 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
N20 kt 0.0004 0.0003 0.0003 0.0003 0.0005 0.0005 0.0005 0.0005
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3.3 Fugitive emissions from solid fuels and oil and natural gas and other
emissions from energy production (CRF 1.B)

3.3.1 Fugitive emissions from solid fuels - (CRF sector 1.B.1)

3.3.1.1 Source category description
Emitted gas: CH4 CO>

Methods: CS, T1, T2

Emission factors: CS, D

Key sources: 1B1 Solid fuels - CH4

Category 1B1a includes fugitive CH4 emission released during coal mining and handling. Emissions
from fuels used during these activities are calculated under sector 1.AA.2 (Manufacturing Industries
and Constructions).

Emissions from category 1B1b — Fugitive emissions originating from solid fuel transformation are
included in sector 1Alc. The reason is that it is not possible to separate the GHG emissions from
fugitive and non fugitive sources during coking, and there is no reference in any of the Guidebooks for
emission estimation methodology in category 1B.

In Hungary, both underground and surface coal mines are present. Although underground mining was
the predominant form in the 1960’s and 1970’s, it represents only 0.2% in 2015. Drastic reduction in
coal production was observed between 1987 and 1988, as well as between 1989 and 1990. In 2015
only one minor underground mine was working after the closure of the mine of the last
bituminous/sub-bituminous coal fired power plant. Underground mining continues to decrease in both
relative and absolute terms; therefore distribution of mined coal types underwent significant changes.

The significant decrease of the emissions is well explainable as the 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 trend of
emissions.
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Figure 3.3.1 Trend of emissions from solid fuels and underground production of coal
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Please note that “old” coal classification of Hungary used before 2015 inventory submission has been
changed into the coal classification used by IPCC and IEA in present submission. So, all the coal
mined in Hungary is classified now as lignite (except for very small amounts of sub-bituminous and
coking coal in years 1990-1991).

3.3.1.2 Methodological issues

During the 2016 in-country review it was suggested to provide more detailed description of
methodologies in categories of fugitive emissions to increase transparency. Very detailed table
summarizes the sources of activity data and emission factors of all subsectors 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. Due to IEA Coal classification, all the coal mined in Hungary is
classified as Lignite, (except for very small amounts of sub-bituminous and coking coal in the years
1990-91). Mine and coal basin level data are received from the Mining Bureau of Hungary. In 2016
reported underground coal production differs at the two data provider. The difference is 3 kt, which
can be negligible, but also the production was very low, so the uncertainty is high. Since the inventory
team always receives data from the Mining Bureau of Hungary earlier and data are more detailed,
value from this dataset was used for the calculations. To keep consistency activity data was filled with
the value of IEA. The ground of the difference will be investigated for the next submission.

Table 3.3.1 Underground and surface coal production in Hungary

SUM Production ~ SUM Surface SUM Underground out of which:

Year (kt) production (kt) production (kt) p%%cjgggrﬁ:g)
1985 24042 7387 16655 2639
1985-87 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
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Vear SUM Production SUM S_urface SUM Undgrground I?/lljgc(;];l\év E;CSTn
(kt) production (kt) production (kt) production (kt)

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*

* Surface production in Mecsek basin

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 from research project conducted by Regional
Centre for Energy Policy Research (available at: http://www.rekk.eu/images/stories/letoltheto/uhg-ag-
vol2.pdf) included in list of References. The results are published in USGS, 2002 (please see the
Reference list). The measured data is in accordance with the classification of mines regarding risk of
firedamp received every year from the Hungarian Mining Authority, which is also based on the m3
methane/ t coal value. Based on the above-mentioned references, two different emission factors are
applied for underground mines - the same as in case of previous inventory submissions. One is applied
for coals from Mecsek coal basin and the other for all other underground production. The 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.
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Table 3.3.2 In-situ CH4 content in Hungarian mines, the emission factors used and default emission
factors from 2006 IPCC Guidelines

Coal basin Mine In-situ CH4 content (m?/t)
mine-specific value average
in basin
) Pécsbanya — Karolina 18.26
Mecsek coal basin Vasas — Bezak 2075 19.5
Balinka 1.29
' Lencsehegy 0.00
Other underground coal mines Many Ia 0.98 1.00
Markushegy™ 0.93*
_ Biikkabrany 0.00
Surface coal mines Visonta 0.00 0.00
Low 10
defaults from 2006 IPCC Guidelines
Average 18

*single underground coal mine still working in Hungary

Generally, no emissions occur in Hungary in case of surface mining 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). At the end of 2014 an old surface mine in the Mecsek basin was re-opened
with relative high (20.75 m® CHa/t coal) in-situ methane content, but the amount of mined coal was
almost negligible in the first year. In 2015 amount of mined coal in this region was very low again, but
underground production was also marginal, so this mine represented significant proportion in
emissions, therefore the implied emission factor changed significantly. (It should be noted that all
emissions of Mecsek basin were reported consistently through the time-series in the category of
underground mines irrespectively of depth of mining activities.)

Please note that the implied emission factor is changing because the activity data in CRF is 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 is only one operating
underground mine, so implied emission factor (0.623+0.0623=0.68541 please see above) becomes
steady for those years.

Recovery

In 1.B.1.a Underground coal mining category, CO emissions are reported from CH4 recovery for the
years 1985-1996. In this case CO, emissions are not direct emissions, but it is calculated from the
amount of recovered CH. (CH4 burned for energy use) as follows:

CO; emissions = (Recovered CH,) * 44/16
(Mcozz 44 g/mol; Mcra= 16 g/mol)

The yearly amount of recovered CH, and the stop of the recovery (due to the closure of the mines)
were communicated by the Hungarian Office for Mining (Mining Bureau of Hungary).

Post-mining

For post-mining 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 pre-drainage of 2006 IPCC Guidelines chapter 4.1.3.2.
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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 guidelines states that "Abandoned mines that were considered non-gassy when they were
actively mined are presumed to have negligible emissions” and no emissions are to be reported from
flooded mines.

So, emissions from this subsector are not significant in Hungary as coal mines are anyway “non-
gassy” (please see Table 3.2.2 above) except for Mecsek basin. In addition, abandoned mines are
usually flooded with water in Hungary.

Based on a study of the Hungarian Geological Service (please see References) there are 104 coal
mines closed in Hungary. However most of them are flooded with water and had not been gassy,
except for the Mecsek basin, so this number is extrapolated using coal production data in Mecsek
basin (see Table 3.2.1 above) as surrogate data.

Table 3.3.3 Activity data used in 1B1la — Abandoned coal mines

out of which gassy and unflooded

Mines closed (extrapolated data)
SUM 104 8
2001- 8 1
1976-2000 34 3
1951-1975 31 2
1926-1950 16 1
1901-1925 16 1

Numbers in blue are estimated values.

Emission factors

Set of Tier 1 emission factors from 2006 IPCC Guidelines Table 4.1.6 and Equation 4.1.11 is used for
the calculation of emissions. Since time-series 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 1990 were 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 1901-1925, 1926-1950 and 1951-1975 periods emission
factors were applied using the values of the original table for the next time-interval (2009-2014). For
the 1976-2000 time interval this rule couldn’t be applied. After discussions with experts from the
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 3.3.4 Emission factors for abandoned coal mines

Emission factor, Million M?® methane /mine

Inventory year Time interval of mine closure

1901-1925 1926-1950 1951-1975 1976-2000 2001-Present
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
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Emission factor, Million M3 methane /mine

Inventory year Time interval of mine closure
1901-1925 1926-1950 1951-1975 1976-2000 2001-Present

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

3.3.1.3 Uncertainties and time-series consistency

Uncertainty of activity data is estimated based on chapter 4.1.3.6 of 2006 IPCC Guidelines.
Consistency with the value used as uncertainty of activity data in other subsectors in Energy is 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 post-mining and abandoned coal mined subsectors.
So, the uncertainty of emission factor in 1B1 is estimated to be ,,factor of 2 based on Table 4.1.2 of
2006 IPCC Guidelines.

AD EF Combined
1B1 Solid fuels (uncertainty +/-%) 5.00 200 200.06
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3.3.1.4 Source-specific QA/QC and verification

General QA/QC procedures apply.

Activity data is compared with old time-series 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 Source-specific recalculations

Tier 1 emission factors from 2006 IPCC Guidelines Table 4.1.6 were completed with new values for
the missing inventory years (1985-1989), therefore the time-series were recalculated for these years
changing the constant extrapolated values. The following table (Table 3.3.4) summarizes the changes
in this category.

Table 3.3.4 Changes in emission factors and emissions for 1985-1989 period
2015 and 2016 submissions

time interval of mine

closure inventory year

emission factors (Mm?®

methane/mine) 1985 BY 1986 1987 1988 1989
1901-1925 0.2810 0.2810 0.2810  0.2810 0.281
1926-1950 0.3430 0.3430 0.3430  0.3430 0.343
1951-1975 0.4780 0.4780 0.4780  0.4780 0.478
1976-2000 1.5610 1.5610 15610 1.5610 1.561
emissions (kt CH,) 1985 BY 1986 1987 1988 1989
1901-1925 0.2355 0.2355 0.2355  0.2355 0.2355
1926-1950 0.2875 0.2875 0.2875  0.2875 0.2875
1951-1975 0.7826 0.7826 0.7826  0.7826 0.7826
1976-2000 2.8600 2.8600 2.8600  2.8600 2.8600
SUM 4.1656 4.1656 4.1656 4.1656  4.1656 4.1656

2017 submission

time interval of mine

closure inventory year

emission factors (Mm?®

methane/mine) 1985 BY 1986 1987 1988 1989
1901-1925 0.29 0.288 0.286 0.284 0.283
1926-1950 0.361 0.357 0.353 0.35 0.346
1951-1975 0.542 0.529 0.518 0.507 0.496
1976-2000 4.0289 2.8881 2.2894 19148 1.6561
emissions (kt CH,) 1985 BY 1986 1987 1988 1989
1901-1925 0.2431 0.2414 0.2397  0.2380 0.2372
1926-1950 0.3026 0.2992 0.2959  0.2933 0.2900
1951-1975 0.8874 0.8661 0.8481  0.8301 0.8121
1976-2000 7.3815 5.2914 41945  3.5082 3.0342
SUM 8.8145 7.0303 6.6981 5.5782 4.8696 4.3735

differnce in emissions
(2017 subm. -2016

subm.) (kt CH,) 4.6490 2.8647 2.5325 14126  0.7041 0.2079
% of emission compared
to previous submission 212% 169% 161% 134% 117% 105%
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3.3.1.6 Source-specific planned improvements

Since we have not enough information about all abandoned mines back to 1901, default method with
default emissions are presented for the entire time-series as first guess. It is planned to revise these
methane emissions, because this calculation cannot take account of national features. In recent years
after the closure of all underground mines in several coal basins the mine drainage is not pumped
anymore that induces the water-table rise and the mine flooding, Research from 2003 (Nyers, 2003)
prognosticates that all mines in Mecsek basin will be flooded in 2014.

3.3.2 Fugitive emissions from oil and natural gas activities (CRF sector 1.B.2)

3.3.2.1 Source category description

Emitted gas: CO;, CHa, N2O

Methods: CS, T1

Emission factors: CS

Key sources: 1B2b Natural Gas - CH4; 1B2c Venting and flaring - CO;

In 1B2 category fugitive emissions arising during exploration, production, processing, transmission
and distribution and storage of oil (1B2a) and natural gas (1B2b) are reported and in a separate
subcategory also GHG emissions from Venting and Flaring activities connected to the operations
mentioned before (1B2c). In subcategory 1B2d - Other Hungary reports fugitive CH4 emitted during
extraction of thermal water and gas and fugitive CO from mining of natural CO, occurrence.

In the past, oil production and processing was an important sector in Hungary, but production’s
importance is decreasing as the reserves are running out. Gas mining shows similar tendencies,
although the reduction is less intensive. At the same time, natural gas consumption significantly
increased compared to the 1980s but the demand is mainly covered by import. However, in 2005 the
increase of natural gas consumption has also stopped and a slow decreasing trend could be observed
until 2014. In 2015 natural gas consumption increased again.
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Figure 3.3.2 Trends of emissions in CO2-eq from 1.B.2 by subsector (Gg CO»-eq emissions)

The reason of significant interannual change between 1994 and 1995 is explained in the chapter on
emission factors below.
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3.3.2.2 Methodological issues

During the 2016 in-country review it was suggested to provide more detailed description of
methodologies in this category to increase transparency. Very detailed 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 the coverage might be assured. In subsector 1.B.2.c.i - Qil 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 from 2006 IPCC Guidelines are applied. Chapter 4.2.2.3 of VVol2 contains one
set of emission factors (Table 4.2.4) for “Developed Countries” and another Table (Table 4.2.5) for
“Developing Countries And Countries With Economies In Transition”.

However, Hungary was regarded as a country with economy in transition in the beginning of the
1990’s, the economy underwent significant changes since then. Hungary is now part of the European
Union, and there is a great change regarding the application of state-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 1985-1994 and emission factors from Table 4.2.4 have been applied from the year 1995.

EU ETS data in 1.B.2.c.i — Oil Refinery Flaring

CO; emissions from oil refineries of Hungary are taken from EU ETS annual emission reports and oil
refinery flaring data is extrapolated for the years before 2005 using the amount of “Refinery intake” as
surrogate data. In this way, full coverage and consistency within the time-series has been reached.

1.B.2.d Other Fugitive emissions

Within this subsector fugitive CH4 from groundwater extraction and fugitive CO, emissions from CO;
mining is reported. No method is available in 2006 IPCC Guidelines for 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 monitoring, authorization and research of
underground waters. They provided two set of data for the years 2004-2006 and noted that one method
probably underestimates CH4 emissions, 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 EuroStat (available at:
http://ec.europa.eu/eurostat/web/environment/water/database ) as surrogate data.

In the case of CO, mining, activity data (million m® CO, mined/year) is available from the Hungarian
Office for Mining and Geology (MBFH) 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 (from 1995) and 4.2.5 (between 1985 and 1994 as
described above) have been applied.
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3.3.2.3 Uncertainties and time-series 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
1B2a0il — CH4 5.00 84 84.20
1B2a0il — CO; 5.00 44 44,58
1B2b Natural Gas — CH. 5.00 276 276.52
1B2b Natural Gas — CO, 5.00 278 277.70
1B2c Venting and flaring — CH4 5.00 50 50.74
1B2c Venting and flaring — CO> 5.00 472 471.80
1B2c Venting and flaring — N,O 5.00 546 546.05
1B2d Other - CH4 5.00 200 200.06
1B2d Other - CO; 5.00 200 200.06

3.3.2.4 Source-specific QA/QC and verification
General QA/QC procedures apply. Plant specific data is verified with data in IEA Energy Statistics or
with data received from the Hungarian Mining Authority where appropriate.

3.3.2.5 Source-specific recalculations
1.B.2.d.i - Emissions from geothermal water extractions and mining of CO2

Extrapolation of activity data with constant 2012 value was changed for 2013 and 2014 to data
obtained from the Hungarian Central Statistical Office. Recalculation reduced the CH4 emissions by
0.03 and 0.13 kt, respectively.

Some minor changes can be found in the following categories due to recalculation of IEA statistics:

Changes of activity Changes in emissions
Sector Affected years data

2012: -0.0230357143 kt CO,
1.B.2.a3 LPG - Gross inland 2013: -0.0007678571 kt CO,,
Transport 2012, 2013, 2014 deliveries 2014: -0.0023035714 kt CO,
1B.2a4 Refinery intake 2011: -0.000050 kt CHa4,
Refining/ (calculated) 2012: 0.000426 kt CHa,
Storage 2011, 2012, 2013 2013:  -0.000025 kt CH4

Refinery intake

1.B.2.c.2.i (calculated) which
Oil 1985-2004 affected the extrapolation Between -0.0052 and
for 1985 to 2004 -0.0079 kt CO.

3.3.2.6 Source-specific planned improvements

Informal review organised by the EU in November 2015 suggested improvements as follows:

Two type of default emission factors are used to calculate fugitive emissions from oil and gas, namely
the set of emission factors for “Developed Countries” (lower) and another for “Developing Countries
And Countries With Economies In Transition” (higher). However, Hungary was regarded as a country
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with economy in transition in the beginning of the 1990’s, the economy underwent significant changes
since then. Hungary is now part of the European Union, and there is a great change regarding the
application of state-of-the-art technologies and environmental investments as well. So, higher emission
factors have been applied for the years 1985-1994 and lower from the year 1995, which causes
significant jump in emissions. It was highly recommended to further investigate how to generate
smooth transition between the two kind of emission factors considering the application’s year of new
technologies in each category.

3.4 COg transport and storage (CRF 1.C)

Not applicable.
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4. INDUSTRIAL PROCESSES (CRF sector 2.)

Major changes compared to previous submission:

e 2.A.1 Cement production — CO,: new extrapolation for the period before 2005

2.A.4.d Other process uses of carbonates — Other: addition of missing emissions

2.A.4.b Other process uses of carbonates - Other uses of soda ash: revised data for import and
export of soda ash

2.B.1 Hydrogen production: new data for 2002-2004; NCV correction for years 2005-2014
2.D.1. Lubricants: revised IEA data, subtracted transport emissions

2.D.3 NMVOC emission from solvent and other product uses: corrected calculation

2.F.1. RACHP — interpolation for the year 2014

2.F.4. Aerosols — revised activity data

4.1 Overview of sector

Industrial Processes sector includes emissions generated by non-combustion processes related to
industrial production. Emissions from the industrial processes are the third largest following the
energy and agriculture sectors (see Chapter 2).

Emissions from this category comprise the following sub categories:

Mineral Products (CRF 2.A)),

Chemical Industry (CRF 2.B.),

Metal Production (CRF 2.C.),

Non-energy Products from Fuels and Solvent use (CRF 2.D.),
Electronics Industry (2.E),

Consumption of Halocarbons and SF¢ (CRF 2.F.) and

Other Product Manufacture and Use (CRF 2.G).

Under Mineral Products Hungary reports the emissions from cement production (CO,), lime
production (CO,), limestone glass (COy,), and other mineral products including bricks and ceramics
production, mineral wool production, waste gas scrubbing and soda ash use (CO,).

Under Chemical Industry emissions from ammonia (COy,), nitric acid (N20O,), and Petrochemical and
Carbon Black Production (CO,, CHa,).

Under Metal Industry emissions from pig iron (CO2, CH.), steel (CO,, CHa) ferroalloys (CO,),
aluminium (CO,, CF4, CiF¢,) are taken into account. Consumption of halocarbons and SFs means
emissions from different source, 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 SFs and N»O use in other products (SFs and N2O).

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

The base year is the average of 1985-1987 for CO,, CH4 and N,O, and 1995 for HFCs, PFCs and SFe.
Figure 4.1.1 shows the main sources of greenhouse gas emissions in the base year and in 2015
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Figure 4.1.1 Shares of subsectors within Industrial sector (Gg, CO2-eq)

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 the individual 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 time-series consistency problems. In the Industrial Processes sector EU ETS
data is directly used in sector 2.A.1 Cement production, 2.A.2 (since 2014submission), 2.A.4 Other
mineral (Glass and Bricks and ceramics) and partly in 2.B and 2.C.1 sectors. 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 and SO, emissions is described in
detail in Informative Inventory Report of Hungary submitted for CLRTAP reporting, available at:
http://www.ceip.at/ms/ceip_homel/ceip_home/status reporting/2015 submissions/

QC of completeness and allocation of CO, from 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 non-energy use (NEU) of fuels filled in for year 2015.
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4.2 Emission Trends

Total emissions estimated from industrial processes were 7302 kt CO2-eq in 2015, or 13% of the total
national emissions compared to 14% in the base year. Total sectoral emissions decreased by -52 %
between the base year and 2015, and increased by 12% between 2014 and 2015.

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 on, emissions had been fluctuating again until 2005.
Since then, emissions have been showing a decreasing tendency again until 2009 and aggregated
emissions decreased by 22% between 2005 and 2015. There was a slight growth in year 2010 and
2011, but GHG emissions from industrial processes sector were again lower both in 2012 than in
2013. In 2015 emissions increased again by 12% due to higher production volumes in several
subsectors.

Figure 4.2.1 shows the trend of GHG emissions from industrial processes by subcategories from the
base year to 2015.

Chemical industry was the most important emitter in the beginning of inventory period, especially
N.O emission from nitric acid production (for details see chapter 4.4). Between 1990 and 2005
Chemical industry, Mineral industry and Metal production were fluctuating around the same level.
After the significant fall of emission in Chemical Industry thanks to the N,O abatement technology
introduced in Nitric acid production in 2007, and the hard recession of the Mineral industry, Metal
production took up the leading role. The growing tendency of Consumption of Halocarbons and SFs
has also stopped in 2008.
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Figure 4.2.1 GHG emissions from Industry sector by subsectors (Gg CO»-eq)

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 closed down, capacity utilization was reduced,
consequently the production decreased more or less drastically in each industrial sector.

Some examples:
¢ Iron and steel production: two out of three plants were provisionally closed down;
e  Aluminium: two out of three plants were closed down in 1991 and the aluminium production
stopped in 2006;
o Ferroalloys: ceased to exist (1991);
o Ammonia: four out of five plants were closed down (1987, 1991, 1992 and 2002);
o 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
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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.g. in the 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 before 1995 (see Ch. 4.2.2).

Since the mid-1990s, emissions by industry have been showing a fluctuating behaviour reflecting the
actual demands of production in the national economy.

4.2.1 Emission Trends by Gases

The most important GHG in Industrial Processes sector is carbon dioxide, contributing 65% to total
GHG emissions in this sector in 2015, followed by hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs) and sulphur hexafluoride (SFg) contributing 33% to GHG emissions CH, and N,O contributed
1-1% (Figure 4.2.2).
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Figure 4.2.2 Shares of gases in Industry sector (Gg CO»-eq)
(BY: average of 1985-87 but 1995 for F-gases - data in red frame)

The figure below (Figure 4.2.3) shows 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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Figure 4.2.3 Trend by greenhouse gases in Industry sector
(BY=average of 1985-87 but 1995 for F-gases- data in red frame)

4.2.2 Emission Trends by sources

In the base year, the chemical subsector accounted for 44% of total industrial GHG emissions,
followed by metal subsector 34%, mineral subsector 19%. In 2015, 33% of the emissions came from
chemical industry, second largest source was consumption of F-gases with 31%, followed by 16%
both from mineral and from metal products. The contributions of other (SFs and N-O containing)
product uses and non-energy products from fuels and solvent use are 2-2%. (See Figure 4.1.1 above.)
Emissions by sources and by gases appear in Table 4.2.1 for 2015.

Table 4.2.1 Emissions of Industrial processes sector in 2015 (CO--eq)

CO; CHs NO HFCs PFCs SFs Total

2. Industrial processes 4775 50 97 2267 1 112 7302

A. Mineral industry 1140 NO NO NO NO NO 1140

B. Chemical industry 2326 45 50 NO NO NO 2421

C. Metal industry 1166 5 NO NO NO NO 1171

D. Non-energy products from fuels and solventuse 143 NO NO NO NO NO 143

E. Electronic industry NO NO NO NO NO NO NO

F. Product uses as ODS substitutes NO NO NO 2267 1 NO 2268

G. Other product manufacture and use NO NO 46 NO NO 112 158

4. Other NO NO NO NO NO NO NO
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4.3 Mineral Products (CRF sector 2.A)

4.3.1 Cement Production (CRF sector 2.A.1)

4.3.1.1 Source category description
Emitted gas: CO»

Methods: CS

Emission factors: CS, PS

Key sources: 2A1 Cement Production - CO>

CO; is generated during cement production in the clinker production phase:
e on the one hand, during the combustion of the fuels used,
e on the other hand, during the degradation of the limestone (CaCOs) fed into the furnace, which
occurs at around 1,300°C and results in CaO (Calcium Oxide) and CO; (calcinations).

CaCOgs + heat — CaO + CO;

The raw materials may contain other carbonate minerals (e.g., MgCOs). Both dry and wet technologies
may be used for the preparation of the raw clinker. Wet technology is used by one of the five 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). The basis of emissions factors for cement production is the same in fact, as all uses the
stoichiometric ratio of the above-mentioned equation as follows:

g CO, /g CaCO3 =44/100 = 0.44

g CO2/ g MgCOs = 44/84=0.52

g CO, /g CaO = 44/56= 0.785 (default IPCC1996 and EU ETS Clinker output based method)

g CO2/ g MgO = 44/40 = 1.019

(molar weight - C:12 g; 0:16 g; Ca:40 g; Mg:24 g)

Significant decrease of emissions has occurred in this sector between 2008 and 2013, but in 2014 the
trend has changed (see Figure 4.3.1) and this increasing trend was continued in 2015. 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 latter is available. The 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 since 2010. The
producing facilities were struggling to survive, which is published also on their website and reflected
in volume indices (NACE Rev.2 classes CG- 2351 Manufacture of cement - Volume index of
industrial gross output, corresponding period of the previous year= 100 (per cent) 2009: 79%; 2010:
75%; 2011: 86%; 2012: 96%; 2013: 77%; 2014: 117%; 2015: 110%). Although solely 3 cement plants
have been operating in 2014 and 2015 (compared to 5 in 2010), the production volumes increased in
both years.
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Figure 4.3.1 Trend of activity data and CO; emission in Cement production
(BY: marked with X)

4.3.1.2 Methodological issues

In this category, only emissions from the production processe