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In 2024, the Slovak Republic is submitting report to the European Commission under the Article 26 (3)
of the Regulation (EU) 2018/1999 and the Chapter Il and Articles 8-24 of the Commission Implementing
Regulation (EU) 2020/1208. The whole package of the National Inventory Report 2024 of the Slovak
Republic comprises:

1. SVK NIR 2024 - Final sectoral chapters of Slovakia’s National Greenhouse Gas Emission
Inventory Report prepared using the UNFCCC reporting guidelines;

2. SVK_CRF _1990-2022 — CRF Tables version 2 (2024) generated using the CRF Reporter AR5
software, version 6.0.10 — AR5, accompanied by the simple xml file;

3. Tabular format specified in Articles 10-15, 17, 19-23 to the 2020/1208 Regulation.

The Slovakia inventory report as well as CRF tables can be downloaded from the following address:
http://oeab.shmu.sk. GHG emissions are also published in publication Zivotné prostredie v SR (Chapter
1.3 Air, page 19) prepared by the Statistical Office of the Slovak Republic.

This version of the annual GHG emissions inventory is the first submission of the National Inventory
Report 2024 of the Slovak Republic to the European Union under the Energy Governance. In addition,
this is the fourth version of CRF tables generated as the official submission 2024 in the CRF Reporter
6.0.10 — ARS.

Submission is uploaded via the EIONET Central Data Repository tool of the EEA.
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Major changes and corrections included in this SVK NIR 2024 are connected with the implementation
of the IPCC 2019 Refinement and are focused on following issues:

General: Harmonization of indirect emissions of the NOx, CO, NMVOC, SOz and NHz in line with
the CLRTAP and NECD submissions reported in March 15, 2024 in all sectors (Chapter ES.5).

General: Implementation of the ERT recommendations G.3, G.5 and G.6 from the final ARR 2022
(sent on 4t April 2023), in key sources and uncertainty analyses (Chapters 1.2.8 and 1.2.9,
Annex 1 and Annex 3).

Energy: No major recalculations needed in this sector. According to the IPCC 2019 Guidelines,
emissions from hydrogen production were reallocated from IPPU sector into energy category
1.Al.b. In addition, based on the new results from the Cenzus 2021 and specific survey in
households, biomass consumption in the 1.A.4.b was corrected.

Fugitive Emissions: This subcategory was recalculated based on the new classification and new
emission factors included in the IPCC 2019 Refinement.

IPPU: No major recalculations needed in this sector except f reallocation of emissions from
hydrogen production into energy sector.

Agriculture: Several recalculations focused on the major changes connected with the
implementation of the IPCC 2019 Refinement.

LULUCEF: Minor recalculations in Cropland and HWP.

Waste: Several recalculations in all categories connected with the implementation of the IPCC
2019 Refinement and the changes in activity data and methodologies.

National Registry: Update of general information characteristics of the National Registry in the
year 2023 and implementation of the ERT recommendations G.7 from the final ARR 2022 (sent
on 4t April 2023) (Chapter 14).

More information on recalculations made in the GHG inventory preparation can be found in the sectoral
chapters of this Report and the Chapter 10.
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EXECUTIVE SUMMARY

ES.1. Background Information on Greenhouse Gas
Inventories and Climate Change

Climate change is a key environmental, economic and social challenge globally and in Europe. On the
one hand, most economic activities are contributing to climate change by emitting greenhouse gases or
affecting carbon sinks (e.g. through land use change); on the other hand, all ecosystems, many
economic activities as well as human health and well-being are sensitive to climate change.

Because the impact of the climate change differs in various regions of the world, its socio-economic and
environmental impact always requires an active solution. Necessary political measures have to steam
from detailed analysis of the current greenhouse gas (GHG) emissions in every sector, emission
projections and impact assessment of adopted or planned policy measures. Such detailed analyses are
good starting points for any policy reflected in national communication of a party prepared according to
rules of the United Nations Framework Convention on Climate Change (UNFCCC).

Climate change, caused by increasing anthropogenic emissions of greenhouse gases, represents one
of the most serious environmental threats for humankind. Carbon dioxide (COz), methane (CH4), and
nitrous oxide (N20) are the most important anthropogenic greenhouse gases with increasing
concentration in atmosphere. The GHGs inventory includes also halogenated hydrocarbons (PFCs,
HFCs) and SFs, which are not controlled by the Montreal Protocol.

According to the WMO it is officially confirmed that 2023 is the warmest year on record, by a huge
margin. The annual average global temperature approached 1.5° Celsius above pre-industrial levels —
symbolic because the Paris Agreement on climate change aims to limit the long-term temperature
increase (averaged over decades rather than an individual year like 2023) to no more than 1.5° Celsius
above pre-industrial levels. Six leading international datasets used for monitoring global temperatures
and consolidated by WMO show that the annual average global temperature was 1.45 + 0.12 °C above
pre-industrial levels (1850-1900) in 2023. Global temperatures in every month between June and
December set new monthly records. July and August were the two hottest months on record. Long-term
monitoring of global temperatures is just one indicator of climate and how it is changing. Other key
indicators include atmospheric greenhouse gas concentrations, ocean heat and acidification, sea level,
sea ice extent and glacier mass balance.

WMQO's provisional State of the Global Climate in 2023 report, published on 30 November, showed that
records were broken across the board. WMO will issue its final State of the Global Climate 2023 report
in March 2024. This will include details on socio-economic impacts on food security, displacement and
health.

The Paris Agreement seeks to hold the increase in the global average temperature to well below 2°C
above pre-industrial levels while pursuing efforts to limit the temperature increase to 1.5°C above pre-
industrial levels. The Intergovernmental Panel on Climate Change says that climate-related risks for
natural and human systems are higher for global warming of 1.5°C than at present, but lower than at
2°C. A study by WMO and the UK’s Met Office last year predicted that there is a 66% likelihood that the
annual average near-surface global temperature between 2023 and 2027 will be more than 1.5°C above
pre-industrial levels for at least one year. This does not mean that we will permanently exceed the 1.5°C
level specified in the Paris Agreement which refers to long-term warming over many years. The chance



of temporarily exceeding 1.5°C has risen steadily since 2015, when it was close to zero. For the years
between 2017 and 2021, there was a 10% chance of exceedance.?!

The European Climate Law writes into law the goal set out in the European Green Deal for Europe's
economy and society to become climate-neutral by 2050. The law also sets the intermediate target of
reducing net greenhouse gas emissions by at least 55 % by 2030, compared to 1990 levels. Climate
neutrality means achieving net zero greenhouse gas emissions for EU countries as a whole, mainly by
cutting emissions, investing in green technologies and protecting the natural environment. The law aims
to ensure that all EU policies contribute to this goal and that all sectors of the economy and society play
their part. The Climate Law includes measures to keep track of progress and adjust our actions
accordingly, based on existing systems such as the governance process for Member States’_integrated
national energy and climate plans, regular reports by the European Environment Agency, and the latest
scientific evidence on climate change and its impacts. Slovakia is a part of these actions and agreed the
climate neutrality until 2050 among the first countries in the EU (end of 2019).

During the year 2020, many countries were going through the worst economic contraction since the
1930s due to COVID-19 pandemic. Some economists believe it will be essentially V-shaped: first a steep
fall, then a steep return to normal. In May 2020, the EU Commission proposed stimulus packages called
“sustainable recovery” mostly address to investments into the buildings, transport, power and industry
sectors. Aim of this plan is not only reduce emissions, but also create new jobs, make innovations and
build circular economy.

On 14 July 2021, the European Commission adopted a series of legislative proposals setting out how it
intends to achieve climate neutrality in the EU by 2050, including the intermediate target. The package
proposes to revise several pieces of EU climate legislation, including the ETS directive, Effort Sharing
Regulation, transport and land use legislation, setting out in real terms the ways in which the
Commission intends to reach EU climate targets under the European Green Deal.

From 2021, the fourth EU ETS trading period has gone operational. Main change is the increase of
linear reduction factor from 1.74% per annum to 2.2% per annum, which should bring at least 43%
reduction within the EU ETS sectors by 2030. To achieve the ambitious reductions, several low carbon-
funding mechanisms were introduced, in particular Innovation Fund (to support demonstration of
innovative renewable energy and low-carbon innovation in industry, as well as carbon capture, use and
storage) and a Modernisation Fund (to contribute to modernising the energy systems of 10 EU Member
States with lower GDP).

!t https://wmo.int/media/news/wmo-confirms-2023-smashes-global-temperature-record
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ES.2. Summary of National Emission and Removal Trends

The GHG emissions presented in the National Inventory Report 20243 were updated and recalculated
using the last updated methods based on the IPCC 2019 Refinement to the IPCC 2006 Guidelines for
National Greenhouse Gas Inventories, national conditions and data published by the Statistical Office
of the Slovak Repubilic.

Slovakia was reviewed in the UNFCCC centralised removed review during the week from 17t — 22t
October 2022. As a result of the 2022 submission’ review of Slovakia, “Provisional Main Findings of the
ERT” was received in the end of review week. The report included several recommendations and
findings in tables 1 and 2, in accordance with paragraph 84 of the annex to decision 13/CP.20. There
was no Saturday Paper, but the resubmission in LULUCF and KP LULUCF sectors was required during
the review week. Re-submission has impact on GHG total: in the base year 1990 — 1.3% and in 2020 —
4.1%, but only for emissions with LULUCF). Slovakia received final of the Annual Review Report 2022
and several improvements were already included in the 2023 submission. More information can be
found in Chapter 1.2.

Total GHG emissions were 37 052.21 Gg of CO2 eq. in 2022 (without LULUCF and with indirect
emissions). This represents a reduction by 49.56% against the base year 1990. In comparison with
2021, the emissions decreased by 10%. The decrease in total emissions of 2022 compared to 2021
was due to decrease in the Energy and IPPU sectors.

The 2024 submission includes indirect CO2 emissions in the solvents category (IPPU). This means, that
indirect emissions were 39.50 Gg of CO2 eq. in 2022. Indirect CO2 emissions were estimated and
reported for the time series 1990 — 2022.

The major changes in the 2024 national inventory of GHG emissions are caused by recalculations in
the Fugitive Emissions, Agriculture, LULUCF and Waste sectors for the particular years or whole time
series.

The emissions with LULUCF and with indirect emissions decreased in 2022 compared to 2021 by 12%.
During period 1991 — 2022, the total greenhouse gas emissions in the Slovak Republic did not exceed
the level of 1990. Tables ES.2 and ES.3 show the aggregated GHG emissions expressed in CO:
equivalents and according to the gases in the period 1990 — 2022. Figure ES.1 shows trend in the gases
without LULUCF. The emissions of F-gases are only emissions from consumption HFCs, PFCs and SFs
in industry only with the increasing trend since 1990 (despite decrease of PFCs gases from aluminium
production).

Figure ES.1: GHG emission trends compared with the base year (%) in the Slovak Republic
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Slovakia decreased its emissions by around 20% between 2010 and 2022. The latest available GHG
emission projections have demonstrated emissions decrease as an evidence of the successful
implementation of the policies and measures and their effect on the improvement in energy intensity
and industrial production efficiency. These projections were updated and reported during the year 2021
in line with the Low-Carbon Strategy of Slovak Republic (approved in February 2020 by the
Government). New drivers and parameters reflecting the actual pandemic situation were projected.
Actually, during the year 2024, a new emissions projection among the National Energy and Climate Plan
are preparing and will be published in the First Biennial Transparency Report.

Reduction of emissions in Slovakia in past years was conjunction of different impacts starting from
impressive industrial and technological restructuring connected with the fuel switching of fossil fuels
from coal and oil to the natural gas (air pollution legislation since 1991 was the main driving force),
economy restructuring towards the less energy intensive production (mostly in recent years) and also
by temporary changes in production intensity (driven by global and EU markets). Transport (mostly the
road transport), with continuously increasing emissions is an important exception. The continuous
pressure is being made in formulating the effective strategy and policy to achieve further reduction of
emissions in this sector too. For example, combination of regulatory and economic instruments (toll pay
for freight vehicles based on their environmental characteristics in a combination with fuel and emission
standards for new cars). The car tax system and the level of fuel taxation, which is close to the EU
average, contribute to limit the increase of greenhouse gas emissions in the transport.

In Slovakia, the structural changes in the manufacturing industry towards less energy intensive
industries such as machinery and automotive industry can explain why after 2009 the energy
consumption did not pick up the same pace as prior to that year when led to a significant decrease in
primary energy intensity (the GDP grew twice as fast as primary energy consumption). Therefore, the
trend observed particularly in primary energy consumption is mainly due to other factors although some
energy efficiency improvements did take place particularly during the period after the year 2012. The
policy package still needs various improvements across the sectors including the sectoral mitigation
targets particularly in transport, buildings, agriculture and waste. Preparation of the Act on Climate
Change was in progress in Slovakia during 2022.

Although this optimistic trend recognised in previous years, it is visible since last 3 years, that the
improvement of several indicators such as GHG per capita or GHG/GDP started slowed down and
reached minimum level. GHG emissions level reached minimum in 2014 and trend is stabilised,
fluctuated with increases in transport, households, waste and some industrial categories in the latest
year, however, the year 2019 is the second lowest emissions’ year since the base year (Chapter 2).
Covid-19 pandemic situation occurred in 2020 in conjunction with the industrial changes in iron and steel
production, transformation of electricity and heat production sectors and changes in fuels combustion
caused by increasing prices led to the dramatically high decrease of the total emissions in 2020.
However this optimistic development, the emission trend in 2021 increased back to the pre-pandemic
level. Further reduction of emissions in 2022 was caused by the energy prices policy and due to
economic reasons, several important industrial plants reduced or closed the operation. More information
are in energy and IPPU sectoral chapters.

ES.3. Overview of Source and Sink Category

The emissions without LULUCF in 2022 and with indirect emissions are lower than in 2021 due to the
essential decrease in Energy and IPPU sectors, mostly in energy and manufacturing industry, mineral
production, chemical industry and metal industry.

The Energy sector (including transport) with the share of 69% was the main contributor to total GHG
emissions in 2022. Transport with 21% share on total emissions contributes significantly to the GHG
budget. In 2022, the transport in total emissions has increased by more than 3.4% in comparison with
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previous year 2021. In addition to fuel combustion in stationary sources of pollution, also the pollution
from small sources of residential heating systems and fugitive methane emissions from transport,
processing and distribution of oil and natural gas contribute significantly to the total GHG emissions.
The increasing trend in transport is expected also in the next year due to increase in diesel oil.

The Industrial Processes and Product Use sector was the second important sector in 2022 with its 21%
share in total GHG emissions, producing mainly technological emissions from processing mineral
products, chemical production and steel and iron production. The reduction of emissions from
technological processes is very costly and there exist specific technical limits, therefore the emissions
have not been changed since the reference year as significantly as for other categories. Mostly the
production volume in industrial processes influences their level. The most growing emissions within the
IPPU sector are HFCs and SFes emissions as result of industrial demand and use of these substances
in construction, insulation of building, electro-technical and/or automobile industry.

In 2022, the share of the Agriculture sector on total GHG emissions was 5% and the trend in emissions
is slightly decreasing since 1999. The most significant reduction of emissions from agriculture was
achieved at the beginning of nineties as result of reduction in breeding livestock number together with
restricted use of fertilizers.

The Waste sector contributed by 5% to total GHG emissions in 2022. Using of more exact methodology
for the evaluation of methane emissions from solid waste disposal on sites and included also older layer
into calculation resulted in continual increase of emissions by more than 100% compared to the base
year 1990. Similar trend is expected to remain in future years, although the increase should not be so
substantial as before. Volume of emissions from landfills depends, largely, on applied methodology to
evaluate landfills and on the scale of implementation energy recovery of landfill gases by landfill
operators.

The shares of individual sectors in total GHG emissions have not been changed significantly compared
to the base year 1990. Nevertheless, increase in transport emissions in trend since 1990 and decreased
share of stationary sources of pollution in the Energy sector are noticeable. Combustion of fossil fuels,
which account for about 75% of the total CO2 emissions in the Slovak Republic (without LULUCF),
represent the most important anthropogenic source of CO2 emissions (Figure ES.2, Table ES.4).

Figure ES.2: GHG emissions share by the sectors (%) in the Slovak Republic in 2022

= 1. Energy
without transport

= 1.3 Transport
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= 3. Agriculture
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Aggregated GHG emissions without LULUCF and indirect emissions; emissions are determined as of 15. 03. 2024



Table ES.1: Summary of the GHG emissions according to the gases and the sectors in 2022 and 2021

2022
GREENHOUSE GAS SOURCE AND SINK CATEGORIES Gg of CO; equivalents
CO; CH, \P1®) HFCs PFCs SFs
1. Energy 24 578.37 842.40 191.36 NO NO NO
2. Industrial Processes 6 908.01 15.02 111.05 480.86 5.91 15.38
3. Agriculture 60.84 1129.70 743.88 NO NO NO
4. LULUCF -7 316.72 45.85 45.13 NO NO NO
5. Waste 3.02 1724.87 202.03 NO NO NO
Memo Items - International Transport 148.02 0.08 1.07 NO NO NO
Total (excluding LULUCF) 31550.24 3712.00 1248.32 480.86 5.91 15.38
Total (including LULUCF) 24 233.52 3757.85 1293.45 480.86 5.91 15.38
2021
GREENHOUSE GAS SOURCE AND SINK CATEGORIES Gg of CO; equivalents
CO; CH, N.O HFCs PFCs SFe

1. Energy 26 777.94 999.19 203.03 NO NO NO
2. Industrial Processes 8 366.44 19.61 115.93 672.37 14.23 17.44
3. Agriculture 69.57 1136.01 827.49 NO NO NO
4. LULUCF -7 263.27 19.80 32.06 NO NO NO
5. Waste 2.04 1762.89 178.28 NO NO NO
Memo Items - International Transport 82.28 0.06 0.59 NO NO NO
Total (excluding LULUCF) 35216.00 3917.71 1324.73 672.37 14.23 17.44
Total (including LULUCF) 27 952.73 3937.50 1356.78 672.37 14.23 17.44
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Table ES.2: Summary of the GHG emissions according to the gases in 1990 — 2022

SREENHOUSE GAS EMISSIONS Baigggear 1991 1992 1993 1994 1995 1996 1997
Gg of CO, equivalents
CO; emissions excluding net CO, from LULUCF 61 526.36 53 331.74 48 927.69 46 395.86 43 805.10 44 195.80 44 077.14 44 148.70
CO; emissions including net CO, from LULUCF 52 503.12 43 496.84 38 459.78 36 122.50 34 126.10 35075.08 35 047.82 35342.35
CH, emissions excluding CH,4 from LULUCF 8 314.12 7 893.44 7 342.52 6 729.83 6 402.39 6 398.64 6 239.34 5970.51
CH, emissions including CH, from LULUCF 8 326.56 7 903.73 7 356.84 6 756.64 6 409.62 6 407.29 6 251.38 5979.87
N.O emissions excluding N,O from LULUCF 3313.10 2 677.63 2 216.50 1849.83 2 252.44 2 390.56 2561.18 2541.23
N.O emissions including N,O from LULUCF 3431.36 2 782.66 2321.18 1958.29 2 346.29 2472.19 2639.25 2610.91
HFCs NO NO NO NO 0.20 12.38 26.31 38.33
PFCs 213.92 210.43 195.83 122.51 104.11 90.15 36.89 36.48
SFe 0.06 0.04 0.04 0.09 18.16 10.47 1151 11.83
Total (excluding LULUCF) 73 367.55 64 113.28 58 682.59 55 098.13 52 582.41 53 097.99 52 952.36 52 747.07
Total (including LULUCF) 64 475.03 54 393.70 48 333.68 44 960.03 43 004.48 44 067.56 44 013.15 44 019.77
Total (excluding LULUCF, including indirect emissions) 73 455.32 64 199.80 58 768.01 55 182.38 52 665.58 53 180.07 53 033.33 52 826.91
Total (including LULUCF, including indirect emissions) 64 562.80 54 480.23 48 419.10 45 044.28 43 087.65 44 149.65 44 094.12 44 099.60
1998 1999 2000 2001 2002 2003 2004 2005
GREENHOUSE GAS EMISSIONS
Gg of CO, equivalents

CO; emissions excluding net CO, from LULUCF 43 879.29 43 091.65 41 191.79 43 279.27 42 095.27 42 424.82 42 920.17 42 925.94
CO; emissions including net CO, from LULUCF 34 012.28 33990.27 32176.73 34 972.88 33 300.39 34 174.74 34 708.13 38 586.02
CH,4 emissions excluding CH4 from LULUCF 5 785.99 5684.99 5434.78 5278.22 5209.32 5 060.57 4 981.35 4919.28
CH,4 emissions including CH4 from LULUCF 5795.17 5745.33 5465.13 5292.31 5232.88 5106.51 4997.28 4948.73
N.O emissions excluding N,O from LULUCF 2 256.90 1881.24 2082.59 2348.13 2 286.77 2299.92 2 463.20 2 448.86
N,O emissions including N,O from LULUCF 2 320.98 1968.93 214477 2 396.92 2 336.27 2 357.61 2504.93 249457
HFCs 50.73 71.82 98.20 130.29 167.96 201.17 240.28 277.09
PFCs 28.34 19.03 17.83 18.84 19.87 26.55 27.00 27.48
SF¢ 13.04 13.03 13.44 13.74 15.23 15.52 15.91 16.89
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1998 1999 2000 2001 2002 2003 2004 2005
GREENHOUSE GAS EMISSIONS
Gg of CO, equivalents
Total (excluding LULUCF) 52 014.27 50 761.76 48 838.64 51 068.49 49 794.42 50 028.55 50 647.91 50 615.55
Total (including LULUCF) 42 220.53 41 808.42 39916.10 42 824.98 41 072.60 41 882.10 42 493.53 46 350.77
Total (excluding LULUCF, including indirect emissions) 52 092.98 50 838.56 48 904.08 51134.01 49 866.18 50 096.54 50 723.59 50 682.48
Total (including LULUCF, including indirect emissions) 42 299.24 41 885.22 39 981.55 42 890.50 41 144.36 41 950.09 42 569.21 46 417.70
2006 2007 2008 2009 2010 2011 2012 2013
GREENHOUSE GAS EMISSIONS
Gg of CO, equivalents

CO, emissions excluding net CO, from LULUCF 42 751.31 41 154.07 41 551.01 37 799.53 38 462.08 38 045.88 35963.34 35 623.26
CO; emissions including net CO, from LULUCF 35 336.67 34 169.89 35 680.21 32144.81 33 702.59 32917.60 29 696.22 28 637.92
CH,4 emissions excluding CH4 from LULUCF 4977.27 4817.02 4810.38 4629.81 4 603.55 4551.40 4401.41 4 390.27
CH,4 emissions including CH,4 from LULUCF 4 995.88 4 847.65 4 829.59 4 658.17 4 625.99 4578.34 4 452.96 4 407.35
N,O emissions excluding N,O from LULUCF 2524.53 2 442.62 2453.01 2121.00 2 156.20 1535.03 1378.70 1398.89
N,O emissions including N,O from LULUCF 2562.15 2484.55 2 486.36 2158.13 2188.89 1570.04 1427.25 1430.04
HFCs 323.94 368.16 431.50 492.20 569.22 576.43 602.07 620.99
PFCs 40.96 31.39 41.43 24.50 28.27 24.63 28.62 17.02
SFs 17.22 17.93 19.43 20.11 20.23 21.44 21.90 22.99
Total (excluding LULUCF) 50 635.23 48 831.19 49 306.76 45 087.15 45 839.56 44 754.81 42 396.04 42 073.43
Total (including LULUCF) 43 276.81 41 919.58 43 488.52 39 497.91 41 135.19 39 688.48 36 229.02 35136.31
Total (excluding LULUCF, including indirect emissions) 50 706.80 48 888.15 49 369.45 45 145.99 45 888.76 44 812.42 42 442,53 42 119.84
Total (including LULUCF, including indirect emissions) 43 348.38 41 976.54 43551.22 39 556.75 41 184.39 39 746.09 36 275.51 35182.73
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2014 2015 2016 2017 2018 2019 2020 2021 2022
GREENHOUSE GAS EMISSIONS
Gg of CO; equivalents
CO, emissions excluding net CO, from LULUCF 33708.17 34528.19 34 962.80 36 166.72 36 159.86 33831.32 31154.22 | 35216.00 | 31550.24
CO, emissions including net CO, from LULUCF 28 891.15 29 225.27 29 588.84 30 897.44 31 864.28 28 766.35 23910.44 | 27 952.73 | 24 233.52
CH,4 emissions excluding CH,4 from LULUCF 4188.90 4210.78 4134.48 4115.98 4 004.37 3968.27 3900.32 3917.71 3712.00
CH,4 emissions including CH, from LULUCF 4214.24 4239.24 4 158.00 414211 4 030.15 3998.49 3927.65 3937.50 3757.85
N.O emissions excluding N,O from LULUCF 1497.84 1311.07 1459.77 1337.48 1300.15 1353.63 1398.87 1324.73 1248.32
N.O emissions including N,O from LULUCF 1534.16 1351.26 1497.52 1376.37 1338.64 1393.91 1436.34 1356.78 1293.45
HFCs 626.14 704.84 647.95 710.19 675.62 688.69 646.65 672.37 480.86
PFCs 18.27 16.53 15.17 16.75 16.14 14.28 13.22 14.23 5.91
SF¢ 14.60 14.75 6.00 7.30 9.68 9.14 17.73 17.44 15.38
Total (excluding LULUCF) 40 053.93 40 786.16 41 226.19 42 354.41 42 165.81 39 865.33 37131.02 | 41162.47 | 37012.71
Total (including LULUCF) 35 298.58 35551.89 35913.48 37 150.17 37 934.50 34 870.85 29952.03 | 33951.05 | 29786.97
Total (excluding LULUCF, including indirect emissions) | 40 103.47 40 842.50 41 278.70 42 401.89 42 218.93 39910.63 37176.89 | 41206.13 | 37052.21
Total (including LULUCF, including indirect emissions) 35 348.12 35 608.23 35 966.00 37 197.65 37 987.62 34 916.16 29997.91 | 33994.72 | 29 826.47
Total aggregated GHG emissions, emissions are determined as of 15. 03. 2024, indirect emissions are reported in the 2024 submission.
Table ES.3: Summary of the GHG emissions according to the sectors in 1990 — 2022
GREENHOUSE GAS SOURCE AND SINK CATEGORIES Ba(igg}:)e)ar 1991 1992 1993 1994 1995 199 1997
Gg of CO, equivalents

1. Energy 56 777.17 50 341.91 46 118.17 42 159.32 39 624.96 39 225.04 38817.72 38 640.78
2. Industrial Processes 9 427.67 7 225.07 6 844.38 7 886.83 8171.05 9 028.62 9 405.44 9 445.58
4. Agriculture 5767.68 5136.35 4314.83 3642.92 3454.55 3509.47 3391.31 3298.46
5. Land Use, Land-Use Change and Forestry -8 892.53 -9 719.58 -10 348.91 -10 138.10 -9 577.92 -9 030.43 -8 939.21 -8 727.30
6. Waste 1395.03 1 409.95 1405.20 1 409.06 1331.85 1334.86 1337.89 1362.25
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GREENHOUSE GAS SOURCE AND SINK CATEGORIES 1998 1998 2000 2001 2002 2008 2004 2009
Gg of CO; equivalents
1. Energy 3812026 | 3737592 | 3647686 | 3838L71 | 3600242 | 3691928 | 3642618 | 36885.68
2. Industrial Processes 9 555.64 9171.96 8191.62 8 381.92 9 315.95 8 872.47 10 099.17 9 585.07
4. Agriculture 2 940.34 2 806.38 2731.71 2838.82 283167 2 663.01 2509.94 2534.66
5. Land Use, Land-Use Change and Forestry -9 793.74 -8 953.34 892253 8.243.52 -8721.82 -8 146.45 -8154.38 -4 264.77
6. Waste 1389.03 1407.50 1438.45 1466.05 1554.38 1573.80 1612.63 1610.14
GREENHOUSE GAS SOURCE AND SINK CATEGORIES 2008 2001 2008 2009 2010 201 2012 2018
Gg of CO, equivalents

1. Energy 3622180 | 3461596 | 35101.68 | 3254344 | 3260814 | 3216435 | 2989487 | 2072425
2. Industrial Processes 1041272 | 1024583 | 1012973 8 631.05 8 998.01 8 626.83 8 550.70 8270.36
4. Agriculture 2 310.68 2347.66 2 418.74 2213.73 2400.52 2172.79 2132.91 2 245.49
5. Land Use, Land-Use Change and Forestry -7 358.41 691161 5818.24 5 589.24 -4704.36 -5 066.33 6167.02 6937.11
6. Waste 1690.02 1621.74 1656.61 1698.94 1742.89 1790.84 1817.56 1833.33
GREENHOUSE GAS SOURCE AND SINK 2014 2015 2016 2017 2018 2019 2020 2021 2022
CATEGORIES Gg of CO, equivalents

1. Energy 2736648 | 2802100 | 2819591 | 2912657 | 2891356 | 2744427 | 2519192 | 2798016 | 2561213
2. Industrial Processes 8503.44 8 690.73 8 888.98 9 174.20 9.201.27 8.350.38 7796.55 9 206.03 7536.24
4. Agriculture 2354.71 2129.02 2 259.27 2131.34 2104.17 2140.13 2168.07 2033.07 1934.43
> ';:s”t?yuse’ Land-Use Change and 475536 | 523427 | -531270 | -520425 | -4231.31 | -499447 | -717898 | 721142 | 722574
6. Waste 1829.31 1945.41 1882.02 1922.30 1946.82 1930.55 1974.48 1943.21 1929.92

Total aggregated GHG emissions, emissions are determined as of 15. 03. 2024, indirect emissions are reported in the 2024 submission.
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ES.5. Indirect Emissions and Precursors of Greenhouse Gases

The Slovak Republic is providing here the estimate of CO, NOx, SO2 and NMVOC emissions for the
years 1990 — 2022 originally submitted under the NECD and the CLRTAP on February 15, 2024. The
latest (March) data is included in CRF tables 1990 — 2022 generated by the CRF Reporter software
v.6.0.10_ARS5 as a part of annual GHG inventory submitted in March 15, 2024. According to the new
rules for the reporting of the air pollutants recalling the Article 8(1) and the Annex | of the NECD, annual
emission reporting requirements as referred to in the first subparagraph of the Article 8(1) for the years
after the year 2017 was set for the emissions inventory in February, 15 and for the informative inventory
reports (IIR) or emissions data resubmission in March, 15, respectively. Among others for example:

L] In the Energy sector, emissions of NOx, NMVOC, SOx and CO in the categories 1.A.3.d.i.i and
1.A.4.b.i changed based on update of the activity data for fuel consumption.

= In the IPPU sector, emissions for historical years 1990 — 1999 from the category 2.H.2, changed
as a result of the activity data update which resulted in recalculations of emissions of NMVOC.
. In the Agriculture sector, in categories 3.B.3, 3.B.1, 3.B.4 and 3.D.a.2.a emissions of NOx

changed as a result of implementation of the IPCC 2019 Refinement and implementation of the
2023 EMEP/EEA Guidebook. In category 3.B.1, NMVOC emissions changed based on EU
recommendation. In the category 3.B.4.h, NOx and NMVOC emissions changed due to
implementation of a new methodology based on tier 1 method available in the 2023 EMEP/EEA
Guidebook.

. In the Waste sector, emissions of NMVOC in the categories 5.A and 5.B.2 were recalculated
due to an addition of the new activity data to the calculation based on the change in the
EMEP/EEA GB version 2023.

These changes are resulted to the methodological changes in the NECD inventory and are reflected in
the March 15, 2024 NECD submission and consequently provided in the GHG inventory submission
2024. According to the analyses, there are no larger inconsistencies (+/-5%) in the reporting under
NECD (or CLRTAP) (submitted on 15/03/2024) and the GHG inventory (submitted on 15/03/2024). Due
to differences in methodology, small inconsistencies occurred in the emissions from forest fires that are
not included in the NECD inventory and emissions of NOx in manure management are not included
directly in the GHG inventory (indirect N2O emissions are calculated based on NOx emissions in the
category 3.B.2 — Manure Management). More information can be found in Chapter 10.1.

Table ES.4: Summary of the indirect GHG emissions according to the gases and the sectors in 2022

TOTAL ‘ ENERGY ‘ INDUSTRY AGRICULTURE LULUCF WASTE
EMISSIONS
Gg
NOx 55.10 41.97 5.27 6.43 1.05 0.39
(6{0) 339.00 218.93 70.11 NO 37.28 12.67
NMVOC 83.12 50.23 25.60 5.92 0.64 0.72
SO; 13.22 8.47 4.70 NO 0.03 0.01

Emissions of main pollutants are available in public databases:
SU SR in the STATdat database.

SHMU website — Air Emission Accounts data for the years 2008 — 2021 are available as
the aggregates in format of separate PDF files for particular gases.
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CHAPTER 1. INTRODUCTION

1.1. Background Information on Greenhouse Gas
Inventories and Climate Change

1.1.1. Climate Change

The greenhouse effect of the atmosphere is similar to the effect that may be observed in greenhouses,
however the function of glass in the atmosphere is taken over by the "greenhouse gases" (international
abbreviation GHGSs). Short wave solar radiation is transmitted freely through the greenhouse gases, falling
to the earth's surface and heating it. Long wave (infrared) radiation, emitted by the earth's surface, is
caught by these gases in the major way and partly reemitted towards the earth's surface. Because of
this effect, the average temperature of the surface atmosphere is 33°C warmer than it would be without
the greenhouse gases. Finally, this enables the life on our planet.

The most important greenhouse gas in the atmosphere is water vapour (H20), which is responsible for
approximately two thirds of the total greenhouse effect. Its content in the atmosphere is not directly
affected by human activity, in principle it is determined by the natural water cycle, expressed in a very
simple way, as the difference between evaporation and precipitation. Carbon dioxide (CO2) contributes to
the greenhouse effect by 30%, methane (CHa4), nitrous oxide (N2O) and ozone (Os); all three together
contribute by 3%. The group of synthetic (artificial) substances — chlorofluorocarbons (CFCs), their
substitutes, hydrofluorocarbons (HCFCs, HFCs) and others such as fluorocarbons (PFCs) and SFe, also
belong to the greenhouse gases. There are other photochemical active gases as well, such as carbon
monoxide (CO), oxides of nitrogen (NOx) and non-methane organic compounds (NM VOC), which do not
belong to the greenhouse gases, but contribute indirectly to the greenhouse effect of the atmosphere.
They are registered together as the precursors of ozone in the atmosphere, as they influence the formation
and disintegration of ozone in the atmosphere.

Despite setbacks from COVID-19, global greenhouse gas emissions increased in 2021. In 2021,
greenhouse gas concentrations reached new highs, with globally averaged surface mole fractions for
carbon dioxide (COz2) at 415.7 + 0.2 parts per million (ppm), methane (CH4) at 1908 + 2 parts per billion
(ppb) and nitrous oxide (N20) at 334.5 + 0.1 ppb, respectively, 149%, 262% and 124% of pre-industrial
(1 750) levels.

Carbon dioxide (CO.,) is a long-lived greenhouse gas that accumulates in the atmosphere. When CO,
sources and sinks are in net balance, concentrations of CO, will have a small variability. That was the
case over the 14 000 years that preceded the industrial era, which started around 1 750 AD. Emissions
from burning fossil fuels and changing land uses have led to an increase in CO, in the atmosphere from
the pre-industrial level of 280 parts per million (ppm) to current levels that are over 410 ppm (this means
410 CO, molecules per million of air molecules or 0.041% of all air molecules).

Methane (CHa4) is the second most important long-lived greenhouse gas and contributes about 17% of
radiative forcing. Approximately 40% of methane is emitted into the atmosphere by natural sources (e.g.,
wetlands and termites), and about 60% comes from human activities like cattle breeding, rice agriculture,
fossil fuel exploitation, landfills and biomass burning.

Nitrous Oxide (N20) is emitted into the atmosphere from both natural (about 60%) and anthropogenic
sources (approximately 40%), including oceans, soil, biomass burning, fertilizer use, and various
industrial processes. Nitrous oxide also plays an important role in the destruction of the stratospheric
ozone layer, which protects us from the harmful ultraviolet rays of the sun. It accounts for about 6% of
radiative forcing by long-lived greenhouse gases.
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According to the global climatologic classifications, the Slovak Republic is located in the mild climate zone
with mean monthly precipitation totals equally distributed over the whole year. The Atlantic Ocean affects
more the western part of the country and the continental influence is more typical for the eastern part. The
Mediterranean climate influences mainly the south of the central part of Slovakia by higher precipitation
totals in autumn. A regular rotation of spring, summer, autumn and winter seasons is typical for the country.
However, the overall increase of GHGs emissions concentration caused significant climatic changes in the
temperature, water regime and extreme weather events in Slovakia.

Detall climatic measurements at several meteorological stations and more than 200 precipitation gauges
since 1881 has enabled us to prepare the study on climate change and variability for the period of 1881
— 2022. It is also possible to separate natural causes of climate changes from those induced by
enhanced atmospheric greenhouse effect (using global and regional climatic analyses).

Information on climate changes in Slovakia can be found in the Eight National Communication of the
Slovak Republic and in the Fifth Biennial Report of Slovakia to the UNFCCC published in February 2023.

1.1.2. Greenhouse Gas Inventories

This National Inventory Report (NIR) of Slovakia for the submission to the EU, the UNFCCC and to the
Kyoto Protocol includes data of the anthropogenic emissions by sources and removals by sinks of all
greenhouse gases (GHGs) not controlled by the Montreal Protocol, i.e. carbon dioxide (CO:2), methane
(CHa4), nitrous oxide (N20), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), and sulphur
hexafluoride (SFs). Emissions of nitrogen trifluoride (NF3) did not occurred in Slovakia and appropriate
notation key was used in inventory.

Indirect CO2 and N20 emissions resulting from atmospheric oxidation of NH3, CH4 and NMVOC
emissions from non-biogenic sources are also included in the inventory in the sectoral tables (IPPU and
Agriculture). The indirect CO2 emissions have been evaluated and included in the IPPU sector
consistent with the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (the IPCC 2006 GL)
since the base year. Indirect N2O emissions resulting from a deposition of nitrogen due to emissions of
nitrogen oxides (NOx) and ammonia (NH3s) are estimated and indirect N2O emissions from agricultural
sources are included in the national total emissions consistent with the UNFCCC reporting guidelines in
the Annex to Decision 24/CP.19 (UNFCCC 2013).

The SVK NIR 2024 includes also estimates of so-called indirect greenhouse gases and precursors
(carbon monoxide (CO), nitrogen oxides (NOx), non-methane volatile organic compounds (NMVOCs)
and sulphur dioxide (SO2 meaning sulphur oxides and other sulphur emissions calculated as SO32).
Indirect greenhouse gases and sulphur dioxide do not have a direct warming effect, but influence on the
formation or destruction of direct greenhouse gases, such as tropospheric ozone. These gases are not
included in Annex A of the Kyoto Protocol, but are included in consistent way in the GHG inventory
submission since the year 1990 (Chapter ES.5). The emissions and removals estimates are presented
by gas and by category and refer to the latest inventory year unless otherwise specified. Full time series
of the emissions and removals from 1990 to latest inventory year are included CRF tables, which are
part of the inventory submission. In the NIR, the data is presented for a limited set of years consistent
with the UNFCCC reporting guidelines.

The structure of this NIR follows the UNFCCC Reporting Guidelines. According to the emissions
inventory submitted in March 15, 2024, the Slovak Republic total anthropogenic emissions of
greenhouse gasses expressed as CO:2 equivalent decreased by more than 49% without LULUCF and
with indirect emissions, compared to the base year 1990. This achievement is the result of impacts of
several processes and factors, mainly:

= Recovery and investments after the Covid-19 pandemic impacts on transport, industry and
services.

= Higher share of services on the GDP.
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= Technological restructuring and change in structure of industries.
= Higher share of gaseous fuels on consumption of primary energy resources.
= Gradual decrease in energy consumption for certain energy intensive sectors.

= Impact of air protection legislation, which regulates directly or indirectly generation
of greenhouse gas emissions.

= Global energy crises started in 2022 and increasing of fuel prices due to Ukraine war.

= Increase of energy efficiency and share of the renewable energy sources on final
consumption.

= Phased-out one of three furnaces in the US Steel company (iron and steel producer) in
June 2019 mostly caused decrease of EU ETS emissions in comparison with the ESD
emissions (non-EU ETS). Re-introduction of the phased-out furnace took place
in beginning of 2021, so the increase of emissions can be found in 2021 inventory. In 2022,
further decrease in emissions of EU ETS occurred due to high fuel prices, several
operators phased-out or reduced production. This, along with other factors, caused the
changes in the share of allocated emissions in the EU ETS and the ESD/ESR; in the EU
ETS (47%) and the ESD/ESRR (53%) (Table 1.1).

= Implementation of strict policies and measures in climate change and international
agreements up to 2030 focused mostly on the EU ETS categories.
= Less intensive winter seasons, lower fuel consumption for heating.

= Higher share of biomass in the residential heating sector.

In May 2004, the Slovak Republic joined the European Union. Relevant European legislation has
brought additional positive direct and indirect effects to the reduction of GHG emissions, mainly in the
Energy sector. The introduction of emission trading system will allow the implementation of further
reduction measures in all installations included in the EU ETS.

Table 1.1: Total GHG emissions in the EU ETS and ESD/ESR for the years 2018 — 2022

2022 | 2021 | 2020 2019 | 2018
Gg of CO; equivalents

YEAR

Total greenhouse gas
emissions without
LULUCF and with
indirect emissions

Total verified EU ETS
emissions

37 052.2 41 206.1 37 176.9 39 910.6 42 218.9

17 418.2 20 898.9 18 170.0 19 903.8 22193.4

CO; emissions from

1.A.3.A civil aviation 15 13 0.9 18 2.9

Total verified

ESD/ESR emissions 19632.5 20 306.0 19 006.0 20 005.0 20 022.7

* preliminary data

Table 1.2 and Figure 1.1 show the most significant trend indicator of GDP and GHG emissions
decoupling which was achieved in Slovakia in past years. In addition, development in the last inventory
year (2022) is an evidence of continuation of decoupling process started in the 1997 and continuing
after economic crises in 2009. With the recovery of economy, carbon emissions did not follow GDP
growth. This is a signal of total reconstruction of Slovak economy and industry. It is also expected, that
similar trend will continue in the future, while there are planned investments in energy saving and
efficiency and step by step building a carbon neutral economy.
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Table 1.2: Decrease of carbon intensity per GDP in the Slovak Republic in 2007 — 2022

YEAR 2007 2008 2009 2010 2011 2012 2013 2014
CO, emission in Tg 41.15 41.55 37.80 38.46 38.05 35.96 35.62 33.71
GDP in Bio € at ESA 2015 prices 66.53 70.24 66.41 70.87 72.76 73.72 74.19 76.19
Carbon Intensity in Tg/GDP 0.62 0.59 0.57 0.54 0.52 0.49 0.48 0.44
YEAR 2015 2016 2017 2018 2019 2020 2021 2022
CO; emission in Tg 34.53 34.96 36.17 36.16 33.83 31.15 35.22 31.55
GDP in Bio € at ESA 2015 prices 80.13 81.68 84.08 87.47 89.67 86.68 90.83 92.42
Carbon Intensity in Tg/GDP 0.43 0.43 0.43 0.41 0.38 0.36 0.39 0.34
Figure 1.1: Comparison of CO, emissions per GDP (carbon intensity) in 1995 — 2022
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The Slovak Statistical Office, Dpt. of National Accounts. Within the revision of annual national accounts (base year 2015),
year 2022 — preliminary.

1.1.3.

International Agreements

International agreements under the UN:

United Nations Framework Convention on Climate Change (UNFCCC):

Adopted on May 9, 1992 in New York
Adopted by the Slovak Republic on May 19, 1993

Ratified by the Slovak Republic on August 25, 1994
Entry into force for the Slovak Republic on November 23, 1994

The aim of the Convention is to stabilize the atmospheric concentrations of greenhouse gases to a safe
level that enables adapting of ecosystems and to prevent the dangerous consequences of the impact
of anthropogenic activity.

Commitments:

The level of emissions in 2020 must not exceed the level of 1990
Prepare and annually submit greenhouse gas inventories
Prepare and implement national mitigation programs

Support sustainable management and cooperate in maintaining and increasing the number of

captures of greenhouse gas emissions

Take into account climate change in the appropriate extent within the relevant social,
economic and environmental measures and actions

Kyoto Protocol (KP)

Adopted on 11 December 1997 in Kyoto
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= Adopted by the Slovak Republic on February 26, 1999
= Entered into force for the Slovak Republic on February 16, 2005
= Amendment to KP adopted on December 8, 2012 in Doha, Qatar

In a response to the significant increase in GHG emissions since 1992, legally binding agreement known
as the Kyoto Protocol was adopted. Developed countries, listed in Annex | to the Convention, should
reduce six GHGs emissions (COz, CH4, N20, HFCs, PFCs and SFe) individually or together by 5.2%
on average compared to the year 1990 during the first commitment period 2008 — 2012. The Kyoto
Protocol also defined instruments for achieving the maximum reduction potential - such as joint fulfilment
of obligations or emissions trading. Slovakia is committed to reducing emissions by 8%. Doha
Amendment was negotiated to define a second binding (reduction) period (2013-2020) with the aim of
reducing developed countries' emissions by 20% compared to the base year (mostly 1990, but
negotiated separately for each side). Slovakia fulfilled the reduction targets for the first and the second
commitment periods with a large difference in positive way. Currently, the GHG emissions without the
LULUCEF and without indirect emissions are almost 50% of the 1990 level.

Paris Agreement (PA)

= Adopted on 12 December 2015 in Paris

= Adopted by the Slovak Republic on April 22, 2016

= Ratified by the Slovak Republic on September 28, 2016

= Entered into force for the Slovak Republic on November 4, 2016

The Paris Agreement central aim is to strengthen the global response to the threat of climate change by
keeping a global temperature rise this century well below 2°C above pre-industrial levels and to pursue
efforts to limit the temperature increase even further to 1.5°C. Monitoring, reporting and reducing
emissions, including adaptation to climate change, is mandatory for all countries, not just those listed in
Annex 1 to the Convention. Emissions reduction action plans, defined as nationally determined
contributions (NDCs), set targets for reducing greenhouse gas emissions by 2025 or 2030, along with
adaptation to the climate change. Countries should review and tighten their NDCs every 5 years to
achieve carbon neutrality by 2050.

International agreements under the EU:

The European Union (EU) considers climate change as one of the four environmental priorities. On
November 28, 2018, the European Commission presented its Long-Term Strategy for a prosperous,
modern, competitive and climate-neutral economy by 2050. The Low-Carbon Development Strategy of
the Slovak Republic until 2030 with a View to 2050 was adopted by the Government of the Slovak
Republic by the Resolution No 104/2020. The European Commission launched the European Climate
Pact in December 2020, an EU-wide initiative inviting people, communities and organisations to
participate in climate action and build a greener Europe. As part of the European Green Deal, the
Climate Pact offers a space for everyone to share information, debate and act on the climate crisis, and
to be part of an ever-growing European climate movement. The Commission’s proposal to cut
greenhouse gas emissions by at least 55% by 2030 and 90% by 2040 sets Europe on a responsible
path to become climate neutral by 2050.

The Regulation (EU) 2018/1999 of the European Parliament and of the Council of 11 December 2018
on the Governance of the Energy Union and Climate Action

The Regulation (EU) 2018/1999 together with Commission implementing Regulation EU) 2020/1208 on
structure, format, submission processes and review of information reported by Member States pursuant
to Regulation (EU) 2018/1999 integrated rules to ensure planning, monitoring and reporting of progress
towards its 2030 climate and energy targets and its international commitments under the Paris
Agreement have been adopted. The Regulation established a governance mechanism for the
implementation of strategies and measures designed to meet the objectives and targets of the Energy
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Union and the EU’s long-term greenhouse gas emission commitments under the Paris Agreement, in
particular the EU’s ambition to achieve climate neutrality by 2030. Slovakia submitted the 2021 — 2030
draft plans under the Regulation on the Governance by the end of 2018 and final plans by the end of
2019. The Commission has assessed these both at EU and Member State level. The update of the
national energy and climate plans is expected by the end of June 2023 in a draft form and by 30 June
2024 in a final form to reflect an increased ambition.

1.2. Description of the National Inventory Arrangements

1.2.1. Institutional, Legal and Procedurals Arrangements

The Ministry of Environment of the Slovak Republic (MZP SR) is responsible for development and
implementation of national environmental policy including climate change and air protection objectives.
It has the responsibility to develop strategies and further instruments of implementation, such as acts,
regulatory measures, economic and market based instruments for cost efficient fulfilment of adopted
goals. All ministries and other relevant bodies annotate both, the conceptual documents as well as
legislative proposals. Following the commenting process, the proposed acts are negotiated in the
Legislative Council of the Government, approved by the Government, and finally by the Slovak
Parliament. The Ministry of Environment of the Slovak Republic is the main body to ensure conditions
fulfilment and to monitor progress of the Slovak Republic for meeting all commitments and obligations
of climate change and adaptation policy.

According to the Governmental Resolution No 821/2011 Coll. from 19 December 2011, minister of the
Environment established the inter-ministerial High-Level Committee on Coordination of Climate Change
Policy (HLC CoCCP) by Decision No 1/2012-8.1 from the January, 13t 2012. This Committee was
created at the state secretary level and replaced previous coordinating body, i.e. the HLC CoCCP
established in August 2008. Committee was chaired by the State Secretary of MZP SR; other members
were the state secretaries of the Ministry of Economy, Ministry of Agriculture and Rural Development,
Ministry of Transport and Construction, Ministry of Education, Science, Research and Sport, Ministry of
Health, Ministry of Finance, Ministry of Foreign Affairs and the Head of the Regulatory Office for the
Network Industries. Figure 1.2 provides in depth overview diagram showing the institutional
arrangements concerning climate policy and its implementation.

Main objective of the HLC CoCCP was an effective coordination at developing and implementation of
mitigation and adaptation policies and selection of appropriate measures to fulfil international
obligations. An important output of its activities was also “Report on the Current State of Fulfilment of
the International Climate Change Policy Commitments of the Slovak Republic” (“Sprava o priebeZznom
stave plnenia prijatych medzinarodnych zavazkov SR v oblasti politiky zmeny klimy”), regularly
submitted to the Government, with aim to inform it on the basis of a detailed analysis of current progress
on this issue. The first was in June 2012 and the latest was published in April 2019. This type of report
will be published irregularly after 2019. This was decided to publish in 2022 at the earliest.

The role of HLC CoCCP has been replaced by Council of the Government of the Slovak Republic for
the European Green Deal (CG EGD) which first session took place in April 20, 2021. CG EGD serves
as expert, advisory, coordinating and initiative body of the Government of the Slovak Republic for
matters relating to the European Green Deal as vision for achieving the sustainable development goals
(i.e. national priorities for the implementation of the Agenda 2030 for sustainable development) and the
transition to a carbon-neutral economy by 2050 and the related implementation of key policies and
measures aimed at achieving climate and environmental goals and the continuing transformation of the
economic, environmental, energy and social system of the Slovak Republic, including transformation of
industry, agriculture, transport, tourism, manufacturing, non-productive, consumer and social areas. The
CG EGD is chaired by minister for the Environment; other members are relevant ministers and
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representatives of state bodies and National Council of the Slovak Republic, local government
authorities, self-government representatives and representatives of academy.

Figure 1.2: Institutional arrangements in climate change policy and its implementation
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The Ad-hoc Expert Group for preparing of the Adaptation Strategy of the Slovak Republic on Adverse
Impacts of Climate Change and Ad-hoc Expert Group for preparing Low-Carbon Strategy of the SR
were created under the HLC CoCCP in 2012. These expert groups include experts from other relevant
ministries, academic, university positions, and other expert institutions. The Government Resolution No
148/2014 adopted the National Adaptation Strategy in March 26, 2014. The updated strategy has
undergone the process of strategic environmental assessment under Act No 24/2006 Coll. On
Environmental Impact Assessment. Strateqy for the Adaptation of the Slovak Republic to Climate
Change was updated and approved on October 17, 2018 by Government Resolution No 478/2018. The
Climate Change Adaptation National Action Plan was supposed to be submitted to the Government by
December 31, 2020. However, Government of the Slovak Republic prolonged submission by the end of
August 2021. This Action Plan was approved on August 31, 2021 by Government Resolution No
476/2021.The preparation of the Climate Change Adaptation National Action Plan, which began in 2018,
was under the auspices of the MZP SR in cooperation with the Institute for forecasting of the Slovak
Academy of Sciences. Based on qualitative and quantitative analyses, adaptation measures were
prioritized in the Action Plan. The short-term measures for the period 2021 — 2023 and the medium-term
for the period 2024 — 2027 were identified. The Action Plan contributes to a better reflection of adaptation
measures in the 7 sectors — water protection, water management and water use, sustainable agriculture,
adapted forestry, the natural environment and biodiversity, health and healthy population, adapted
residential environment and technical, economic and social measures. Each of these 7 sectors has its
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specific goal, each of which has defined its basic principles and specific measures that define the tasks
in a given sector. A total of 45 specific measures were identified and within them 169 tasks for the period
of validity of the Action Plan until 2027. These measures and the related tasks are based on the updated
National Adaptation Strategy. This Action Plan has undergone the process of strategic environmental
assessment under Act No 24/2006 Coll. On Environmental Impact Assessment.

According to Government Resolution No 478/2018 — the first Information on the progress made in
implementing adaptation measures on national level in the Slovak Republic shall be submitted to
Government by 28. February 2023. This Information was approved by the Government Resolution No
110/2023. Following the Government Resolution No 476/2021 considering National Action Plan on
Adaptation — the Information on short-term targets progress (of NAP) to the Government will be reported
by 30. June 2024. The next planned revision of the National Adaptation Strategy taking into account
new scientific knowledge on climate change is planned in 2025. According to Government Resolution
No 478/2018 the next National Adaptation Strategy shall be submitted to the Government by 31.
December 2025. National Adaptation Strategies, Action Plan, Government Resolutions and other data
relevant to adaptation to climate change in Slovak Republic are available (in Slovak language) on the
MZP SR website.

On the EU level, according to the Regulation on the Governance of the Energy Union and Climate Action
by 15 March 2021, and every two years thereafter, Member States shall report to the Commission
information on their national climate change adaptation planning and strategies, outlining their
implemented and planned actions to facilitate adaptation to climate change, including the information
specified in Part 1 of Annex VIII and in accordance with the reporting requirements agreed upon under
the UNFCCC and the Paris Agreement.

The Low-Carbon Development Strategy of the Slovak Republic until 2030 with a View to 2050 (LCDS),
adopted in March 2020, aims to identify measures, including additional measures, to achieve climate
neutrality in the Slovak Republic by 2050. The aim of the LCDS is to outline options for a comprehensive
long-term (30-year) strategic roadmap for moving to a low-carbon economy, which will be completed by
achieving climate neutrality by 2050. The LCDS identifies key policies and measures that will lead to
achieving the headline target of the Paris Agreement — keeping the increase in global temperature this
century to well below 2°C and pursuing efforts to limit the temperature increase to 1.5°C above pre-
industrial levels. The LCDS aims to select and analyse cost-effective measures in terms of the scope of
emission reductions and the economic and social impact. The measures envisaged in the near future,
detailed, and modelled in the strategy under the WEM and WAM scenarios raised the fact that climate
neutrality in Slovakia cannot be achieved by 2050 with them. Therefore, the strategy also includes
additional measures (called NEUTRAL) which should move Slovakia closer to its goal by 2050. Whether
this happens will be analysed in detail in the near future as part of the updating process. The
implementation of the measures will require the active involvement of the relevant sectors, the
interconnection and consolidation of the individual sectoral and crosscutting policies, and society-wide
engagement. Consistent horizontal implementation of measures that are in harmony with the objective
of achieving climate neutrality by the middle of this century and in line with this strategy is to be ensured
by the Council of the Government of the Slovak Republic for the European Green Deal, the adoption of
which is expected together with this Strategy.

Consistent horizontal implementation of measures in line with the objectives of climate neutrality by
2050 and in line with the LCDS is to be ensured by the Council of the Government of the Slovak Republic
for the European Green Deal and Low-Carbon Transformation, adopted by the Government Resolution
No 699 of November 4, 2020.

Thanks to the new approved environmental policy Greener Slovakia — Strategy of the Environmental
Policy of the Slovak Republic until 2030 (the Envirostrategy 2030), Slovakia determined a way of how
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to face the biggest environmental challenges and address the most serious environmental problems.
The Slovak Government approved the Envirostrategy 2030 on February 27, 2019.

Articles 4 and 12 of the UNFCCC require the Parties to the UNFCCC to develop, periodically update,
publish, and make available to the Conference of the Parties their national inventories of anthropogenic
emissions by sources and removals by sinks of all greenhouse gases not controlled under the Montreal
Protocol. Moreover, the commitments require estimation of emissions and removals as a part of ensure
that Parties are in compliance with emission limits, that they have a national system for estimation of
sources and sinks of greenhouse gases, that they submit an inventory annually, and that they formulate
national programs to improve the quality of emission factors, activity data, or methods. The obligation of
the Slovak Republic to create and maintain the National Inventory System of the Slovak Republic (SVK
NIS) which enables continual monitoring of greenhouse gases emissions is given by Article 5, paragraph
1 of the Kyoto Protocol.

Setting up the SVK NIS of emissions in compliance with the Kyoto Protocol requirements was framed
with functions which it should fulfil according to the decision 19/CMP.1. The basic characteristics of the
SVK NIS are as follows:

= To ensure linkages and co-operation among involved institutions, bodies and individuals to
perform all activities for monitoring and estimation of GHG emissions from all
sectors/categories according to the UNFCCC guidelines and relevant decisions and
according to the approved IPCC methodologies. To enable using of all relevant data from
national and international databases for preparing and improving GHG emission inventory.

* To define role and competencies of all involved stakeholders including the role of National
Focal Point to the UNFCCC.

= To define and regularly implement quality assurance and quality control (QA/QC) process
in two lines; both internally and externally by appropriate body.

= To ensure ongoing process of development capacities; financial, technical and expert
sources in relation to QA/QC but also in relation to new tasks rising from the international
process.

The National Inventory System of the Slovak Republic was established and officially announced by
Decision of the Ministry of Environment of the Slovak Republic on 15t January 2007 in the official bulletin:
Vestnik, Ministry of Environment, XV, 3, 2007. In agreement with paragraph 30(f) of Annex to Decision
19/CMP.1, which gives the definitions of all qualitative parameters for the SVK NIS, the description of
quality assurance and quality control plan according to Article 5, paragraph 1 is also required. The
revised report of the SVK NIS dated on November 2008 was focused on the changes in the institutional
arrangement, quality assurance/quality control plan and planned improvements. The regular update of
the SVK NIS with all qualitative and quantitative indicators is provided in the NIRs and was provided in
the Eight National Communication of the SR on Climate Change, published in February 2023 and in the
Fifth Biennial Report in 2023.

The role of responsible ministries in the national system

The MZP SR is responsible for implementation of national environmental policy including climate change
and air protection. It serves also as the National Focal Point to the UNFCCC.

District and regional environmental offices are decision-making bodies according to Act No 525/2003
Coll. These are located at eight regional and 46 district administration offices. The four inspectorates of
the Slovak Environmental Inspection carry out inspection and enforcement activities. According to the
Act No 143/2023 Coll. on Air Protection, competencies and decision-making process concerning large,
medium and small pollution sources are given to regional and district levels and municipalities.
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Act No 414/2012 Coll. on Emission Trading as amended is the legal instrument directly oriented towards
the control of GHG emissions. According to this Act, competencies with respect to emission allowance
trading are given to the MZP SR and the regional and district environmental offices.

Slovak Hydrometeorological Institute as the single national entity

The Slovak Hydrometeorological Institute (SHMU) www.shmu.sk is authorised by the MZP SR to provide
environmental services, including annual GHG inventories according to the approved statute. The range
of services, competencies, time schedule and financial budget are updated and agreed annually. All
details of the SHMU activities are described in the Plan of Main Tasks. The plan, commented by all
stakeholders is published after approval at the website of the SHMU. Deadline for the approval of this
plan by the ministry is 31t December each year. In 2021, organisational changes occurred and the
structure of SHMU was updated. Presented changes have no impact on the SVK NIS. Establishment of
the Department of Emissions and Biofuels (OEaB) was based on organisational changes provided in
January 2017. The OEaB has two main tasks: emission inventories and projections (GHG, NECD, and
CRLTAP) and National System of Biofuels. The OEaB is also responsible for developing and
maintaining the National Emission Information System (the NEIS) — the database of stationary sources
to monitor the development of SO2, NOx, CO emissions at regional level and to fulfil reporting commitments
under the national regulations and EU Directives. The NEIS software product is constructed as a multi-
module system, corresponding fully to the requirements of current legislation. The NEIS database
contains also some technical information about the sources like fuel consumption and use for the
estimation of the sectoral approach. The Single National Entity is a part of the OEaB with the defined
structure and overall responsibility for compilation and finalization of the inventory reports and their
submission to the UNFCCC Secretariat and the European Commission according to the announcement.
The SNE was officially appointed by the Decision of the Director General of the SHMU No 16/2011 in
August 2011 and amended by the Decision of the Director General of the SHMU No 8/2012 in
September 2012. The SNE coordinates the SVK NIS. It currently comprises nine full time experts
working on inventory tasks and on biofuels. Composition of the SNE is the SVK NIS coordinator, the
deputy SVK NIS coordinator and data manager, the energy and IPPU expert, transport expert,
agricultural expert, two experts for NEIS database and two experts for emission projections. Permanent
staff of the SNE is complemented to the SVK NIS by several institutions and external experts from
relevant areas and sectors working on contracts updated as necessary and partly other experts of the
OEaB (Figure 1.3).

On this figure is a structure of the SVK NIS, where the Committee on CCP is intergovernmental body
responsible for implementation of climate change policy on cross-ministerial level. Table 1.3 presents
updated list of internal experts within SHMU and a list of external experts and institutions within the SVK
NIS.
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Figure 1.3: Structure and responsibilities of the SVK NIS
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Responsibilities of expert organisations

Contracts with the external institutions and the sectoral experts are fully in a competence of the SNE
after previous approval by the MZP SR. The SNE is fulfilling inventory tasks fully in line with approved
annual the Plan of Main Tasks and with financial resources allocated by the MZP SR. To specify main
objectives for given year, kick-off workshop with participation of the MZP SR, SHMU and external co-
operating bodies and experts is organised regularly, usually at the beginning of February each year.
This workshop is also an official forum for closing and summing up outcomes from the previous year
and preparing the activities, including the QA/QC plan and responsibilities for the current year. The main
institutions involved in the compilation of the GHG inventory are:

= Ministry of Environment of the Slovak Republic;

= Slovak Hydrometeorological Institute;

= Statistical Office of the Slovak Republic;

= Slovak Technical University, Faculty of Chemical Engineering

= National Forest Centre — Ministry of Agriculture and Rural Development;

= Research Institute on Soil Protection Bratislava - Ministry of Agriculture and Rural
Development.

Supporting institutions, founded by the Ministry of Environment to perform specific tasks linked to
inventory activities, play an important role. These include the Slovak Hydrometeorological Institute, the
Water Research Institute and the Slovak Environmental Agency. There are also other relevant subjects
for data providing, which are listed in sectoral chapters (Table 1.3).

26



Table 1.3: List of the sectoral experts in the SVK NIS

INTERNAL EXPERTS - SHMU

INSTITUTION

NAME

RESPONSIBILITY

Dept. of Emissions and Biofuels

Ms. Janka Szemesova

NIS coordinator

Dept. of Emissions and Biofuels

Ms. Alexandra NadZadyova

Data manager of quality, Biofuels
expert

Dept. of Emissions and Biofuels

Mr. Jan Horvéath

Energy expert

Dept. of Emissions and Biofuels

Mr. Marcel Zemko

Mr. Jozef Ore€ny
Mr. Roman Mach

Emission projections experts,
Buildings sector emissions

Dept. of Emissions and Biofuels

Ms. Michaela Campian
Ms. Petra KrS4kova

Other pollutant experts

Dept. of Emissions and Biofuels

Ms. Kristina Tonhauzer

Deputy of NIS coordinator and
Agricultural expert

Dept. of Emissions and Biofuels

Ms. Monika JalSovska

NEIS expert

Dept. of Emissions and Biofuels

Mr. Roman Mach

Uncertainty analyses, QA activity

Dept. of Water Quality

Ms. Lea Mrafkova

GHG inventory in wastewater sector

Dept. of Climate Service

Mr. Peter Kajaba

Climatological data

EXTERNAL INSTITUTIONS/EXPERTS

INSTITUTION NAME RESPONSIBILITY
Astraia Mr. Jan Judak Refergnce approach and fugitive
emissions preparations
Ecqsys Slovakia — (.:ompany for Mr. Jifi Balajka Cor.lsul.tatlons in energy and emission
environmental services in energy projections
Mr. Ivan Barka d and
. . . GHG inventory in Forest Land an
National Forest Centre Zvolen Mr. Tibor Priwitzer KP LULUCE
Mr. Pavel Pavlenda
Ms. Zuzana Palkovi¢ova _ ) ) )
Animal Production Research Centre Mr. Ondrej Pastierik Srﬂgu::rg/oenmory In agriculture — animal
Mr. Miroslav Zahradnik
Research Institute on Soil Protection . .
Bratislava Mr. Michal Svicek Data provider in agriculture sector —
. . Mr. Pavol Bezak soils, LULUCF Cropland and
National Agricultural and Food o 3 fertili
Ms. Kristina Buchova ertilizers

Institute

Central Control and Testing Institute
in Agriculture

. Stefan Gaborik
. Maggioni-Brazova lldiké

Data provider in the Agricultural
sector — soil nutrition

Faculty of Chemical Technology of
the Slovak Technical University
Bratislava

. Vladimir Danielik
. Juraj Labovsky

GHG inventory in industrial processes
and solvent use sectors and energy —
sectoral approach

Consultation in fuel balance

Consultation for EU ETS

Faculty of Chemical Technology of

GHG inventory in waste — wastewater

the Slovak Technical University Mr. Igor Bodik
Bratislava
Independent Expert Mr. Marek Hrab&ak GHG inventory in waste — SWDS

Statistical Office of the Slovak
Republic — Department of Cross-
sectoral Statistics

Ms.

Maria Lexova

Statistical data provider

Slovak Association for Cooling and Air Conditioning Technology

F-gases data provider




EXTERNAL INSTITUTIONS/EXPERTS
INSTITUTION NAME RESPONSIBILITY

SPIRIT Information Systems — IT NEIS provider, consultation on the

Mr. Jozef Skakala

services, NEIS databases provider NACE classification of sources
ICZ Slovakia a.s. Ms. Eva Vicenova National Registry focal point
Ministry of Economy Mr. Jozef Olexa Data provider for renewables

Grassland and Mountain Agriculture

Research Institute Mr. Stefan Pollak GHG inventory in Grassland

1.2.2. National Registry of the Slovak Republic

Slovakia operates its national registry in a consolidated manner with the EU Member States who are
also Parties to Kyoto Protocol plus Iceland, Liechtenstein and Norway. The consolidated platform which
implements the national registries in a consolidated manner (including national registry of Slovakia) is
called Consolidated System of EU registries (CSEUR). The Slovak National Emission Registry was
successfully connected to the International Transaction Log (ITL) with other EU countries in October
2008 and it has been fully operational since. More information related to the national registry is provided
in Chapter 12. Changes in the national registry are reported in Chapter 14 of this report.

Table 1.4: Organization designated as registry system administrator of the Slovak Republic

NAME OF THE INSTITUTION: ICZ SLOVAKIA A.S.
Postal address: Soblahovska 2050, 911 01 Trencin, Slovakia
Phone & Fax number: Phone: +421 32 6563 730, Fax: +421 32 6563 754
E-mail: emisie@icz.sk
Web site address: emisie.icz.sk
Contact person: Eva Vicenova
Position: Emission Registry Administrator
E-mail address: eva.vicenova@icz.sk
1.2.3. Inventory Planning, Preparation and Management

The preparation of emission inventories within the SVK NIS for GHG emissions is decentralized
according to the definition of Article 5.1 of the KP. The individual sectors are fully under the
responsibilities of the external institutions and sectoral experts, who are authorized to evaluate the
emission inventory within the delegated sectors. The preparation of the inventory includes three stages
— inventory planning, preparation and management.

During the inventory planning are set up roles and responsibilities, specifying processes and resources
according to internal and external QA/QC plans. These plans are updated and evaluated annually by
the quality manager of the SVK NIS and approved by the MZP SR. The inventory preparation process
starts with the collection of activity data, emission factors and all relevant information needed for
estimation of emissions, followed by choice of methods, data processing and then archiving.

For the inventory management, reliable data management to fulfil the data collecting and reporting
requirements is necessary. The inventory management includes a control system for documents and
data and for their archives.

1.2.4. Quality Assurance/Quality Control and Plans

This section presents the quality management and inventory process. Category — specific QA/QC details
with improvements and recommendations are discussed in the relevant sectoral chapters of this NIR.
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Quality management

The Slovak Hydrometeorological Institute has built and introduced the quality management system
(QMS) according to the requirements of EN ISO 9001:2008 standard of conformity. In the frame of
introduction of the QMS for the SHMU as a global standard, the certification itself proceeds according
to the partial processes inside of the SHMU structure. The process of Emission Inventories was the
subject of internal and external audits during the March 2010 by the certification body ACERT,
accredited by Slovak National Accreditation Service. The quality manager has completed several
trainings regarding the QMS. The recertification process is taking place every two years.

The objective of the SVK NIS is to produce high-quality GHG inventories. In the context of GHG
inventories, a high quality provides, that both the structures of the national system (i.e. all institutional,
legal and procedural arrangements) for GHG emissions and removals and the inventory submissions
(i.e. outputs, products) comply with the requirements, principles and elements arising from the UNFCCC
in line with the MRV principles. The IPCC Guidelines for the GHG emissions inventory 2016 were fully
implemented. The IPCC Guidelines Refinements 2019 were considered for possible utilisation in
inventory where the methodology was missing in previous Guidelines. The starting point for
accomplishing a high-quality GHG inventory is consideration of the expectations and requirements
directed at the inventory. The quality requirements set for the annual inventories — transparency,
consistency, comparability, completeness, accuracy, timeliness and continuous improvement — are
fulfilled by implementing the QA/QC process consistently. Figure 1.4 shows a model for the timeline
steps provided in inventory process, QA/QC and verification procedures.

Figure 1.4: PDCA cycle (Plan, Do, Check, Act)

4. Act 1. Plan

January — April February —June
Inventory Inventory planning/
improvement Quality planning
e Reviews o Setting roles and responsibilities
o Addressing comments o Elaboration of QA/QC and
and errors verification plan
o Assessing the effectiveness o Specifying necessary processes
e Conclusions for and resources
future actions o Selecting methods and emission factors
3. Check 2. Do
November — March April — December
Inventory evaluation/ Inventory preparation/
QA and verification Qc
e Implementing QA e Collecting activity data
o Verification e Estimating GHG emissions
e Final QC and removals
o NIR preparation e Implementing QC checks
e Documenting and e Uncertainty estimation,

archiving inventory calculations, compile
material CRF tables

29



The SHMU implemented a policy of continuous training process for internal and external experts.
Experts are trained during workshops of the SVK NIS, which are held two times per year. The minutes
of the workshop and all relevant documents are available to the sectoral experts of the SVK NIS. The
latest meeting was held on October 23-24, 20232 and the other ways of communication within the SVK
NIS are via e-mail, phone call, visits and meetings.

The sectoral experts apply the QA/QC methodology according to the Quality Manual, collect data from
providers and process emission inventory for a given sector — they provide partial reports with
information on quality and reliability of data on activities and emissions. The quality manual including
e.g. guidelines, QA/QC plans, templates and checklists is available to all experts of the SVK NIS via the
Internet. The set of templates and checklists consists these documents:

v QA/QC Plan (external, internal)
Matrix of Responsibility
General QC
Source Category-specific QC
Quality Assurance
Archive Document

AN N NN

Improvement plan
v" Recommendation list
All documents after filling out by experts are approved by responsible person of inventory system and

then are archived. The data manager has the overall responsibility for documentation, formal contact
with the sector experts and approval activities, taking over the sectoral reports and archiving them.

Inventory planning (PLAN)

The inventory planning stage includes the setting of quality objectives and elaboration of the QA/QC
plans for the coming inventory preparation, compilation and reporting work. The setting of quality
objectives is based on the inventory principles.

The quality objectives regarding all calculation sectors for inventory submissions are the following:

v' Timeliness
Completeness
Consistency
Comparability
Accuracy

ARV NERNEEN

Transparency

v" Improvement

The quality objectives and the planned QC and QA activities regarding to all sectors are set in QA/QC
plans (internal and external). In these documents, deadlines and responsibilities are descripted
(included in Annex 4 in Tables A4.1 and A4.2). These plans updates and evaluates the quality manager
of the SVK NIS and following are approving by the MZP SR.

2 In the framework of the project EMISIE for the implementation of the IPCC 2019 Refinement
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Quality control procedures (DO)

The experts perform the general and category-specific QC procedures during inventory preparation,
calculation and compilation.

General quality control includes routine checks of correctness, completeness of data, identification of
errors, deficiencies and documentation and archiving of the inventory material. The sectoral experts
must adopt adequate procedures for development and modification of the spreadsheets to minimise
emission calculation errors. Checks ensure compliance with the established procedures as well as allow
detecting the remaining errors. Parameters, emission units and conversion factors used for the
calculations must be clearly singled out and specified.

Category-specific QC includes reviews of the source categories, activity data and emission factors
focusing on key categories and on categories where significant methodological changes or data revision
have taken place. Experts fill QC forms during the compilation of inventory; results from QC activities
are documented and archived.

Quality assurance (CHECK)

Quality assurance is performed after application QC checks concerning the finalised inventory. QA
procedures include reviews and audits to assess the quality of inventory and the inventory preparation
and reporting process, determine the conformity of the procedures taken and to identify areas where
improvements could be made. These procedures ongoing on different levels, including basic reviews of
the draft reports, general public review, external peer review, internal audit, EU and UNFCCC reviews.

With uploading to the SHMU website, printing and distribution of the final inventory document feedback
from public is appreciated. The sectoral experts and the members of inventory team are participating in
various seminars, meetings, conferences and sector-specific workshops during the year. The activities
of inventory members and results of national inventory of GHG emissions are reported there. A broader
range of researchers and practitioners in non-government organizations, industry and academia, trade
associations as well as the public have the opportunity to contribute to the final documents. Comments
received during these processes are reviewed and, as appropriate, incorporated into the reports or
reflected in the inventory estimates.

Independent experts from the MZP SR and the sectoral experts not directly involved into inventory cycle
(except of above-mentioned activities) now perform QA. Each sector has a different reviewer:

Ms. Miroslava Dancova -
GENERAL PART Mr. Mario Gnida MZP SR
Ari i MZP SR
ENERGY Mr. Mério (E_mdaf ' ' '
Mr. Pavol Siroky Institute of Environmental Policy
Mr. Leod Pelikan Centrum of Transport Research
TRANSPORT Ms. Zuzana Kacmarova in Brno, Czech Republic®
IPPU Mr. Jozef Skultéty MZP SR
Ms. Lenka Malatinska MZP SR
AFOLU Ms. Hana Fratricova MPaRV SR
Ms. Kristina Buchova vUPOP*
Ms. Zuzana Jonagek SHMU
WASTE Ms. Viera Spalkova MZP SR
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When checking the data quality of each sector, the SVK NIS coordinator, quality manager of the SVK
NIS, data manager of the SVK NIS and other stakeholders must conduct the following general activities:

Checking: Check whether the data in the sectoral reports (calculations and documents) for each sector
conform both to the general and specific procedures.

Documentation: Write down all verification results filling out a checklist, including conclusions and
irregularities that have to be corrected. Such documentation helps to identify potential ways to improve
the inventory as well as store evidence of the material that was checked and of the time when the check
was performed.

Follow-up of corrective actions: All corrective actions necessary for documenting the activities carried
out and the results achieved must be taken. If such check does not provide a clear clue concerning the
steps to be taken, the quality control, bilateral discussion between expert and the SVK NIS coordinator
will take place.

Data transference: All checked documents (including the final questionnaire and all annexes) shall be
put into the project file and copies shall be forwarded to all the SVK NIS experts. Since the data quality
supervision procedures must be observed all the time, it is not mandatory to conduct all checks annually
during the inventory preparation. Certain activities, such as verification of the electronic data quality or
project documentation for checking whether all documents have been provided, must be carried out
every year or at least at set intervals. Some checks may be conducted only once (however,
comprehensively) and then only from time to time.

Part of the QA procedures is bilateral cooperation with Czech Republic. The first meeting took place in
July 2013 and since then is repeated every year. Team of GHG inventory experts from the SHMU and
the Czech Hydrometeorological Institute (CHMI) met to exchange information and experience relating
to the preparation of GHG inventory. In the last meeting, the experts from Slovakia, Czech Republic,
Poland, Hungary and Austria attended. This last meeting with the Czech Hydrometeorological Institute
(NIS CZ) took place in May 2023 in Prague (Czechia) and the next meeting is scheduled for June 2024.

In addition to the activities regarding the regional knowledge transferring in emissions inventories, the
QA procedures focusing on introducing changes and improvements on national level are organised
regularly. National experts, not directly involved in the SVK NIS, are invited to provide comments and
discuss methodological issues.

Verification activities

Independent verification procedure was introduced since the inter-ministerial High Level Committee on
Coordination of Climate Change Policy was established. The members of the Committee nominated
experts involved in the verification and approval process for the selected parts of the emission inventory.
The stakeholders (experts) are responsible for the official and legislative agreement of the presented
results and ensure harmonisation within several international reporting.

Verification refers to the collection of activities and procedures that can be followed during the planning
and development, or after the completion of an inventory, that can help to establish its reliability for the
intended applications of that inventory. The used parameters and factors, the consistency of data is
checked regularly. Completeness checks are undertaken, new and previous estimates are compared
every time. The sector expert for uncertainty checks data entry into the database many times. If possible,
activity data from different data sources are compared and thus verified. Comprehensive consistency
checks between national energy statistics and IEA time series. Checking the results of the EU’s internal
review for the EU-28 (since 1. 2. 2020 EU-27), and analyse its relevance for Slovakia.

Confidential information is provided to the SVK NIS experts based on the bilateral agreements but
cannot be reported on individual level (only aggregated) in emissions inventory.
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Inventory improvement (ACT)

The main aim of the QA/QC process is continuous improvement of the quality of inventory. The
outcomes and experiences from the annual reviews are the main sources for the preparation of
recommendation lists and improvement plans based on this recommendation lists.

The recommendation lists and improvement plans are updated annually after the regular UNFCCC
and/or EU compliance reviews take place. As the Slovakia is one of the Member States of the European
Union, the separate review regime is undertaken under the EU Effort Sharing Regulation (ESR) in spring
every year. These outcomes and recommendations are included in the improvement plan, too. Detailed
recommendation lists and improvement plans are prepared by the sectors and delivered to the sectoral
experts for consideration and prioritisation of planned activities for the next inventory cycle. These plans
are including in Annex 4. According to the latest annual review on GHG emissions inventories 2022
(final ARR delivered on 4t April 2023), several ERT recommendations focused on general part of the
inventory were implemented. These are connected with the key category analysis (G.5 and G.6) and
uncertainty improvements (G.3), and CPR calculation and verification (G.7).

Prioritisation process is based on recommendations raised during the previous UNFCCC reviews.
Prioritisation for improvements is given to those categories of the GHG emissions inventory, where
higher uncertainty is a result of the assessment. The latest examples can be found in categories of
swine in agriculture or in 1.B.2 of fugitive methane emissions. The underlying assumptions used for
estimating uncertainties applied on EF and AD are mostly based on the default values provided in the
IPCC 2006 GL and/or expert judgment. The prioritisations are performing on annual basis also by
guantitative assessment of uncertainty assessment (UA) for the base year and the latest inventory year.
This approach is a part of the annual QA/QC system since 2017 submission. According to the previously
identified outcomes made for tabular comparison of the key categories and tier method used, it was
recognised, that the tier 1 approach (fugitive emissions of methane, direct soil emissions) was used
several key categories. These categories are selected as the high priority of important to move to higher
tier method. During the last years, the prioritisation of the Improvement Plan was focused on the Energy
sector and the harmonisation of different data sources for energy balance and implementation of the
higher tiers for fugitive emissions based on the IPCC 2019 Refinement. The methodological tiers for
significant categories (bases on the UA results) are continuously improving, also for example in the
Agricultural sector (change methodology from tier 1 up to tier 2 for enteric fermentation and manure
management in swine and in direct soil emissions). In the Waste sector, the high priority in this inventory
was put on distribution of the sewage sludge and implementation of the QA/QC activities. The
improvement of the uncertainties in the LULUCF sector finished in 2022 and are fully implemented in
2024 submission (Chapter 6).

1.2.5. Changes in the National Inventory Arrangements

During the preparation cycle of the GHG emissions inventory submitted in 2024, no significant changes
in the arrangement or structure of the SVK NIS occurred. The SVK NIS is operational, functioning and
fulfilling all main tasks and obligation in the line with the approved plans. However, several changes
occurred during the year 2023. SVK NIS is continuing in the process of strengthening capacity among
the national system in line with the improvement and prioritization plans. The uncertainties calculations
were previously based on external cooperation, now (since the year 2021), an internal expert is
responsible for all sectors across inventory. In addition, a new expert was involved in the cropland
category to strengthen new calculations on land-based matrix and new expert was involved into
agricultural team. During previous years, the several new institutions were involved in the inventory,
aiming to focus on QA activities, new internal (SHMU) expert on emission projections and emissions
estimation in household sector.
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1.2.6. Inventory Preparation, and Data Collection, Processing

and Storage and Archiving

The compilation of the emission inventory starts with the collection of activity data. A comprehensive
description of the inventory preparation for GHG emissions is described in methodologies for the
individual sectors. The methodologies are updated annually within the improvement plan and
recommendation list and they are archived after formal approval at the web page of the SVK NIS and
by the sectoral experts and the SVK NIS coordinator. The most important source of activity data is the
Statistical Office of the Slovak Republic and the sectoral statistics of the relevant ministries. The NEIS
database is also important reference source of data on fuels and other characteristics of stationary air
pollution sources. The OEaB of the SHMU operates the NEIS. Other important sources are listed in
Table 1.5 below and full catalogue of activity data is listed in the NIS description.

Table 1.5: List of important information sources for inventory preparation

SECTOR SOURCE OF INPUT DATA

Energy Statistics of the SR, NEIS, www.spp.sk, www.transpetrol.sk, EU ETS Reports, Reports of the
ENERGY o

EU ETS verifiers
INDUSTRIAL Association of cement and lime producers, Association of refrigeration and air conditioning
ZECD)%IIE?SOSDEUSCT engineers, Association of paper producers; EU ETS Reports, Reports of the EU ETS verifiers,
USE Assaociation for coating and adhesives, solvent distributors, Research Institute for Crude Oil

Green Report of the Ministry of Agriculture of the SR - Agriculture, Institute for Fertilisers Research,
List of Livestock to the 31. 12. 2022, Crop yields data for crops and vegetables in 2022

AGRICULTURE

LULUCF Green Report of the Ministry of Agriculture of the SR - Forest, Cadastral Office

Population (mid-year), Statistical Yearbook of Slovakia Table 3-3;

Real Wage Index, Statistical Yearbook of Slovakia Table 1;

Municipal Waste, industrial waste landfilled, Waste in the Slovak Republic in 2022;
Database of disposal sites;

Municipal Waste, industrial waste composted, industrial waste incinerated Waste in the Slovak
Republic in 2019;

Incinerators, Enviroportal;

Generated, discharged BOD, COD, N, Environment in the SR (selected indicators in 2013 — 2022);
Protein Consumption, Statistical Yearbook of Slovakia Table 5-8, State of Environment report 2022;
Sludge, database of wastewater treatment plants, SHMU.

WASTE

Collected input data are compared and checked with the international statistics (Eurostat, IAE, FAO and
others). In some cases, the collected input data are compared with the results from models (e.g. in road
transport it is COPERT model, model for the Waste sector, etc.).

Archiving of inventory documents and database is in the competence of the quality and data managers
of the SVK NIS. Archiving of database is in the competence of the SVK NIS coordinator. Documents
and emission inventories are archived at three levels. Official documents, methodologies and reports
are archived and stored at the web page of the SVK NIS. The archiving is controlled by rules for archiving
systems in organizations at the SHMU level. The documents needed for the quality management
systems are archived in electronic form at the webpage of the SHMU (intranet). Documents required
signature are printed and archived according to the archiving regulation of the Institute. Printed
documents are archived in central archive of the SHMU and at the OEaB.

An archive system allows information to be easily reproduced, allows safeguards against data and
information loss, and allows reproducibility of the estimates. The archive system includes relevant data
sources and spreadsheets, reproduce the inventory and review all decisions about assumptions and
methodologies. The archiving system checklist contains these archiving activities: documenting
methods used, including those used to estimate uncertainty and data sources for each category; expert
comments; revisions, changes in data inputs or methods and recalculation, also reason and source of
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changes; documenting the used software for calculation of emission. Each new inventory cycle benefits
from effective data and documents management during development of the previous inventory.

Archived information includes all emission factors and activity data at the most detailed level, and
documentation of how these factors and data have been generated and aggregated for the preparation
of the inventory. This information also includes internal documentation on QA/QC procedures, external
and internal reviews, documentation of annual key categories and key category identification, and
planned inventory improvements and recommendations. All information on archiving is recorded in
Archiving System. In addition, internal document about good practise in archiving were prepared. In this
document, the exact way of archiving, procedures and steps is descripted.

1.2.7. Brief General Description of Methodologies and Data Sources Used

The methodologies used for the preparation of greenhouse gas inventory in the Slovak Republic are
consistent with the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006 GL). In
line with the Quality Improvement Plans of the NIS SVK, methodologies and parameters have been
implemented fully in accordance with the 2019 Refinement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories by the end of 2023 and therefore, this submission is fully in line with the
IPCC 2019 Refinement. Detailed descriptions of used methodologies can be found as the sector specific
ones in the following chapters of this Report. Regarding the tier approaches used in the SVK NIS, the
detailed information can be found in CRF tables and sectoral chapters. The increasing tier of
methodologies is one of the priorities mostly for key categories. This is also included in the improvement
plan. In the view of provided recalculations, the higher tier method was implemented in the Agriculture,
IPPU and Energy sectors.

Additional sources of activity data for the major sectors are as follows:

Energy:
The Statistical Office of the Slovak Republic:

— Energ. P 2-01: Yearly company statement on energy process of fuel enrichment.

— Energ. P 3-01: Yearly company statement on the consumption of fuels, electricity and heat
for production of selected commodities.

— Energ. P 4-01: Yearly company statement on the production of heat and electricity.
— Energ. P 5-01: Yearly company statement of retail trade in solid fuels.
— Energ. P 6-01: Yearly company statement on sources and distribution of fuels.

— Energ. P 1-01: Yearly company statement of manufacture branches.
Transport:

Road transportation:
— SLOVNAFT a. s. Bratislava: Production and selling of gasoline and diesel fuel.
— The Ministry of Economy of the Slovak republic: Fuel sales of gasoline, diesel and biofuels.

— SAPPO - Slovak association of petrochemical industry: Gasoline, diesel and LPG selling
data.

— Slovak Gas Trading Company SPP Inc.: Selling of compressed natural gas at gas stations.

— SAD, a. s. Zvolen; ARRIVA Slovakia; DP KoSice, a.s. KoSice; DPB a.s. Bratislava; SAD
Prievidza, a.s.: CNG consumption data from bus transportation companies.

— Presidium of the Police Force of the Slovak Republic, the Department of Documents and
Registration of the Presidium: Numbers of road vehicles for each year.
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Railways:

Navigatio

Aviation:

IPPU:

Agricultur

Waste:

1.2.8.

Ministry of Transport and Construction of the Slovak Republic: Cumulative mileage data,
odometers data.

Slovak Technical Control Stations: Information on mileages.

Zelezniénéa spolocnost Slovensko, a. s.: Fuel consumption data and selected operation
capacity of combustion engine driven locomotives in personnel railway transport.

Zelezni¢né spoloénost Cargo Slovakia, a. s.: Fuel consumption data and selected operation
capacity of combustion engine driven locomatives in railway freight service.

CER Slovakia a. s.: Fuel consumption data and selected operation capacity of combustion
engine driven locomotives in railway freight service.

n:

Slovak navigation and harbours Inc. Bratislava & Norwardia: Diesel oil selling data from
custom storage to navigation companies in Slovak harbours.

Small companies from lakes and dams: Fuel consumption data during the season.
EUROCONTROL: Fuel consumption, LTO cycles and emissions.

Operators: Manufacturers, importers, exporters and service, assembling organizations
reported over by refrigerant.

e:
The Research Institute for Animal Production Nitra: Expert guaranty of emission inventory

The Statistical Office of the Slovak Republic: Number of the livestock, sowing areas,
harvested areas, harvested yield.

The Breeding Services: Detailed dividing of cattle and sheep
The Research Institute for Animal Production: Animal production data.

The Central Controlling and Testing Institute in Agriculture: Synthetic and organic fertilizers
(sewage sludge, compost) applied to the soils, liming and urea application on soils, liming
and urea application on the soil, pH of soils.

COHEM SAZP (Waste Management Centre of the Slovak Environmental Agency): Industrial
solid waste data.

URSO - Regulatory Office for Network Industries: Data on methane recovered from SWDSs.

ACE (the Association of Experts on Waste Water Treatment): Data on sewage sludge
management.

Duslo a. s.: Data on ISW incineration.

Websites of several companies and institutions are also used for the inventory: OLO,
KOSIT, Slovnaft, Duslo, NsP Prievidza, Fecupral, Ecorec.

Brief Description of Key Categories

Key categories were assessed by Approach 1 by the level of emissions in years 1990 and 2022 and the
trend in emissions for the year 2022 with and without LULUCF categories and those key categories
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have been chosen, whose cumulative contribution is less than 95%. The identification includes all
reported greenhouse gases CO2, CHa4, N20, HFCs, PFCs and SFe and all IPCC source categories with
LULUCEF categories (in absolute values) performed with the detailed categorization. The detailed key
categories were assessed and are listed in Annex 1 of this Report.

In 2022, the Slovak Republic determined using the Approach 1 by the level assessment, 29 key
categories with LULUCF and 25 key categories without LULUCF. In 2022, the Slovak Republic
determined using the Approach 2 by the level assessment, 17 key categories with LULUCF and 20 key
categories without LULUCF.

In 2022, the Slovak Republic determined using the Approach 1 by the trend assessment, 34 key
categories with LULUCF and 29 key categories without LULUCF. In 2022, the Slovak Republic
determined using the Approach 2 by the trend assessment, 19 key categories with LULUCF and 25 key
categories without LULUCF.

List of key categories is almost identical for the base year 1990 and for the latest inventory year. The
most important key categories are fuel combustion in energy sector for CO2, road transport, forest land,
direct N2O emissions from agricultural soil or methane emissions from SWDS.

1.2.9. General Uncertainty Evaluation

The uncertainty assessment by the Approach 1 is enclosed in Annex 3 to this report. Quantification of
emissions uncertainty by level and trend assessment was calculated by using Approach 1 method
published in the IPCC 2006 GL. The Approach 1 with the LULUCF estimated the 11.46% level
uncertainty and the 5.54% trend uncertainty in 2022. Approach 1 without LULUCF estimated the 2.44%
level uncertainty and the 1.13% trend uncertainty in 2022.

According to the previous recommendations, Slovakia is using hybrid combination of Approaches 1 and
2 in this submission for calculation of total uncertainty of the inventory (Annex 3). Uncertainty analyses
performed by the Approach 1 in transport was carried out using Table 3.2 for uncertainty calculation and
country specific uncertainties for activity data and emission factors were inserted into calculation table.

The Slovak Republic provided also Approach 2 for uncertainty analyses according to Chapter 3 of the
IPCC 2006 GL for the complete Energy and Waste sectors for the year 2015 (latest results). The
methodology and results were published and described in previous SVK NIR 2018.

Based on the latest Improvement Plan (Chapter 1.2), Monte Carlo calculation in the IPPU sector was
updated in this submission and the results can be found in the Chapter 4.2.1 of this Report.

Approach 2 in the Agriculture sector is provided in this submission. Uncertainty evaluation is based on
Monte Carlo method. Results and methodology are descripted in the Annex A.5.1 of this Report.
Approach 2 in the LULUCF uncertainty analyses was updated in this submission, too. Uncertainty
evaluation is based on Monte Carlo method. Results and methodology are descripted in the
Annex A.6.2 of this Report.

1.2.10. Completeness

Assessment of completeness is one of the elements of quality control procedure in the inventory
preparation on the general and sectoral level. The completeness of the emission inventory is improving
from year to year and the updates are regularly reported in the NIRs. The completeness checks for
ensuring time series consistency is performed and the estimation is completed in recent inventory
submission (2024). The improvements were performed in the previous inventory submissions such as
estimation of GHG emissions for the agriculture and transport.

The list of categories reported by the notation keys is provided in CRF table 9. Whole overview of
notation keys with detailed explanation is provided in Table A2.1 with information on notation keys used
for each sector was prepared. More information can be found in Annex 2 of this Report. Information is
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divided to the sectors and categories. Several categories are reported as not occurring (NO) due to the
not existence of the emission source or the source is out of threshold and measurement range. If the
methodology does not exist in the IPCC Guidelines, the notation key not applicable (NA) was used.

Several NE key categories have been reported in 2024 submission for 1990 — 2022.

Three reasons for not estimated (NE) categories are:

no methodology is available;

potential emissions/removals will under the threshold level of emissions in comparison
to GHG emissions total;

insufficient activity data (mostly for indirect GHG emissions like CO, SO2 or NMVOC).

Table 1.6: List of NEs in the 2024 submission

GAS | SECTOR | CATEGORY DESCRIPTION
1.B Fugitive Emissions from Fuels/1.B.2 Oil and Change of not'atlon aCf:ord!ng' to FCCC/ARR 2019
L recommendation E.38; emissions are not
Natural Gas and Other Emissions from Energy . S
CO, | Energy Production/1.B.2.a Oil/1.B.2.a.4 Refining / estimated because the 2006 IPCC guidelines do
Storage e e 9 not include methodologies to estimate these
9 emissions.
CH IPPU 2.C Metal Industry/2.C.1 Iron and Steel Used methodology does not allow to distinguish
4 Production/2.C.1.b Pig Iron the emissions
CH IPPU 2.C Metal Industry/2.C.1 Iron and Steel Used methodology does not allow to distinguish
4 Production/2.C.1.e Pellet the emissions
CH IPPU 2.D Non-energy Products from Fuels and Solvent | No methodology is provided neither in the IPCC
4 Use/2.D.1 Lubricant Use 2006 GL not in IPCC 2019 Refinement.
N.O | IPPU 2.D Non-energy Products from Fuels and Solvent | No methodology is provided neither in the IPCC
2 Use/2.D.1 Lubricant Use 2006 GL not in IPCC 2019 Refinement.
CH IPPU 2.D Non-energy Products from Fuels and Solvent | No methodology is provided neither in the IPCC
4 Use/2.D.2 Paraffin Wax Use 2006 GL not in IPCC 2019 Refinement.
N.O | IPPU 2.D Non-energy Products from Fuels and Solvent | No methodology is provided neither in the IPCC
2 Use/2.D.2 Paraffin Wax Use 2006 GL not in IPCC 2019 Refinement.
Indirect CO, emissions are not estimated in
CO, | Agriculture | General agriculture due to a lack of available methodology
on atmospheric oxidation.
Part of the indirect emissions of N,O are included
. in the sectoral tables for manure management
N,O | Agriculture | General - ST L
and agricultural soils indirect emissions from other
than agricultural sources are not estimated.
3.D Agricultural Soils/3.D.1 Direct N20 Emissions .
N,O | Agriculture | From Managed Soils/3.D.1.6 Cultivation of T'he_(f-:jmlssmns are under:the thres_hol|d of
Organic Soils significance. See NIR Chapter Agriculture.

Categories included elsewhere (IE) are listed also in CRF table 9 with the explanations of reallocation.

Both direct and indirect GHGs as well as precursor gases are covered by the inventory of the Slovak
Republic. The geographic coverage is complete; the whole territory of the Slovak Republic is covered
by the inventory.
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CHAPTER 2. TRENDS IN GREENHOUSE GAS
EMISSIONS

2.1. Description and Interpretation of Emission Trends
for Aggregated GHG Emissions

The GHG emissions presented in the National Inventory Report 2024 were updated and converted by
using the newest available methods, national conditions and data published by the Statistical Office of
the Slovak Republic and other official statistical authorities. The improvements for the categories
included in the Improvement Plan and prioritisation according to Recommendation Lists were
implemented in this submission. Total GHG emissions were 37 052.21 Gg CO: eqg. in 2022 (without
LULUCF and with indirect emissions). This represents a reduction by more 49% in comparison with the
reference (base) year 1990. In comparison with 2021, the emissions decreased by 10%. Total GHG
emissions in the Slovak Republic decreased in 2022 in comparison with the previous year by almost
4 Tg, which was influenced by the decrease in the Energy and IPPU sectors (mostly in the EU ETS
sources) because of decreasing of industrial production in Slovakia. Total GHG emissions excluding the
LULUCEF sector have been decreasing continually from the base year and more stable trend in the recent
years, dropped significantly in the years 2019 and 2020 due to special circumstances connected with
the COVID-19 and other important changes made in Slovak economy. Then during the year 2021,
emissions increased due to recovery of economy and afterwards due to Ukraine war, emissions
decreased in 2022 affected by the increasing prices for fossil fuel. Significant changes in methodologies
and emission factors are implemented in the frame of trying to keep consistency with the European
Emission Trading System (EU ETS). Table 2.1 shows the aggregated GHG emissions. In the period
1990 — 2022, the total greenhouse gas emissions in the Slovak Republic did not exceed the level of the
base year 1990. Figure 2.1 shows trends in the gases without LULUCEF in relative expression.

Figure 2.1: The aggregated GHG emission trends
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This important reduction of emissions has resulted above all from the strong although temporary
decrease in economy activities, followed by restructuring of economy joined with implementing new and
more effective technologies, reducing the share of the intensive energy industry and increasing share
of services in GDP generation. Transport (mostly the road transport), with increasing emissions is an
important exception.
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Total anthropogenic greenhouse gas emissions by gases in the years 1990 — 2022 are depicted in
Table ES.2 in this Report.

Beside the basic macroeconomic indicators as GDP, GDP per capita, foreign and domestic trade
development, inflation, employment, there are also mentioned the data on the amount of investment in
environmental protection and activities in the area of science and research, without specifying their
orientation. The economic crisis that began in 2008 has brought a significant weakening of the external
demand, causing a decreasing dynamic of the Slovak export, manufacturing, labour market and total
domestic demand. The debt crisis in the Eurozone that broke out in 2012 again caused a decline in
external demand. Emission situation in Slovakia can be considered and evaluated separately. While the
EU ETS sources/sectors is going to further reduction of their emissions, the emissions in the non-EU
ETS sources (ESR sectors/sources) is mostly stabilised or negative. Regulations included in the EU
ETS push sources via economical instruments (Modernisation Fond) into larger investments and
reduction of CO2 emissions. In addition, the Slovak economy introduced changes in energy industry
and steel production (phase-out of the furnace in the U.S. Steel company) what have positive effect on
emissions in the EU ETS part of inventory. On the other hand, non-EU ETS sources representing
agriculture, small industry, transport, waste and other small sources have not effective mitigation
measures in place and the sectors policies are not targeting emissions reduction in a sufficient way.
Therefore, the Ministry of Environment prepared the new Climate Change legislation, what introduces
the sectoral targets with the shared responsibility among the ministries and the private sectors.

The indicators can assess the current economic and emission situation in Slovakia. While the indicator
of carbon intensity can be changed much more rapidly in the situation of a high economic growth, GHG
per capita is a different case where you can get very impressive results even without any measures, just
by higher population growth rate. However, this is not the case of the Slovak Republic right now. It will
take much longer time to change numerator by the impact of new technologies implementation namely
in combination with high dynamic of development in the energy intensive industries. However, the
indicator reached the lowest level in 2020. This was caused by combination of above mentioned
measures and special situation with COVID-19, Ukraine war and fuel prices policy in the last few years.

Figure 2.2: Total GHG emissions in Gg of CO» eq. per capita in 1990 — 2022
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2.2. Description and Interpretation of Emission Trends
by Gas

Population of the Slovak Republic as of December 31, 2022 was 5 428 792 and has slightly decreasing.
Average residential density is 110.7 inhabitants per km2. The population is concentrated in towns in
lowlands and the main basins. Mountain areas are randomly populated. Unemployment rate in the
Slovak Republic was 5.9% at the end of 2023 (according to the national statistics), what is lower than
the previous years. The capital Bratislava is the largest city in the Slovak Republic with the number of
inhabitants 475 500.

Total anthropogenic emissions of carbon dioxide excluding LULUCF and including indirect emissions
have decreased by more than 48% in 2022 compared to the base year (1990). Nowadays the amount
is 31 589.74 Gg of CO2 without LULUCF and with indirect emissions. Compared to the previous
inventory year 2021, emissions decreased by more than 10%. The reason for the decrease in CO:
emissions in 2022 is caused by decreasing of CO2 emissions in almost all energy and industry
categories, except of transport. Mainly in energy industry, manufacturing industry and in metal industry.
In 2022, CO2 emissions including the LULUCF and including indirect emissions significantly decreased
compared to the previous year and decreased by 53.80% compared to the base year.

Total anthropogenic emissions of methane without LULUCF and with indirect emissions decreased
compared to the base year (1990) by more than 55% and currently the emissions are 3 712.00 Gg of
CO: eqg. In absolute value, CH4 emissions were 132.57 Gg without LULUCF. Methane emissions from
the LULUCF sector are 1.64 Gg of CH4 caused by forest fires. These emissions, however negligible,
are decreasing due to lower number of forest fires in Slovakia. Trend of methane emissions is influenced
by the implementation of new waste legislation and measures in fugitive emissions and agriculture.
Compared to the previous inventory year 2021, the amount of emission is decreased by more than 5%,
mostly due to declining emissions in energy and IPPU sectors.

Total anthropogenic emissions of N2O without LULUCF decreased compared to the base year (1990)
by more than 62% and currently the emissions are 1 248.32 Gg of CO2 eqg. Emissions of N2O in absolute
value were 4.71 Gg without LULUCF. Emissions of N2O from the LULUCF sector are 0.17 Gg.
Compared to the previous inventory year 2021, the emission decreased by almost 6%, the most invisible
decrease occurred in energy, agricultural and waste sectors.

Total anthropogenic emissions of F-gases 502.15 Gg, from it 480.86 Gg of HFCs, 5.91 Gg of PFCs and
15.38 Gg of SFs in CO2 eq. Emissions of HFCs decreased since 1995 due to the decrease in
consumption and the replacement of PFCs and HFCs substances. Since that time, first decrease had
occurred in the 2016 inventory year and repeated in 2018 and significant decrease continue in 2022.
Decrease occurred in all F-gases and this is effect of implemented legislation of the EU in line with F-
gases regulation (Chapter 4). Emissions’ trend of PFCs has been decreasing and emissions of SFs has
been slightly increasing due to the increasing consumption in industry. Decrease of F-gases emissions
beginning in 2016 was caused by the biannual interval of servicing equipment. Despite this facts,
emission of F-gases decreased compared to previous year 2021.
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Figure 2.3: Emission trends by gas for the years 2000 — 2022 relative to the 1990 level (relative in %)
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2.3. Description and Interpretation of Emission Trends
by Category

The major share of CO2 emissions comes from the Energy sector (fuel combustion, transport) with the
77.9% share from the total carbon dioxide emissions in 2022 inventory, 21.9% of CO: is produced in
the IPPU sector and negligible amount is produced in the Agriculture (0.2%) and the Waste (0.01%)
sectors. The energy related CO2 emissions from waste incineration are included in the Energy sector.
The 46.5% of CH4 emissions is produced in the Waste sector (SWDS), 22.7% of methane emissions is
produced in the Energy sector and 30.4% in the Agriculture sector. AlImost 59.6% of N2O emissions is
produced in the Agriculture sector (nitrogen from soils), 8.9% in the IPPU sector (nitric acid production),
16.2% in the Waste sector and 15.3% in the Energy sector. F-gases are produced exclusively in the
IPPU.

Figure 2.4: Emission trends by gas in the sectors in 2022
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Aggregated GHG emissions from the Energy sector based on the sectoral approach (combustion) data
in 2022 were estimated to be 25 612.13 Gg of CO:2 eq. including transport emissions (7 778.85 Gg of
CO: eq.), which represent the decrease by 69% compared to the base year and decrease compare to
previous year by 8.5%. Transport increased by 3.4% compared to 2021 and in comparison with the base
year increased by more than 14%.
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Total emissions from the IPPU sector were 7 536.24 Gg of CO: eq. in 2022, which was decreased by
more than 20% compared to the base year and the decreased by 8% compared to the previous year.
This sector covers also emissions from solvents use and indirect CO2 emissions from solvents NMVOC
emissions.

Emissions from the Agriculture sector were estimated to be 1 934.43 Gg of CO:z eq. It is almost 67%
decrease in comparison with the base year and the decrease compared to the previous year was 5%.
The Agriculture sector is the sector with the most significant decrease compared to the base year 1990,
because of the decreasing trend in cattle numbers and fertilisers use.

Emissions from the Waste sector were estimated to be 1 929.92 Gg of CO2 eq. The decrease is less
than 1% compared to the previous inventory year and the time series are stable for last years. Compared
to the base year, the increase was more than 38%, because of increased methane emissions from solid
waste disposal sites. The emissions from waste incineration with energy use are included into the
Energy sector, categories 1.A.1.a, 1.A.2.f and 1.A.2.c.

Structural changes in the Energy sector and the implementation of economic instruments have played
an important role in achieving the status, when the trend of GHG emissions does not copy the fast GDP
growth. In this context, the most important measure seems to be the adoption of the national legislation
on air quality, which was approved in 1991 and it has initiated the positive trend in the reduction of the
emissions of basic air pollutants and indirectly GHG emissions. At the same time, the consumption of
primary energy resources as well as total energy has decreased.

Total anthropogenic greenhouse gas emissions by the sectors in the years 1990 — 2022 are depicted in
Table ES.2 in this Report.

According to the Joint Research Centre of the European Commission, the highest reduction in the
energy intensity values during the 15-years period from 2000 to 2014 was found in the Slovak Republic,
which has undergone a growth rate of 82.5%.5 This positive development is the result of the successful
restructuring of industry, the introduction of energy-efficient production processes in industry and
effective energy-saving measures in household by superseding home appliances with more efficient
variants (due to several support programmes focused on households). Energy intensity in 2022
decrease in comparison with the previous year, due to decrease of the GDP caused by the economic
reasons and lower total inland energy consumption. The latest year development estimated the long-
term trend in energy intensity per GDP and final decarbonisation of economy.

5 Joint Research Centre: Energy Consumption and Energy Efficiency Trends in the EU-28 2000-2014 2016, p. 19.
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Figure 2.5: The trend of energy intensity (right y axis) in the period 2007 — 2022 (estimated
by the revised statistical approach NACErev.2)
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Transport is a significant source of emissions in the Energy sector, with 28% share in total FEC (Final
Energy Consumption) in the Slovak Republic. The proportion of transport is growing each year and the
adopted policies and measures have no positive impact on increasing trend of emissions from transport.
Emission balances in road transport are modelled according to method COPERT 5 version. GHG
emissions from non-road transport are balanced by the use of EMEP/EEA 2023 methodology according
to individual transport types (air, water and rail). The share of rail and water transports is decreasing
from year to year, while the share of air transport increased rapidly in previous years, especially due to
the increasing activity of low cost airlines, but the trend is stabilised recently. Slovak transport policy
started to support railways and other alternative mode of transport (public, car sharing, etc.), but the
effect of investments will be visible later.

Fugitive methane emissions from the extraction (only 0.4% share in total FEC) and distribution of fossil
fuels were important, as the Slovak Republic is an important transit country regarding the transport of
oil and natural gas from the former Soviet Union countries to Europe. Raw materials are transported
through high-pressure pipelines and distribution network and they are pumped in pipeline compressors.
During previous years, massive investments were introduced into transmission network to reduce
fugitive emissions and losses. Further improvements were implemented by the specific distribution
companies of oil and natural gas to the pipeline system (exploration, transit, distribution, etc.) in line with
the international requirements. Side effect of these changes caused reducing fugitive emissions in this
sector. New data and methodological approach for fugitive emissions from natural gas transmission was
implemented into previous and current submissions.

The IPPU sector includes all GHG emissions generated from technological processes producing raw
materials and products with the 28% share in total FEC in the Slovak Republic. Within the preparation
of the GHG emission balance in the Slovak Republic, consistent emphasis is put on the analysis of
individual technological processes and distinction between the emissions from fuel combustion in heat
and energy production and the emissions from technological processes and production. Most important
emission sources are balanced separately, emission and oxidation factors are re-evaluated, as well as
other parameters entering the balancing equations and the results are compared with the verified
emissions in the Slovak National Registry for CO2 emissions. Fundamental emissions inventory in
solvents is based on the balance of non-methane volatile organic compounds (NMVOC) according to
EMEP/EEA 2023 methodology. Emissions are recalculated according to the stoichiometric coefficients
to CO2 emissions. Indirect emissions of CO: are estimated since the base year and allocated in the
IPPU sector according to the IPCC 2006 GL.

The Agriculture sector with more than 1% share in total FEC in the Slovak Republic is the main source
of methane and N2O emissions in the GHG emissions balance in the Slovak Republic. The emissions
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balance is compiled annually based on the sectoral statistics and in recent years based on a new
regionalisation of agricultural areas of the Slovak Republic. The Ministry of Agriculture of the Slovak
Republic issues annual statistics “Green Report”, part agriculture and food industry on a yearly basis. In
recent year, the increasing trend of services and other (non-industrial) activities on GDP is visible. This
has positive impact on the emissions. Slovakia is also providing to the EUROSTAT national accounts
inventory of GHGs and pollutants according to the NECE rev.2 classification of economic activities.
However, the methodology is different from the GHG inventory preparation, emissions trend shows
interlinkages with the shift of GDP share of the economic sectors on total GDP of Slovakia.

The area of forest in the Slovak Republic covers 42% of the territory and wood harvesting is historically
an important economic activity. Since 1990, sinks from the LULUCF sector have remained at the level
of 8-10% of total GHG emissions, but in the recent years, sinks increased on 15% level of the total GHG
emissions. Historically stable trend was disrupted in 2004 by a wind calamity in the High Tatras, which
resulted in increased harvest of wood damaged by the calamity and pests and consequently in the
decrease in total sinks to the half of former volumes. The lower harvest and better management of forest
caused increasing of sinks in the last years.

Several significant changes and re-evaluations of the applied methods have been carried out in the
Waste sector, followed by recalculations in all categories of waste treatment. Methane emissions from
solid waste disposal sites (SWDS) have the largest share on total emissions. Waste balance
methodology has been revised and tier 2 approach FOD (First Order Decay) methodology has been
used for the recalculations of the time series since 1950. The trend of methane emissions has been
stabilised depending on the adopted legislation in municipal waste landfills, lower production of waste
and higher share of recycling.

A more detailed description of the methodology as well as with the Monte Carlo uncertainty analysis is
described in the references.® The disaggregation of emissions from municipal waste incineration into
two groups, i.e. waste incineration with and without energy utilisation, was another important change
with respect to the quality improvement of the emission inventory. The emissions from waste incineration
with energy utilisation were reported under the Energy sector, sub-category 1.A.1.a (other fuels). The
emissions from waste incineration without energy utilisation are reported within the Waste sector, but
are negligible in the present year. The comparison of the 2022 sectors share with the base year is shown
on following Figure 2.6. The significant decrease is visible in the Energy and Agricultural sectors
(without transport) and increase in the Waste and IPPU sectors and transport. Emissions from
international aviation and shipping are excluded from the national totals and therefore not presented
here.

International bunker emissions of the inventory are the sum of the aviation bunker and maritime bunker
emissions. These emissions are reported as memo items; but excluded from national totals. Emissions
of greenhouse gases from international aviation increased constantly between 1992 and 2008. Between
2009 and 2014, international bunker emissions decreased, partly reflecting the economic recession.
Total GHG emissions from international transport felt on the level of 149.16 Gg of CO2 equivalents in
2022 mostly due to dramatically decrease, practically stopping of air transport caused by Covid-19
pandemic situation in 2020-2021 and further recovery and increase of emissions in 2022. Emissions
from international aviation have more than 95% share.

6 Szemesov4, J.; Gera, M.: Emission estimation of solid waste disposal sites according to the uncertainty analysis methodology,
Bioclimatology and Natural Hazards, ISBN 978-80-228-17-60.
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Figure 2.6: The share of the individual sectors in total GHG emissions in 2022 (left) and 1990 (right)
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2.3.1. Change in Emissions from Key Categories

Key categories are defined as the sources or removals of emissions that have a significant influence on
the inventory as a whole, in terms of the absolute level of emissions, the trend, or both. The Slovak
Republic prepared key categories analysis for 2022 and 1990 emission sources in line with the IPCC
2006 GL by using Approach 1. The quantitative analyses include combined uncertainty (on emission
factors and activity data) and recognized key categories by level assessment with and without the
LULUCEF sector (Chapter 1.2.12 and Annex 1 of this Report).

CO: emissions from the category 1.A.3.b - Road Transportation are the largest key source remains
accounting for 24% of total CO2 emissions without LULUCF in 2022. Between 1990 and 2022, CO:
emissions in road transportation increased by 3.03 Mt of CO2, which is 67% increase due to an increase
in fossil fuel consumption (liquid) in this key category (Figure 2.7). Since 1990, the large increase in
road transportation related CO2 emissions was recognized. Figure 2.7 shows that, solid fuels from the
category 1.A.1 - Energy Industries, solid fuels is the key category without LULUCF (8.6%) with the
largest decrease (79%; 10 Mt of CO3) is between 1990 and 2022. The main explanatory factors of
emissions decrease are in improvements in energy efficiency and (fossil) fuel switching from coal to
gas. CO2 emissions from the category 1.A.2 - Manufactured Industry, solid fuels in the Energy sector
are the third largest key source in the Slovak Republic, accounting for 10.2% of total GHG emissions in
2022. Between 1990 and 2022, emissions from this category showed the decrease by 64%.

CO: emissions from fuels in the category 2.C.1 - Iron and Steel Production are the largest key category
without LULUCF in the IPPU sector, accounting for 10.5% of total CO2 emissions in 2022. Emissions
decreased by 20% in the comparison with the base year. A shift from solid and liquid fuels to mainly
natural gas took place and an increase of biomass and other fuels has been recorded.
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Figure 2.7: Absolute change of CO» emissions by large key categories 1990 to 2022
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Methane emissions account for almost 10% of total GHG emissions in 2022 and decreased by almost
55% since 1990 to 132.57 Gg CH4 without LULUCEF in 2022. The three largest key sources (5.A - Solid
Waste Disposal at 32%, 3.A - Enteric Fermentation at 27% and 5.D - Wastewater Treatment at 7% of
total CH4 emissions in 2022) account for more than 67% of CH4 emissions in 2022. Figure 2.8 shows
that the main reasons for declining CH4 emissions were reductions in enteric fermentation mainly caused
by the decreased of animal numbers and use reductions in fugitive emissions and coal mining.
Figure 2.8 shows significant decrease in the categories 3.A and 3.B and increase in 5.A caused by the
change of IPCC methodology used for solid waste disposal sites which considers time layer since 1960.
Slight increase occurred also in the category 5.B - Biological Treatment of Solid Waste, due to changing
in waste management praxis in Slovakia.

Figure 2.8: Absolute change of CH4 emissions by large key categories 1990 to 2022
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N20 emissions are responsible for 3% of total GHG emissions and decreased by 62% to 6.28 Gg of
N20 without LULUCF in 2022 (Figure 2.9). The three largest key sources causing this trend in
agriculture are 3.D.1 - Direct N2O Emissions from Managed Soils 35%, 3.D.2 - Indirect N2O Emissions
from Managed Soils at 9% and 3.B - Manure Management at 14% of total N2O emissions in 2022. The
main reason for large N2O emission cuts were reduction measures in the nitric acid production and
decreasing agricultural activities (Figure 2.9). N2O emissions increased in biological treatment of waste
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and other products manufactured categories. This increase was caused by increase of operationalise
and production.

Figure 2.9: Absolute change of N2,O emissions by large key categories 1990 to 2022
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Fluorinated gas emissions account for 1.4% of total GHG emissions. In 2022, emissions were 502.15 Gg
CO: eq., which was 235% above 1990 levels. The largest key source is 2.F.1 - Refrigeration and Air
Conditioning and accounts for 96% of fluorinated gas emissions in 2022. HFC emissions from the
consumption of halocarbons showed large increases between 1990 and 2022. The main reason for this
is the phase-out of ozone-depleting substances such as chlorofluorocarbons under the Montreal
Protocol and the replacement of these substances with HFCs (mainly in refrigeration, air conditioning,
foam production and as aerosol propellants). On the other hand, PFC emissions decreased substantially
since the base year. The decrease has started in 1996 and peaked in 1999 and 2001.

2.3.2. Main Reasons for Emission Changes in 2021 - 2022

Total GHG emissions in the Slovak Republic decreased by 10% in 2022 in comparison with the previous
year, which was influenced by the decrease in the Energy and IPPU sectors. Total GHG emissions
excluding the LULUCF sector have decreased more than in 2020 (pandemic year). This decrease
demonstrates the economic and industrial impact of the energy prices policy, restrictions against the
import of fossil fuels and raw materials from Russian Federation and development of electricity prices
for industry. Several industrial subjects phased-out or reduced production or transformed. There were
several significant changes in methodologies and emission factors implemented in the latest
submission, particularly in fugitive emissions, agriculture and waste sectors. More changes were
connected with the implementation of the 2019 IPCC Refinement.

The main reason for emission changes in 2021 — 2022 were as follows:

= CO:2 emissions decrease in the Energy sector - category 1.A.1 — Energy Industry (0.9 Tg of
CO2) caused by decrease energy and heat production.

» CO:2 emissions decrease in the Energy sector - category 1.A.2 — Manufacturing Industry
(0.9 Tg of CO2) caused by decrease industrial production of heavy metals and chemistry.

» CO: emissions increase in the Energy sector - category 1.A.3 — Transport (0.4 Tg of CO2)
caused by increasing road transportation, mainly diesel-driven cars and transit.

» CO: emissions decrease in the IPPU sector — category 2.C — Iron and Steel Production
(0.8 Tg of CO2).
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In addition, methane emissions decreased in the Energy sector - category 1.A.4 — Other Sectors (0.2 Tg
of CH4) and N2O emissions increased in the Energy sector - category 1.A.4 — Other Sector (0.5 Tg of
N20).

2.3.3. Key Drivers Affecting Emission Trends in LULUCF

The increasing trend of removals in forest land-use category is evident in the Slovak Republic since
1970. The increasing trend of removals cropland land-use category was recorded at the same time.
Grassland areas decreased from 1980 to beginning of 1990 and since this year, decreasing trend of
removals was recorded up to 2005. Since 2005, moderately downward trend has been taking place.
Settlements land-use category has continual increasing trend during the whole period. This situation is
mostly caused by development of transport infrastructure, industrial areas, municipal development and
raising the standards and infrastructure in country and is very often connected with decreasing of the
cropland and other land categories. Wetland represents 1.9% (94 kha) of the Slovak territory and it is
considered constant, not involving any land use conversions. The LULUCF sector with net removals
-7 225.74 Gg of COz eq. in 2022 is very important sector and comprises from several key categories.

The major share from the LULUCF sector in 2022 represents removals in CO2 with the contributions of
the categories provided in the Table 2.1. N2O emissions from the disturbance associated with the land-
use conversion to Cropland, Grassland, Settlements and Other Land were reported in this submission.
In addition, removals from the harvested wood products were estimated in this submission. The
emissions of other pollutants originate from forest fires and controlled burning of forest. The estimated
amount of NOx emissions was 1.05 Gg and the estimated amount of CO emissions was 37.28 Gg in
2022 (Table 2.1).

Table 2.1: Summary of total emissions and removals according to the categories in 2022

Net CO, CH: | N0 NO, | CO | NMVOC | SO,
CATEGORY
Gg Gg of CO;, eq. Gg

4. LULUCF NO -7 316.72 1.64 0.17 1.05 37.28 | NO,NE,NA 0.01
A. Forest Land NO -6 643.65 1.64 0.09 1.05 37.28 NE,NA NO
B. Cropland NO -649.74 NO 0.03 NO NO NO NO
C. Grassland NO -36.24 NO 0.00 NO NO NO NO
D. Wetlands NO NO NO NO NO NO NO NO
E. Settlements | 90.50 80.39 NO 0.02 NO NO NO NO
F. Other Land 76.66 76.37 NO 0.02 NO NO NO NO
G. HWP NO -143.85 NO NO NO NO NO NO
H. Other NO NO NO NO NO NO NO 0.01

Aggregated GHG emissions without LULUCF and indirect emissions; emissions are determined as of 15. 03. 2024

2.3.4. Description and Interpretation of Emission Trends for Indirect GHG
and SO,

Information can be found in Chapter ES.5 of this Report.
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CHAPTER 3. ENERGY (CRF 1)

This Chapter was prepared using GWP 100 taken from the 5% Assessment Report of the IPCC by the
sectoral experts and institutions involved in the National Inventory System of the Slovak Republic:

INSTITUTE CHAPTER SECTORAL EXPERT

Faculty of Chemical and Food
Technology, Slovak Technical Chapter 3.2 (except 3.2.8)

Juraj Labovsky

University Chapter 3.3

Faculty of Chemical and Food

Technology, Slovak Technical Chapter 3.4 Vladimir Danielik
University

Slovak Hydrometeorological Chapter 3.2.8

Institute, Department Jan Horvéath

of Emissions and Biofuels
External consultant Chapter 3.5 Jan Judak

Chapters 3.5 & 3.6

A significant decline in energy intensity was recorded in the previous years in Slovakia. The gross
domestic energy consumption decreased by almost 16% since 2010. This decrease is associated with
a decrease in solid and liquid fuels consumption for heating and with the significant decrease in natural
gas consumption, while the electricity consumption is relatively stable. On the other hand, significant
increase of biomass is visible. The share of different fuels on the gross domestic energy production is
as follow: natural gas 10.4%, nuclear fuel 69%, coal 7%, crude oil 4.2% and renewable sources (RES)
more than 9.29% in 2022. Based on the National Energy Strategy up to 2030, an increase of nuclear
and RES share on the total energy consumption is expected. A slight increase is projected in natural
gas consumption in transport up to 2030 (transition fuel to zero-carbon 2050).

The most indicative decoupling trend in GHG emissions and GDP is visible directly in sector energy
(fossil fuels consumption). The decrease in the consumption of solid fuels is 81% in comparison with
the base year 1990. The consumption of liquid fuels decreased by 20% and the decline in gaseous fuels
is 32%. By comparison, the consumption of biomass was 8 times higher in 2022 than in 1990. General
trend in total consumption of fossil fuels is declining by 39% due to the increase in energy efficiency.
Figure 3.1 shows GHG emissions trend in Gg of CO: equivalents by categories for time series. Basic
key categories 1.A.1 — Energy Industries, 1.A.2 — Manufacturing Industries and Construction and 1.A.4
— Other Sectors (services and households) have the most significant influence on the overall emission
trends.

The Energy sector is the main contributor to overall GHG emissions with its share of 56% and
25612.12 Gg of CO2 eq. in 2022. Within this sector, Figure 3.2 shows significant contributors (and key
categories) to the emissions as follow: transport with its share of 30.3%, fuel combustion in the large
(share 25%) and medium stationary sources of pollution (share 23%), pollution from small sources of
residential heating systems (share 18.8%) and fugitive methane emissions from
transmission/transport/distribution, processing and storage of oil and natural gas (share 2.7%).
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Figure 3.1: Trend in aggregated GHG emissions by categories in Gg of CO» eq. within the Energy
sector in 1990 — 2022
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Figure 3.2: The share of aggregated GHG emissions by categories within the Energy sector in 2022
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Table 3.1 and Figure 3.3 show overall emissions trends since the base year 1990 according to gases
and major categories. The majority of emissions is reported in the category 1.A — Fuels Combustion
(more than 90% in all years) and major gas is carbon dioxide (more than 90% in all years). According
to this analysis, prioritization in the inventory preparation and improvements is set for the key categories
within 1.A (using higher tier approach in key categories) and mostly focused on CO:2 gas (developing
country/plant specific EFs for CO2).

m1.A.1 Energy Industries

m1.A.2 Manufacturing
Industries and
Construction

1.A.3 Transport

m1.A.4 Other Sectors

m1.A.5 Other

1.B Fugitive Emissions
from Fuels

Table 3.1: GHG emissions by categories within the Energy sector in particular years

CO; EMISSIONS

CH4 EMISSIONS

N2O EMISSIONS

YEAR Energy 1.A ‘ 1.B Energy 1.A 1.B Energy 1.A 1.B
Gg of CO;, eq. lyear
1990 53349.7 | 53272.9 76.81 3197.96 507.58 2 690.38 229.53 229.37 0.16
1995 36 704.8 | 36236.5 76.31 2 756.15 312.42 2 443.72 156.09 155.89 0.20
2000 34 015.7 | 33938.4 77.21 2 303.97 264.33 2 039.64 157.23 156.99 0.25
2005 34807.6 | 34662.2 145.34 1889.69 358.43 1531.26 188.42 187.26 1.15
2010 30894.4 | 30824.0 70.43 1624.93 355.40 1269.52 178.80 178.60 0.19
2011 304225 | 30348.2 74.38 1557.68 334.43 1223.25 184.14 183.91 0.23
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CO, EMISSIONS CH4 EMISSIONS N,O EMISSIONS
YEAR Energy 1.A 1.B Energy 1.A 1.B Energy 1.A 1.B
Gg of CO;, eq. lyear
2012 283579 | 282915 66.46 1348.23 359.43 988.80 188.71 188.49 0.22
2013 28 186.2 28 115.7 70.51 1 343.04 345.26 997.77 195.03 194.80 0.22
2014 26 008.5 25933.8 74.73 1164.48 227.22 937.26 193.49 193.27 0.21
2015 26 695.8 26 622.9 72.98 1116.22 304.93 811.29 208.94 208.72 0.23
2016 26 861.1 26 793.2 67.86 1128.58 322.28 806.30 206.27 206.10 0.17
2017 27 835.3 27 760.2 75.12 1081.63 312.60 769.03 209.60 209.38 0.22
2018 27 761.7 27 689.5 72.13 951.22 264.62 686.60 200.68 200.46 0.22
2019 26 275.4 | 26 205.6 69.80 976.01 271.08 704.93 192.84 192.64 0.20
2020 24 099.8 | 24030.5 69.35 916.06 269.62 646.44 176.01 175.78 0.23
2021 267779 | 267148 63.13 999.19 327.91 671.28 203.03 202.81 0.21
2022 245784 | 24521.2 57.18 842.40 287.69 554.71 191.36 191.14 0.21

Figure 3.3: Trend in aggregated emissions by gases within the Energy sector in 1990 — 2022
(Gg of CO; eq.)
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Sectoral approach based on bottom-up methodology is the most appropriate method for energy balance
and for emissions estimation in the Slovak Republic. The sectoral approach is based on direct
information from the large and medium stationary sources included in the EU ETS and completed with
the statistical information provided by the Statistical Office of the Slovak Republic (SU SR) on the level
of the statistical units (enterprises) — confidential data. Sectoral approach is compared with the reference
approach based on top-down data published by the SU SR in the National Energy Balance (publicly
available. The inter-annual fluctuation is very low and small discrepancies can occur in the fuel
characteristics and using average parameters such as the calorific values or oxidation factors.

Fugitive GHG emissions in the period 1990 — 2022 were calculated based on the coal production from
underground mines, obtained from the official statistical sources, mine companies (HBP, a.s., Bana
Dolina, a.s. a Baria Cary, a.s.), oil and NG transport companies, the SU SR and the Ministry of Economy
of the Slovak Republic. A significant decrease in methane emissions in this category is visible in 2020,
the situation was stabilised in 2021 while in 2022 further decrease was recorded. This is caused by the
decrease of amount of coal mined and natural gas in transiting (therefore also fugitive emissions
decreased inter-annual). This decrease was milder by methane emissions from abandoned mines.

The overview of categories according to the IPCC 2006 GL relevant for the Slovak Republic in the
Energy sector is listed in Table 3.2.
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Table 3.2: Reported emissions and tier approach in the Energy sector in 2022

CATEGORY DESCRIPTION / EMISSIONS / TIER
1.A.1 Energy industries
Electricity, combined heat and power generation, industrial
1Ala Public electricity and heat production and municipal waste incineration with energy use,
cogeneration
1.Alai Electricity generation CO, T2 CH4 T1 N,O T1
1.A.l.aii Combined heat and power generation CO, T2 CH4 T1 N,O T1
1.A.1.aiii Heat plants CO, T2 CH4 T1 N,O T1
1.Ala.iv Other (waste incineration, methane
cogeneration) CO; T2 CH,4 T1 N-O T1
» Refineries, petrochemical oil processing
1.Alb Petroleum refining
co, | T8 | CH, | T1 | NoO | T1
1Alc Manufe_lcture of salid fuels and other energy Coke production, coal manufacturing
industries
1.Alc.i Manufacture of solid fuels CO, T2 CH4 T1 N,O T1
1.A.l.ciii Oil and gas extraction CO, T2 CH4 T1 N,O T1
1.A.2 Manufacturing industries and construction
Iron, steel and ferroalloy production, manufacturing of iron
1.A2a Iron and steel ore
co, | T2 | CH, | T1L | NoO | T1
Non-ferrous metals production, casting
1.A2b Non-ferrous metals
co, | T2 | cHs | T1 | NoO | TI
) Chemical products manufacturing and production
1.A2c Chemicals
co, | T2 | cHs | T1 | NoO | TI
Paper and pulp production, printing,
1.A2d Pulp, paper and print P pup P P 9
co, | T2 | cHs | T1 | NoO | TI
. Food industry
1.A2e Food processing, beverages and tobacco
co, | T2 | cH, | T1 | NoO | T1
Glass, cement, lime and magnesite production, brickworks,
1A2f Non-metallic minerals asphalt mixing plant, bating and electroplating
Co, | T2 | CHi | TL | NoO | TI
1.A249 Other
1.A.2.g. Manufacturing of machinery CO, T2 CH4 T1 N,O T1
1.A.2.g.ii Manufacturing of transport equipment CO, T2 CH4 T1 N,O T1
1.A.2.g.iii Mining (excluding fuels) and quarrying CO, T2 CH4 T1 N,O T1
1.A.2.g.iv Wood and wood products CO, T2 CH4 T1 N,O T1
1.A.2.9v Construction CO, T2 CH, T1 N,O T1
1.A.2.9.vi Textile and leather CO, T2 CH, T1 N.O T1
1.A.2.9.viii Other (industry not included above) CO, T2 CH, T1 N.O T1
1.A.3 Transport
1A3a Civil aviation - domestic aviation Co, | T8 | CH, | T8 | NO | T3
1.A3b Road transportation
1.A3.b.i Cars CO; T2 CH,4 T3 N.O T3
1.A.3.biii Light duty trucks CO, T2 CH4 T3 N,O T3
1.A.3.b.iii Heavy duty trucks and buses CO, T2 CH4 T3 N,O T3
1.A.3.b.iv Motorcycles CO, T2 CH4 T3 N,O T3
1.A3.bv Other/Urea Based Catalysts CO, M - - - -
1.A3.c Railways CO, T1 CH4 T1 N,O T1
1.A3d Domestic navigation - domestic shipping CO, T1 CH, T1 N.O T1
1.A3e Other transportation
1.A3e. Pipeline transport co, | T2 | CH, | T1 | NoO | T1
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CATEGORY

DESCRIPTION / EMISSIONS / TIER

1.A.4 Other sectors
1.A4a Commercial/Institutional Commercial and institutional building, hospitals, schools
1A4a.i Stationary combustion co, | T2 | CH | T1 | NoO | T1
1.A4b Residential Sale fuels for households
1.A4.b. Stationary combustion CO, ‘ T2 | CH4 ‘ T1 | N,O ‘ T1
1.AA4.c Agriculture/Forestry/Fishing Farms and forest organizations, slaughters
1.AA4.cii Stationary CO, T2 CH4 T1 N,O T1
1.AA4.c.ii Off-road vehicles and other machinery CO, T1 CH4 T1 N,O T1
1.A.5 Other
Compress and petrol stations, paint shops, wastewater

1.A5.a Stationary treatment plants, crematory

Co, | T2 | CH, | T1 | NoO | T1
LABD Mobile Military aviation

co, | T1L | CH, | T1 | NoO | T1
1.B.1 Solid fuels
1B.la Coal mining and handling Underground mines for brown coal, brown coal processing
1.B.1.a.l.i Underground mines - mining activities CO, T2 CH4 T2 - -
1.B.1.a.l.ii Post-mining activities - - CH4 T1 - -
1.B.1.a.1.iii Abandoned underground mines CO, T2 CH4 T1 - -

) ) Charcoal production and coke production

1B.1b Solid fuel transformation

co, | TL | cHs | T1 | NoO | TI
1.B.2 Oil and natural gas and other emissions from energy production
1B.2.a Oil
1.B.2.a.2 Production CO; T1 CH,4 T1 - -
1.B.2.a3 Transport CO, T1 CH, T1 - -
1B.2.a4 Refining / Storage CO, T1 CH, T1 N.O T1
1.B.2.b Natural gas
1.B.2.b.2 Production CO, Tl CH,4 Tl - -
1.B.2.b.3 Processing CO, T1 CH4 T1 - -
1.B.2.b.4 Transmission and storage CO, T1 CH4 T3 - -
1.B.2.b.5 Distribution CO, Tl CH,4 Tl - -
1.B.2.b.6 Other CO, T1 CH,4 T1 - -
1.B.2.c Venting and flaring
1B.2.c.l Venting
1.B.2.c.Lii Gas L co, | TL | CHs | T3 | - | -
1.B.2.c.2 Flaring
1.B.2.c.2i Oil - - - - N.O T1
1.B.2.c.2ii Gas - - - - N.O T1
1.B.2d Other
1.B.2d Post-Meter Emissions - NG vehicles CO; T1 CH,4 T1 - -
1.B.2d Post-Meter Emissions - NG power plants CO, T1 CH4 T1 - -
1.B.2d Post-Meter Emissions - NG appliances CO, T1 CH4 T1 - -

3.1. Overview of the Energy Sector

The Energy sector covers emissions from fossil fuels combustion (CRF 1.A) and fugitive emissions from
mines, oil and natural gas (CRF 1.B). The inventory of emissions from fuel combustion includes direct
GHG emissions (CO2, CH4, N20) and indirect GHG emissions (NOx, CO, NMVOCs), as well SO
emissions. Point sources, transport and other fuels combustion are included, too. The inventory of
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fugitive emissions from mines, oil and natural gas includes CO2, CH4, N20O and NMVOCs emissions
from brown coal mining, oil and natural gas refining and storage, the emissions from venting and flaring
at oil refineries as well as, the emissions from natural gas transmission and distribution. The emissions
from international bunkers (CO2, CH4, N20, SO: and indirect gases) and CO2 emissions from biomass
are included in memo items and not included into national total.

3.2. Fuel Combustion (CRF 1.A)

3.2.1. Overview of Fuel Combustion

Fossil fuels combustion for energy and heat production (including transport) is the most important source
of GHG emissions in the Slovak Republic. The GHG emissions in this sector represent 80.0% share of
total GHGs emissions in COz equivalents. Itis especially category of public energy production for power
and heat supply, industrial energy production for electricity and heat supply for technological processes,
road transportation and district heating — heat supply for the residential sector (block of flats and
dwellings), public and services buildings and other objects of the non-productive sector.

Total aggregated emissions from fuel combustion, including transport, based on sectoral approach
represented 25 000.02 Gg of CO:2 eq. in 2022.

This report uses the GWP 100 based on the IPCC Fifth Assessment Report for the year 2022. The
difference between emission based on the GWP100 from the IPCC Fourth Assessment Report (AR4)
and the IPCC Fifth Assessment Report (AR5)! are shown in the SVK NIR 2023.

Beginning a year 2014, a minor temporary increase in CO2 emissions was observed. This increase can
be attributed to the economic growth of Slovakia. However, since the year 2017, the emissions further
decreasing and this trend is continuing until present inventory years. The increase in liquid fuels
consumption is most notably in transport. The increase of biomass and other fuels (waste) consumption
was notable. Emissions decreased more sharply in 2020 than in the previous period. There are several
cumulative reasons for this decrease. Due to Covid-19 pandemic, a significant decrease in transport
was observed. Similar decrease was observed in the category 1.A.4.a (services), especially in solid
fuels. In addition, iron and steel production was significantly reduced. The main producer of iron and
steel in Slovakia is U. S. Steel KoSice, idled one of its three blast furnaces (June 2019 - January 2021).
The inter-annual decrease in CO2 emissions between 2018 and 2020 in fuel combustion was more than
13%. In the beginning of 2021, all furnaces in U. S. Steel KoSice were put back into operation and the
emissions returns to the values of 2018. Due to very high energy prices, low market demand and a
sharp increase in steel imports, the steel production was significantly reduced in 2022. During the year
2022, up to two blast furnaces were gradually shut down. The reduction of CO2 emission was more than
1 650 kt CO2, which represents a decrease more than 18%. Due to a small market size of Slovakia, the
iron and steel production can significantly influenced the emission trend in overall.

On the other hand, notable increase of CO2 emission was observed in services and in households in
2021. The increase of fuel consumption in households sector was caused by colder climatic conditions
in 2021, which was also represented by increase of heating degree days across all regions. In 2022, the
fuel consumption in services and households decreased and returned to the values before 2021.

Significant reduction of natural gas consumption was caused by technical problems in a large-scale
power plant in MalZenice. After the general maintenance (April 2022), the operation of the power plant
could not be resumed due to the damage and subsequent shutdown of the generator. The combined
cycle power plant outage lasted almost 10 months and the reduction of natural gas consumption was
more than 385 mil.m3. As a result of this shutdown, there was a decrease in greenhouse gases at the
level of 37%.
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Table 3.3 shows trend in GHG emissions by categories within the sectoral approach in particular years
indicated the significant decrease in emissions followed by decrease in fuel consumption and switch of
fuel's share (increasing of gas and biomass, decreasing of liquid and solid fuels) which is showed on
Figures 3.4 and 3.5.

Table 3.3: GHG emissions by categories in the 1.A - sectoral approach in particular years

1.A1 1.A.2 MAN. 1A3 1.A4 1A5
ENERGY INDUSTRIES AND TRANSPORT OTHER SECTORS OTHER
YEAR INDUSTRIES CONST.
Gg of CO; eq./year

1990 19 076.50 16 094.81 6 816.32 11 543.22 478.98
1995 11 917.42 11 809.02 5 490.92 7 208.06 279.39
2000 12 342.73 9434.03 5721.59 6 713.60 147.82
2005 12 125.38 8576.38 7 693.08 6717.37 95.72
2010 949157 7 664.18 7 421.48 6 710.90 69.85
2015 8076.34 6 768.99 7 293.40 494454 63.93
2018 7 761.50 7 631.54 7 808.66 4881.93 89.13
2019 7378.25 6 327.49 8 123.05 4775.36 83.68
2020 6 752.18 5930.99 7 061.50 4 685.48 69.11
2021 7308.61 7032.32 7522.68 5316.63 64.06
2022 6 407.46 5922.85 7778.85 4 815.55 62.38

Figure 3.4: Trend in fuels consumption within 1.A category in TJ in 1990 — 2022
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High-level dependency on import of primary energy sources (PES) is a limiting factor for the Energy
sector in Slovakia and subsequently for the complete economic (mostly industrial) development of

country. Net imports of PES are covered by almost 90% of the total energy demand.

Figure 3.5: The share of fuels’ consumption within category 1.A in 1990 and in 2022
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Energy Industries (CRF 1.A.1), Manufacturing Industries and Construction (CRF 1.A.2), Transport (CRF
1.A.3), Other Sectors (CRF 1.A.4) and Other (CRF 1.A.5) categories include emissions from fuel
combustion in large and medium point sources (power plants, boilers and industrial plants with boilers
and/or other combustion installations). Detailed emission trends by subcategories in particular years are
presented in Table 3.4.

Table 3.4: GHG emissions by categories in the sectoral approach in particular years

1.A.1 ENERGY INDUSTRIES L2 M'AANN%Fég;'éJ?g\:JGC.Ir’}g“STRIES
M 1.Ala | 1.A.1lb | 1.Al.c 1.A2.a ‘ 1.A2.b | 1.A2.c
Gg of CO;, eq.lyear
1990 14 758.96 2998.22 1319.32 2 689.75 1262.08 2 664.26
1995 8 403.78 2 209.76 1303.87 2 454.39 534.68 3067.04
2000 8 924.68 2 169.08 1248.97 2782.45 287.47 1663.57
2005 8 677.58 2098.93 1348.87 3397.87 188.47 875.43
2010 6 267.69 1915.27 1308.61 3752.60 199.50 562.26
2015 4 969.16 1817.08 1290.11 2874.94 139.23 484.56
2018 4757.93 1821.46 1182.11 3432.42 97.35 526.29
2019 4 469.70 1735.06 1173.48 2 448.92 101.75 473.68
2020 3960.11 1814.27 977.80 2185.10 98.06 474.47
2021 4382.71 1841.78 1084.11 3170.55 116.65 476.70
2022 3323.16 1897.53 1186.77 2 480.03 81.68 450.31
VEAR 1A2d | 1A2e | 1A2f | 1A2g 1A3a 1A3b 1LA3cC
Gg of CO;, eq.lyear
1990 2 341.32 1144.12 3429.37 2563.91 3.77 4 585.89 410.95
1995 1215.04 761.49 1 838.65 1937.72 2.68 4112.70 220.30
2000 704.68 570.09 1502.56 1923.20 2.67 4142.50 170.19
2005 547.82 436.90 1 390.07 1739.82 7.85 6 240.52 115.43
2010 419.70 306.52 1182.18 1241.43 5.17 6 499.42 91.27
2015 499.68 329.64 1 248.30 1192.64 3.68 7 005.14 93.72
2018 361.76 323.38 1510.04 1380.30 2.88 7 414.79 92.14
2019 450.62 345.82 1461.37 1045.33 1.84 7 628.26 90.06
2020 406.97 342.71 1423.93 999.74 0.89 6 806.59 80.63
2021 313.10 321.78 1439.37 1194.15 1.30 7 303.17 91.28
2022 261.08 310.37 1 326.05 1013.32 1.49 7 664.39 91.48
1.A.3 TRANSPORT 1.A.4 OTHER SECTORS 1.A.5 OTHER
YEAR 1.A.3d | 1.A3.e 1.A4d.a 1.A.4.b 1.A4.c 1.A5.a I 1.A.5.b
Gg of CO; eq.lyear
1990 0.02 1 815.69 4 166.56 7 220.89 155.78 407.24 71.73
1995 0.02 1155.22 2 433.87 4 606.04 168.15 213.72 65.67
2000 0.02 1 406.20 1570.15 4771.32 372.13 130.58 17.24
2005 0.03 1329.24 2 259.75 4 002.61 455.01 76.64 19.08
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1.A.3 TRANSPORT 1.A.4 OTHER SECTORS 1.A.5 OTHER
YEAR 1.A.3d | 1.A3e 1.Ada I 1.A4b I 1.A4c 1.A5a I 1.A5b
Gg of CO; eq./year

2010 0.33 825.29 2571.84 3732.13 406.93 54.08 15.78
2015 6.28 184.58 1 502.50 2990.75 440.59 46.62 17.31
2018 2.58 296.26 1471.12 3 028.65 364.01 76.48 12.65
2019 4.21 398.67 1350.47 3079.14 327.26 72.42 11.26
2020 5.40 167.99 1164.60 3133.55 363.97 58.01 11.10
2021 5.88 121.05 1464.26 3 477.06 376.53 52.87 11.19
2022 5.35 16.14 1374.86 313297 320.64 53.74 8.64

The share of fuels on total fuel consumption in Energy sector of the categories 1.A.1, 1.A.2, 1.A.4 and
1.A.5 was 69.1% in 2022 (without transport). The share of solid fuels decreased from 42.14% in 1990
to 12.99% in 2022. By comparison, the consumption of biomass was 7.8 times higher in 2022 than in
1990. The share of biomass fuels increased from 1.45% in 1990 to 18.32% in 2022. General trend in
total consumption of fuels is declining. Total consumption of fuels decreased by 39 % in comparison
with base year (Figure 3.5). The highest share on GHG emissions has category 1.A.1.a - Public
Electricity and Heat Production (13.41%), followed by 1.A.4.b - Residential (11.71%) and 1.A.2.a - Iron
and Steel (10.09%) categories (Figure 3.6). The major share has category 1.A.3.b - Road
Transportation (30.94%) which is the most important key category with one of the highest share on
emissions in overall trend and in Energy sector. There is a significant decrease in CO2 emissions in the
category 1.A.2.c - Chemicals caused by the 99% decrease of solid fuels consumption. This decrease is
significant and occurred in whole time series. However, the sharpest decrease occurred between 2001
and 2002. In 2001, there were only five plants in Slovakia, which used solid fuel as source of energy in
chemical industry. In 2002, one of these plants stopped (significantly reduced) the production
(ENERGETIKA, s. r. 0. StrdZske decreased by 355 Gg of CO: in solid fuels) and two others chemical
plants reduced the production and also the consumption of solid fuels (CHEMES, a. s., HUMENNE
decreased by 43 Gg of CO- in solid fuels, Duslo Sala, a. s. decreased by 43 Gg of CO: in solid fuels).
In 2021, there was further significant decrease in the consumption of solid fuels. The main consumer of
solid fuels (CHEMES, a. s) stopped the use of anthracite and residual fuel oil for heat production. In
2022, the consumption of solid fuels was practically the same as in the previous year.

A significant decrease can be observed also in categories 1.A.4.a - Services and 1.A.4.b - Households.
This decrease is caused mainly by reduction of solid fuels combustion. The reduction of CO2 emission
from combustion of solid fuels is more than 98% percent in 1.A.4.a and 95% in 1.A.4.b in comparison
with the base year. On the other hand, there is an increase of 68% in emission from natural gas in
category 1.A.4.b in comparison with the base year.
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Figure 3.6: The share of emissions in CO; eq. on different subcategories within 1.A in 2022
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3.2.2. Uncertainty Analyses of the Fuel Combustion

According to the previous recommendations, Slovakia is using hybrid combination of Approaches 1 and
2 in this submission for calculation of total uncertainty of the inventory (Annex 3 of this Report).
Uncertainty analyses performed by the Approach 1 in the IPPU sector was carried out using Table 3.2
(IPCC 2006 GL) for uncertainty calculation and country specific uncertainties for activity data and
emission factors were inserted into calculation table.

The Slovak Republic provided and published also Approach 2 for uncertainty analyses according to the
Chapter 3 of the IPCC 2006 GL for the complete Energy and IPPU sectors for the year 2015. The
methodology and results were described in previous SVK NIRs 2017 and 2018. The latest Monte Carlo
simulation was performed in this sector for the year 2015. Due to capacity reasons and according to the
QAJ/QC plan in this sector, new calculation of Monte Carlo uncertainty (approach 2) in the Energy sector
and categories (including transport) will be performed in the next submission. For more information,
please see the Chapter 1.2 of this Report. Results of the Monte Carlo simulations were almost identical
since this exercise was performed (since 2011).

CO:2 emissions from categories 1.A.1, 1.A.2, 1.A.3, 1.A.4 and 1.A.5 (liquid, solid and gaseous fuel
combustion) are the most important key categories and they have a decisive effect on the management
of level and trend uncertainties. The emission balance of other GHGs (CH4, N20) from these categories
was estimated by using the IPCC default methodology and default emission factors consistent with
previous reporting.

AD, caloric value, EF and their uncertainties are available by the sectoral experts based on national
circumstances. It helps to verify the correctness of aggregated uncertainty computation by Monte Carlo
technique. EFs are expressed in t C/TJ. The changes and reallocations made in previous year are
included to the current inventory. The new categories 1.A.2.g and 1.A.3.e are added to analysis.
Contrary, the subcategory 1.A.5.b was removed from analyses.

From the background data structure, differences between Approach 1 and Approach 2 (based on the
IPCC 2006 GL) are concentrated to the correlation among inputs parameters in this case, because
formulas, which are applied in the Approach 2, use only multiplication and addition operation. In this
time, Approach 2 is computed without correlation, therefore Approach 1 and Approach 2 are well
comparable. Approach 2 offers more reliable statistical results and shows more information about
statistical structure of analysed uncertainty.
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3.2.3. Category-specific QA/QC and Verification Process

The sector specific QA/QC plan is based on the general QA/QC rules and activities in specific
categories. Information used in the process of preparation GHG emissions inventory of the Energy
sector was obtained from the different data sources:

=  Statistical Office of the Slovak Republic, Department of Cross-Cutting Statistics (energy
balance),

= National Emission Information System (database of all stationary emission sources),
= Emission Trading System (reports from operators and from verifiers),
= Questionnaires that were sent to the producers (in case of doubt).

More information on general QA/QC activities within the SVK NIS is included in the Chapter 1.2 of this
Report.

Emission balance in the Energy sector was prepared in the model taking into consideration also fuel
balance in transport and IPPU. The sector specific QC activities were performed directly during
calculation when checking several data sources for the emissions factors and other parameters. Activity
data verification is processing with the cooperation of the SU SR and the NEIS experts including
operators (or verifiers) in some cases. As it was already mentioned, the main source of activity data
(and also NCVs and EFs) in current submission are verified EU ETS reports (plant level) and
disaggregated data provided by the SU SR (enterprise level). New database system developed for fuels
and emissions balance in the GHG inventory allows to perform several QC check more or less
automatically.

In the category 1.A.1, more than 90% of emissions are cover by the EU ETS reports. The EU ETS
activity data are compared against two independent sources: the NEIS database and disaggregated
fuel consumptions provided by the SU SR. The Slovak Republic is providing information on the actual
or estimated allocation of the verified emissions included in the EU ETS to the national GHG inventory
Further details can be found in the Table 3.5. The emission from EU ETS are balanced foe energy and
IPPU sector.

Table 3.5: Actual allocation of the verified emissions reported by installations and operators
under Directive 2003/87/EC for the year 2022

GHG VERIFIED VERIFIED

INVENTORY | EMISSIONS | EMISSIONS/

EMISSIONS UNDER INVENTORY
CATEGORY GAS DIRECTIVE | EMISSIONS

2003/87/EC
Gg of CO; or CO; eq. Ratio in %

Greenhouse gas emissions (total emissions without LULUCF for
GHG inventory and without emissions from 1A3a Civil aviation, Total
total emissions from installations under Article 3h of Directive GHG 37050.72 17418.25 47.01%
2003/87/EC)
CO; emissions (total CO, emissions without LULUCF for GHG
mvc_ant_ory and w!thout emissions from _1A3a Civil gwaqon, total cO, 31 588.26 17 363.57 54.97%
emissions from installations under Article 3h of Directive
2003/87/EC)
1.A Fuel combustion activities, stationary combustion CO, 24 521.19 10 454.36 42.63%
1.A.1 Energy industries CO, 16 781.32 10 438.24 62.20%
1.A.2 Manufacturing industries and construction CO, 5873.92 4903.34 83.48%
1.A.3 Transport CO, 7 689.10 16.12 0.21%
1.A.4 Other sectors CO, 4530.23 2.12 0.05%
1.B Fugitive emissions from fuels CO, 57.18 NO NA
2.A Mineral products CO, 2332.71 2 276.26 97.58%
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GHG VERIFIED VERIFIED
INVENTORY | EMISSIONS | EMISSIONS/
EMISSIONS UNDER INVENTORY
CATEGORY GAS DIRECTIVE | EMISSIONS
2003/87/EC
Gg of CO; or CO; eq. Ratio in %
2.B Chemical industry CO; 1022.93 1131.82 110.64%
2.C Metal production CO; 3 501.26 3501.13 100.00%
2.B Chemical industry (Nitric acid production) N2O 52.76 52.75 99.98%
3.C Metal production (Aluminium production) PFCs 5.34 5.34 100.00%

Based on analyses, total GHG emissions verified under the EU ETS represent 47% on the total GHG
emissions (without LULUCF and domestic aviation) based on Mach 15, 2024 inventory submission. The
share of the EU ETS emissions is comparable with the share of the EU ESR emissions in the Slovak
Republic. This progress was analysed and the resulting outcomes refer to increasing of energy effectivity
and decreasing of emissions in large point sources included in the EU ETS scheme. The number of
installations fell under the threshold to be included into the scheme and therefore, the EU ESR emissions
increased inter-annually.

Total CO2 emissions verified under the EU ETS represent 54.97% on the total CO2 emissions (without
LULUCF and domestic aviation) based on Mach 15, 2024 inventory submission.

Total N2O emissions verified under the EU ETS represent 4.03% on the total N2O emissions (without
LULUCF and domestic aviation) based on March 15, 2024 inventory submission.

Total PFCs emissions verified under the EU ETS represent 100% on the total PFCs emissions based
on JMarch 15, 2024 inventory submission.

Basic QC procedures, which are performed for all recorded EU ETS data, can be distinguished in
following categories:

= Comparison of aggregated site-specific data with the national statistics and/or EUROSTAT;
= Comparison of data across similar sites in individual CRF categories;

= Review significant changes in year-over-year estimates for individual plants, categories
and subcategories;

= Comparison of direct measurements with estimates using a factor;
= Comparison of default factors to site or plant-level factors.

Information on activity data of the non-EU ETS sources obtained from the SU SR is compared and
validated with the NEIS database. The NEIS database is referenced data set, not used directly for fuels
and emissions balance in the national inventory, but considered in the QC process of activity data and
other available parameters.

The QC activities directly provided during data collection in the NEIS database run at two levels. The
first level is verification provided by the regional environmental offices according to the national law and
the second level is provided by the SHMU, the Department of Emissions and Biofuels. The process of
data verification in the NEIS database must be completed by the end of July year x-1.

The background documents are archived by the sectoral experts and in central archiving system of SVK
NIS at SHMU.

In line with the national rules applied in the EU ETS, annual publication of emission factors and NCVs
used in the sectoral and reference approach of the GHG emissions inventory is publicly available.
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This procedure is a part of the QC activity applied particularly in this sector and checked by the verifiers
and operators of ETS sources.

Also according to agreement with CDV (Centrum dopravniho vyskumu) from 2023, there is a QA/QC
cross-check between Slovak and Czech in Transport sector emissions estimation, including parameters
and factors.

3.2.4. Category-specific Recalculations

Sectoral experts made revisions of the methodological approach and used activity data also in 2024
submission. After analysis, several improvements introduced in this submission led to recalculation or
reallocation of data from several categories. This recalculation work is reaction on the implementation
of the new ETF system and connected with the implementation of the 2019 IPCC Refinements.

In line with the Improvement and Prioritization Plan for 2024, and reflecting recommendations made
during previous reviews and suggested experts’ improvements, the following changes were
implemented in 2024 submission.

Table 3.6: Description of recalculation/reallocation implemented in 2024 submission

RECOMME-
NDATION CATEGORY DESCRIPTION REFERENCE
NO.
1 1LALb Gaseogs fuels reallocation from CRF category 2.B.10 to Chapter 3.2.6
1.A.lb:
2 1LAAD SR:(;:;I"culatlon of biomass consumption in the household Chapter 3.2.9

Ad.1: Currently, grey hydrogen is produced in refinery Slovnaft. In a previous inventory, emissions have
been reported in the category 2.B.10. According to the IPCC 2019 Refinement, refineries manufacture
petroleum products for fuel and for non-energy uses, and produce hydrogen and other gases,
intermediate products and basic chemicals. The CO2 emissions from fuel consumed by the refinery for
this activity are reported in Energy sector. This principle is maintained in the Guidelines even when some
fuel use in the refinery is to support manufacture of chemicals for sale (for example, propylene or
aromatics). In the IPCC 2019 Refinement, this principle is re-iterated within the new guidance presented
for hydrogen production, which is a new IPPU source category; the emissions from hydrogen production
within a refinery as an intermediate product, are primarily to support Energy sector activities, with
emissions to be reported in the Energy sector.

Therefore, it was decided to reallocate the emission from the category 2.B.10 to 1.A.1.b. This
reallocation will not affect the country's total emissions. To comparison of emissions in current and
previous submission is summarized in following table.

Table 3.7: Recalculations of the category 1.A.1.b for 1990 — 2021 and comparison of the submissions

SUBMISSION 2023 SUBMISSION 2024

YEAR | Energy Co, | CHi | NoO Energy | CO, | CH, N.O
T kt TJ kt

1990 1538.1 88.1 0.0015 0.0002 3592.1 205.1 0.0036 0.0004

1991 1815.1 103.1 0.0018 0.0002 4237.1 240.1 0.0042 0.0004

1992 2168.1 122.1 0.0022 0.0002 5062.1 286.1 0.0051 0.0005

1993 2 465.1 139.1 0.0025 0.0002 5757.1 324.1 0.0058 0.0006
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SUBMISSION 2023 SUBMISSION 2024
YEAR Energy CO, CH4 N,O Energy CO, CH4 N,O
TJ kt TJ kt

1994 1477.1 83.1 0.0015 0.0001 3449.1 193.1 0.0034 0.0003
1995 2349.1 131.1 0.0023 0.0002 5486.1 307.1 0.0055 0.0005
1996 2033.1 1131 0.0020 0.0002 4746.1 265.1 0.0047 0.0005
1997 2213.1 123.1 0.0022 0.0002 5167.1 287.1 0.0052 0.0005
1998 2673.1 148.1 0.0027 0.0003 6 240.1 346.1 0.0062 0.0006
1999 2717.1 151.1 0.0027 0.0003 6344.1 351.1 0.0063 0.0006
2000 3189.1 176.1 0.0032 0.0003 7 445.1 410.1 0.0074 0.0007
2001 27321 150.1 0.0027 0.0003 6 380.1 351.1 0.0064 0.0006
2002 4287.1 236.1 0.0043 0.0004 10 009.1 550.1 0.0100 0.0010
2003 47311 260.1 0.0047 0.0005 11 046.1 607.1 0.0110 0.0011
2004 5183.1 284.1 0.0052 0.0005 12101.1 664.1 0.0121 0.0012
2005 5453.1 300.1 0.0055 0.0005 12 066.1 663.1 0.0121 0.0012
2006 5328.1 293.1 0.0053 0.0005 117311 645.1 0.0117 0.0012
2007 4945.1 272.1 0.0049 0.0005 12170.1 669.1 0.0122 0.0012
2008 4 856.1 266.1 0.0049 0.0005 12 052.1 660.1 0.0121 0.0012
2009 4448.1 244.1 0.0044 0.0004 10 883.1 598.1 0.0109 0.0011
2010 4908.1 270.1 0.0049 0.0005 10 614.1 585.1 0.0106 0.0011
2011 4799.1 265.1 0.0048 0.0005 10919.1 602.1 0.0109 0.0011
2012 4 315.1 238.1 0.0043 0.0004 10 779.1 595.1 0.0108 0.0011
2013 4382.1 244.1 0.0044 0.0004 11 027.1 613.1 0.0110 0.0011
2014 4 468.1 249.1 0.0045 0.0004 10 804.1 602.1 0.0108 0.0011
2015 4306.1 240.1 0.0043 0.0004 10 861.1 605.1 0.0109 0.0011
2016 4214.1 235.1 0.0042 0.0004 11 085.1 618.1 0.0111 0.0011
2017 4183.1 233.1 0.0042 0.0004 10976.1 611.1 0.0110 0.0011
2018 4 470.1 249.1 0.0045 0.0004 10 450.1 582.1 0.0104 0.0010
2019 4844.1 270.1 0.0048 0.0005 10 448.1 583.1 0.0104 0.0010
2020 3946.1 220.1 0.0039 0.0004 9443.1 527.1 0.0094 0.0009
2021 3953.1 221.1 0.0040 0.0004 9593.1 537.1 0.0096 0.0010

Ad.2: The mathematical model for estimating of biomass consumption in households has been
improved. Recalculations were made in sector 1.A.4.b based on data from the new 2021 Census. The
changes concerned the number of apartments connected to district heating system. This resulted in
changes of biomass consumption for this sector. Detail information about the recalculation and
comparison with previous data is provided in the Chapter 3.2.9.

3.2.5. Category-specific Improvements and Implementation

of Recommendations
According to the draft ARR 2022 delivered on 28" February 2023, the ERT recommendation E.2
regarding the category 1.A.4 Other sectors — solid fuels — methane emissions to estimate and report
CH4 emissions from solid fuels for category 1.A.4 using at least a tier 2 methodology (in accordance
with the 2006 IPCC Guidelines) if the emissions are identified as key. This issue is reflected below in
this chapter and in the Chapter 3.2.9.

In addition, during the inventory preparation, following room for improvements was identified for future
submissions:

= Households represent serious issue related to achievement of the reduction commitments for
the PMzs emissions of the Slovak Republic. Air pollution and high emissions burden are mainly
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caused by the individual combustion of solid fuels in households, which produces emissions of
total suspended particles (TSP) and their fractions (PM1o, PM2s and BC). This impacts also
GHG emission inventory. Further cooperation with the Ministry of the Environment is in place;
a new project LIFE for improvement of regional air quality requires also regional data on
emissions from small sources. Therefore, additional statistical survey realised in 2022, improved
emissions data on regional level, mostly included in biomass from households. More information
can be find on website.

= Regarding the growing demand for better quality of emissions data and missing input data
required for further improvement of methodology, balances and inventories, the Slovak
Hydrometeorological Institute, Department of Emission and Biofuels applied for the EUROSTAT
subvention for the road transport data collection. The grant project began in 2021 and finished
in March 2023. The results were implemented in road transportation. More information can be
find on website.

= According to the ERT recommendation E.2 from the draft ARR 2022, the ERT identified room
for improvement in moving to higher tier approach (tier 2) in CH4 and N2O emissions estimation
for key fuels in energy. However, due to lack of information and absence of relevant study or
report about types and numbers of combustion equipment in households and services (at most),
this was not implemented, yet. More advanced and country specific EFs for non-CO:2 gases are
essential for full implementation of higher tier. Moreover, in our Improvement Plan, an
improvement in AD estimation has currently a higher priority. Moving to higher tier in category
1.A.4is currently very difficult, as it covers large number of small sources. Category 1.A.4 covers
two main sub-categories: households and services (agriculture is practically negligible). During
last three years, several significant improvements in households’ emissions inventory (1.A.4.b)
were performed. These improvements were described and documented in previous
submissions. Results were also published in several scientific journals and there is planning to
be published also in future. This project was conducted together with the SU SR and the results
were already implemented in the official statistical Energy Balance of the Slovak Republic.
Statistical surveys in households were focused on the fuel consumption and energy balance in
households with individual heating. This was used as inputs in mathematical model calculated
fuels consumption in households. It was mainly focused on solid fuels and biomass; however,
several improvements were performed also in other areas. The similar approach is planned to
develop also for services, but this is budget related. The primary objective is to be able estimate
the fuel consumption in buildings (non-residential). A relevant methodology to estimate the
energy demand precisely and transparently and/or fuels consumption in non-residential
buildings is the most essential. Therefore, according to the prioritization plan, the moving to
higher tier method for CH4 and N20O emissions was postponed and improvement of activity data
in the category 1.A.4.a was prioritized in the Improvement Plan.

3.2.6. Energy Industries (CRF 1.A.1)

The CRF category energy industries 1.A.1 consists of the following subcategories: Public Electricity and
Heat Production (CRF 1.A.1.a), Petroleum Refining (CRF 1.A.1.b) and Manufacture of Solid Fuels and
Other Energy Industries (CRF 1.A.1.c). These subcategories are further divided based on the IPCC
2006 GL.

Public electricity and heat production (1.A.1.a) - this allocates GHG emissions from power installations
to produce electricity and heat and the combined heat-power installations (CHP). Total volume of fuels
reported here was 59 470.93 TJ in 2022. The most significant gas reported here was carbon dioxide,
which represented 3 286.27 Gg of CO:z in 2022. Total CH4 emissions were 0.49 Gg and total N2O
emissions were 0.087 Gg in 2022.
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After significant decrease of emissions in years 2013 — 2014, trend was stabilized. Between 2018 and
2020 the decrease in CO2 emissions was more than 5%. In 2022, a further significant decrease can be
observed, when CO2 emissions declined inter-annually by more than 30%. The decrease of solid fuels
is continuous and visible in many facilities allocated in this category. Most important decrease in solid
fuels was caused by thermal power plant in Vojany in year 2019, where the decrease of the semi-
anthracite coal was more than 50%. The largest electricity producer in Slovakia (Slovenské elektrarne,
a. s.) is undergoing the process of phase-out the coal consumption and replacing it with biomass.
Similarly, one of the largest heat plants in Eastern Slovakia (TEKO, a. s.), reduced coal consumption in
2021 by more than 33% in comparison with year 2019 and more than 42% in comparison with year
2018. The decline in coal consumption in TEKO, a. s continued in 2022 and reached a value of 30% in
comparison with year 2021.

On the other hand, natural gas consumption in this sector has a growing trend in last eight years. The
sharp increase of natural gas consumption in 2019 was caused by ZSE Elektrarne, s. r. 0. power plant,
it operates the combined cycle power plant near MalZenice city in the Western Slovakia and currently,
it is the biggest combined cycle power plant in Slovakia. Technically, it is based on a joint shaft
connecting a gas turbine with 284 MW of capacity and a steam turbine with 152 MW of capacity, jointly
total of 430 MW. The power plant was put into operation in 2010 and put out of operation due to
unfavourable conditions on energy markets in 2013. Since August 2018, the power plant has new owner
and was put into operation, again. A significant change in trend occurred at the beginning of 2022.
Reduction of natural gas consumption in MalZenice was caused by technical problems. After the general
maintenance (February - April 2022), the operation of the power plant could not be resumed due to the
damage and subsequent shutdown of the generator. The combined cycle power plant outage lasted
almost 10 months and the reduction of natural gas consumption was more than 385 mil. m3. As a result
of this shutdown, there was a decrease in greenhouse gases at the level of 37%.

GHG emissions in the category 1.A.1.a are disaggregated into subcategories (electricity generation,
combined heat and power generation, heat plants and other). This reporting is based on information
provided by the SU SR (modules ENERG 719 — ENERG 721).

The category 1.A.1.a.iv — Other includes two emission sources allocated in other fossil fuels:

= Cogeneration gas from mining activity for the years 2007 — 2014 (1.B.1.A - Coal Mining and
Handling); (no CH4 emissions from cogeneration occurred since 2015);

= Cogeneration of LFG from municipal solid waste incineration with energy use.

These gases are used for electricity and heat production and therefore are reported in Energy sector.
Methane emissions from waste incineration with energy use are excluded from the category 5.C —
Incineration and Open Burning of Waste.

Petroleum refining (1.A.1.b) - GHG emissions from the refineries are allocated in the category 1.A.1.b.
Refineries process crude oil into a variety of hydrocarbon products. The biggest refinery Slovnaft, a. s.
is the only petroleum refining company operating in Slovakia, processing approximately 5.39 million tons
of crude oil in year 2022 (5.51 million tons of crude oil in 2021). This company is the most important
supplier of petrol and diesel fuels in Slovakia (60% of market). Emissions from the petroleum refining,
concern all combustion activities required to support the refining of petroleum products.

Within 1.A.1.b, the main emissions sources of fuel balance are oil, refinery gas and natural gas, which
are used for heating and as sources of hydrogen for oil products processing (hydrocracking). Fuels are
allocated to liquid and gaseous fuels categories. No solid fuel is combusted here.

Total volume of fuels allocated in 1.A.1.b expressed in energy units represented 27 552.01 TJ in 2022,
practically identical to previous year (27 361.04 TJ in 2021). Total CO2 emissions were 1 893.39 Gg.
Total CH4 emissions were 0.06 Gg and total N2O emissions were 0.0095 Gg.
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Manufacture of solid fuels and other energy industries (1.A.1.c) - Total volume of fuels allocated in the
1.A.1.c expressed in energy units represented 6 749.93 TJ in 2022. Total CO2 emissions were 1 186.41
Gg in 2022. Total CH4 emissions were 0.0068 Gg and total N2O emissions were 0.0007 Gg.

Methodological issues — activity data

Tier 2 or/and tier 3 approaches are used for the majority of CO2 combustion sources and country-specific
emission factors are used for all fuels. CO2 emissions estimation was performed based on the bottom-
up approach. This is especially visible in the categories 1.A.1, 1.A.2 and 1.A.5 where emissions
originated from the point sources (different approach is used in households and transport). For these
sources, simple equations that combine activity data with emission factors are used.

The most important and essential methodological change in the sectoral approach was performed in
2013. Before year 2013, the primary source of activity data was the NEIS database.! Main reason for
the mentioned modification was to increase the transparency of the sectoral approach.

The actual submission used activity data from verified reports of operators included in the EU ETS and
individual statistical data of economical subjects in details (NACE rev.2 classification?) provided by the
SU SR. The share of emission sources covered by the EU ETS in 1.A.1 is 89.7% and in 1.A.2 is 86.3%.
The remaining sources allocated here are balanced by using SU SR data. After verification of the EU
ETS reports by accredited verifiers, the EU ETS reports (in NIMs? formats) are released to the NIS
expert team. In the first step, the EU ETS reports are processed and transferred into internal database
system (see below) in May, year-1. Activity data are directly linked to the specific IPCC categories based
on the NACE rev.2 classification (provided by the SU SR).

This approach is used also for proxy inventory for the year-1. As in May, the official data from the SU
SR are not available; the EU ETS reports are validated against the SU SR and the NEIS data from
previous year, to check the time series consistency and trends. After releasing official data from the SU
SR and the NEIS (October — November, year-1), the validation procedure (focused on identification of
gaps in data) is repeated and all potential issues are recorded and prepared for further analyses. The
EU ETS reports are directly used to prepare the background for the sectoral approach in 1.A.1, 1.A.2,
1.A.4 and 1.A.5. The EU ETS reports incorporate at least two levels of verification. The EU ETS reports
are verified by the accredited verifiers in accordance with the legislative requirements before submission
to the competent authority (districts offices). There are only five plants, which used measurement-based
approaches. Emissions from measured-based approach are not directly used in the GHG inventory due
to ensure consistency of the methodology and emission factors across IPCC categories. Therefore,
these operators are directly contacted to provide further details on fuels consumption, characteristics
and other relevant inputs for emissions calculation. Emissions are calculated by the sectoral experts of
the NIS. Calculated emissions can differ from the measurements, these differences are further analysed
in the cooperation with the operators, verifiers and the Ministry of Environment of the Slovak Republic
and used for emission inventory.

The activity data for the less energy efficient plant (not covered by the EU ETS = non-ETS) are obtained
from the disaggregated energy balance data on plant level provided by the SU SR.4 Official (verified)
data from the SU SR are released to the SHMU in November year-1. These data are formed by several

! The NEIS is the database of stationary sources, which collects the data on air pollutants and fuels consumption from the
large and medium sources of air pollution in the Slovak Republic. These data are available in consistent time series since
2000, when the system NEIS was put in operation.

2 Pan-European classification system of economic activities
3 NIMs — National Implementation Measures.
4 These data are officially provided based on agreement between the MZP SR, the SHMU and the SU SR.
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modules (Energ 719-721 and Energ 723-725). All modules are processed automatically and the
information on fuels consumption is mapped to appropriate IPPC category. In similar manner, the fuel
types used in individual modules are allocated to corresponding IPCC fuels’ categories. This allows
emissions estimate for all non-ETS plants. Data is completed with the EU ETS data and used for the
sectoral approach balance in the categories 1.A.1, 1.A.2, 1.A.4 and 1.A.5.

The emissions balance in the categories 1.A.1, 1.A.2, 1.A.4 and 1.A.5 is done by combination and
summation of activity data from the EU ETS reports and the SU SR database provided on plant level.
This procedure is performed automatically by the internal database system. This system contains
unmodified information about the fuel consumption and allows comparison of data from different
sources. All fuels are linked automatically to the corresponding IPCC fuels categories. Individual plants
in database are allocated to specific IPPC category based on the NACE rev.2 classification. This allows
disaggregation of emissions into individual IPPC categories without modifying the original dataset.

In chemical industry, petroleum industry and iron & steel production, the allocation procedure is more
complicated, and it is performed manually (plant specific) in a collaboration with the IPPU experts
(detailed information is provided in the Chapter 4 of this Report and in the Annexes 4). The material
and emissions data flows are too complicated to split of technological (IPPU) and combustion emissions
(Energy sector). Therefore, models on plant level are included in the main database. Models are
prepared by the IPPU and energy sectoral experts and their methodological description is provided in
appendix of this NIR. The results of these models are presented in the form of simple input-output
balance and the activity data from the EU ETS reports (or data from the SU SR) are replaced by the
activity data calculated by the models. The background information for preparing models are obtained
directly from the plant operators or the EU ETS verifiers. Data is validated against information from the
standard databases and cross-checked by the energy and IPPU (or waste) experts. The cross checking
is used to eliminate the issues with double counting, underestimated emissions or discrepancies with
the IPCC 2006 GL. Based on the recent improvement in the EU ETS reporting, the comparisons were
made for the apparent consumption of different fuels on plant (installation) level and for the allocation of
production categories and harmonization with NACE rev.2 classification of installations.

For illustration, Table 3.8 compares the share of GHG emissions in the individual IPPC categories based
on the EU ETS data and the SU SR database. Very interesting is also comparison of the number of
plants by the IPPC categories.

Table 3.8: Distribution of CO» emissions estimated by a different type of source of activity in 2022

CO, EMISSIONS NUMBER OF COMPANIES
CATEGORY EU ETS SU SR EU ETS SU SR
% No.
1.A.1 Energy Industries 86.9 13.1 29 197
1.A.2 Manufacturing Industries and Construction 83.5 16.5 51 1864
1.A.4 Other Sectors 0.1 99.9 1 581
1.A.5 Other (Not specified elsewhere) 0.0 100.0 0 73

Based on the information provided in Table 3.8 is visible, that the EU ETS share of CO2 emissions in
1.A.1is 86.9% and in 1.A.2 is 83.5%. Due to high “EU ETS CO:2 emissions” share, it is possible to
compare the activity data between three independent sources (EU ETS, SU SR and NEIS).

For fuel combustion in 1.A.1.b - Petroleum Refining, a plant specific, tier 3, bottom-up approach was
used. Activity data obtained directly from the Slovnaft, a. s. (data on the amount of fuel combusted in
individual sources, plant specific emission factors) was used for calculation of GHG emissions and
compared with the information provided by the SU SR and the NEIS database.

In 1.A.1.b, emission factors for liquid fuels are plant specific. The emissions estimation is based on the
tier 3 while the material and energy balances are provided directly by operator. This information is
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formed by monthly consumption of individual fuel types and emissions sources used in each operation
unit in refinery. The CO2 EFs and NCVs are evaluated experimentally in the company’s laboratory using
the national standards. Certified measurements of emission factors for natural gas were provided by the
Slovak Gas Company (SPP, a. s.). The main sources of fuel balance are oil, refinery gases, petroleum
coke and natural gas, which are used for heating and as sources of hydrogen for oil products processing.
Consumptions provided by the SU SR, NEIS and operator correlated very well. Refinery gas, for which
country specific NCV and EF are used, is a mixture of various gases of different quality. The main type
of refinery gas used in Slovnaft, a. s. a source of energy is fuel gas H1 produced by mixing natural gas
and waste gases from the technological operations in mixers. The refinery gas and the imported natural
gas are blended (in blenders H1 and H2) and distributed through the refinery fuel system. Natural gas
is used to stabilize the pressure and qualitative parameters of fuel gases. The next part of balanced
gasses are fuel gases from local networks, especially from production units R5 (FG-R5) and RHC (FG-
RHC) and waste gases from pressure swing adsorption (PSA-HPP and PSA-V-KHK). Emission factors
of these gasses are based on the statistical evaluation of the chromatographic analyses performed every
month. These analyses are performed in the laboratory of quality control of the refinery, accredited by
STN EN ISO 17025:2005. Residual fuel oils are liquid distillation residues from refinery processes.
Samples of the fuel are analysed in the quality control laboratory, which meets accreditation standards
ISO/IEC 17 025. Based on the analysis, the NCV, sulphur content and nitrogen content are estimated.
The analyses are performed every day enabling the estimation of monthly averages of qualitative
parameters.

Moreover, information provided by operator is practically identical to information, which is background
for the EU ETS. Therefore, there is good (practically absolute) correlation between emissions reported
under the EU ETS and the national inventory. This approach was introduced in submission 2013 and
slightly modified based on the recommendations provided by the ERT in previous reviews. The
emissions originally allocated in the 1.A.1.b were split and reallocated into three new subcategories.
Emissions from ethylene production were shifted into 2.B.8.b and emissions from hydrogen production
into 2.B.10. The background for mentioned disaggregation is based on the consumption of fuels in
individual units for production of plastics and units producing hydrogen. This information is provided
directly by the operator. In 2024 submission, the emissions from hydrogen production were reallocated
from category 2.B.10 to 1.A.1.b. The reason for reallocation was implementation of the IPCC 2019
Refinement, where the new guidance for hydrogen production is presented. Based on the used
approach, the emissions from hydrogen production within a refinery as an intermediate product are
primarily to support Energy sector activities and allocated here.

Greenhouse gas emissions were calculated for each emissions source by multiplying the fuel
consumption (provided by the operator) by the respective emission factor. For calculation of CO2
emissions, plant specific emission factors were used. CH4 and N2O emission factors were taken from
the IPCC 2006 GL.

Municipal solid waste incineration with energy use in the category 1.A.1.a.iv

Municipal solid waste incineration with energy use is reported in 1.A.1.a.iv as other fuels. No emissions
from the municipal solid waste incineration are reported in the category 5.C.1 Municipal Waste
Incineration without energy use in the Waste sector because all incinerators of the MSW produce energy
or heat in the Slovak Republic. Therefore, notation key “NO” is used in the 5.C.1. The MSW is combusted
in two large stationary incinerators situated in Bratislava and KoSice. Statistically negligible volume of
MSW is incinerated outside of these two large plants. Industrial waste is incinerated mainly in cement
and chemical industry, therefore these emissions are reported in the categories 1.A.2.f and 1.A.2.c.

Reasons for allocation of MSW incineration with energy use into 1.A.1.a.iv are as follow:
1. Consistency in time series;
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2. Incinerators in Bratislava and KoSice produce electricity for own consumption and also partly
selling to public grid;
3. Bratislava incinerator is not producing heat for own consumption.

Incinerator in KoSice is producing heat for heating plant TEKO KoSice, which is allocated in
the category 1.A.1.a.

Emission factors and NCVs

The country specific calorific values of the fuels are announced by the SU SR published in the Statistical
Yearbook annually. The variations depend on fuel characteristics. If an operator used the plant specific
calorific values, it is an obligation to provide supported measurements and inform relevant competent
authority. The plant specific data and results of measurements can be found also in the EU ETS reports.

The NCVs taken from the SU SR and the EU ETS reports are used in inventory. These were calculated
as country specific average (annual weighted average NCV):

= NCV of primary and secondary liquid fuels in the RA are the same as statistical values;

= NCV of primary and secondary solid fuels and natural gas applied in the RA are based
on the analysis in accredited laboratories;

= NCV values of solid fuels used in the SU SR and the RA are not significantly different.

According to the direct information on the quantity of fuels combusted (in kt or mil. m®) and their specific
net calorific values, calculation of fuels consumption in energy unit (TJ) is provided. For fuel combustion
and industrial processes, the following numerical data is reported in the EU ETS reports:

= mass or volume of fuels consumption;

= net calorific values of fuel;

= CO:2 emission factors;

= additional process material (carbonates).

Due to the high EU ETS emissions share in 1.A.1, the emission factors are estimated as weighted
average of published emission factors for individual fuels in all installations allocated in this category.
Averaged emission factors are subsequently used for estimation of CO2 emission for plants, which are
not covered by the EU ETS. CO:2 emission factors in refinery are plant specific (only one installation in
1.A.1.b).

The annual EU ETS reports are an important source of activity-specific and company specific data on
CO: emissions, fuels and emission factors for major combustion sources (and industrial processes
sources) in the national GHG emissions inventory. The EU ETS covers 103 sources with the total CO:
emissions of 17 418 Gg in 2022.

For each fuel type, the default, country or plant specific emission factor is used and the corresponding
emissions of CO2, CH4 and N20 are calculated. The CO2 emission factors are country or plant specific
(and also IPCC category specific) derived from the national/plant fuel characteristics. Default carbon
emission factors (t C/TJ) are estimated for individual fuel types based on the international methodologies
(IPCC, OECD, IEA) and/or national measurements (expert judgment of the sectoral experts, EU ETS
reports, industrial association’s measurements, and scientific papers). Carbon emission factors are
estimated from fuel composition and available average net calorific values of the most used fuels.
Average country specific CO2 emission factors have been used for natural gas, coal, brown coal
according to the source of origin (Slovak, Ukraine, the Czech Republic), coke and coke gas since 2000.
The revised emission factors depend on net calorific values and slightly vary from year to year and
across to IPCC categories. The emission factors for natural gas and other important fuels are based on
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precise measurements and calculation published every month by the SPP, a. s., the Slovak Energy
Industry, a. s., refinery plant Slovnaft, a. s. (liquid fuels), and the U. S. Steel, a. s. for iron and steel
production. These EFs are in use for the installations under the EU ETS and for the reporting
requirements of the MZP SR. Carbon content per unit of energy is usually lower for light refined products,
such as gasoline, than for heavier products such as residual fuel oil.

For natural gas, the carbon emission factor depends on the composition of the gas (in its delivered state
it is primarily methane, but it can also include small quantities of ethane, propane, butane, and heavier
hydrocarbons). In the Slovak Republic, the emission factor for natural gas (mostly of the Russian origin)
is based on precise measurements and calculations published every month by the SPP, a. s. since the
year 2000. The same EFs for natural gas are used for the installations covered by the EU ETS annually
to ensure consistency across country. The emission factors and composition of NG are published
monthly online (Tables 3.9 - 3.11). Weighted averages are calculated based on monthly consumption
announced by the SPP, a. s. Despite the fact, that the SPP, a. s. is in the present days not exclusive
natural gas supplier (approximately 60% of market), the parameters of the NG are consistent in all
consumers due to the common origin of natural gas distributed by the SPP, a. s. — Distribution. Natural
gas used in the Slovak Republic is imported from Russia Federation and consists almost totally (>95%)
of methane.

Table 3.9: Composition of natural gas published on-line by the SPP, a. s. in 2022

ot | CHs | CiHs | CsHs | i-CaHio | N-CaHio | i-CsHiz | N-CsHiz | CoHu | COz | N,
mol %

} 942081 | 3.1006 | 0.6829 | 0.0965 | 0.1119 | 0.0269 | 0.0209 | 0.0019 | 0.0364 | 0.7250
. 94.4367 | 3.0000 | 0.6440 = 0.0931 | 0.1040 | 0.0252 | 0.0193  0.0019 | 0.0323 | 0.7035
. | 94.6848 = 29620 | 0.6872 & 0.1029 | 0.1104 | 0.0255 | 0.0189 | 0.0015 | 0.0295 | 0.6042
IV. | 944315 | 3.0891 | 07207 | 0.1062 | 01141 | 0.0268 | 0.0201 0.0014 | 0.0327 | 0.6557
V. 94.0502 | 3.2370 | 0.8927 | 0.315 | 0.1423 | 0.0317 | 0.0236 0.0009 | 0.0335 | 0.6526
VI | 930067 @ 37582 | 10493 | 01521 | 0.1734 | 0.0399 | 0.0307 | 0.0012 | 0.0456 | 0.8815
VI | 923647 | 41413 | 11977 | 01791 | 02042 | 0.0471 | 0.0365 00013 | 0.0543 | 0.9262
VIl | 927202 | 38488 | 1.1272 | 0.1646 | 0.1934 | 00452 | 0.0353 0.0010 | 0.0567 | 0.9193
IX. | 92.6641 | 3.9460 | 11308 | 0.1624 | 0.1916 | 0.0424 | 00334 0.0008 | 0.0500 | 0.8886
X, 92.8367 | 3.9511 | 10971 | 0.1616 | 0.1818 | 0.0401 | 0.0308  0.0008 | 0.0448 | 0.7948
Xl | 927545 | 38983 | 1.0259 | 0.1475 | 0.1702 | 0.0391 | 0.0305 00013 | 0.0486 & 0.9349
XIl. | 925661 | 3.9674 & 09757 | 0370 | 01639 & 00392 | 00312 00016 | 0.0525 | 1.0611

Table 3.10: Overview of the EFs and NCVs for natural gas [15°C; 101.325 kPa] published
on-line by the SPP, a. s. in 2022

vonty | DENsy | DENSTY | nov  COMLCTON G JUUSER | contewr | EFC
mol % kg.m?3 kwh.m?* kwh.m?* kwh.m?* mg.m3 tCO,/TJ

. 0.5923 0.7259 9.700 34.920 13.97 0.0208 55.97
1. 0.5911 0.7244 9.695 34.902 13.97 0.0404 55.93
1. 0.5898 0.7228 9.710 34.956 14.01 0.0512 55.88
V. 0.5916 0.725 9.721 34.996 14.00 0.0533 55.93
V. 0.5949 0.7291 9.771 35.176 14.04 0.0629 56.02
VI. 0.6028 0.7388 9.827 35.377 14.02 0.0323 56.29
VII. 0.6079 0.7450 9.894 35.618 14.05 0.0359 56.42
VIII. 0.6055 0.7421 9.854 35.474 14.02 0.0412 56.36
IX. 0.6054 0.7419 9.859 35.492 14.03 0.0469 56.35
X. 0.6036 0.7398 9.860 35.496 14.04 0.0469 56.28
XI. 0.6041 0.7404 9.820 35.352 13.99 0.0347 56.32
XII. 0.6053 0.7418 9.799 35.276 13.95 0.0256 56.38
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RELATIVE COMBUSTION WOBBE SULPHUR
MONTH DENSITY R i HEAT NUMBER | CONTENT B
mol % kg.m3 kwh.m?* kwh.m?* kwh.m?* mg.m3 tCO,/TJ
AVERAGE - - - - - - 55.96

Table 3.11: Overview of country or plant specific CO, EFs in t/TJ used in the category 1.A.1 in 2022

1Ala WEIGHTED CO:zEFs FUEL TYPE C EFs CO:2EFs
Gas/Diesel ail 20.35 74.61
Liquid 76.10 Residual fuel oil 21.17 77.62
Liquefied petroleum gases 17.22 63.14
Anthracite 27.66 101.42
Solid 95.31 Other bituminous coal 25.83 94.71
Lignite 26.04 95.48
Gaseous 56.17 Natural gas 15.32 56.17
Other biogas 14.90 54.59
Biomass 107.86 Sludge gas 14.90 54.59
Other primary solid biomass 27.30 100.10
Wood/Wood waste 30.50 111.83
1.A1lb WEIGHTED CO:zEFs FUEL TYPE C EFs CO:2EFs
Residual fuel oil 21.60 79.21
Liquid 74.29 Petroleum coke 29.53 108.29
Refinery gas 15.26 55.98
Gaseous 56.17 Natural gas 15.32 56.17
1.Alc WEIGHTED CO:zEFs FUEL TYPE C EFs CO:2EFs
Liquid 63.97 Liquefi.ed pet.roleum gases 17.22 63.14
Gas/Diesel all 20.35 74.61
Lignite 26.04 95.48
Solid 193.37 Coke oven gas 11.74 43.05
Blast furnace gas 75.05 278.18
Gaseous 56.17 Natural gas 15.32 56.17

Default CO2 emission factors from the IPCC 2006 GL are used only for biomass, which almost invariably
refers to wood, wood wastes and biogas. The actually used fuels-specific EFs are in Table 3.11.

In addition to CO2 emissions, the fuel combustion in stationary sources results in the CH4, N2O, NOx,
CO and NMVOCs emissions. Of these, CH4, and N20 account around 0.65% on the total GHG
emissions (expressed in CO:2 eq.), in the Energy sector (CO2: 6 366.07 Gg; CH4: 15.55 Gg CO: eq.;
N20: 25.84 Gg CO: eq.). These emissions are influenced by many factors, including fuel type,
equipment design, and emissions control technology. Therefore, it is inherently more complex and more
uncertain than CO2 emissions estimation. The non-CO:2 EFs are default based on the IPCC 2006 GL.

Uncertainties and time-series consistency

According to the previous recommendations, Slovakia is using hybrid combination of the Approaches 1
and 2 in this submission for calculation of total uncertainty of the inventory (Annex 3 of this Report).
Uncertainty analyses performed by the Approach 1 in transport was carried out using Table 3.2 for
uncertainty calculation and country specific uncertainties for activity data and emission factors were
inserted into calculation table.

The Slovak Republic provided and published also Approach 2 for uncertainty analyses according to the
Chapter 3 of the IPCC 2006 GL for the complete Energy and IPPU sectors for the inventory year 2015.
The methodology and results were described in previous SVK NIRs 2017 and 2018. The latest Monte
Carlo simulation was performed for the 2015 emissions inventory. Due to capacity reasons and
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according to the QA/QC plan in this sector, new calculation of Monte Carlo uncertainty (Approach 2) in
the Energy sector and categories (including transport) will be performed in next submissions. For more
information, please see the Chapter 1.2 of this Report. Results of the Monte Carlo simulations were
almost identical since this exercise was performed (since 2011).

Time series is consistent in all aspects (methodological approach, country specific EFs and oxidation
factor used, fuel characteristics, etc.) to the detailed level of disaggregation (on plant specific level).

3.2.7. Manufacturing Industries and Construction (CRF 1.A.2)

Category 1.A.2 includes CO:2 emissions allocated in: Iron and steel (1.A.2.a); Non-ferrous metals
(1.A.2.b); Chemicals (1.A.2.c); Pulp, paper, and print (1.A.2.d); Food processing, beverages, and
tobacco (1.A.2.e); Non-metallic minerals (1.A.2.f) and Other (1.A.2.g). Emissions include industrial
emissions originating largely from energy and heat production in raw materials and semi-manufactured
goods production. The emissions reported here are related to fuel combustion, only. Consumption of
fuels used as feedstock and reduction medium is not included in this category as it is allocated in the
IPPU sector.

Iron and steel (1.A.2.a) — the iron and steel industry is one of the most energy intensive industrial
branches in the Slovak Republic. Total volume of fuels allocated in 1.A.2.a expressed in energy units
represented 19 265.92 TJ in 2022.

The main iron and steel producer in the Slovak Republic - U. S. Steel, a. s. idled one of its three blast
furnaces, whose total capacity is 4.5 million tonnes of raw iron a year, on June 2019. It did so in response
to the situation on the European steel market which has been massively impacted by steel products
imported into the European Union. The shutdown of the blast furnace led to a reduction in CO:
emissions by more than 860 kt of CO2 between years 2019 and 2018. In 2020, the decrease in emissions
continued and total CO2 emissions were at the level of 2 179 kt. From January 2021, iron production
was resumed at all blast furnaces. As a result of the increase in iron production, there was an interannual
increase in emissions at the level of 45% in 2021. Due to very high energy prices, low market demand
and a sharp increase in steel imports, the steel production was significantly reduced in 2022. During the
year 2022, up to two blast furnaces were gradually shut down. The reduction of CO2 emissions was
more than 1 650 kt COz, which represents a decrease of more than 18%. This sharp fluctuation is
reflected in all categories, where the emissions from steel production are allocated (1.A.1.c, 1.A.2.a,
1.A.2.m and 2.C.1). One of the most significant companies in this category (OFZ Dolny Kubin),
significantly reduced its production, too. The production was limited provisionally until the end of the
year 2022 due to continued negative market conditions, in particular high electricity prices and low
market prices for ferro-alloys. OFZ consumed large amount of biomass and there was a 50% decrease
in biomass consumption in OFZ.

Total CO2 emissions were 2 474.09 Gg. Total CH4 emissions were 0.0902 Gg and total N2O emissions
were 0.0129 Gg.

Non-ferrous metals (1.A.2.b) — this source covers combustion-related emissions from non-ferrous metal
industry. Total volume of fuels allocated in 1.A.2.b expressed in energy units was 2 569.57 TJ in 2022.
There was also a significant decline in emissions in the CRF category 1.A.2.b. The most pronounced
declines are seen for natural gas and coal. At the end of 2021, the Slovalco company (produced of
aluminium), reduced production volume to 80% of their capacity, and a further reduction in production
volume to 60% of capacity was achieved from February 2022. The production of primary foundry alloys
was stopped. The complete closure of primary aluminium production after 70 years of production took
place at the beginning of January 2023 with the shutdown of the last of the 226 pots. Consumption of
liquid fuels is on the same level as in 2021. LPG consumption remained unchanged, however the
consumption of residual fuel decreased practically to zero. The result of change in fuel mix caused a
significant inter-annual change of IEFs.
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Total CO2 emissions were 78.94 Gg, total CH4 emissions were 0.043 Gg and total N2O emissions were
0.0058 Gg.

Chemicals (1.A.2.c) —includes emissions from fuels combustion in chemical industry. Chemical industry
produces several different products such as chemicals, plastics or solvents. Total volume of fuels
expressed in energy units allocated in 1.A.2.c was 7 906.71 TJ in 2022, which is comparable with
previous year. In 2015, significant reduction of natural gas consumption occurred, which was caused by
the termination of operation of one company with relatively high share of fuels in the period between
2016 and 2020. Natural gas consumption was almost constant. In 2022, a moderate decrease of
emissions from gaseous fuels can be observed.

There is a visible reduction in consumption of solid fuels. This trend is similar than in other categories,
where solid fuels are replaced by natural gas and/or biomass. In year 2020, significant reduction in coal
consumption occurred in the power plant Chemes, a. s., where the coal consumption decreases by more
than 15%. In 2021, the major consumer of solid fuels (Chemes, a. s) stopped using anthracite and
biomass. The solid fuels were replaced by natural gas. Therefore, the emissions from solid fuels
decreased in 2022 practically to zero and the reduction of emissions is more than 99% in comparison
with base year.

Total CO2 emissions were 449.57 Gg, total CH4 emissions were 0.013 Gg and total N2O emissions
were 0.0014 Gg in 2022.

Pulp, paper and print (1.A.2.d) — includes emissions from fuel combustion in pulp, paper and print
industry. Total volume of fuels allocated in 1.A.2.d expressed in energy units was 23 358.76 TJ in 2022
(practically identical to previous year). There was a visible decrease of inter-annual energy consumption
between 2015 and 2016 (27 472.10 TJ in 2015 and 22 926.55 TJ in 2016). It was caused by decrease
of fuels consumption in three major plants allocated here. In 2021, a significant interannual change in
fuel mix occurred in this category. Major emissions producer (Bukoza Energo) cut coal consumption in
half (decrease in coal consumption was more than 60 thousand tons). The reduction in coal consumption
was compensated by an increase in biomass consumption (increase in biomass consumption was 10%).
The result of the change in the fuel mix is 10% decrease in emissions. Similar trend is visible also in
2022. The inter-annual increase of emissions from biomass is 3.5% and decrease of emissions from
solid fuels is 15%.

Total CO2 emissions were 243.53 Gg, total CH4 emissions were 0.17 Gg and total N2O emissions were
0.05 Gg in 2022.

Food processing, beverage and tobacco (1.A.2.e) — total volume of fuels allocated in 1.A.2.e expressed
in energy units represented 5526.35 TJ in 2022. Total energy is comparable with previous year,
however the fuels mix has been changed. One of the largest source in this category (Slovenské
cukrovary) stopped producing heat from coal. The coal consumption drops to zero and the largest share
in solid fuels represented coke consumption. The lignite was fully replaced with natural gas (therefore a
significant increase in gaseous fuels is observed). Therefore, the inter-annual change of IEF is
significant.

Total CO2 emissions were 310.02 Gg, total CH4 emissions were 0.0062 Gg and total N2O emissions
were 0.0006 Gg in 2022.

Non-metallic minerals (1.A.2.f) — total volume of fuels allocated in 1.A.2.f expressed in energy units
represented 19 817.63 TJ in 2022. The fuels are allocated in solid, liquid, gaseous, other and biomass
fuels.

Total CO2 emissions were 1 310.35 Gg, total CH4 emissions were 0.24 Gg and total N2O emissions
were 0.03 Gg.
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Other (1.A.2.9) - The remaining emissions from fuels combustion in manufacturing and industry were
allocated in this category. Total volume of fuels expressed in energy units represented 18 238.02 TJ in
2022. The sharp decrease of emissions in this category started in 2020 and was caused by significant
reduction of production in U. S. Steel, a. s. The decrease in natural gas consumption in comparison with
previous year was more than 12%. The reduction of blast furnace gas was more than 32% and coke
oven gas consumption decreased by more than 82%. During and after 2020, one of the furnaces was
shut down, therefore the decrease in consumption of natural gas and coke oven gas continued. This
decrease of solid fuels consumption is also reflected in the inter-annual fluctuation of implied emission
factor of solid fuels. The reduction of coke oven gas consumption (with very low EF) caused increase of
the share of coal (incinerated in other CRF categories). As the result of the decrease of the coke oven
gas consumption, the IEF increase to value 94.81 t CO2/TJ in 2020. In 2021, the production in
U. S. Steel, a.s. was resumed and therefore the energy consumption and emissions increased
significantly. In 2022, were two furnaces shut down, again. The shutdown of the furnaces also resulted
in a significant decrease in emissions. In 2022, a significant increase in liquid fuels can be observed in
sector 1.A.2.g.v. This increase was caused mainly by STRABAG company, where oil consumption
increased by 300% compared to the previous year. Increased of oil consumption in this sector also
caused a sharp increase of all IEFs.

Total CO2 emissions were 1 007.41 Gg, total CH4 emissions were 0.095 Gg and total N2O emissions
were 0.012 Gg in 2022.

Based on the IPCC 2006 GL, this category was further split into 8 subcategories. The distribution of
individual plants into subcategories was done based on the NACE rev.2 classification. The distribution
of emissions along this category is Table 3.12.

Table 3.12: Disaggregation of CO, emissions across the subcategories of the 1.A.2.g in 2022

CO, EMISSIONS SHARE

SUBCATEGORY
Gglyear %

1.A.2.g.i Man. of machinery 154.87 15.37
1.A.2.g.ii  Man. of transport equipment 173.32 17.2
1.A.2.g.iii  Mining and quarrying 7.92 0.79
1.A.2.g.iv. Wood and wood products 15.96 1.58
1.A.2.g.v  Construction 42.96 4.26
1.A.2.g.vi Textile and leather 25.57 2.54
1.A.2.g.viii Other 586.81 58.25

Methodological issues — activity data

Detail description of the methodological issues and activity data used for estimation of emissions from
fuel combustion is given in the Chapter 3.2.6.

Iron and steel (1.A.2.a) - in Slovakia, pig iron and steel are produced in iron and steel integrated plant
and by the EAF. Iron and steel integrated production is a complex one with many energy-related
installations (coke ovens, heating plant, etc.). To avoid double counting of the primary and secondary
fuels from iron and steel industry, the revised estimation was prepared in previous years in cooperation
with the IPPU experts. The estimation includes and compares information from the iron and steel
industry based on the EU ETS reports of the biggest iron and steel company in the Slovak Republic
(U. S. Steel, a. s.). Methodology for emissions estimation was prepared by the specific model developed
according to the national circumstances to ensure higher quality of estimation, avoiding double counting
and properly allocated emissions in the Energy and IPPU sectors. Description of model is provided in
details in the Annex 4.2 (Methodology for carbon balance of iron and steel production).
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Emission factors and NCVs

Detail description of the emission factors and NCVs used for estimation of emissions from fuel
combustion is given in the Chapter 3.2.6. Mainly country-specific or plant-specific emission factors are
used in the category 1.A.2, although IPCC default emission factors are used for not key fuels. In the
case of iron and steel integrated plant, all emission factors (NCVs and oxidation factors) are plant
specific. Emission factors for anthracite, cooking coal, other bituminous coal and petroleum coke in the
1.A.2.a are also country specific (estimated as weighted average of sources allocated in this

subcategory). The list of actually used EFs is presented in Table 3.13.

Table 3.13: Overview of country or plant specific CO2 EFs in t/TJ in the category 1.A.2 in 2022

1.A2a WEIGHTED CO:zEFs FUEL TYPE C EFs CO:2EFs
Residual Fuel Oil 21.09 77.33
Liquid 70.60 - -
Liquefied Petroleum Gases 17.22 63.14
Gas Coke 29.30 107.42
Other Bituminous Coal 25.59 93.83
Solid 139.17
Coke Oven Gas 11.77 43.16
Blast Furnace Gas 75.05 275.18
Gaseous 56.17 Natural gas 15.32 56.17
Biomass 111.83 Wood/Wood Waste 30.50 111.83
1.A2b WEIGHTED CO2EFs FUEL TYPE C EFs CO:2EFs
Gas/Diesel Oll 20.22 74.14
Liquid 66.09 Residual Fuel Oll 21.09 77.33
Liquefied Petroleum Gases 17.22 63.14
Other Bituminous Coal 25.72 94.31
Solid 98.88
Gas Coke 29.30 107.42
Gaseous 56.17 Natural gas 15.32 56.17
Biomass 111.83 Wood/Wood Waste 30.50 111.83
1.A2c WEIGHTED CO:zEFs FUEL TYPE C EFs CO:2EFs
Residual Fuel Oil 21.17 77.62
Liquid 63.90 Gas/Diesel Ol 20.22 74.14
Liguefied Petroleum Gases 17.22 63.14
Anthracite 27.66 101.42
Solid 98.77 -
Coking Coal 25.53 93.61
Gaseous 56.17 Natural gas 15.32 56.17
Wood/Wood Waste 30.50 111.83
. Other Primary Solid Biomass 27.30 100.10
Biomass 138.58 -
Other Biogas 14.90 54.63
Biogenic waste 39.00 143.00
1.A2d WEIGHTED CO2EFs FUEL TYPE C EFs CO:2EFs
o Residual Fuel Oll 21.17 77.62
Liquid 71.71 - -
Liquefied Petroleum Gases 17.22 63.14
) Other Bituminous Coal 25.72 94.30
Solid 99.10
Lignite 27.19 99.70
Gaseous 56.17 Natural gas 15.32 56.17
Sulphite lyes (black liquor) 26.00 95.33
. Wood/Wood Waste 30.50 111.83
Biomass 98.39
Sludge Gas 14.90 54.63
Other Primary Solid Biomass 27.30 100.10

76



1.A2e WEIGHTED CO2EFs FUEL TYPE C EFs CO:2EFs
o Liquefied Petroleum Gases 17.22 63.14
Liquid 63.23 - -
Gas/Diesel Oll 20.22 74.14
Anthracite 27.66 101.42
Solid 107.40 Brown Coal Briquettes 26.61 97.57
Gas Coke 29.30 107.42
Gaseous 56.17 Natural gas 15.32 56.17
Other Primary Solid Biomass 27.30 100.10
) Sludge Gas 14.90 54.63
Biomass 86.04 -
Other Biogas 14.90 54.63
Wood/Wood Waste 30.50 111.83
1.A2f WEIGHTED CO2EFs FUEL TYPE C EFs CO:2EFs
Residual Fuel Oll 21.18 77.66
o Petroleum Coke 27.26 99.95
Liquid 94.21 - -
Liquefied Petroleum Gases 17.22 63.14
Gas/Diesel Oll 20.35 74.62
Anthracite 27.66 101.42
) Other Bituminous Coal 25.72 94.30
Solid 97.77 —
Lignite 27.19 99.70
Gas Coke 29.30 107.42
Gaseous 56.17 Natural gas 15.32 56.17
Other 91.56 Municipal and Industrial Wastes 24.97 91.56
Wood/Wood Waste 30.50 111.83
Biomass 91.69 - -
Waste (biogenic) 24.97 91.56
1.A2g9 WEIGHTED CO2EFs FUEL TYPE C EFs CO:2EFs
Gas/Diesel Oll 20.22 74.14
Liquid 66.29 Liquefied Petroleum Gases 17.22 63.14
Residual Fuel Oll 21.18 77.66
Blast Furnace Gas 75.05 275.18
) Coke oven Gas 11.77 43.16
Solid 89.51 —
Lignite 27.19 99.70
Other bituminous coal 25.72 94.30
Gaseous 56.17 Natural gas 15.32 56.17
) Other primary solid biomass 27.30 100.10
Biomass 111.83
Wood/Wood waste 30.50 111.83

Uncertainties and time-series consistency
Description of uncertainty is similar to the Chapter 3.2.6 of this Report.

Time series is consistent in all aspects (methodological approach, country specific EFs and oxidation
factor used, fuel characteristics, etc.) to the detailed level of disaggregation (on plant specific level).

3.2.8. Transport (CRF 1.A.3)

Transport has a very special position in the Energy sector, as it is not included in the EU ETS or other
policies or measures, thus transport emissions are very difficult to regulate. The emissions balanced in
the Transport (1.A.3) include subcategories Domestic Aviation (1.A.3.a), Road Transportation (1.A.3.b),
Railways (1.A.3.c), Domestic Navigation (1.A.3.d) and Pipeline Transport (1.A.3.e.i). This report uses
the GWP 100 based on IPCC Assessment report 5. The difference between emission based on GWP
100 IPCC Assessment report 4 (AR4) and 5 (AR5) are shown in the previous NIR 2023.
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As mentioned in previous reports, there is still observed shift from public transportation to individual
passenger cars in Slovakia. After a decrease in fuel consumption and emissions in the pandemic year
2020, there can be observed again a rise. After a decline in 2021 in the passenger cars category, the
trend returned to rise as well as the other road transport categories. Total aggregated GHG emissions
in transport increased in 2022 against the base year by 14.12% and against the previous year increased
by 3.41%. Road transport emissions rose by 67.13% in 2022 in comparison with the base year.

The emissions from road and non-road transport were calculated by using models, default
methodologies and the consistent data series from 1990 — 2022 are presented in CRF Tables. Total
GHG emissions in transport were 7 778.85 Gg of CO2 eq. in 2022. The CO2 emissions were
7 689.10 Gg, which represent 98.85% share on total transport emissions, the CHs emissions were
5.97 Gg of CO2 eq. with the 0.08% share and N2O emissions were 83.77 Gg of CO2 eq. with the 1.08%
share on total transport GHG emissions.

Within transport, the share of road transportation was 98.53%, pipeline transport 0.21%, railways 1.18%,
domestic aviation represents 0.02% and domestic navigation 0.07% (in CO:2 eq.). Total energy
consumption was 113 067.15 TJ of fuels in 2022. Among fuels, the most important are liquid fuels
(Figure 3.7) and gaseous fuels. No solid fuels were used in transport category. Category “other fossil
fuels” represent the fossil part of biomass fuels. The time series of GHG emissions are presented in
Table 3.11.

Figure 3.7: The share of fuels on different categories within transport in 2022
1.53%

0.02% . .
m70.05 % - Diesel oil

m21.2 % - Gasoline

®0.002 % - AvGas

0.02 % - Kerosine

1.53% - LPG

70.05%

0.56 % - Gaseous fuels

6.35 % - Biomass

Table 3.11: Fuel consumption and GHG emissions in transport by subcategories in particular years

1.A.3.a DOMESTIC AVIATION 1.A.3.b ROAD TRANSPORTATION
YEAR FUEL Co, | CH, N,O FUEL co, | CHs | N0
TJ Gglyear TJ Gglyear

1990 51.48 3.74 0.000070 | 0.000102 | 61027.37 | 4503.02 1.1654 0.1895
1995 36.57 2.66 0.000050 | 0.000072 | 54601.91 | 4033.64 1.2323 0.1681
2000 36.50 2.65 0.000050 | 0.000072 | 56107.97 | 4077.90 0.9199 0.1466
2005 107.14 7.79 0.000158 | 0.000212 | 8429559 | 6159.74 1.0570 0.1932
2010 70.59 5.13 0.000095 | 0.000140 | 9232543 | 6435.39 0.7401 0.1634
2015 50.31 3.66 0.000069 | 0.000099 | 99466.88 | 6 930.96 0.3213 0.2460
2016 49.00 3.56 0.000065 | 0.000097 | 102 047.46 | 7 063.70 0.2264 0.2502
2017 46.96 3.42 0.000066 | 0.000093 | 104 097.00 & 7 182.73 0.2995 0.2659
2018 39.21 2.85 0.000054 | 0.000078 | 106593.35 | 7338.01 0.2028 0.2683
2019 25.15 1.83 0.000040 | 0.000050 | 109 199.25 | 7 549.99 0.2029 0.2739
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1.A.3.a DOMESTIC AVIATION 1.A.3.b ROAD TRANSPORTATION

YEAR FUEL CO; CH4 N,O FUEL CO; CH4 N,O
TJ Gglyear TJ Gglyear
2020 12.17 0.88 0.000017 0.000024 98 361.62 6 743.79 0.1694 0.2191
2021 17.82 1.29 0.000025 0.000035 105 503.74 7 226.19 0.1854 0.2709
2022 20.47 1.48 0.000027 0.000040 111 494.34 7 583.91 0.2076 0.2818
1.A.3.c RAILWAYS 1.A.3.d DOMESTIC NAVIGATION
YEAR FUEL CO; CH. N,O FUEL CO, CH. N,O
TJ Golyear TJ Golyear
1990 5024.14 372.29 0.0209 0.1437 0.30 0.02 0.0000021 | 0.0000006
1995 2 693.37 199.58 0.0112 0.0770 0.27 0.02 0.0000019 | 0.0000005
2000 2 080.68 154.18 0.0086 0.0595 0.33 0.02 0.0000023 | 0.0000007
2005 1411.21 104.57 0.0059 0.0404 0.47 0.03 0.0000033 | 0.0000009
2010 1162.77 82.32 0.0048 0.0333 4.49 0.33 0.0000339 | 0.0000090
2015 1220.28 84.33 0.0051 0.0349 83.94 6.22 0.0005895 | 0.0001679
2016 1250.91 86.53 0.0052 0.0358 64.24 4.76 0.0004522 | 0.0001285
2017 1222.54 84.35 0.0051 0.0350 63.32 4.69 0.0004458 | 0.0001262
2018 1197.06 82.93 0.0050 0.0342 34.53 2.56 0.0002446 | 0.0000691
2019 1174.06 81.02 0.0049 0.0336 56.36 4.17 0.0003974 | 0.0001127
2020 1052.53 72.53 0.0044 0.0301 72.25 5.35 0.0005058 | 0.0000144
2021 1186.31 82.15 0.0049 0.0339 78.25 5.82 0.0005477 | 0.0001565
2022 1193.84 82.29 0.0050 0.0341 71.45 5.29 0.0005002 | 0.0001429
1.A.3.e.i PIPELINE TRANSPORT

YEAR FUEL CO; CH4 N,O

TJ Gglyear
1990 31 844.87 1813.95 0.0318 0.0032
1995 20 644.81 1154.10 0.0206 0.0021
2000 25 523.75 1404.81 0.0255 0.0026
2005 24 168.60 1327.92 0.0242 0.0024
2010 14961.55 824.47 0.0150 0.0015
2015 3309.18 184.40 0.0033 0.0003
2016 5351.33 298.41 0.0054 0.0005
2017 5730.92 319.11 0.0057 0.0006
2018 5 315.65 295.17 0.0053 0.0005
2019 7 141.84 398.28 0.0071 0.0007
2020 3009.14 167.83 0.0030 0.0003
2021 2160.94 120.93 0.0022 0.0002
2022 287.05 16.12 0.0003 0.00003

To estimate CO2 emissions, country-specific (CS) data were used. The data used to calculate country-
specific CO2 emission factors (EF) included the fuel Net Calorific Value (NCV) and the H:C:O ratio for
specific fuels. This EF was subsequently applied to every transport sector where these fuels were used.
The calculated CS EF is summarized in Table 3.12.

Table 3.12: CO> country-specific emission factors for selected fuels for the year 2022

U=l PETROL DIESEL OIL BIO-ETHANOL BIO-DIESEL
t/Td t/Td tTd t/Td
Emission factor 69.144 74.083 69.895 69.941
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Domestic aviation (CRF 1.A.3.a) - The inventory evaluation of GHG emissions in domestic aviation was
performed for all GHGs, precursors and air pollutants. In the absence of national data on the exact
numbers of domestic LTO cycles for the years 1990 — 2004 (only total national + international numbers
of LTO cycles are available), summary information from the EUROCONTROL database was used.
According to the recommendations of the ERT during previous reviews and following the IPCC 2006
GL, the emissions estimation was based on the fuel sold to national and international civil flights (tier 1
approach as it is not a key category for the Slovak Republic) for the years 1990 — 2004. The Slovak
Management of Airports, except for the airport in Zilina, where exercises with light aircrafts of the Zilina
University predominate, are managed by Slovak airports. Other smaller civil airports (Nitra, Prievidza,
Ruzomberok and Luc¢enec) are operated by aero-clubs with predomination of sport flights. Described
approach is maintained for a time series 1990 — 2004. For the time series 2005 - 2022,
EUROCONTROL data on the number of flights, fuels consumption and share of domestic and
international flights was used.

The fuels consumption in domestic aviation decreased in 2022 compared to the base year 1990 by
60.2%. The total jet kerosene consumption was 18.22 TJ and the consumption of aviation gasoline was
2.26 TJ allocated in domestic aviation in 2022 (Table 3.13). Total GHG emissions from domestic aviation
were 1.49 Gg of COz eq. in 2022. There was a visible increase of emissions in years 2002 — 2008
(Figure 3.11). In 2002, air transportation was positively affected by the entry of low cost companies to
the Slovak market, like SkyEurope Airlines, Seagle Air and Danube Wings. The time series is influenced
by fact, that the Slovak Republic has no official national airlines since the Slovak Airlines are out of
business since 2007, SkyEurope since 2009 and close distance of other big international airports in
Vienna and Budapest.

Table 3.13: The fuels consumption and GHG emissions for national flights in particular years

AVIATION GASOLINE JET KEROSENE

YEAR CONSUMPTION EMISSIONS CONSUMPTION EMISSIONS

TJ tCO; t CH,4 tN2O TJ t CO: t CH,4 tN2O
1990 3.35 236.99 0.002 0.007 48.13 3501.22 0.068 0.095
1995 2.22 156.82 0.001 0.004 34.36 2 499.39 0.049 0.068
2000 2.56 180.67 0.002 0.005 33.94 2 469.37 0.048 0.067
2005 0.95 67.23 0.001 0.002 106.19 7725.42 0.158 0.210
2010 1.85 130.64 0.001 0.004 68.75 5001.21 0.094 0.136
2015 211 149.27 0.001 0.004 48.20 3506.73 0.068 0.095
2016 1.68 116.63 0.001 0.003 47.32 3 442.59 0.064 0.094
2017 1.97 138.78 0.001 0.004 44.99 3281.18 0.065 0.089
2018 2.32 163.68 0.001 0.005 36.89 2690.19 0.053 0.073
2019 1.99 140.17 0.001 0.004 23.16 1689.13 0.039 0.046
2020 1.59 110.14 0.001 0.003 10.58 769.74 0.016 0.021
2021 1.50 104.19 0.001 0.003 16.31 1186.75 0.025 0.032
2022 2.26 156.35 0.001 0.004 18.22 1325.12 0.026 0.036

Road transportation (CRF 1.A.3.b) - Short distance passenger transport is an important part of road
transportation. It is the most exploited type of transport in the Slovak Republic due to a high density and
quality of road network and interconnection of all municipalities. In recent years, road transport has
expanded significantly in the transport of goods and persons. In 2022, the transport network included
545 km of highways, 317 km of motorways and 3 337 km of the category 1%t class roads. Total roads
network represented 18 156 km of roads in the Slovak Republic® in 2022. Road transportation is the

5> Slovak Road Database 2022
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most important and key category with the highest share of emissions and continually increasing trend
in fuels consumption within transport. This increase was however interrupted by the COVID pandemic
and Slovakia observed a temporary major decrease of fuel consumption and GHG emissions in 2020.
After that it is again observed rise in fuel consumption and emissions from 2021. Total aggregated
emissions from road transportation reached 7 664.39 Gg of CO2 eq. in 2022. The increase in emissions
compared to 2021 is 4.95%, and increase compared to the base year is 67.13%. The major share of
emissions belongs to heavy duty vehicles and passenger cars (Table 3.14). Total blended CO:
emissions were 8 139.01 Gg in 2022. These blended emissions include also emissions from lube oil
from two-stroke gasoline passenger cars. After separation of biomass content, the final CO2 balance for
fossil part of fuels was 7 583.91 Gg. Biomass content in fuels increased in 2018 compared to the
previous year mainly to introduction of E10 gasoline and subsequently decrease because of COVID-19,
emissions actually represent 529.92 Gg of bio-CO2. The most of the emissions come from the city traffic
(Table 3.15).

Table 3.14: Overview of total GHG emissions according to the type of vehicles in 2022

Emissions Emissions
CATEGORY OF CATEGORY OF
ROAD VEHICLE oy CH, e ROAD VEHICLE oy CH, e
tlyear kglyear tlyear tlyear
Passenger Cars | 4867151 | 138270 | 128043 | Diesel N1-Ill 599 178 899 15378
Petrol Mini 2 862 188 28 Heavy Duty Trucks | 2001947 | 30521 117 602
Petrol Small 832031 | 65999 10444 | Petrol >3,5t 17 4 0
Petrol Medium 614626 | 39696 7417 | Rigid <=7,5t 153 192 4085 6187
Petrol Large- -
OV B 115 262 4621 799 Rigid 7,5 - 12 t 175 780 2739 5 452
2-Stroke 38 13 0 Rigid 12 - 14 t 42 077 631 2117
Petrol Hybrid Mini 46 4 1 Rigid 14 - 20 t 64 543 1942 2 661
Fetrol Hybrid 7441 617 83 | Rigid20-261 6 100 262 187
Petrol Hybrid 45 995 3805 524 | Rigid 26 - 281 786 18 31
Medium
Petrol Hybrid
Large-SUV- 16 462 1324 182 Rigid 28 - 32 t 650 29 30
Executive
Petrol PHEV 955 70 9 Rigid >32't 709 21 27
Small
Petrol PHEV 3063 200 27 Articulated 14 - 20t | 1557911 | 20786 100 904
Medium
Petrol PHEV
Large-SUV- 1495 82 11 Articulated 20 - 28t 183 5 6
Executive
Diesel Mini 200 1 14 Buses 328 915 22 262 10 449
Diesel Small 41331 142 1412 Sfi%“tBuses LAIED 23 707 202 904
Diesel Medium 2322337 | 6850 g6 39 | Urban Buses 20 844 107 611
Standard 15- 18t
Diesel Large- Urban Buses
SUV-Executive 692 196 1550 17866 | Articulated >18 t 2726 1 53
Diesel PHEV
Large-SUV- 208 0 8 Coaches Standard | 50504 | 2716 8 701
Executive -
. L Coaches
LPG Bifuel Mini 33 2 1 A 4518 t 4839 21 169
LPG Bifuel Small | 87 711 6 507 1087 | Diesel Hybrid 614 2 12
LPG Bifuel Urban Biodiesel
Meditm 63 287 4452 1013 | gt 0 0 0
LPG Bifuel Large-
UV Bt 14 790 955 238 L-Category 23112 12 210 409
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Emissions Emissions
CATEGORY OF CATEGORY OF
ROAD VEHICLE Co; Gl MO ROAD VEHICLE Co; Gl N20
tlyear kglyear tlyear tlyear
CNG Bifuel Mini 23 6 0 Mopeds 2-stroke 23 36 0
<50 cm?
. Mopeds 4-stroke

CNG Bifuel Small 3335 875 28 <50 cm3 1058 630 18
CNG Bifuel Motorcycles 2-
Medium 1332 288 9 stroke >50 cm?3 87 124 2
CNG Bifuel Motorcycles 4-
Large-_SUV- 92 23 1 stroke <250 cm? 2344 2613 86
Executive
Light Commercial Motorcycles 4-

. 917 889 4 310 23 195 stroke 250 - 750 8 879 5581 139
Vehicles cm3

Motorcycles 4-

Petrol N1-I 26 319 1712 332 stroke >750 cm? 10 706 3224 164
Petrol N1-II 17 919 645 222 Quad & ATVs 3
Petrol N1-III 3251 136 63 Micro-car 11
Diesel N1-I 26 545 156 1018 Total 8139014 207 573 279 699
Diesel N1-II 244 678 762 6183

Table 3.15: Results from COPERT model in distribution for agglomeration mode (CO» emissions

are from blended fuels with bio-component) in 2022

TRAFFIC o | s N-0
tlyear
City 3593 607 136.71 118.01
Road 3219 690 52.58 122.81
Highway 1325717 18.29 38.87
TOTAL 8 139 014 207.57 279.70

Railways (CRF 1.A.3.c) - Railways is the second largest source of emissions in transport, despite the
decreasing character of this transport mode. Railways and rail transport are slowly modernised in
Slovakia with the support of the EU funds. Improved quality and ecology of rail transport and the increase
in passengers’ number are the results of this modernisation. Modernisation of rail infrastructure results
in an increase of operational speed to 160 km/h and increase of safety. According to the Annual Report
of Slovak Railways® in 2022, the length of managed railways was 3 626 km of which the length of electric
railways was 1 585 km. Total emissions from railways transport reached 91.48 Gg of CO:2 eq. in 2022
and they increased by 0.22% compared to 2021 (Table 3.16) and decreased several times compared
to the base year. The decrease of fuels consumption compared to the base year was caused by the
improvements of technical parameters. Rising of passenger transport on railways, partly caused by

Governmental measure’ led to emissions increase, while cargo is fluctuating without visible trend.

Table 3.16: Overview of fuels consumption and GHG emissions in railways in particular years

TOTAL CONSUMPTION CO, | CH. | N,O
YEAR
TJ Gglyear
1990 5 024.137 372.289 0.021 0.144
1995 2 693.369 199.579 0.011 0.077
2000 2 080.683 154.179 0.009 0.060

6 Annual Report of Slovak Railway 2022, p. 14

7 Since 2013, social measure was introduced — free railways for students and retired on lower categories of trains.
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TOTAL CONSUMPTION CO, CH4 N,O

YEAR
TJ Gglyear

2005 1411.206 104.570 0.006 0.040
2010 1162.771 82.320 0.005 0.033
2015 1220.277 84.332 0.005 0.035
2016 1250.911 86.533 0.005 0.036
2017 1222.536 84.352 0.005 0.035
2018 1197.061 82.933 0.005 0.034
2019 1174.056 81.024 0.005 0.034
2020 1 052.530 72.532 0.004 0.030
2021 1186.310 82.150 0.005 0.034
2022 1193.836 82.294 0.005 0.034

Domestic navigation (CRF 1.A.3.d) - The major share of emissions from shipping in Slovakia are realized
as transit on Danube River. Due to international character of this river, emissions are included in the
subcategory 1.D.1.b - Memo Items/International Bunkers/International Navigations (Chapter 3.8).
Based on the information from the State Navigation Administration (the SNA), there are several
movements realized between the Bratislava, Komarno and Stirovo ports on the Slovak territory (national
transport). Usually ships do not stop their operation on the Slovak territory, but the transit continues to
Austria or Hungary. However, the part of GHG emissions from the movements between the ports on
Slovak Territory is included in the national emissions inventory. Detailed information was based on
statistics made by the SNA and the Slovak Shipping and Ports Company. The share of “national fuel
consumption” is available since 2005. Inland shipping transportation on small lakes for tourist purposes
was not included in the 2020 report as those were not operating during the COVID-19 pandemic. In
2021 only a few restored their activity.

Total aggregated emissions from inland shipping excluding international navigations (on Danube River)
reached 5.35 Gg of CO:2 eq. in 2022. After a decrease in 2018, an increase is observed from 2019
despite of COVID pandemic and no tourist tours on lakes (Table. 3.17).

Table 3.17: Overview of fuels consumption and GHG emissions in domestic navigation
in particular years

vear | TOTAL CONSUMPTION Co, | CH. | N,O
TJ Gglyear

1990 0.303 0.022 0.000002 0.000001
1995 0.274 0.020 0.000002 0.000001
2000 0.328 0.024 0.000002 0.000001
2005 0.468 0.035 0.000003 0.000001
2010 4.488 0.327 0.000031 0.000009
2015 83.942 6.215 0.000587 0.000168
2016 64.239 4.757 0.000452 0.000128
2017 63.324 4.689 0.000445 0.000126
2018 34.530 2.556 0.000244 0.000069
2019 56.361 4.172 0.000397 0.000113
2020 72.251 5.350 0.000506 0.000145
2021 78.250 5.823 0.000548 0.000157
2022 71.451 5.293 0.005002 0.000143

Pipeline transport (CRF 1.A.3.e.i) — Total fuels in 1.A.3.e.i expressed in energy units represented 287.05
TJ and total GHG emissions represented 16.14 Gg of CO:z eq. in 2022. The share of this category on
total transport emissions significantly decreased to 0.21% in 2022. This significant decrease is caused
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by war in Ukraine and lower transport of natural gas from east to west. The fuel consumption and GHG
emissions are shown in Table 3.11.

Methodological issues

Domestic aviation (1.A.3.a) — Domestic Aviation is not a key category. The airport traffic in Slovakia is
determined only by the origin of airlines. It means, that there is no direct information about the number
of domestic and international flights in statistics. Tier 1 approach for emission estimation in domestic
aviation, both for aviation gasoline and jet kerosene was used for time series 1990 — 2004. Tier 1
approach is based on fuel sold on the airports. For this period, only total number of LTO cycles is known,
therefore average disaggregation of activities between national and international aviation was judged.
The share of national and international aviation activities for the period 1990 — 2004 was improved based
on the known real numbers for time series 2005 — 2021 based on tier 3. Then the time series 1990 —
2004 was revised using constant share for national and international flights. Real share of national and
international activities for the period 2005 — 2022 was taken from the EUROCONTROL (Table 3.18).

Table 3.18: The share of fuel consumption in domestic aviation and international bunkers
for the period 1990 — 2004

DOMESTIC AVIATION INTERNATIONAL BUNKERS
FUELS PREVIOUS REVISED PREVIOUS REVISED
ESTIMATE ESTIMATE ESTIMATE ESTIMATE
AVIATION GASOLINE 90% 30% 10% 70%
JET KEROSENE 10% 5% 90% 95%

The implied emission factors applied in previous submissions for the years 1990 — 2004 were not in the
IPCC range, therefore the new EFs for all GHG gases were calculated as average from the available
EUROCONTROL data for years 2005 — 2018 and used from 2019 onwards for the years 1990 — 2004.
These average EFs are EUROCONTROL based and were used since 2004 back to the base year to
maintain consistency in the time-series. Activity data for the years 1990 — 1993 are not available and
were estimated as expert judgment according to real LTO cycles in this period. For the period 1994 —
2004, activity data were directly provided by the airports on annual basis. Due to the time series
consistency, the net calorific values from the EUROCONTROL data were used to convert obtained
activity data.

From the year 2005 onwards, Slovakia decided to use directly the EUROCONTROL data. The decision
was based on analysis of the national data and data obtained from the EUROCONTROL. Results
showed that EUROCONTROL data are more consistent and accurate in line with the QA/QC rules.
EUROCONTROL data used tier 3 applying the Advanced Emissions Model (AEM).
Following data were taken from the EUROCONTROL (Tables 3.19 and 3.20):

= fuel consumption of aviation gasoline for domestic flights;

= fuel consumption of aviation gasoline for international flights;

= fuel consumption of jet kerosene for domestic flights;

= fuel consumption of jet kerosene for international flights;

= COg2, CHa4, N20 emissions for all subcategories;

= NCVs calculated from fuel consumption.
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Table 3.19: Average EFs for the GHG emissions used in domestic civil aviation according to tier 1
based on fuel consumption

EMISSIONS FACTORS
PARAMETER
INTERNATIONAL FLIGHTS NATIONAL FLIGHTS
o Jet kerosene
Emissions
kg/TJ of fuel
CO, 72 748 72 748
CH,4 0.707 1.343
N,O 1.977 1.977
Emissions Aviation gasoline
CO: 6 959 6 959
CH,4 0.541 0.572
N,O 1.953 1.953
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Table 3.20: Average NCVs for the GHG emissions used in domestic civil aviation according to tier 1
based on fuel consumption

NCVs
Aviation Gasoline TJIGg 44.00
Jet Kerosene TJIGg 43.30

Road transportation (1.A.3.b) — COPERT model 5 (v.5.5) was used for estimation of road transportation
emissions. The model distinguishes vehicle categories and emission factors reflecting the recent
development and research. These data are not available before 2000. The methodology is often referred
to the name of program (methodology “COPERT”). The model is based on the fuel approach, what is
used for the CO2 emissions estimation (tier 2). The fuel consumption and others variables such as H/C
and O/C ratio and carbon content in fuels is used in this approach. According to the previous ERT
recommendation, the country specific H/C ratio and NCVs were used in model calculation. Slovakia is
analysing composition of fuels sold by the majority of companies on the market, representing 3 different
refineries on regular basis. Delivering actual and most recent data on fuels’ composition is crucial for
correct country-specific EFs estimation. The H/C and O/C ratio of the fuels was analysed by the
Research Institute for Crude Oil and Hydrocarbon Gases (VURUP) in 2022 (Tables 3.21 and 3.22).
According to measured data and previous information provided by the Slovnaft refinery, the H/C ratio
rose between 2015 and 2017 only by 0.26%. The NCVs of the fuels were obtained from the Statistical
Office of the Slovak Republic and are shown in Table 3.23 for the years 1990 — 2022.

Table 3.21: Results of the H/C ratio analyses of fuel types and lube oil in 2022

BIO-
FUEL PETROL DIESEL OIL LPG CNG ETHANOL BIO-DIESEL LUBE OIL
H/C Ratio 1.872 1.946 2.589 3.900 3.000 1.857 2.080

Table 3.22: Results of the O/C analyses of fuel types and lube oil in 2022

BIO-
FUEL PETROL DIESEL OIL LPG CNG ETHANOL BIO-DIESEL LUBE OIL

O/C Ratio 0.028 0.005 NA NA 0.500 0.110 NA

NA=oxygen is not present

Table 3.23: Net calorific values (NCVs) for the fuel type obtained by the SU SR for particular years

vear | BLENDED | BLENDED |  LPC NG | grianoL | ETBE | ESTERS
TJIGy

1990 43.206 42511 NO NO NO NO NO
1995 43.388 42.076 46.000 NO NO NO NO
2000 43.316 42.588 46.000 48.814 NO NO NO
2005 43.800 42.208 46.000 48.767 NO NO NO
2010 43.728 42.218 46.000 48.948 27.000 36.000 37.000
2011 43.780 42.206 46.000 48.923 27.000 36.000 37.000
2012 43.740 42.206 46.000 48.802 27.000 36.000 37.000
2013 43.952 42.043 46.000 48.753 27.000 36.000 37.800
2014 43.905 42.043 46.000 48.597 27.000 36.000 38.450
2015 43.909 42.143 46.000 48.760 27.000 36.000 39.265
2016 43.908 42.136 46.000 48.800 27.000 36.000 39.486
2017 43.899 42127 46.000 48.800 27.000 36.200 39.699
2018 43.774 42.695 46.564 48.000 28.800 36.000 37.300
2019 43.934 42.600 46.000 48.800 27.000 36.000 39.867
2020 43.932 42.086 46.000 48.780 27.000 36.000 39.807
2021 43.928 42.087 46.000 48.070 27.000 36.000 39.646
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GASOLINE | DIESEL OIL BIO-
YEAR | BLENDED | BLENDED LPG CNG ETHANOL ETBE ESTERS
TJIGg
2022 43.924 42.108 46.000 48.004 27.336 36.000 39.987

Statistically recorded fuel consumption and fuel consumption calculated through COPERT 5 model are
equal, except of fossil petrol. There is a statistically insignificant difference on the level up to 2%. This
is caused by highly complicated calculation and due to drastically shorten the time needed for
calculation. The new version added new vehicle categories for the CH4 and N2O emissions estimation,
with the disaggregation into 5 basic categories and 375 subcategories. Further disaggregation was
applied according to the operation of road vehicles in the agglomeration, road and highway traffic mode.
In COPERT 5, buses were divided into 2 subcategories (urban and coaches) and seven weight
categories. Heavy-duty vehicles are divided into 2 basic categories (rigid and articulated). Rigid vehicles
are further divided by weight into 8 and articulated into six subcategories. EMEP/EEA methodology used
technical parameters of different vehicle types and country-specific characteristics, such as the
composition of car fleet, the age, operation and fuels or climate conditions.

Model estimates emissions from the following input data:
= total fuel consumption,
= composition of vehicles fleet,
= driving mode,
= driving speed,
= emission factors,
= annual mileage.

Information about the vehicle fleet is based on database IS EVO (Information System for Vehicle
Evidence) operated by the Police Presidium of the Slovak Republic.

The EFs values for CH4 and N20 in COPERT 5 model are defined separately for the different types of
fuels, types of vehicles, different technological level of vehicles, driving mode and season as these
emissions are depended on ambient and vehicle temperature. In case of CH4 emissions, the balance is
based on the average speed and drive mode for certain vehicles” group. The emission factors for
pollutants such as CO2, SOz, N20, NH3s, PM and partially also CH4 can be obtained by the simple
formula of driving mode and consumed fuel. Emission factors are then calculated automatically by the
model based on the input parameters such as the average speed, the quality of fuels, the age of
vehicles, the weight of vehicles and the volume of cylinders.

Accurate and actual data on distance-based values and parameter values are necessary to run the
COPERT 5 model (Table 3.24). Therefore, new input data on mileages was requested from the
Technical Inspection (odometers) and the IS EVO (from the Police Department). As the unique key for
binding data from these two registries, VIN number (Vehicle Identification Number) was used. Using MS
Access, the average annual mileages were calculated. Further data, needed for calculation were: the
first registration of vehicle, vehicle type, engine volume, weight, emission category and data from
odometer. At least that many years as are between two technical controls were needed.

The average annual mileages including consistency with fuel consumption were also used for identifying
distribution of vehicles to their appropriate COPERT category. The Traffic Census of Slovakia conducted
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in every five years (2000, 2005, 2010 and 20158) was the main source for activity data such as intensity
on urban, rural and highways.

Table 3.24: Overview of input data used in the COPERT 5 model in 2022

CATEGORY OF ROAD ACTIVITY DATA CATEGORY OF ROAD ACTIVITY DATA
VEHICLE No. km/veh. VEHICLE No. km/veh.

Passenger Cars 2523199 1564 173 Diesel N1-I| 74 057 133 311
Petrol Mini 155 1076 Diesel N1-lII 145 177 123 351
Petrol Small 7 318 23590 Heavy Duty Trucks 77 034 1693 908
Petrol Medium 822 316 51625 Petrol >3,5t 108 346
Petrol Large-SUV- 396 600 71 866 Rigid <=7,5 t 24 645 161 758
Executive
Petrol 2-Stroke 47 161 68 106 Rigid 7,5- 12t 14 014 204 115
Petrol Hybrid Mini 50 22 952 Rigid 12 - 14 t 3823 143 335
Petrol Hybrid Small 6 835 49 234 Rigid 14 - 20 t 5293 125528
Petrol Hybrid Medium 27 450 60 548 Rigid 20 - 26 t 1235 64 843
Petrol Hybrid Large-SUV- 9233 65 219 Rigid 26 - 28 1 58 150 652
Executive
Petrol PHEV Small 873 26 505 Rigid 28 - 32't 211 107 467
Petrol PHEV Medium 2081 41 793 Rigid >32 t 165 109 942
petrol PHEV Large-SUV- 977 40670 | Articulated 14 - 20 t 27 462 444 216

xecutive
Diesel Mini 394 13 006 Articulated 20 - 28 t 20 172 706
Diesel Small 25 347 71636 Buses 8 159 1390 237
Diesel Medium 919 254 160 646 Urban Buses Midi <=15t 736 206 538
Diesel _Large—SUV— 207 248 116 224 Urban Buses Standard 15 392 226 720
Executive -18t
Diesel PHEV Large-SUV- Urban Buses Articulated
Executive 72 44 902 18 t 41 164 467
LPG Mini 21 9989 Coaches Articulated >18 t 36 377011
LPG Small 23 560 161 987 Coaches Standard <=18 t 6 668 259 162
LPG Medium 19 646 161 184 Diesel Hybrid 16 51 345
LPG Large-SUV- 4989 146381 | Urban CNG Buses 270 104 994
Executive
CNG Mini 14 10 651 L-Category 165 156 43 875
CNG Small 1060 58 350 Mopeds 2-stroke <50 cm3 1071 3819
CNG Medium 489 64 496 Mopeds 4-stroke <50 cm3 27 275 3920
CNG Lgrge-SUV- 56 21538 Motorcycles 2-stroke >50 2633 5732
Executive cms3
Light Commercial Motorcycles 4-stroke
Vehicles 272 527 574 153 <250 om? 47 667 4898

Motorcycles 4-stroke 250
Petrol N1-1 24 607 66 245 - 750 om? 48 000 8073
Petrol N1-II 9152 72557 Motorcycles 4-stroke 38377 11403
>750 cm?3

Petrol N1-1lI 1971 62 073 Quad & ATVs 59 1293
Diesel N1-I 17 563 116 616 Micro-car 74 4737

CO: correction factor was introduced into the COPERT model in 2018. According to the EMEP/EEA air
pollutant emission inventory Guidebook 2019, the CO2 emissions of new passenger cars registered in
Europe are monitored in order to meet the objectives of Regulation EC 443/2009. Empirical models

8 Data were published in 2016
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have been constructed to check how well measured in-use fuel consumption of passenger cars can be
predicted based on independent variables. The set of models based on type-approval fuel consumption,
require vehicle mass and capacity to predict real-world fuel consumption. Moreover, this set of models
does not distinguish between vehicle types and it is ideal to predict consumption of new car registrations
because both vehicle mass and type-approval CO:2 are readily available from the CO2_monitoring
database. A regression model has been developed considering the registration year as an additional
variable to the currently used variables (mass and capacity of vehicle). The average mass, engine
capacity and type-approval CO2 values per passenger car category are required as user input to enable
the CO2 correction option. The mean FCsample is calculated as the average fuel consumption of the
vehicle sample used in developing COPERT emission factors over the three parts (Urban, Road and
Motorway) of the Common Artemis Driving Cycles (CADC). The sum of fuel consumption of the three
CADC parts was used, each weighted by a 1/3 factor. It is noted that this ‘average’ fuel consumption
was computed using actual vehicle performance (measurements), not COPERT emission factors. The
correction factor is then calculated as: Correction= FCin use/FC sample.

This correction coefficient is then used to calculate the modified fuel consumption and respective CO:
emission factors for hot emissions only and the introduction was possible only from the year 2010 as
there are no data available for previous years.

Regarding non-CO2 emissions, the values used for setting and calculating the emission factors and the
corresponding emissions in the COPERT model were verified and discussed in the previous years. The
results of a comparative assessment for CH4 and N2O emissions showed, that the emissions inventory
of Slovakia is comparable with other European countries and therefore the use of emission factors in
the COPERT model are fully in agreement with the Middle European (Slovakia) national circumstances.
The IEFs used in COPERT model are regularly updated and verified (Table 3.25) in a more advance
versions of model. Methane IEFs are gradually decreasing for all vehicle categories, including light-duty
vehicles owing to changes in the vehicle fleet. Newer vehicles are emitting fewer hydrocarbon pollutants,
to which oxidation catalysts contribute. Methane behaves just like other hydrocarbons, so it declines,
resulting in a decline in total emissions and also in IEFs. The emissions of N,O are slowly increasing

for light-duty vehicles (diesel) owing to NO, reduction devices (SCR and EGS/DPF system).

Table 3.25: Overview of CH4 and N2O IEFs for the road vehicle categories in 2022

EMISSION FACTORS EMISSION FACTORS
CATEGVOEI}?_:I(COLII:E ROAD CH. N,O CATEGV()EﬁTC?E ROAD CH. N,O
mg/km mg/km

Passenger Cars 5.05 4.68 Diesel N1-I| 0.81 6.57
Petrol Mini 9.36 1.41 Diesel N1-lII 0.39 6.64
Petrol Small 12.89 2.04 Heavy Duty Trucks 8.00 30.84
Petrol Medium 12.25 2.29 Petrol >3,5t 109.90 6.00
Eigé’&t'i‘\f‘ége'suv' 12.31 2.13 Rigid <=7,5 t 9.29 14.07
2-Stroke 79.58 0.00 Rigid 7,5- 12t 8.24 16.39
Petrol Hybrid Mini 9.32 1.27 Rigid 12 - 14 t 8.46 28.36
Petrol Hybrid Small 9.32 1.25 Rigid 14 - 20 t 19.51 26.75
Petrol Hybrid Medium 9.32 1.28 Rigid 20 - 26 t 34.60 24.67
Eigé’&t':/ﬁb”d Large-SUV- 9.32 1.28 Rigid 26 - 28 t 17.18 29.44
Petrol PHEV Small 6.82 0.93 Rigid 28 - 32't 38.40 39.82
Petrol PHEV Medium 6.82 0.94 Rigid >32 t 24.66 32.22
Petral PHEV Large-SUV- 6.82 0.95 Articulated 14 - 20 t 7.28 35.32
Diesel Mini 0.40 6.66 Articulated 20 - 28 t 19.10 20.92
Diesel Small 0.63 6.29 Buses 58.11 27.28
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EMISSION FACTORS EMISSION FACTORS
CATEGORY OF ROAD CATEGORY OF ROAD
VEHICLE Chl: W0 VEHICLE Chl: A
mg/km mg/km
Diesel Medium 0.49 6.26 Urban Buses Midi <=15t 5.33 23.83
Diesel _Large—SUV— 0.54 6.26 Urban Buses Standard 15 421 2415
Executive -18t
Diesel PHEV Large-SUV- Urban Buses Articulated
Executive 0.02 4.87 >18 1 4.17 20.55
LPG Mini 10.60 2.93 Coaches Articulated >18 t 9.26 29.68
LPG Small 12.50 2.09 Coaches Standard <=18 t 4.41 35.36
LPG Medium 12.50 2.84 Diesel Hybrid 8.40 28.69
LPG Large-SUV- 12.70 3.17 Urban CNG Buses 1036.09 0.00
Executive
CNG Mini 39.92 0.99 L-Category 57.10 1.91
CNG Small 44.61 1.42 Mopeds 2-stroke <50 cm3 103.81 1.00
CNG Medium 44.17 1.39 Mopeds 4-stroke <50 cm3 34.79 1.00
CNG Large-SUV- Motorcycles 2-stroke >50
Executive 40.29 1.37 cm3 124.50 2.00
Light Commercial Motorcycles 4-stroke
Vehicles 1.18 6.34 <950 om? 60.92 2.00
Motorcycles 4-stroke 250
Petrol N1-I 10.87 2.11 750 om? 80.54 2.00
Motorcycles 4-stroke
Petrol N1-1I 9.30 3.20 >750 cm? 39.29 2.00
Petrol N1-111 10.96 5.07 Quad & ATVs 53.82 2.00
Diesel N1-I 0.96 6.28 Micro-car 4.94 0.90

Input parameters for CNG buses are known only since 2000. Before the year 2000, CNG consumption
in transport was negligible. The consumption of CNG as fuel can be used neither for a diesel engine nor
for a gasoline engine without modifications. The CNG buses have completely different combustion and
after-treatment technology despite using the same fuel as CNG passenger cars. Hence, their emissions
performance may vary significantly. Therefore, CNG buses also need to fulfil specific emissions
standards (Euro Il, Euro lll, etc.). Due to the low NOx and PM performance compared to diesel oil, an
additional emissions standard has been set for CNG vehicles, known as the standard for Enhanced
Environmental Vehicles (EEV). The emission limits imposed for EEV are even below Euro V and usually
EEVs are benefited from taxation waivers and free entrance to low emissions zones. New stoichiometry
buses are able to fulfil the EEV requirements, while older buses were usually registered as Euro Il, Euro
lll, Euro IV or Euro V.

The statistical consumptions of petrol, diesel oil and biofuels were received from data reported under
the Fuel Quality Directive art. 7a by SHMU and cross-checked according to data received from the
Ministry of Economy (MH SR). According to the latest QA/QC these consumptions are the most accurate
(Chapter 3.2.8). Data about LPG distribution and sale were obtained from the Slovak Association of
Petrochemical Industry (SAPPO). CNG consumption were obtained directly from transport companies
for city and regional bus transportation that operate CNG fuelled vehicles and the Financial
Administration of the Slovak Republic (FR SR). All documents are available in Slovak language and
they are official. Share of diesel oil represents 69.98%, followed by gasoline with 21.50% share, then
LPG (1.55%), CNG (0.31%), biomass (6.37%) and other fossil fuels (fossil part of biofuels) (0.29%) in
2022 (Figure 3.8).

The blending of biomass in liquid fuels was considered and the bio-emissions are calculated since 2007
(first year of using blended fuels in transport in Slovakia). Fuels quality is provided by the MH SR in
terms of implementing Directive No 2009/29/EC and the Directive No 2009/30/EC on the replacement
of fossil fuels with bio-component. The share of biomass in liquid fuels in transport was calculated as
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bio-component percentage. In ETBE as bio-component is considered only in 37% by mass in calculation
of total bio-components in fuel. From the biomass (biodiesel) is also subtracted the 5.34% fossil
methanol part and all emissions from the bio-parts of biofuels are reported as biomass emissions, and
the fossil part is reported in its associated fossil fuel (ETBE — petrol; FAME — diesel). Fossil part of FAME
was calculated as national average according to data from the report under Fuel Quality Directive Art.

7(a) (Table 3.26).

Figure 3.8: Share of fuels on total consumption in road transportation in 2022

m Gasoline 21.5%
m Diesel 69.98%
LPG 1.55%

CNG 0.31%

= Biomass 6.37%

= Other fossil fuels /
0.29%

0.29%

0.31%

1.55%

Requirements for the quality of motor fuels containing bio-component must be at the level of the
specifications listed in the STN EN 228:2004 and STN EN 590:2004, respectively. The quality of
blending in bio-liquid fuels must meet the requirements specified in the STN EN 14 214,

STN EN 15 376.

Table 3.26: Estimated activity data and share of biomass for the time series 2007 — 2022

GASOLINE DIESEL OIL
YEAR BIOMASS SHARE BIOMASS BIOMASS SHARE BIOMASS
(ENERGY) CONSUMPTION (ENERGY) CONSUMPTION
% TJ % TJ
2007 2.30% 652.26 4.09% 2677.29
2008 1.23% 358.17 4.77% 2795.75
2009 2.58% 706.72 5.14% 3090.30
2010 2.95% 779.13 5.28% 3577.88
2011 2.97% 715.87 6.05% 3741.68
2012 2.94% 710.56 5.79% 3846.12
2013 3.21% 726.60 6.43% 4107.36
2014 3.88% 859.33 5.65% 3 766.08
2015 3.33% 747.87 5.74% 4342.97
2016 3.10% 725.62 6.68% 5158.95
2017 4.06% 943.49 6.92% 5464.18
2018 4.52% 1018.32 6.97% 5697.80
2019 4.46% 1042.07 6.45% 5371.36
2020 6.20% 1390.40 7.27% 5401.90
2021 6.20% 1419.47 6.96% 5617.89
2022 6.04% 1645.29 6.95% 5779.55
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Table 3.27: National fossil carbon content in biofuels in 2022

FEEDSTOCK VOLUME C FOSSIL PART CARBON CONTENT g FOSSIL CO,/g
m3 % % FAME
Rapeseed 76 757.10 5.30% 75.50% 0.147
Palm oil 188.72 5.50% 71.80% 0.145
Sunflower seed 10 291.44 5.30% 77.20% 0.150
Used cooking oil* 52 278.82 5.40% 74.40% 0.147
NATIONAL AVERAGE - 5.34% 75.21% 0.147

*for used cooking oil are no data of carbon content available, thus data for lard were used

The CO2 emissions from urea based catalysts were estimated using COPERT 5 model for categories
“heavy duty trucks Euro V and EURO VI" and “passenger cars diesel PC Euro 6 a, b, ¢, d-temp and d”.
These vehicles occurred in Slovakia since 2010 and therefore, time series 2010 — 2021 were reported
in this submission. As the number of vehicles with the SCR technology is equal to heavy duty vehicle in
Euro VI category, the default value in COPERT model was used. In line with the UNFCCC Reporting
Guidelines (these emissions are not energy-related), these emissions are allocated in the IPPU sector
category 2.D.3 (Chapter 4.5).

Railways (1.A.3.c) — GHG emissions from railways were estimated from diesel oil consumed by the
operation of diesel traction and using the simple tier 1 according to the IPCC 2006 GL. According to the
key category analysis, this source is not key category in 2024 submission. The IPCC default emission
factors were wused, except for CO:2 were country-specific emission factor was used
(Table 3.12). According to the previous UNFCCC recommendation, the country specific NCVs were
used in calculations for time series and therefore the fuel consumptions (and subsequently GHG
emissions). The NCVs of blended diesel oil and esters are shown in Table 3.23.

The consumption of diesel oil for the motor traction in the Slovak Republic is obtained from the Railways
Company, a. s. (ZSSK) annually. It is assumed that the consumption of diesel oil in motor traction of
railways transportation is equal to the diesel oil sold for the railways. The mobile sources of pollution in
the railways transport include vehicles of motor traction of ZSSK. This motor traction is divided into 2
basic groups of vehicles: motor locomotives (Traction 70) and motor wagons (Traction 80). The motor
traction has been operated by four depots in the organizational structure of ZSSK since 2002 (Bratislava,
Zvolen, Zilina and Kosice).

In terms of implementing Directive No 2009/29/EC and Directive No. 2009/30/EC on replacement of
fossil fuels with biofuels emissions from biomass are calculated and reported since 2007. The share of
biomass in diesel oil was calculated as bio-component percentage, by weight of the total weight of the
fuel (Table 3.27).

Domestic navigation (1.A.3.d) — Domestic navigation includes emissions from national shipping between
ports on Danube River on Slovak territory and domestic shipping on lakes and dams for touristic
purposes. According to the key category analysis, this source is not key category in 2023 submission.

Shipping between Slovak ports on Danube River: The Slovak Shipping and Ports Company is providing
detailed information on diesel oil consumption on the Danube River. The consumption is allocated
between national and international companies. The total fuels sold to international companies is reported
in the Memo Items (1.D.1.b) and total fuels sold to national companies (Slovak Water Management
Enterprise) is reported in the Domestic Navigation (1.A.3.d). This activity represents movements of ships
between Slovak ports (Bratislava, Koméarno and Starovo). This approach was introduced in 2005 and
the reallocation of fuels led to the reallocation between subcategories 1.A.3.d and 1.D.1.b.

Shipping on lakes: The State Navigation Administration was officially requested to check availability of
information about the shipping activity in the Slovak Republic except the Danube River movements.
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Only total number of ships and boats operated outside of the Danube River is registered, but without
information about their activity or fuel consumption. Based on expert research three other relevant
shipping routes occur in Slovakia, however in limited extent:

= River — basin of the Vah (PieStany, Trencin, Liptovska Mara dam);
= The tributary River of the Vah (Oravska Priehrada dam);
= River — basin of the Bodrog (Zemplinska Sirava dam).

While the public and tourist shipping activities in the Slovak Republic are not very frequent and have
expanded only in the recent years (due increase of tourisms), it was necessary to propose an
appropriate methodological approach for emissions estimation. Chosen activity data were:

= The number of trips per year - is limited by the daily schedule of trips mostly in summer months
(May-October);

= The duration of trips (in hours) - can differ according to the type of trips (mostly short or long
tours);

= The technical parameters of the most populated ships — the country specific technical
parameters of vessels can be found on the webpage. The engines are mostly with 100 kilowatts
power, which is a common type of engine used in non-road mechanisms, or in agricultural
machinery (type Zetor). The engines run mostly on diesel oil;

= The average consumption of diesel ail in litres per hour - based on technical description of the
engines it is 12 litres of diesel oil per hour of work. The consumption of diesel oil in tons was
calculated using average density of diesel oil (0.83 kg/dm3).

= During the pandemic year 2020 there was no traffic on lakes observed, thus no petrol and
biofuels consumption was observed. Therefore notation keys “NO” were used.

The GHG emissions are calculated multiplying fuel consumption by diesel motor boats with emission
factor. The country specific NCVs, obtained from the SU SR, were used to convert the fuels consumption
in energy units. The NCV for diesel oil is shown in Table 3.24. The emission factors are taken from the
IPCC 2006 GL and GHG emissions were recalculated for time series. The default emission factors used
in categories 1.A.3.d and 1.D.1.b are identical (Table 3.28). Activity data for domestic navigation are
shown in Tables 3.28 and 3.30.

Table 3.28: The emission factors used in GHG inventory for navigation in 2022

PARAMETER EMISSIONS FACTORS
DOMESTIC NAVIGATION ‘ INTERNATIONAL NAVIGATION
EMISSIONS
kg/TJ of fuel
CO, 74 082.64 74 082.64
CH, 7 7
N.O 2 2

Table 3.29: Total fuels consumption (petrol + diesel) in domestic navigation in particular years

VA FUEL CONSUMPTION
TJ t

1990 0.30 7.14
1995 0.27 6.51
2000 0.33 7.70
2005 0.47 11.08
2007 4.52 94.85
2008 4.79 99.38
2009 4.40 90.73
2010 4.49 104.49
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A FUEL CONSUMPTION
TJ t

2011 11.27 265.31
2012 14.96 352.35
2013 46.01 1092.89
2014 59.11 1403.26
2015 83.94 1990.22
2016 64.24 1524.12
2017 63.32 1506.80
2018 34.53 819.41
2019 56.36 1337.89
2020 72.25 1716.75
2021 78.25 1859.18
2022 71.45 1690.20

Table 3.30: Diesel oil sold by shipping companies and allocation to the categories 1.A.3.d

and 1.D.1.b in selected years

SALE OF DIESEL OIL

aE SHIPPING COMPANIES NATIONAL INTERNATIONAL TOTAL
1.A.3d 1.D.1b 1.A3d+1.D.1.b
tlyear
Slovak Shipping and Ports (Danube) 1.3 128.7 130
2005 International shipping companies - 84 84
Total 13 212.7 214
Slovak Shipping and Ports (Danube) 91.8 9087.20 9179.00
2010 International shipping companies 0 1 363.00 1 363.00
Total 91.8 10 450.20 10 542.00
Slovak Shipping and Ports (Danube) 1981.80 5945.40 7927.20
Slovak Water Management Enterprise NO - NO
2015 Other companies 0.5 47.5 48
International shipping companies - 1 016.00 1 016.00
Total 1982.30 7 008.90 8991.20
Slovak Shipping and Ports (Danube) 1515.10 4 545.40 6 060.50
Slovak Water Management Enterprise - NO NO
2016 Other companies 2 189 191
International shipping companies - 1272.00 1272.00
Total 1517.00 6 006.50 7 523.50
Slovak Shipping and Ports (Danube) 1492.90 4478.70 5971.60
Slovak Water Management Enterprise - NO NO
2017 Other companies 2.4 236.6 239
Morsevo (Komarno) NO 1 034.00 1 034.00
International shipping companies - 168.5 168.5
Total 1495.30 5917.80 7 413.10
Slovak Shipping and Ports (Danube) 3239.00 809.75 2429.25
Slovak Water Management Enterprise - NO NO
2018 Other companies 232 2.32 229.68
Morsevo (Komarno) 824 NO 824
International shipping companies - NO NO
Total 4 295.00 812.07 3482.93
2019 Slovak Shipping and Ports (Danube) 1327.00 3981.00 5 308.00
Slovak Water Management Enterprise NO - NO

94



SALE OF DIESEL OIL

R SRR GO NS NATIONAL INTERNATIONAL TOTAL
1.A.3d 1.D.1.b 1.A.3.d+1D.1b
tlyear
Other companies 3.26 322.74 326
International shipping companies - 760 760
Morsevo (Komarno) NO NO NO
Total 1 330.26 5063.74 6 394.00
Slovak Shipping and Ports (Danube) 1555.75 4 667.25 6 223.00
Slovak Water Management Enterprise NO - NO
2020 Other companies 161 NO 161
International shipping companies - 94 94
Morsevo (Komarno) NO NO NO
Total 1716.75 4761.25 6 478.00
Slovak Shipping and Ports (Danube) 1764.25 5292.75 7 057.00
Slovak Water Management Enterprise 0 0 0
2021 Other companies 95 0 95
International shipping companies 0 165 165
TaM Terminal (Komarno)® NO NO NO
Total 1 859.25 5457.75 7 317.00
Slovak Shipping and Ports (Danube) 1569.25 4707.75 6 277.00
Slovak Water Management Enterprise 0 0 0
2022 Other companies 120 0 120
International shipping companies 0 855 855
TaM Terminal (Komarno) ° 0 0 0
Total 1689.25 5562.75 7 252.00

Slovakia reconstructed the time series for gasoline fuel consumption back to the time series. Slovakia
used expert judgement with the combination of statistical yearly income of the company, which operates
the ships, and the yearly number of tourists in the region to estimate gasoline consumption. Outcomes
of this calculation are presented in Table 3.31. During the data investigation it was found out that the
company started the operation of these ships only in the year 2008 and after the COVID pandemic there
is no information about further operation.

Table 3.31: Outcomes of the gasoline consumption reconstruction and emission estimation
for the years 2008 — 2022

FOSSIL GASOLINE BIO-GASOLINE
YEAR Energy CO, CH, N,O Energy CO, CH,4 N,O
TJ t TJ t
2008 0.0339 2.3486 0.0017 0.0001 0.0003 0.0218 0.00002 0.000001
2009 0.0389 2.6972 0.0019 0.0001 0.0008 0.0524 0.00004 0.000002
2010 0.0566 3.9244 0.0028 0.0001 0.0013 0.0880 0.00006 0.000003
2011 0.0508 3.5175 0.0025 0.0001 0.0012 0.0859 0.00006 0.000002
2012 0.0629 4.3602 0.0031 0.0001 0.0016 0.1107 0.00008 0.000003
2013 0.0549 3.8077 0.0027 0.0001 0.0015 0.1060 0.00008 0.000003
2014 0.0928 6.4306 0.0046 0.0002 0.0041 0.2810 0.00020 0.000008

9 Previously Morsevo

95



FOSSIL GASOLINE BIO-GASOLINE
YEAR Energy CO, CH,4 N2O Energy CO, CH,4 N2O
TJ t TJ t
2015 0.0428 2.9678 0.0021 0.0001 0.0017 0.1150 0.00008 0.000003
2016 0.0573 3.9742 0.0029 0.0001 0.0021 0.1428 0.00010 0.000004
2017 0.0573 3.9736 0.0029 0.0001 0.0021 0.1427 0.00010 0.000004
2018 0.0639 4.4253 0.0032 0.0001 0.0027 0.1882 0.00014 0.000005
2019 0.0636 4.4602 0.0032 0.0001 0.0029 0.1892 0.00014 0.000005
2020 NO NO NO NO NO NO NO NO
2021 NO NO NO NO NO NO NO NO
2022 NO NO NO NO NO NO NO NO

Pipeline transport (1.A.3.e.i) - The consumption of natural gas used for energy to drive turbines in
pipeline system were obtained from the NEIS database. Tier 2 approach and the country specific
emission factor was used for CO2 emissions estimation in pipeline. The emission factor for NG
combustion is 56.17 t (CO2)/TJ in 2022.

Uncertainties and time-series consistency

According to the previous recommendations, Slovakia is using hybrid combination of Approaches 1 and
2 in this submission for calculation of total uncertainty of the inventory (Annex 3 of this Report).
Uncertainty analyses performed by the Approach 1 in transport was carried out using Table 3.2 for
uncertainty calculation and country specific uncertainties for activity data and emission factors were
inserted into calculation table.

The Slovak Republic provided and published also Approach 2 for uncertainty analyses according to the
Chapter 3 of the IPCC 2006 GL for the complete Energy (including transport) and the IPPU sectors for
the year 2015. The methodology and results were described in previous SVK NIR 2017 and 2018. The
latest Monte Carlo simulation was performed for the 2015 emissions inventory. Due to capacity reasons
and according to the QA/QC plan in this sector, new calculation of Monte Carlo uncertainty (Approach
2) in the Energy sector and categories (including Transport) will be performed in the next submissions.
For more information, please see the Chapter 1.2 of this Report. Results of the Monte Carlo simulations
were almost identical since this exercise was performed (since 2011).

Increasing quality of the emissions inventory from transport depends closely on the reduction and
removal of the following uncertainties:

= The uncertainties joint with the COPERT methodology;
= The uncertainties joint with the collection, preparation and application of the input data.

The quality of calculated results by the COPERT 5 has been influenced significantly by the uncertainty
of the following statistic information:

= Statistic information about consumption of the fuels;

= Allocation of total number of vehicles among all the categories according to the methodology;
= The average annual mileage;

= The average speed in the traffic mode;

» The average temperatures;

* The beta-factor.

COPERT 5 requires the determination of CH4 emission factors and the calculation of CH4 emissions
accumulated, respectively, in order to determine:
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= Data on the numbers of road vehicles in the Slovak Republic in current year, divided into
categories prescribed by the methodology;

= Data on average monthly temperatures in current year;
= The average speed of vehicle categories in city, road and highway driving modes;

= The annual mileage — will take place between categories of vehicles, divided into urban, road
and highway traffic.

Domestic aviation (1.A.3.a) — Trend in aviation transport for the years after 2008 is decreasing. The
period 2004 — 2008 was influenced by the boom of low-cost airlines and advantage of Bratislava airport
with the lower charges in comparison with the big international airports in the neighbouring countries.
After this period, aviation transport decreased back on the 2003 level and the trend is very stable. The
aviation regarding the national circumstances is not very important transportation mode in Slovakia. The
airports Bratislava, KoSice and Poprad are the busiest airports. Other airports have only local character
for hobby and sport flights.

Road transportation (1.A.3.b) — Using of COPERT version 5 for whole time series (since 1990) is limited
by availability of input data. Development in model structure and complexity does not allow to use the
more advance versions before 2000. Trend in the CO2 and N2O emissions from road transportation
corresponds with the consumption of the liquid fuels. Emission factors are annually updated based on
national data. The variability is caused by changes in inputs for vehicle fleet, fuel consumption and
emission factors. Until 2008, trend of gasoline consumption has fluctuated and after 2008, the trend is
stable due to the improvement in fuel consumption and implementation of renewable directive. In 2015
and 2016 the consumption increased and afterwards stabilized again. The trend of diesel oil
consumption was increasing since 1990, but it is more stable in the recent years with temporary
decrease in 2020. This was caused by the variation of fuel price in transit, the development of
construction, commercial, industrial activities, economic development and, of course, by the trend of
increasing numbers of new cars within the commercial market of the Slovak Republic, which significantly
determines the development of the emissions from transport. In addition, the decrease of N2O is caused
by significantly lower N2O EF for LPG passenger cars in category EURO 3 and newer. Cars in this
category from year 2016 prevail in vehicle fleet. Significant decrease of CNG consumption is caused by
change of vehicle fleet and decrease of CNG consumption in the biggest public transport providers
(Public Transport Companies in Bratislava and KoSice cities and Zvolen Bus-intercity Company).19 CNG
and older diesel oil buses are slowly replaced by electric and EURO 6 diesel buses.

Decrease of methane emissions in the category 1.A.3.b.i (passenger diesel cars) is caused by
significantly lower CH4 EF for passenger cars in category EURO 3 and newer.

The elimination of negative influences of road transportation continues with the increase of LPG, CNG
and electric vehicles (mostly passenger cars and buses).

Railways (1.A.3.c) — Methodology, activity data and used emission factors for diesel oil are consistent
for the whole time series. The blending of biomass in liquid fuels used in railways transport was
considered since 2007.

Domestic navigation (1.A.3.d) — Emissions from domestic navigation represent emissions from shipping
on lakes for the period 1990 — 2022 and emissions from shipping on lakes and movements between
national ports on Danube River for the years 1990 — 2022. In 2022 there were no movements on lakes.
The time series consistency was improved in previous submissions. Based on the expert judgement
from the Slovak Shipping and Ports Company, before the year 2005, only negligible fuels were sold for

10 Companies do not have English equivalent names
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national shipping on the Danube River. The variability in consumption is because of neighbourhood of
bigger ports in Vienna and Budapest and different prices and taxation of fuels used in shipping activities.

Pipeline transport (1.A.3.e.i) — Methodology, activity data and used emission factors for natural gas are
consistent in the time series and energy-related categories (natural gas used in energy combustion).

Category-specific QA/QC and verification process

Category specific QA/QC is based on the general QA/QC plan described in the Chapter 1.2 of this
Report. The emissions inventory in transport categories were prepared by the sectoral expert. Variety
of input data sources and databases led to inconsistencies in transport fuel consumption occurrence in
the last years. Therefore, in agreement with our Improvement Plan in Transport, the extensive analyses
of the available statistical information in liquid fuels in transport began in the 2017. Results are
summarized in the next paragraphs.

Source specific comparison of fuel statistics - QA/QC procedures for the transport follow basic rules and
activities of QA/QC as defined in the IPCC 2006 GL. The QC checks were done during the CRF and
NIR compilation, general QC guestionnaire was filled in and is archived. Also according to agreement
with CDV (Centrum dopravniho vyskumu) from 2023, there is a QA/QC cross-check between Slovak
and Czech Transport sector emission estimation.

Due to frequent questions for data consistency between the IEA statistics and the national inventory,
the data sources were investigated. Comparison of activity data and their sources is also crucial for
evaluation of consistency in reporting. Gasoline, diesel oil and biofuels consumption are key activity data
in transport, thus the comparison was focused on these statistical data across several sources.

Datasets for this analysis are the years 2014 — 2021

= Statistical Office of the Slovak Republic (SU SR) inserts data also from the Administration of
State Material Reserves of the Slovak Republic (SHR SR);

= Ministry of Economy of the Slovak Republic (MH SR);
= Finance Administration of the Slovak Republic (FR SR);
= Ministry of Environment of the Slovak Republic (MZP SR).

Each source has specific forms or questionnaires, CN codes and different reporting rules,
methodologies and dates of publication or collection. Different institutions further process these data.
The SU SR used import/export and production data, the FR SR used data from taxes on sales of
products of crude oil and from taxes on sales of biofuels (Figure A3.1).11.12

Table 3.32: Crude oil and crude oil products data flow and utilisation (final user is the SHMU)

ORIGIN OF DATA PRIMARY USER SECONDARY USER
Import-export data (SU SR - Depart.
) EUROSTAT
of Foreign Trade) Statistical Office of Slovak Republic
Data regarding production and sales (Depart. of Energy Statistics)

(companies) Slovak Hydrometeorological Institute

Data from taxes on sales of biofuels Ministry of Economy

1 Council Directive (EU) 2015/652 laying down calculation methods and reporting requirements pursuant to Directive 98/70/EC of the
European Parliament and of the Council relating to the quality of petrol and diesel fuels

12 Act 309/2009 Coll. on the Promotion of renewable energy sources and high-efficiency cogeneration and on amendments to certain acts
as amended, http://www.minzp.sk/en/areas/renewable-energy-sources/biofuels-bioliquids/

98


https://www.reserves.gov.sk/index.php/en/introduction/
http://www.minzp.sk/en/areas/renewable-energy-sources/biofuels-bioliquids/

ORIGIN OF DATA

PRIMARY USER

SECONDARY USER

Data from taxes on sales of products
of crude oil

Financial administration of Slovak
Republic

SK - BIO*®®

Confirmation (certificate) of the
sustainability of biofuels

Slovak Hydrometeorological Institute
(according to Art. 7a of Directive
98/70/EC)

European Environmental Agency

Data on production and sales
(companies)

Slovak State Material Reserves

International Energy Agency (data on
crude oil and crude oil products)

EUROSTAT (natural gas)

Data of fuel sales on gas stations (NEIS)

Ministry of Environment (according to
Art. 8 of Directive 98/70/EC)

European Environmental Agency

As it is shown in Table 3.32 and on Figure 3.9, discrepancies occurred between major data sources-
providers. During discussions with the main authorities, several information was collected by the sectoral
experts, which were further analysed:

= Each authority report different data in different forms for different institutions or requirements
(Table 3.32 and Figure A3.1);

= The conversion factors (e.g. density) differ throughout all data suppliers not only between
authorities and companies, but also for each delivered supply has own characteristics;

= Dates of collection for tax reports and reports to the SU SR differ.

Table 3.33: Results of the comparison of fuels consumption according to different sources

DATA SOURCE SU SR FR SR
VEAR Petrol Diesel Qil Biofuels Petrol Diesel Oil Biofuels
kt
2014 529.0 1315.0 167.0 508.6 1619.7 -
2015 550.0 1259.0 182.0 516.6 1743.0 -
2016 581.0 1442.0 163.0 533.3 1841.7 -
2017 620.0 1905.0 176.0 540.0 1914.0 -
2018 579.0 1879.0 174.0 544.6 1978.2 -
2019 562.0 1952.0 183.0 546.4 2 003.6 -
2020 531.0 1796.0 187.0 524.5 1860.0 -
2021 541.0 1889.0 195.0 541.6 1958.8 -
2022 515.0 1819.0 206.0 570.5 2 010.7 -
DATA SOURCE MH SR MZP SR (FQD ART.8)
Petrol Diesel Oil Biofuels Petrol ‘ Diesel Oil ‘ Biofuels
YEAR
kt

2014 517.2 1639.0 138.9 664.9 1507.4 -
2015 5215 1854.8 149.9 613.1 1514.8 -
2016 543.8 1872.3 147.9 591.0 1494.6 -
2017 506.0 1914.0 173.0 715.7 2037.0 -
2018 532.7 1841.6 178.0 555.0 2004.6 -
2019 569.0 2016.0 184.0 532.0 1893.0 -
2020 524.0 1853.5 184.9 5245 1865.5 -
2021 - - - 541.7 1964.1 -

13 SK-BIO is the national register for biofuels and bioliquids

14 trom 2021 Ministry of Economy is not publishing these data
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DATA SOURCE MH SR* MZP SR (FQD ART.8)

Diesel Oil ‘ Biofuels Petrol ‘ Diesel Oil ‘ Biofuels
kt
2022 ] | ] | ] 5782 | 20427 | -

Petrol |
YEAR

Figure 3.9: Results of fuels consumption comparison according to different sources (kt)
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The main outcomes of this analysis is harmonisation of fuels consumption in country on the most
possible level and lowering the differences in reporting by different subjects to 2.8% for fossil fuels and
2% for biofuels in 2022 Full consistency of data on national level is not possible. This is due to different
legislation that each authority is required to fulfil (e.g. statistical reporting to EU institutions, tax collection,
etc.).1®

Domestic aviation (1.A.3.a) — Since 2011, the agreement of the European Commission (EC) and the
EUROCONTROL is in place. Based on this agreement, annual comparison of aviation fuel consumption
and emissions data with AEM model calculations is prepared. The comparison of the EUROCONTROL
and the UNFCCC aviation data is provided on the level of individual EU Member State (EU MS). The
information and data evaluated are part of the QA/QC activities in aviation. The EC works towards
making data from the EUROCONTROL available to the EU MS on a regular basis, for quality check,
however this information is not possible to make public available. Consistent time series (Figure 3.10)
is maintained by using calculated average EFs from EUROCONTROL. The methodology is explained
in the Chapter 3.2.8.

The verification process is also based on cross-checking of input data from the Slovak airports and the
comparison with the sectoral statistical indicators (SU SR). The background documents are archived by

15 Regulation (EC) 1099/2008 of the European Parliament and of the Council, Act No. 268/2017, which amend Act No. 98/2004 Coll. on the
Excise Duty on mineral oil as amended, which amends Act No. 309/2009 Coll. on the Promotion of renewable energy sources and high-
efficiency cogeneration and on amendments to certain acts as amended (only § 14a),
https://www.financnasprava.sk/en/businesses/taxes-businesses/excise-duties-businesses#TaxRatesMineralQOil
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the sectoral experts in the central archiving system at the SHMU. The quality manager of the NIS has
responsibility for the verification, approval and archiving.

Figure 3.10: Demonstration of time-series consistency between pre-EUROCONTROL methodology
and EUROCONTROL methodology
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Road transportation (1.A.3.b) — QC activities ensuring the quality standards for the preparation of the
emissions inventory in the road transportation are based on the cooperation of several experts and
institutions. The activity data and input parameters provided from the different data sources are collected
and then checked for the basic quality criteria (consistency, transparency, etc.) and archived by the
sectoral experts. The process of verification is based on cross-checking of input data from the SU SR
and the comparison with the fuel balance from the COPERT. The background documents are archived
by the sectoral experts and in central archiving system of SNE at SHMU.

Other/Urea based catalysts (1.A.3.b.v allocated in 2.D.3) — The COPERT 5 model was used for these
emissions estimation and information of category specific QA/QC and verification are described in
section road transportation.

Railways (1.A.3.c) — Verification process is based on cross-checking of the input data on fuel
consumption from the Railways Company, a. s. and the SU SR. The preliminary results of emissions
inventory are sent to other subjects (MZP SR) for valuation and QA activities. The QC verification
process includes the comparison of statistical and calculated data on fuel consumption.

Domestic navigation (1.A.3.d) — Verification of activity data on fuels sold for shipping activities was
performed by the sectoral expert and compared with the statistical information from requested
institutions and companies as mentioned in this chapter above. New survey among small companies
and municipalities operating touristic boats and ships on lakes and dams in Slovakia was made during
the year 2020. These data were used to estimate the emissions from domestic shipping in 2019.

Pipeline transport (1.A.3.e.i) — Information of category specific QA/QC and verification are described in
section for fugitive emissions 1.B.

Scrap Subsidy Program (SSP)

In 2009, a Scrap Subsidy Program was launched in Slovakia to support the exchange of old passenger
cars (PC) for new cars — in that time (EURO 4). During two phases of this program, 44 200 vehicles
were handed over for scrapping and 39 275 of EURO 4 vehicles were bought. This caused a decrease
of the number of passenger cars in all categories in the frame of the SSP (4 475 cars older than 10
years). After the analyses made by the SHMU, it can be seen (Table 3.34), that most of deregistered
cars were in EURO 1 emission category or older categories.
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Through deeper analysis (Table 3.35) it was discovered, that reduction of registered cars wasn’t present
in all emission categories (EURQ). Despite of the rules of the SSP supported only new vehicles,
purchases of 10 years old cars and older (outside of this program) were occurred. This concerns two
categories:

1. Conventional diesel passenger cars;
2. EURO 2 passenger cars (petrol and diesel oil).

An inter-annual increase of 14 365 passenger cars in the category of conventional diesel PC was
recorded (instead of degrease). Similar situation was recorded also in the category EURO 2 PC (diesel
and petrol), where the number of passenger cars rose by 16 653. These anomalies probably reduced
the potentially positive impact of the SSP. The insufficient rules and control of the SSP started up and
accelerated the annual rise of new registration of passenger cars with a small positive impact on air
guality and climate change in Slovakia.

On the other hand, the SSP was possibly one of the factors causing decrease of fuel consumption (FC)
in year 2009. Exact effect cannot be calculated as exact data from the SSP are missing. However, a
small positive effect on GHG emissions and air pollutants is visible. The main positive outcomes of the
SSP are:

= The SSP caused fuel consumption decrease;
= The SSP has moderate effect on air quality.
On the other hand, negative outcomes are also important:
= The SSP failed in an intention to decrease a number of pre-EURO 4 vehicles;
= The SSP accelerate registration of additional vehicles (not only new or modern one);
= The SSP has no significant effect on GHG emissions.

Table 3.34: Number of scrapped passenger cars by age (according to the Automotive Industry
Association statistics) in 2009

TOTAL NUMBER SHARE OF SCRAPPED
AGE OF SCRAPPED CARS EMISSION CATEGORY OF SCRAPPED/ VEHICLES ON THE TOTAL
DEREGISTERED VEHICLES FLEET
10-15 years EURO 1 and EURO 2 7 366 -
15-20 years ECE 1504 and EURO 1 9 684 55.8%
20-25 years ECE 1503 and ECE 1504 17 310 54.6%
>25 years pre-ECE till ECE 1503 9 840 23.8%
New registrations EURO 4 39 275 -

Table 3.35: Yearly change (2008 — 2009) in number of passenger cars by emission category
(according to the Police Dpt. statistics)

TOTAL TOTAL AVERAGE AVERAGE
TYPE NUMBER NUMBER DIFFERENCE MILEAGE MILEAGE DIFFERENCE
OF PC IN 2008 | OF PC IN 2009 IN 2008 IN 2009
Conventional 38908 53 273 14 365 10 240.11 8 024.19 -2 215.92
PRE ECE 86 778 73 350 -13 428 3415.64 3300.58 -115.05
ECE 15/00-01 93514 79725 -13 789 3080.74 2976.97 -103.77
ECE 15/02 94 546 80 701 -13 845 4312.89 4167.62 -145.27
ECE 15/03 110 107 95 425 -14 682 5028.18 4 858.81 -169.37
ECE 15/04 153 137 136 141 -16 996 6 087.41 5 882.36 -205.05
Euro 1 195 607 195 263 -344 9 660.12 8 227.15 -1432.97
Euro 2 321717 338 370 16 653 11 555.38 9 811.85 -1743.52
Average -5 258 -766.37
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Category-specific recalculations

This chapter describes the recalculations of emissions. In the NIR 2024, there were no category specific
recalculations made.

Category-specific improvements and implementation of recommendations

In the preliminary findings under the UNFCCC, there were no recommendations for the transport sector.

3.2.9. Other Sectors (CRF 1.A.4)

The source category 1.A.4 Other Sectors includes stationary combustion in agriculture, forestry, The
source category 1.A.4 Other Sectors includes stationary combustion in agriculture, forestry, commercial
and institutional and households.

Commercial/lnstitutional (1.A.4.a) — total volume of fuels in 1.A.4.a expressed in energy units
represented 24 381.47 TJ in 2022. Total CO2 emissions were 1 365.02 Gg, total CH4 emissions were
0.30 Gg and total N2O emissions were 0.01 Gg in 2022.

Residential (1.A.4.b) — total volume of fuels in 1.A.4.b expressed in energy units represented
74 097.79 TJ in 2022. Total CO2 emissions were 2 869.42 Gg, total CH4 emissions were 7.98 Gg and
total N2O emissions were 0.10 Gg in 2022.

Agriculture, forestry and fisheries (1.A.4.c) — total volume of fuels in 1.A.4.c expressed in energy units
represented 5518.04 TJ in 2022. Total CO2 emissions were 295.79 Gg, total CH4 emissions were
0.14 Gg and total N2O emissions were 0.08 Gg in 2022. The fuels are allocated in solid, liquid, gaseous
and biomass fuels categories.

All non-road mobile machinery is also reported in this category. Agricultural machinery (tractors,
harvesters, etc.), forestry machinery, industry machinery (forklifts, excavators, etc.) and residential
machinery (hedge cutters, garden shredders, etc.) are included in the category 1.A.4.c.ii. The data
collected by questionnaires in households in the frame of the project “Quality Improvement of Air
Emission Accounts and Extension of Provided Time-series” were used for estimation of emissions from
residential machinery the first time in 2018 inventory. In addition, liquid fuels used in residential
machinery (hobby, gardens, cleaning) were collected and reported in the 1.A.4.c.ii.

Methodological issues, activity data, emission factors and NCVs

A description of general methodologies used for GHG emissions estimation from fuel combustion is
given in the Chapters 3.2.6 and 3.2.7.

Activity data (emission factors and NCVs) are collected from several sources (in agreement with the
other energy categories):

= Annual energy balance (publication Energy, ¢ published by the SU SR, annually);

= Disaggregated data provided by the SU SR (restricted from public, provided only for the SNE);
= The NEIS Central database;

= Results from project, surveys and research.

The Residential category is the key emissions source and represents 7.7% share on the total GHG
emissions in the year 2022. Category 1.A.4.b balanced mostly gaseous (natural gas), solid (coal) and

16 Energy 2022, Statistical Office of Slovak Republic (2023) ISBN: 978-80-8121-918-4
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biomass (wood) fuels. Whereas the gaseous fuels consumption is consistent and accurate due to
statistics made directly by the natural gas suppliers on distribution network, solid fuels and biomass
statistics were not fully covered by the SU SR. Direct regular statistics is missing. Due to these reasons,
several inconsistencies between fuels consumption reported in this category were recorded and
commented in the previous submissions. Therefore, in 2018, the Project Grant “Quality Improvement of
Air Emission Accounts and Extension of Provided Time series” launched by the European Commission
— EUROSTAT was successfully finished. Results were published online in several partial reports and
on the international conferences. The Project Grant was carried out in cooperation with the Statistical
Office of the Slovak Republic and concluded in December 2022. Outcomes and Final Report will be
available after validation from the EUROSTAT in 2023. Cooperation with the Statistical Office of the
Slovak Republic continued and resulted in to the second more complex statistical survey in households,
with primary solid fuels heating. This activity, together with help and interest of other relevant national
authorities, confirmed and improved previous estimation of solid fuels and biomass consumption in
households.

In addition, in the frame of the project LIFE IP — Improvement of air quality supported by the European
Union, the OEaB experts have prepared a report that describes the structured distribution of small
sources of pollution (available only in Slovak language). The main task of the analysis presented in this
annual report was to obtain information on the regional distribution of boiler types in Slovakia. In addition,
precise estimates of the consumption of solid fuels at the regional level, especially biomass (firewood),
were developed. The input data were obtained on the basis of an extensive third statistical survey carried
out in 2022 in cooperation with the Statistical Office of the Slovak Republic. The statistical sample was
chosen in order to streamline the results and thus allow for a more even distribution of small combustion
sources at the regional level. The results presented in this report will serve to identify and select regions
where modernization of boilers is needed and will help direct the decision-making process of allocating
funds in the form of subsidies.

In previous inventory, data on solid fuels and biomass (wood) energy consumption in households
collected and evaluated in a frame of this Project Grant were used and updated. Statistical data and
time series were corrected based on improved methodology and inputs were also provided to the SU
SR for energy balance. According to the information provided by the SU SR, revision of households’
energy statistics to the EUROSTAT was reported for the year 2018 and expected revision will be
provided to EUROSTAT also for time series in this year. Revision was focused on solid fuels and
biomass (non-fossil fuels) consumption since the year 2012. With this revision, consistency in the
reporting data in households was improved. In 2022, third survey focused on households with individual
heating with solid fuels took place. New results are available in 2024 inventory submission for biomass
and solid fuels consumption.

Methodology introduced by new background data further corrected and improved the energy and
emissions balance considering the effect of regional-climatological data. The principle of new
methodological approach was supported by statistical survey and further estimation of “total energy
demand for heating and hot water preparation” in households, calculated using data from questionnaires
and climatological data in different regions. In principle, average value of “energy demand” is a
parameter on heating demand (including preparation of hot water) for 1 m? of housing area for 1 year.
Total housing area, energy effectivity of houses and climatological factors in regional scaling were taking
into consideration for the calculation of total energy demand for heating in houses without central heating
system.

Table 3.36: Overview of the country or plant specific CO, EFs in t/TJ the category 1.A.4 in 2022

1.A4da WEIGHTED CO; EFs FUEL TYPE C EFs CO; EFs
Liquefied Petroleum Gases 17.22 63.14
Liquid 67.65
Gas/Diesel Oll 20.22 74.14
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Residual Fuel Oil 21.09 77.33
Lignite 27.23 100.21
Brown coal briquettes 26.61 97.57
Solid 102.76
Other Bituminous Coal 25.69 94.19
Gas Coke 29.60 108.53
Gaseous 56.17 Natural gas 15.32 56.17
Wood/Wood waste 30.50 111.83
Biomass 75.04
Sludge gas 14.90 54.63
1.A4b WEIGHTED CO; EFs FUEL TYPE CEFs CO; EFs
Liquid 63.14 Liquefied Petroleum Gases 63.14 63.14
Other Bituminous Coal 25.69 94.19
Lignite 27.23 100.21
Solid 97.58
Brown coal briquettes 26.61 97.57
Gas Coke 29.60 108.53
Gaseous 56.17 Natural gas 15.32 56.17
Biomass 111.83 Wood/Wood waste 30.50 111.83
1.A4c WEIGHTED CO; EFs FUEL TYPE C EFs CO; EFs
Liquefied petroleum gases 17.22 63.14
Gas/Diesel oil 20.22 74.14
Liquid 73.65
Diesel oil 20.20 74.08
Gasoline 18.86 69.14
Lignite 27.23 100.21
Gas coke 29.60 108.53
Solid 97.37
Other bituminous coal 25.69 94.19
Brown coal briquettes 26.61 97.57
Gaseous 56.17 Natural gas 15.32 56.17
Other biogas 14.90 54.63
Biomass 72.00 Wood/Wood waste 30.50 111.83
Other primary Solid biomass 27.30 100.10

Uncertainties and time-series consistency

Description of uncertainty is similar to the Chapter 3.2.6 of this Report.

Time series is consistent in all aspects (methodological approach, country specific EFs and oxidation

factor used, fuel characteristics, etc.) to the detailed level of disaggregation (on plant specific level).

Category-specific recalculations

Recalculations were made in sector 1.A.4.b based on data from new 2021 Census. The changes
concerned the number of apartments connected to district heating system. This resulted in changes of
fuel consumption for this sector. Based on the available data, we previously assumed a declining trend
in the share of households connected to district heating. However, the data from the Census 2021
confirmed a stable to slightly increasing trend. This affected the calculation of biomass consumption in

households, leading to a reduction in the fuel (biomass) consumption for heating in residences. This

recalculation affected biomass consumption in the years 2012 to 2022, the base year was not
affected. The comparison of original data and recalculated is summarized in following table.
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SUBMISSION 2023 SUBMISSION 2024
YEAR Energy CO, CH,4 N2.O Energy CO, CH,4 N,O
TJ kt TJ kt

2012 32 968.5 3687.0 9.8906 0.1319 32651.1 3651.5 9.7953 0.1306
2013 30717.1 3435.2 9.2151 0.1229 30098.1 3366.0 9.0294 0.1204
2014 17 452.7 1951.8 5.2358 0.0698 16 677.6 1865.1 5.0033 0.0667
2015 26 260.4 2936.8 7.8781 0.1050 25129.4 2810.3 7.5388 0.1005
2016 29 407.7 3288.8 8.8223 0.1176 27 932.7 3123.8 8.3798 0.1117
2017 27 856.5 3115.3 8.3570 0.1114 26 004.7 2908.2 7.8014 0.1040
2018 22 156.3 2477.8 6.6469 0.0886 20 237.5 2 263.2 6.0712 0.0809
2019 23925.2 2675.6 7.1776 0.0957 21970.1 2457.0 6.5910 0.0879
2020 24 677.1 2759.7 7.4031 0.0987 22 207.5 24835 6.6623 0.0888
2021 28 681.5 3207.6 8.6045 0.1147 28 811.3 32221 8.6434 0.1152
2022 24 834.9 2777.4 7.4505 0.0993

Category-specific improvements and implementation of recommendations

Improvements are implemented in line with the Improvement and Prioritization Plan for the year 2024.
Further improvements in the category 1.A.1.4.a are not planned in the near future.

3.2.10. Non-Specified (CRF 1.A.5)

Emissions reported in this category arising from the military aviation and from fuel combustion in
stationary sources that are not specified elsewhere. Total volume of fuels in the 1.A.5 expressed in
energy units represented 1 524.54 TJ in 2022.

Total CO2 emissions were 61.85 Gg, total CH4 emissions were 0.011 Gg and total N2O emissions were
0.0009 Gg in 2022.

Methodological issues, activity data, emission factors and NCVs

A description of the general methodology, activity data, EFs and NCVs used for estimation of emissions
from fuels combustion is given in the Chapters 3.2.6 of this Report.

In 1.A.5.a, the main source of activity data is provided by the SU SR (disaggregated data — information
on fuels consumption at the level of individual subjects). The sources allocated here are not included in
the EU ETS. Total volume of fuels in the 1.A.5.a expressed in energy units represented 1 408.63 TJ in
2022. Total CO2 emissions were 53.42 Gg, total CH4 emissions were 0.0097 Gg and total N20O
emissions were 0.0002 Gg in 2022.

The jet kerosene, gasoline and diesel oil from military usage is reported in the 1.A.5.b. GHG emissions
from military aviation, i.e. jet kerosene consumption, are estimated since 1990 and military gasoline and
diesel oil are estimated since 2016. Data for military gasoline and military diesel oil before 2016 were
statistically estimated by the sectoral experts using linear regression back to basic year 1990 based on
years 2016 — 2019. The information is directly provided by the Ministry of Defence of the Slovak
Republic. Also fuels used for military machinery do not have a biofuel part. The methodology is
comparable with the methodology used for the emissions estimation of civil aviation, based on fuel
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consumption in military service multiplied by the default emission factor for jet kerosene. Table 3.37
provides overview of the weighted average emission factors and fuels in the category 1.A.5 for 2022.

Table 3.37: Overview of the country or plant specific CO, EFs in t/TJ in the category 1.A.5 in 2022

1.A5 WEIGHTED CO; EFs FUEL TYPE C EFs CO; EFs
Liquefied petroleum gases 17.22 63.14
Residual fuel oil 21.09 77.33
Liquid 71.26 Diesel oil 20.20 74.08
Jet kerosene 19.84 72.75
Gasoline 18.86 69.14
Gas coke 29.60 108.53
Solid 97.69 Lignite 27.23 100.21
Other bituminous coal 25.69 94.19
Gaseous 56.17 Natural gas 15.32 56.17
Sludge gas 14.90 54.63
Other biogas 14.90 54.63
Biomass 55.75
Other primary solid biomass 27.30 100.10
Wood/Wood waste 30.50 111.83

Uncertainties and time-series consistency

Description of uncertainty is similar to the Chapter 3.2.6 of this Report. Time series is consistent in all
aspects (methodological approach, country specific EFs and oxidation factor used, fuel characteristics,
etc.) to the detailed level of disaggregation (on plant specific level).

Category-specific recalculations

No recalculations were implemented in this submission.

Category-specific improvements and implementation of recommendations

Improvements are implemented in line with the Improvement and Prioritization Plan for the year 2024,
no specific improvement is planned for the next submission.

3.3. Comparison of the Sectoral Approach
with the Reference Approach (CRF 1.AC)

The data gathered and processed by the Statistical Office of the Slovak Republic (the annual energy
statistics balance) is the background for the reference approach. Therefore, the data provided in the
reference approach is consistent with official energy balance data. The reference approach balance
includes emissions from fuel combustion differentiated according to the gaseous, liquid, solid and
biomass categories and different sectors.

The reference approach is based on the top-down methodology and is characteristic of minimum
requirements on input data. The reference approach provides only aggregated estimates of emissions
by fuel type distinguishing between primary and secondary fuels. The aggregated nature of the
reference approach means that stationary combustion cannot be distinguished from the mobile
combustion. The method is applied also as the quickest control and verification method. It is necessary
to mention, that this approach does not include fugitive emissions, i.e. uncontrolled emissions from
mining and post-mining activities, from transport and other use of fuels (technological use).
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The methodology for reference approach estimation is consistent during time series across of the main
types of fuels and followed the methodology provided in the IPCC 2006 GL.

The official frame contract was signed between the Statistical Office of the Slovak Republic and the
Ministry of Environment to ensure direct cooperation with the National Inventory System (SHMU). Frame
contract specifies major responsibilities in providing information about energy balance and any changes
or recalculations directly to the SU SR. A close cooperation of the NIS and the SU SR ensures
consistency and transparency in reporting. The cooperation on the official level and the ongoing
discussions on removing any discrepancy between the several statistical systems of energy data (NEIS,
SU SR or EU ETS) is in place. A bottom-up methodology was used for the emissions balance in the
sectoral approach. More information is provided in the Chapter 3.2 of this report.

Based on the actual data provided in the 2024 submission, time series consistency was improved
leading to increase of transparency reported in this area (Figure 3.11). A difference between CO:
emissions allocated in reference and in sectoral approaches is less than 2% for last seven years. In
2022, the difference in CO2 emissions was 0.60% and difference in the total energy consumption was
-0.25%.

The reference and sectoral approach were estimated on fully independent data sets, whereby obtained
differences in CO2 emissions are not significant. Based on the IPCC methodology, reference approach
in apparent consumption of fuels was estimated after consideration of carbon stored in iron and steel
and in chemical industry and refinery. Due to the different methodology used by the SU SR, not all fuels
used as technological input in production are also reported in the statistical questionnaires in this way.
This is a case of natural gas used in ammonia production (allocated in the IPPU sector, but in the
statistical questionnaire allocated in the Energy sector), or coking coal used as reducing agent in steel
production (allocated in the IPPU, but in the statistical questionnaire allocated in the Energy sector).

These reallocations were considered in the apparent consumption and the results are provided in
Tables 3.38 - 3.43. However, due to differences in methodological approaches used in the national
inventory for the sectoral approach and used in the statistical energy balance, in some years the
differences are higher than required according to the QA/QC process. After thorough analyses of these
years (2011, 2015, 2017), the results show the major inconsistencies in other and liquid fuels.

One of the reasons for the reference and sectoral approach discrepancies during time series is used
source of activity data. The RA is based on national fuel delivery statistics, the bottom-up approach is
based on fuel consumptions (EU ETS reports and disaggregated energy balance data). However, the
main reason is the effect of emission factors (and/or calorific values) in the reference approach of liquid
fuels. This is enhanced by the fact that all volume of used crude oil which is processed in the Slovak
Republic is imported. Practically all resulting CO2 emissions from combustion of the liquid fuels reported
in the reference approach is from the import, export and stock changes of crude oil.

A small variation in the average net calorific value used (which is difficult to determine), has a large
influence on the total CO2 emissions. Similar situation is also in calorific values and emission factors of
naphtha, lubricants and bitumen, which are used to estimate the fraction of carbon stored. To visualize
the importance of correct estimation of EF and NCV of crude oil (and/or other liquid fuels) following
Table 3.38 summarize the effect of the uncertainty in the estimation of these parameters.

Table 3.38: Effect of the uncertainty in the estimation of NCVs and EFs and its impact on the RA-SA

difference
NCVs AND EFs DIFFERENCE % -5% -2% -1% 0% 1% 2% -5%
NCVs TJ/kt 44.100 42.840 42.420 42.000 41.580 41.160 39.900
EFs tC/TI 21.006 20.406 20.206 20.005 19.805 19.605 19.005
Apparent consumption PJ 246 239 236 234 232 229 222
Net CO, emissions Gg 20 902 9472 5873 2377 -1016 -4 307 -13 583
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Emission difference (liquid fuels) | % | 2319 | 1082 | 677 | 277 | -120 | 512 | -16.65

In the first row, the uncertainty of estimated EFs and NCVs of crude oil is depicted. Following rows show
the actual values of NCVs and EFs which were used to compare the difference between RA and SA.
The increase of the actual values of NCVs and EFs by 5% causes increase of the RA-SA difference up
to 25%. It is also important to underline, that the uncertainty of few percent in the case of liquid fuels is
often occurred. Several steps to increase the quality of the NCVs and EFs estimation were performed,
however the uncertainty of these estimates was over 2% in every case. Therefore, in current submission,
the EFs were left unchanged (IPCC default) and the NCVs were adopted from the SU SR. The
consumption of crude oil is not included in the sectoral approach, therefore the problems mentioned
here does not affect the inventory. It means, that the bottom-up approach is more accurate. Based on
the results of performed analysis it is not expected the decrease of the RA-SA difference in liquid fuels
below 2% in all years of time series. Significantly better situation is in solid and gaseous fuels.

Further significant difference is visible in the case of waste. Based on our research, the main source of
the difference is caused by data processing methodology of the SU SR on waste incinerated. An
incorrect categorization of municipal and industrial waste in the energy balance provided by the SU SR
was identified. Moreover, the estimation of composition (biogenic/fossil part) of waste in the SA is based
on information provided directly by the operators. Several meetings are organized with the experts from
the SU SR on this issue.

In 2022 submission, the largest difference (in relative values) was in peat consumption. The primary
reason of this difference is absence of peat as a fuel in Energy balance provided by the SU SR. Based
on the EU ETS reports, there is just one company, which used peat as fuel (based on the EU ETS
reports). Due to reference approach is prepared strictly based on information included in the energy
balance provided by the SU SR, where peat is not included (mentioned company reports the fuel type
in energy balance as briquettes), the difference occurred in this fuel. This issue cannot be improved and
harmonised due to statistical rules of 3 or more data sources, therefore peat consumption in official
statistics is zero, however published in the EU ETS. After 2020, there was no peat consumption reported
in sectoral approach (the last company also stopped using peat as a fuel).

In 2022, the emissions decrease in most categories of Energy sector. The largest decrease was caused
by the gradual shutdown of two blast furnaces in the company U. S. Steel (inter-annual decrease of
1 655 kt CO2). Due to technical problems in a large-scale power plant in MalZenice, significant reduction
of natural gas consumption occurred (inter-annual decrease of 755 kt CO2). For three years in a row, a
continuous increase in fuel consumption in the transport sector can be observed (inter-annual increase
of 256 kt CO2).
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Figure 3.11: Difference between the reference and sectoral approaches CO, emissions (in Gg)
in 1990 — 2022
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Table 3.39: The comparison of the RA and the SA in total fuels consumption and CO» emissions

in 1990 — 2022
RA SA e COEQEES'IYION RA SA EHISSIONS
YEAR CONSUMPTION | DIFFERENCE BlEREe
PJ % Gg of CO, %

1990 753 660 652 -1.28 52572 53 273 132
1991 659 586 586 0.02 46 616 46 952 072
1992 625 540 539 0.02 43007 42838 0.39
1993 587 498 495 0.48 39 263 39038 0.58
1994 562 469 460 -1.90 36 461 36 566 -0.29
1995 501 474 487 2.64 37395 36 236 3.2
1996 600 476 493 3.62 37776 35 883 5.27
1997 600 477 494 3.51 37 524 35 858 4.65
1998 583 475 477 0.31 36 135 35 293 2.39
1999 566 470 461 -1.84 34 848 34 625 0.64
2000 546 464 455 -2.00 33699 33038 0.70
2001 577 494 494 013 36043 35 974 0.19
2002 560 463 458 -1.02 34 107 33 760 1.03
2003 565 468 466 0.47 35 643 34 683 2.77
2004 555 464 447 3.74 34 551 34 154 116
2005 567 471 464 163 34 861 34 662 0.57
2006 551 450 441 -1.93 33974 33921 0.16
2007 531 433 423 2.37 32233 32395 -0.50
2008 533 443 431 2.83 32592 32 867 0.84
2009 482 405 383 552 20175 30 484 -4.29
2010 514 412 413 0.21 31331 30 824 1.64
2011 492 400 393 -1.68 30 235 30 348 037
2012 466 377 370 2.03 28 361 28 291 0.24
2013 468 375 366 232 27 489 28116 223
2014 428 338 330 2.48 25 431 25 934 -1.94
2015 433 351 337 413 25 641 26 623 3.69
2016 443 354 345 258 26 292 26 793 -1.87
2017 473 369 373 1.01 28 208 27 760 1.61
2018 474 366 368 0.59 28 105 27 690 1.50
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RA SA ey COI\EISNLIJEES'I\'(ION RA SA MO
YEAR CONSUMPTION | DIFFERENCE BlEREe
PJ % Gg of CO; %
2019 441 354 352 052 26 213 26 206 0.03
2020 423 332 333 0.32 24 199 24 031 0.70
2021 472 362 361 03 26 771 26 715 0.21
2022 424 333 332 031 24 655 24 521 0.54
Table 3.40: The comparison of the RA and the SA in liquid fuels consumption and CO, emissions
RA SA ey COI\EISNLIJEES'I\'(ION RA SA MO
YEAR CONSUMPTION | DIFFERENCE lagashle S
PJ % Gg of CO; %
1990 197 164 155 571 11628 12 252 -5.09
1995 145 103 109 6.3 8 084 7662 5.51
2000 122 92 89 -2.53 6769 6 769 0.00
2005 139 117 107 -8.34 8333 8 651 -3.68
2010 144 117 114 2.2 8729 8542 2.18
2015 129 120 108 -10.35 7952 8803 9,67
2018 158 125 130 372 9733 9202 5.77
2019 150 126 127 0.66 9 495 9300 2.09
2020 150 118 119 1.42 8 861 8622 2.77
2021 156 125 123 176 9165 9218 -0.57
2022 160 131 130 -0.67 9697 9585 118

Table 3.41: The comparison of the RA and the SA in solid fuels consumption and CO, emissions

in particular years

APPARENT ENERGY
RA SA ENERGY CONSUMPTION RA SA DIFFERENCE
YEAR CONSUMPTION | DIFFERENCE
PJ % Gg of CO; %

1990 342 282 287 1.66 29 866 28 958 3.14
1995 226 157 170 8.15 17 796 16 564 7.44
2000 179 134 135 0.85 14125 13921 1.47
2005 178 124 123 -0.86 13 556 13 263 2.21
2010 159 100 99 -0.6 11 492 11383 0.96
2015 137 81 80 -1.06 9257 9331 0.8
2018 139 81 82 0.11 9436 9 406 0.32
2019 114 66 65 -1.96 7541 7687 -1.9
2020 97 54 54 -1.07 6 237 6 303 -1.05
2021 118 59 59 -0.35 7 350 7 350 -0.01
2022 100 53 53 -0.57 6 352 6 375 -0.36

Table 3.42: The comparison of the RA and the SA in gaseous fuels consumption and CO, emissions

in particular years

APPARENT ENERGY
RA SA ENERGY CONSUMPTION RA SA DIFFERENCE
YEAR CONSUMPTION DIFFERENCE
PJ % Gg of CO; %
1990 214 211 210 -0.65 11 062 11 827 -6.47
1995 221 212 207 -2.41 11 472 11 814 2.9
2000 244 237 230 -2.87 12 748 13 070 -2.46
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APPARENT ENERGY
RA SA ENERGY CONSUMPTION RA SA DIFFERENCE
YEAR CONSUMPTION | DIFFERENCE
PJ % Gg of CO, %
2005 247 229 232 1.17 12 805 12 614 1.52
2010 210 193 198 2.78 10 974 10 640 3.14
2015 162 146 144 -1.08 8043 8131 -1.09
2018 171 154 152 1.1 8 474 8569 1.1
2019 171 156 155 -0.71 8630 8691 0.7
2020 171 154 154 -0.11 8575 8583 -0.09
2021 191 172 173 0.65 9692 9629 0.65
2022 159 144 145 0.74 8123 8064 0.74

Table 3.43: The comparison of the RA and the SA in other fossil fuels consumption and CO»
emissions in particular years

APPARENT ENERGY
RA SA ENERGY CONSUMPTION RA SA DIFFERENCE
YEAR CONSUMPTION | DIFFERENCE
PJ % Gg of CO, %

1990 0.18 2.55 0.18 -92.97 16 236 -93.18
1995 0.48 2.1 0.48 -77.35 43 197 -78.34
2000 0.64 1.91 0.64 -66.61 57 180 -68.12
2005 1.89 1.43 1.89 31.59 168 135 24.79
2010 1.53 2.86 1.53 -46.66 136 259 -47.43
2015 4.4 3.91 4.39 12.31 389 342 14.02
2018 4.68 5.48 4.68 -14.59 461 504 -85
2019 5.42 5.66 5.42 -4.29 546 524 4.22
2020 5.87 5.72 5.87 2.61 526 522 0.83
2021 6.03 5.82 6.03 3.74 565 518 9.05
2022 5.26 5.67 4.95 -12.6 482 498 -3.26

3.4.

Feedstocks and Non-energy Use of Fuels (CRF 1.AD)

Using the IPCC 2006 GL, the quantity of carbon excluded from the RA (carbon used for ammonia
production, petrochemicals production, carbide production, hydrogen production, iron and steel
production, ferroalloys production, aluminium production as well as non-energy using of lubricants) was
estimated. Total carbon excluded from the RA was 1 661.23 Gg in 2022, which represented 6 091.15
Gg of CO2. The emissions from the carbon excluded are reported in respective categories in the IPPU

sector.

The major share of carbon excluded represents the carbon from coking coal, both in fuel consumption
and in amount of carbon (51.3% and 50.5%, respectively) The other significant source of carbon
excluded is using of natural gas (15.9% in fuel consumption and 13.5% in quantity of carbon). Details
on the share in fuel units and carbon units are presented on Figures 3.12 and 3.13. The CO2 emissions
excluded from the RA are presented on Figure 3.14 for the whole time series 1990 — 2022.
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Figure 3.12: The share of different fuels consumption for feedstock and non-energy use in 2022
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Figure 3.13: The share of carbon for feedstock and non-energy use in 2022
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Figure 3.14: The CO; emissions (Gg) according to the fuels excluded from the RA in 1990 — 2022
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Liquid fuels (petroleum coke, naphtha, and refinery feedstocks), solid fuels (coking coal, other
bituminous coal) and gaseous fuels (natural gas) are used as feedstock in Slovakia. Lubricants and
bitumen (liquid fuels) are used for non-energy purposes. The respective amounts of mentioned fuels
are allocated in the IPPU sector and emissions are included there. The allocation of the fuels excluded
from the RA and included in the IPPU sector is presented in Tables 3.45 and 3.46.

Table 3.44: The allocation of fuels excluded from the RA in the IPPU sector

FUEL USED AND REPORTED IN CATEGORIES
2.B.1 Ammonia production
2.B.8 Petrochemicals

Natural gas

2.B.10 Hydrogen production
2.C.1 Iron and steel production

Petroleum Coke

2.C.3 Aluminium production

Naphtha 2.B.8 Petrochemicals
Lubricants 2.D.1 Lubricants
Bitumen 2.D.3 Solvents use
Refinery feedstock 2.B.8 Petrochemicals

2.B.5 Carbide production
Coking coal 2.C.1 Iron and steel production

2.C.2 Ferroalloys production

Other bituminous coal

2.B.5 Carbide production
2.C.1 Iron and steel production
2.C.2 Ferroalloys production

The plant-specific (where available) and country-specific NCVs and EFs are used for estimation the

volume of carbon excluded and respective CO2 emissions excluded from the RA.

Natural gas, petroleum coke, naphtha, lubricants, refinery feedstock, coking coal and other bituminous
coal were balanced as feedstock and non-energy use of fuels. The quantities of the fuels and carbon
used for non-energy purposes were provided directly by the plant operators or by the SU SR. The results
are presented in Table 3.45.

Table 3.45: Total volume of carbon in different fuels excluded from the RA in particular years

A Naét;;al Pet(;g:(eeum Naphtha Lubricants | Bitumen Flzgggteorgk ngi(;g Bitlf()r:::l;;aglrous
kt

1990 250.61 NO 296.25 65.54 418.77 65.58 1209.70 IE
1995 254.92 NO 362.98 65.54 199.63 76.18 1231.99 IE
2000 274.56 37.94 395.73 65.54 83.40 65.80 937.52 IE
2005 329.10 66.86 347.70 39.49 126.88 67.55 1 025.05 37.72
2010 263.78 65.44 338.98 16.90 112.07 63.64 111131 37.91
2011 345.90 58.88 333.75 25.27 130.46 69.99 919.05 38.59
2012 331.44 59.02 216.90 36.99 114.05 50.60 972.18 103.11
2013 382.35 58.29 229.11 44.37 82.46 48.34 1137.30 71.98
2014 308.83 62.11 197.85 36.27 86.39 37.60 1102.47 116.29
2015 370.41 59.68 198.40 36.64 129.79 55.39 1058.04 37.64
2016 351.55 64.46 208.34 36.04 133.40 53.57 1 022.86 104.30
2017 373.22 62.38 222.59 38.83 101.68 55.26 987.03 164.52
2018 382.34 62.33 278.41 39.41 128.81 61.32 902.15 178.42
2019 338.96 59.50 264.18 32.22 51.23 54.02 880.33 30.88
2020 347.89 53.37 353.79 26.02 119.10 60.63 740.50 72.85
2021 361.81 60.88 383.68 29.46 126.95 67.35 973.54 84.38
2022 223.45 24.74 331.76 38.41 142.58 62.01 838.27 NO

IE - included in coking coal
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3.5. Fugitive Emissions from Fuels (CRF 1.B)

3.5.1. Overview of Fugitive Emissions from Fuels

Fugitive emissions from the categories 1.B.1 - Solid Fuel and 1.B.2 - Oil and Natural Gas are important
sources of methane emissions in the national GHGs inventory. Fugitive methane emissions from
charcoal production and coke production are included in the category 1.B.1.b — Solid Fuel
Transformation. This report uses the GWP 100 based on IPCC Assessment report 5 for the year 2022.
The difference between emission based on GWP 100 IPCC Assessment report 4 (AR4) and 5 (AR5?)
are summarized in previous SVK NIR 2023.

In 2022, total aggregated fugitive emissions in the category 1.B represented 687.16 Gg of CO: eq.
Overview of the total GHG emissions reported in the category 1.B is provided in Table 3.1 and tier used
is provided in Table 3.2. Methane emissions from abandoned underground mines (category 1.B.1.a.1.iii)
are reported in the inventory since 2015. Tables 3.46 and 3.47 summarize emissions according to the
most significant categories within 1.B in particular years. GHG emissions from the activities occurring in
the category 1.B.2.a.5 — Distribution of Oil Products are not estimated because of the 2006 IPCC
Guidelines and also 2019 Refinement to the 2006 IPCC Guidelines do not include methodologies to
estimate them, therefore the notation key “NE” is used here.

The trend is steadily decreasing as an outcome of introduction of new technologies, methodologies and
closing the coal mines. Fugitive emissions from the transport and distribution of fossil fuels (oil and
natural gas) are significant because Slovakia is an important transit country for oil and natural gas from
East-European countries to the European Union. Raw materials are transported through high-pressure
pipelines and distribution network and they are pumped by pipeline compressors (1.A.3.e.i). Trend in
fugitive emissions from the transport and distribution of oil and natural gas in the Slovak Republic was
stabilized and since 2000 slightly decreased. The increase in the past was caused by the expansion of
the distribution system for natural gas and growth of its consumption. Since 2000, fugitive emissions
from oil have decreased due to the decrease in production and distribution.

Table 3.46: GHG emissions by categories within the 1.B.1 - Solid Fuels in particular years

1.B.1.a Coal Mining and Handling . .

: = 1.B.1.b Solid Fuel Transformation
VEAR 1.B.1.ali 1.B.1.a.liii 1.B.1.a.liii

CO, CH, CH, CO, CH, CO, CH, N.O
Gg

1990 19.03 25.14 2.09 0.73 1.05 NO 0.11 NO
1995 21.54 27.44 2.27 0.45 0.62 4.71 0.21 0.0002
2000 21.51 26.62 2.20 0.36 0.48 7.85 0.28 0.0004
2005 20.78 14.66 151 1.61 1.25 75.36 2.02 0.0038
2010 19.74 13.89 1.43 191 1.49 4.74 0.20 0.0002
2015 19.51 11.32 117 191 1.22 6.28 0.24 0.0003
2016 18.62 10.85 111 2.25 1.44 2.27 0.13 0.0001
2017 21.40 9.29 111 3.33 1.62 6.28 0.23 0.0003
2018 18.64 7.34 0.91 431 191 6.44 0.24 0.0003
2019 17.89 8.13 0.86 3.69 1.86 6.28 0.23 0.0003
2020 12.26 5.75 0.59 3.49 1.81 5.97 0.21 0.0003
2021 13.43 6.17 0.65 3.60 1.83 6.28 0.24 0.0003
2022 10.72 6.17 0.52 3.49 2.18 6.28 0.24 0.0003
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Table 3.47: GHG emissions by categories within the 1.B.2 - Oil and NG and other emissions
from energy production in particular years

1.B.2.c Venting and Flaring
Ve 1.B.2.a0IL 1.B.2.b Natural gas ST l'Béif'z'i l?éaCSZI

CO, CH,4 N.O CO; CH,4 CO, CH, N.O N,O

Gg kg
1990 39.69 0.47 0.0005 17.12 42.34 0.23 23.55 49.00 29.75
1995 33.58 0.44 0.0004 15.79 34.27 0.23 20.62 49.75 23.05
2000 34.49 0.39 0.0005 12.77 2491 0.21 16.50 39.53 11.59
2005 34.15 0.32 0.0005 13.20 18.86 0.23 14.83 20.77 9.85
2010 32.49 0.26 0.0005 11.28 10.60 0.20 10.51 8.77 6.14
2015 35.27 0.26 0.0005 9.77 5.99 0.17 1.87 6.42 5.74
2016 33.95 0.25 0.0005 10.53 6.10 0.19 1.98 5.60 5.94
2017 32.77 0.24 0.0005 11.08 6.31 0.20 1.73 3.87 5.89
2018 32.16 0.23 0.0005 10.34 5.46 0.19 1.44 3.44 5.68
2019 30.09 0.21 0.0004 11.57 5.20 0.21 1.65 291 4.96
2020 37.76 0.25 0.0006 9.63 5.39 0.18 2.00 1.40 4.37
2021 32.43 0.23 0.0005 7.21 6.28 0.13 1.37 3.05 4.38
2022 31.69 0.22 0.0005 4.86 5.40 0.08 0.79 1.43 3.73

3.5.2. Uncertainties and Time-series Consistency

The Approach 1 of uncertainty analysis was performed according to the IPCC 2006 GL. Approach 2
uncertainty estimation was not performed due to lack of input data. Availability of inputs is the most
facing issue in these categories. The amount of methane from underground mining is naturally
fluctuating. The direct measurements of the CH4 emissions from the ventilated air are with the £20% of
accuracy depending on the measurement’s installation. The repeatability of the measurements
increases the accuracy up to £5%. For the continual measurements during 2 weeks, the uncertainty is
in the range of £10-15%.

The emissions inventory of fugitive methane emissions from fuels were revised in the previous years,
the chosen emission factors for underground coal mining and handling correspond to the national
circumstances in the Slovak mining industry. The important reason for this opinion is an occurrence of
brown coal underground mines with mainly non-gaseous system in deep shafts. In addition, new
emission factors (IPCC 2006 GL, Table 4.2.4) were used for the entire time series. The methodology in
these categories is consistent during time series and across the main types of fuels.

3.5.3. Category-specific QA/QC and Verification Process

The verification process in the category 1.B.1 is based on cross-checking of input data from the mining
companies and the comparison with the sectoral statistical indicators from the Ministry of Economy of
the Slovak Republic and the SU SR. More information can be find in the Chapter 3.5.6 (Figure 3.15).

The verification process in the category 1.B.2 is based on cross-checking the input data from the supplier
companies Nafta, a.s. (oil), Transpetrol, a.s. (oil), Eustream, a.s. (natural gas) and the SPP -
Distribution, a. s. (natural gas) with the statistics from the Ministry of Economy of the Slovak Republic
and the Statistical Office of the Slovak Republic (SU SR).

For the inventory preparation and verification of currently used methodology, the fugitive emissions from
NG were estimated also with the use of data provided directly by (bottom-up approach):
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= Eustream, a. s.; as the company responsible for the transmission and storage of the NG and
venting (categories 1.B.2.b.4 and 1.B.2.c.1.ii);

= Slovensky plynarensky priemysel — distriblcia a.s (SPP-Distribution, a. s.); as the in-country
distributor of natural gas (NG) reported in the category distribution of NG (1.B.2.b.5);

= Nafta, a. s.; as the exclusive company responsible for oil and NG production in Slovakia.

In this submission, further information on the status of implementation of recommendation is providing.
Slovakia after cross-check of activity data, changed reported data from statistical data to plant based
data. Each company, except of Transpetrol, a. s., is providing the activity data (production, processing
and transport) and also with directly measured emissions of CH4. Slovakia used these data to
recalculate time-series for most of the fugitive emissions categories.

Further improvements are expected to be implemented into NG distribution category (1.B.2.b.5) but
these data are not fully verified and will be reported in the next submissions. The SPP-Distribution, a. s.,
as the second large contributor to the emissions in this category, provided fugitive emissions from
distribution of natural gas. These emissions are considered as difference between distribution input and
real consumption (output). The difference is reported as distribution losses, but there is a high
uncertainty caused by real consumption measurement inaccuracy. In addition, the SPP-Distribution,
a. s. sent in a beginning of the year 2021 methodological background document to support measured
data on natural gas losses during transfer and distribution. This document is not translated in English,
but there is a description of distribution losses and fugitive emissions from pipeline system, type of
measurements made in a company and uncertainty assessment. Also in 2023 should be approved new
MRV on the EU level. This will be published as a directive and will harmonize the calculation of fugitive
emissions from natural gas distribution across EU. This calculation will be published in 2023 — 2024 as
CEN/ISO standard. After that the Slovak Republic will report fugitive emissions from natural gas
distribution according to the new regulations and calculations.

In addition, improvements in the CO2 emissions estimation based on direct measurements of the
content of natural gas are planned for next submissions.

The background documents are archived by the sectoral experts and in the central archiving system of
the SNE at the SHMU.

3.5.4. Category-specific Recalculations

This chapter describes the recalculations of emissions from fugitive emissions and its subcategories
with respect to the previous submission caused by implementation of the 2019 Refinements to the 2006
IPCC Guidelines (2019 RF), most of the categories were recalculated. The list of recalculations is
provided in this chapter.

Revision of activity data — Based on the 2019 RF methodology, Slovakia revised all activity data for each
fugitive emissions subsectors and added new activity to the subsector 1.B.1.b Solid fuel transformation.
The added activity was coke production. For the category 1.B.2.b three new activity data sources were
identified according to the 2019RF: Post-Meter emissions from natural gas for appliances, CNG vehicles
and industrial plants.

Revision of methodology — Based on the 2019 RF methodology, new emission factors were
implemented across the whole sector. Venting and flaring emission factors were unified with the
appropriate fugitive emissions EF. This resulted in major decrease of emissions in the subsector 1.B.2.c
and relocation of emissions causing usage of notation key “IE”. Also new subsector for fugitive emissions
from natural gas were introduced — Post-Meter fugitive emissions from natural gas. These emission had
to be due reporting software restrictions reported as 1.B.2.d Other.
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CO3 recalculations 1.B

Table 3.48 shows the recalculations of CO2 emissions for categories of 1.B — Fugitive emissions.
Recalculations of CO2 emissions in 1990 — 2021 are due to implementation of new methodologies,
activity data and updated emission factors.

Table 3.48: Differences in CO, emissions between previous submission and current submission
caused by recalculations

1B . 1Bla | 1B1b | 1B2a | 1B2b | 1B2c | 1Ba2d
YEAR
Gg

1990 52.63 0.75 NO 39.67 16.54 -4.34 0.01
1901 44.43 0.61 NO 32.83 14.86 -3.88 0.01
1992 39.95 0.56 NO 28.36 14.38 -3.36 0.01
1993 43.83 0.50 471 28.01 14.09 -3.49 0.01
1994 47.24 0.46 471 31.14 14.55 -3.63 0.01
1995 49.89 0.45 471 33.56 15.25 -4.08 0.01
1996 50.05 0.43 471 33.92 14.85 -3.87 0.01
1997 49.64 0.42 471 34.02 13.98 -3.50 0.01
1998 50.88 0.39 471 34.57 14.46 -3.25 0.01
1999 52.30 0.39 6.28 34.71 14.26 -3.35 0.01
2000 52.03 0.36 7.85 34.47 12.28 -2.94 0.01
2001 53.68 0.37 9.42 34.63 12.09 -2.85 0.01
2002 108.78 0.38 64.37 35.19 11.50 -2.67 0.01
2003 116.54 0.69 70.65 34.97 12.65 -2.43 0.01
2004 119.76 1.64 72.22 35.12 12.83 -2.06 0.01
2005 122.10 161 75.36 34.13 12.70 171 0.01
2006 177.45 2.29 130.31 34.25 12.27 -1.73 0.06
2007 180.00 2.11 131.88 36.00 11.40 -1.53 0.06
2008 180.98 1.94 133.45 35.01 11.57 -1.05 0.06
2009 170.67 1.93 125.60 34.02 9.99 -0.93 0.06
2010 49.23 101 4.74 32.49 10.88 -0.85 0.06
2011 54.34 1.61 6.64 35.74 11.27 -0.98 0.06
2012 47.44 1.50 6.75 32.10 7.93 -0.90 0.06
2013 50.90 1.48 6.28 34.79 9.08 -0.78 0.06
2014 47.06 2.19 6.59 30.94 8.07 -0.79 0.06
2015 52.19 1.01 6.28 35.26 9.45 -0.77 0.06
2016 48.03 2.25 2.27 33.94 10.20 -0.69 0.06
2017 52.42 3.33 6.28 32.77 10.73 -0.75 0.06
2018 52.40 431 6.44 32.16 10.00 -0.57 0.06
2019 50.72 3.69 6.28 30.08 11.24 -0.63 0.06
2020 56.18 3.49 5.97 37.76 9.30 -0.39 0.06
2021 48.84 3.60 6.28 32.42 6.87 -0.38 0.06

CHgs recalculations 1.B

Table 3.49 shows the recalculations of CH4 emissions for categories of 1.B — Fugitive emissions.
Recalculations of CH4 emissions in 1990 — 2021 are due to implementation of new methodologies,
activity data and updated emission factors.

Table 3.49: Differences in CH4 emissions between previous submission and current submission
caused by recalculations

1B . 1Bla | 1B1b | 1B2a | 1B2b | 1B2c | 1B.a2d
YEAR oo
1990 055 | 108 | NO . 012 | 180 | -0055 | 133
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A 1B 1B.la 1.B.1b 1B.2.a 1.B.2.b 1.B.2.c 1.B.2d
Gg
1991 0.10 0.87 NO -0.11 -2.00 -0.054 1.28
1992 -0.06 0.79 NO -0.09 -2.14 -0.046 1.32
1993 -0.08 0.72 0.13 -0.09 -2.15 -0.050 1.36
1994 0.05 0.66 0.13 -0.10 -1.92 -0.051 1.33
1995 0.00 0.62 0.12 -0.11 -1.98 -0.056 141
1996 -0.28 0.58 0.12 -0.11 -2.24 -0.054 1.42
1997 -0.43 0.55 0.12 -0.10 -2.39 -0.048 1.45
1998 -0.57 0.52 0.10 -0.10 -2.52 -0.045 1.47
1999 -0.78 0.50 0.12 -0.11 -2.71 -0.050 1.48
2000 -0.80 0.48 0.13 -0.10 -2.74 -0.044 1.48
2001 -0.93 0.46 0.14 -0.10 -2.93 -0.041 1.53
2002 -0.62 0.44 0.51 -0.10 -2.87 -0.039 1.44
2003 -0.16 0.62 0.55 -0.09 -2.62 -0.032 141
2004 0.56 1.39 0.56 -0.09 -2.60 -0.029 1.33
2005 -0.11 1.25 0.58 -0.08 -3.07 -0.023 1.24
2006 6.99 1.91 0.94 -0.08 -2.72 -0.021 6.96
2007 7.20 1.99 0.95 -0.08 -2.58 -0.021 6.94
2008 7.10 1.84 0.96 -0.08 -2.65 -0.014 7.05
2009 7.30 1.67 0.90 -0.07 -2.11 -0.011 6.93
2010 6.46 1.52 0.11 -0.07 -2.05 -0.010 6.97
2011 6.45 1.48 0.12 -0.08 -2.11 -0.011 7.04
2012 6.51 1.39 0.12 -0.07 -1.93 -0.008 7.01
2013 6.53 1.36 0.11 -0.07 -1.88 -0.008 7.02
2014 7.01 1.29 0.12 -0.06 -1.21 -0.009 6.89
2015 6.90 0.96 0.12 -0.07 -1.00 -0.009 6.90
2016 6.92 1.01 0.09 -0.07 -1.03 -0.008 6.93
2017 7.03 1.12 0.11 -0.07 -1.08 -0.006 6.95
2018 6.87 1.07 0.12 -0.06 -1.24 -0.005 7.00
2019 6.74 1.14 0.11 -0.06 -1.49 -0.005 7.04
2020 6.61 1.12 0.09 -0.07 -1.61 -0.003 7.08
2021 7.02 1.05 0.12 -0.06 -1.29 -0.004 7.21

N2O recalculations 1.B
Table 3.50 shows the recalculations of N2O emissions for categories of 1.B — Fugitive emissions.
Recalculations of N2O emissions in 1990 — 2021 are due to implementation of new methodologies,

activity data and updated emission factors.

Table 3.50: Differences in N2O emissions between previous submission and current submission

caused by recalculations

1B | 1.B.1.b | 1.B.2.a | 1.B.2.c

YEAR
kg

1990 552.76 NO 541.24 11.52
1991 449.35 NO 440.61 8.74
1992 388.47 NO 380.81 7.66
1993 619.72 240.00 372.39 7.33
1994 666.52 240.00 418.43 8.09
1995 699.11 240.00 449.66 9.45
1996 705.70 240.00 456.97 8.73
1997 711.35 240.00 463.36 7.99
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o 1.B 1.B.1.b 1.B.2.a 1.B.2.c
kg
1998 721.41 240.00 474.15 7.26
1999 798.78 320.00 472.32 6.45
2000 878.86 400.00 473.45 5.40
2001 964.18 480.00 478.41 5.77
2002 3773.96 3280.00 488.68 5.28
2003 4098.25 3600.00 492.07 6.17
2004 4181.64 3680.00 497.03 4.61
2005 4 331.04 3840.00 487.03 4.02
2006 7 135.68 6 640.00 490.77 491
2007 7 241.61 6 720.00 518.09 3.53
2008 7 311.37 6 800.00 508.69 2.68
2009 6 898.51 6 400.00 495.90 2.61
2010 717.81 241.60 474.41 1.80
2011 860.93 338.40 521.22 1.32
2012 813.62 344.00 469.71 -0.10
2013 831.73 320.00 510.78 0.95
2014 789.68 336.00 454.14 -0.46
2015 838.25 320.00 518.04 0.20
2016 615.88 115.76 499.21 0.91
2017 801.66 320.00 483.46 -1.80
2018 803.17 328.00 474.80 0.36
2019 762.60 320.00 444.48 -1.88
2020 863.80 304.00 560.10 -0.30
2021 800.62 320.00 479.11 1.51
3.5.5. Category-specific Improvements and Implemented

3.5.6.

Recommendations
In this report the 2019 Refinements to the 2006 IPCC Guidelines were implemented.

Solid Fuels (CRF 1.B.1)

Coal mining and handling (CRF 1.B.1.a) — 868.51 kt of brown coal was mined from underground mines
in the Slovak Republic in 2022, mostly for domestic consumption (energy industry and households).
Total methane emissions from the underground coal mining were estimated to be 8.88 Gg (6.17 Gg of
CH4 from mining activities, 0.52 Gg of CH4 from post-mining activity and 2.18 Gg from abandoned
mines) in 2022. Total CO2 emissions from the underground coal mining were estimated to be 14.21 Gg

in 2022.
Table 3.51: Overview of fugitive emissions from mining and post-mining activities in particular years
CH. CHq
CH,4 CH, Ao emissions CO;
Br:)c;/\c/jr;gggl emissions recovery ;errgrl:yggts_ from ;—r?]tlglsg;'é emissions
YEAR | P from mining | from mining D abandoned from mining
mining mines
kt Gg
1990 3456.00 25.143 NO 2.086 1.046 28.275 19.030
1995 3759.10 27.437 NO 2.267 0.617 30.321 21.542
2000 3649.30 26.620 NO 2.201 0.478 29.299 21.513
2005 2511.20 13.340 NO 1.514 1.250 17.423 20.781
2010 2377.53 13.894 NO 1.434 1.487 16.814 19.740
2015 1939.33 11.324 NO 1.169 1.225 13.719 19.513
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CH. CH,
ETENT) Ee] emi?;ii)ns recco|-\|/ltlery CTITERIENS emflrscfrfns Tot_al .CH" emics)izons
YEAR ez from mining | from mining ""’T‘ POSt_ abandoned emissions from mining
mining mines
kt Gg
2016 1847.13 10.845 NO 1.114 1.443 13.402 18.617
2017 1834.00 9.286 NO 1.106 1.618 12.010 21.398
2018 1502.00 7.342 NO 0.906 1.908 10.156 18.642
2019 1431.00 8.126 NO 0.863 1.855 10.844 17.891
2020 980.00 5.750 NO 0.591 1.806 8.146 12.261
2021 1074.00 6.172 NO 0.648 1.826 8.646 13.430
2022 868.51 6.172 NO 0.524 2.180 8.876 14.214

Solid fuel transformation (CRF 1.B.1.b) — total CO2 eq. emissions from this category were 12.87 kt in
2022. Fugitive methane emissions from charcoal production and coke production in the Slovak Republic
is reported in this category. Charcoal production is reported in the FAO database since 1993. The
production of wood charcoal is included in this category and CH4 emissions were estimated for the years
1993 — 2022. Total volume of wood charcoal produced in Slovakia was 4 000 t in 2022. Total CH4
emissions were 0.12 Gg in 2022. According to the new 2019 RF methodology it is possible to estimate
also CO:2 and N20 emission, as well as CH4 emissions from coke production. CO2 emissions from coke
production are already included in the carbon balance in 1.A.1.c. Total coke production was 1 450 kt in
2022 and producing 0.07 kt of CH4 emissions in 2022.

Methodological issues

Coal mining and handling (CRF 1.B.1.a) — Total emissions from fugitive sources in coal mining industry
can be calculated by the following formula:

CH4 = underground mining emissions + post-mining activity emissions - recovery or flared methane
with cogeneration + emissions from abandoned mines

According to the 2019 Refinements to the 2006 IPCC GL (2019 RF), tier 2 and the country specific EFs
were used. The amount of mined brown coal (in the raw form) is the primary activity data. For the
calculation of fugitive methane emissions from mining activities the emission factors from the following
source were used:

= International Energy Agency - CIAB Global Methane and the Coal Industry. Emission factors
based on the International Energy Agency CIAB methodology were assigned according to the
depth of the mines for mining within 6 a 13 m3 CHa/t and 0.9 m?3 CHa/t for post-mining activity.

For comparison reasons, fugitive emissions were estimated based on the EFs from different source:
= |PCC 2006 Guidelines for National Greenhouse Gas Inventories (IPCC 2006 GL) and also 2019
Refinements to the 2006 IPCC GL, Volume 2: Energy Chapter 4: Fugitive Emissions: 4.1 fugitive
emissions from mining, processing, storage and transportation of coal. According to the
Refinements, the emission factor is identical for all mines without depth differentiation with the
values of 10 m3 CHa/t for coal mining and 0.9 m3 CHa/t for post-mining activities.

= Measurements of EF CHa4 as specified by the mines operator - HBP, a.s. The emission factors
estimated by the HBP, a.s. mine operator on the base of measured concentration values of the
methane in the air ventilation was assigned for one single mine according to the suggestion of
the operator. These emission factors are underestimated.

The emission factors for post-mining activities were used from the IPCC 2019 RF (for mining without
drainage with known gas amount). In the coal after mining is present 30% of gas and 10% of gas for
mines with pre-drainage. Overview of emission factors is presented in Table 3.52.
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Based on the national circumstances and in accordance with the conservative principle of the IPCC
2006 GL, it was decided to calculate fugitive methane emissions in the period 1990 — 2021 on the base
of coal production from underground mines obtained from the official sources and emission factors
according to the methodology IEA-CIAB Global Methane and the Coal Industry selected for the depth
of the mines (Table 3.52, point 2).

Table 3.52: Coal production, characteristics of mines and the emission factors for mining and post-
mining in single mines in the Slovak Republic in 2022

EF CH,4
COAL DEPTH 1. 2019 RF 2. IEA - CIAB 3. HPB, a.s.
MINE PRODUCTION | OF MINE vining r,z?,?,f,g vining r,z?,?,f,g vining r,z?,?,f,g

tlyear m m3/t
Mine Novaky 751 650 200 10 0.9 6 0.9 0.92 0.39
mg‘;'\'o"éky 6" logging NO 200 10 0.9 6 0.9 4.17 0.46
Mine Cigefl NO 500 10 0.9 13 0.9 0.00 0.00
Mine Cigel 7" logging place NO 500 10 0.9 13 0.9 4.17 0.46
Mine Handlova NO 500-1500 10 0.9 13 0.9 0.00 0.00
Mine Handlova east shaft NO 500-1500 10 0.9 13 0.9 4.17 0.46
Mine Dolina NO 600 10 0.9 13 0.9 0.02 0.01
Mine Cary 116 860 400 10 0.9 13 0.9 0.02 0.01

The fugitive methane emissions were partly used for electricity and heat cogeneration between 2007
and 2014 in the east shaft of mine Handlova and did not occur after 2015. Using emission factors
according to the depth of mine (IEA-CIAB), the appropriate EF is estimated for each mine and the total
emissions from mining are summarised. The average methane EF for mining activities was 4.65 kg/t in
2022.

Five localities of underground mines operated by two companies are in the Slovak Republic. Data of
coal production from the underground mines were obtained from official sources (MH SR, SU SR) and
directly from the companies: Hornonitrianske bane Prievidza (HBP) and previously also from Bana
Dolina Velky Krti§ (BD). According to the Regulation of the Slovak Office of Mines No 21/1988 Caoll.,
mines are differentiated based on gas release as follows:

= HBP, a.s. Prievidza:
— Mine Cigel — non-gaseous (closed in July 2017)
— Mine Cigel 7" logging place - gaseous,
— Mine Handlova — gaseous,
— Mine Novaky — gaseous,
— Mine Céry Holi¢ — gaseous;
= Bana Dolina Velky Krti§ — gaseous (closed).

Figure 3.15 shows the comparison of trends in estimated CH4 emissions in the Slovak Republic in the
years 1990 — 2020 according to different emission factors (IPCC 2006 GL, IEA-CIAB methodology and
EF(CH4) measured by HBP, a.s. Prievidza). In a case of emissions calculation with use of the IPCC
emission factors, the trend of CH4 fugitive emissions is declining in accordance with the reduction of
coal mining in the Slovak Republic (tier 1). The application of EF (CH4) specified by the mine operator
(HBP, a. s.) shows the increasing trend of fugitive emissions CH4 in contradiction with the decrease in
coal mining activity. It is due to the move of coal mining to the parts of mines with coal containing more
gas. Using these plant specific emission factors is not in accordance with the good practice, because
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measurements are not certified and they are not carried out continuously and on more sites. The
emissions can be underestimated.

Figure 3.15: Comparison of CH4 (t) emissions trends in the Slovak Republic in years 1992 — 2022
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CH4 emissions from post-mining activities are presented in mined coal and released into the atmosphere
during the manipulation and storage of coal. The measurements of these emissions are not carried out
so the emissions are estimated with the default emission factors based on coal mined. It is assumed,
that 25-40% of CH4 is present in the coal. It is recommended to use the emission factor 30% for the
mines without drainage and the emission factor 10% for the pre-drainage mines. The average emission
factor used for the emissions estimation from post-mining activities based on the IEA-CIAB methodology
is 0.9 m3/t (0.603 kg/t) in 2022.

CO: emissions estimation from coal mining is based on expert judgement provided by the Department
of Ventilation and Drainage of the HBP, a. s. company. Annual quantities of mining winds and average
CO: concentration are measured as part of the safety protocols. This is an approximation with respect
to the accuracy of the measuring instruments for measuring the mining air. The mine Cary has the same
depth as the mines of the HBP, a. s. company, therefore the same EFs were used. There is no
production registered in other mines in 2022.

Table 3.53: Overview of CO» emission factors for single mines in the Slovak Republic in 2022

MINE COAL PRODUCTION EF EMISSIONS CO,
tlyear t CO./t tlyear

Mine Novaky 751 650 0.0125351 9281

Mine Cary 116 860 0.012340 1442

TOTAL 865 510 0.012509 10723

Solid Fuel Transformation (CRF 1.B.1.b) —fugitive emission from solid fuel transformation have been
calculated by the IPCC tier 1 default approach with using 2019 Refinements to the 2006 IPCC
Guidelines. This category includes fugitive emissions from charcoal, biochar and coke production. The
GHG emissions from charcoal and coke combustion are included in the Energy sector, where the activity
data represents the quantity of production excluding export.

Production of charcoal and coke in Slovakia were obtained from the official FAO statistic for charcoal
and the Statistical office of the Slovak Republic for coke. A higher production of charcoal was recognised
in years 2002 — 2009. This issue was also consulted with the Ministry of Agriculture of the Slovak
Republic (responsible for FAOSTAT) but it was not possible to reconstruct the reasons of this trend.
CO:2 emissions occur only in charcoal production and are considered as biomass origin, thus should be
reported as memo items. CO2 emissions from coke production are based on the carbon content are
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balanced and reported in the Energy sector under the EU ETS. There is no biochar production in

Slovakia.

Table 3.54: Charcoal and coke production and fugitive emissions in particular years

VEAR pcr::g{l?:(t)iaoln procc:i?llc(:?ion CO; emissions CH4 emissions N2O emissions
Gglyear Gglyear Gglyear Gglyear Gglyear
1990 0.00 2 340.00 0.00 0.11 0.0000
1995 3.00 1854.00 4.71 0.21 0.0002
2000 5.00 1596.92 7.85 0.28 0.0004
2005 48.00 1740.00 75.36 2.02 0.0038
2010 3.02 1550.01 4.74 0.20 0.0002
2011 4.23 1520.01 6.64 0.24 0.0003
2012 4.30 1470.01 6.75 0.25 0.0003
2013 4.00 1440.01 6.28 0.23 0.0003
2014 4.20 1470.01 6.59 0.24 0.0003
2015 4.00 1530.01 6.28 0.24 0.0003
2016 1.45 1540.01 2.27 0.13 0.0001
2017 4.00 1490.01 6.28 0.23 0.0003
2018 4.10 1500.01 6.44 0.24 0.0003
2019 4.00 1320.01 6.28 0.23 0.0003
2020 3.80 1110.00 5.97 0.21 0.0003
2021 4.00 1 626.00 6.28 0.24 0.0003
2022 4.00 1 450.00 6.28 0.23 0.0003

Source specific recalculations

Recalculations are described in the chapter 3.5.4.

3.5.7.

Oil and Natural Gas and Other Emissions from Energy Production
(CRF 1.B.2)

The production of oil and natural gas from domestic sources is negligible in the Slovak Republic and the
major share of these stocks comes from import. Fugitive methane emissions from natural gas
distribution and venting are key categories in level assessment. Total CH4 emissions represented
374.63 Gg of CO:2 eq. (13.38 Gg of CH4) in 2022. Total CO2 emissions were 36.69 Gg in 2022. Total
N20 emissions were 4.75 kg in 2022. The major share of emissions belongs to the NG post meter
emissions (50.16%), NG distribution (19.93%) and transmission and storage (8.98%). Production of
natural gas has stabilised in 2022 and represented 2.35% from the total fugitive emissions from oil and
NG activities.
Total fugitive GHG emissions from oil activities (1.B.2.a) were 37.98 Gg of CO: eq. (31.69 t of CO2 and
0.22 t of CH4) in 2022. Total GHG emissions are decreasing continuously due to decrease in production
and storage.

Table 3.55: Trend in fugitive emissions from oil activities in particular years

1.B.2.aOIL
1.B.2.a.2 Production 1.B.2.a.3 Transport 1.B.2.a.4 Refining/Storage
VEAR Production Emissions Transfer Emissions g?gp;ggl Emissions
kt tCO; tCH,4 kt tCO, | tCHa4 kt kt CO, tCH4 tN2O
1990 73.14 3290.43 | 212.83 | 13581.00 | 6.65 | 73.34 6 221.14 36.39 186.63 0.54
1995 74.25 3340.37 | 216.06 | 13581.00 | 6.14 | 67.66 5168.47 30.24 155.05 0.45
2000 59.00 2654.41 | 171.69 | 9300.00 | 4.56 | 50.22 5442.00 31.84 163.26 0.47
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1.B.2.a OIL

1.B.2.a.2 Production 1.B.2.a.3 Transport 1.B.2.a.4 Refining/Storage
VEAR Production Emissions Transfer Emissions g‘fggggl Emissions

kt t CO, tCH, kt tCO, | t CHy kt kt CO, tCHs | tNO
2005 31.00 1394.69 | 90.21 | 10662.34 | 5.22 | 57.58 5598.00 32.75 167.94 0.49
2010 13.08 588.60 38.07 | 10075.33 | 4.94 | 54.41 5 453.00 31.90 163.59 0.47
2015 9.59 431.27 | 27.90 | 9932.04 | 4.87 |53.63 5954.53 34.83 178.64 | 0.52
2016 8.36 376.03 | 2432 | 9171.32 | 4.49 | 49.53 5738.02 33.57 172.14 | 0.50
2017 5.78 259.82 | 16.81 | 9582.25 | 4.70 | 51.74 5557.00 32,51 166.71 | 0.48
2018 5.14 231.25 | 14.96 | 9460.16 | 4.64 | 51.08 5457.49 31.93 163.72 | 0.47
2019 4.34 195.12 | 12.62 | 8997.64 | 4.41 | 48.59 5109.01 29.89 153.27 | 0.44
2020 2.09 94.03 6.08 9974.83 | 4.89 | 53.86 6 437.93 37.66 193.14 | 0.56
2021 4.56 205.02 | 13.26 | 8819.00 | 4.32 | 47.62 5507.00 32.22 165.21 | 0.48
2022 2.14 96.14 6.22 9595.06 | 4.70 | 51.81 5 400.00 31.59 162.00 0.47

Figure 3.16: The share of individual activities in fugitive emissions of oil and natural gas in 2022
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Total fugitive GHG emissions from natural gas activities (1.B.2.b) were 156.02 Gg of CO: eq. (4.86 Gg
of CO2 and 5.40 Gg of CHa4) in 2022. Despite the expansion of the distribution system, the trend of the
fugitive emissions from distribution of the natural gas in the Slovak Republic is decreasing in line with
the decrease of natural gas transit.

Table 3.56: Trend in fugitive emissions from NG activities in particular years

1.B.2.b NATURAL GAS

1.B.2.b.2 Production 1.B.2.b.3 Processing 1.B.2.b.4 Transmission and storage

YEAR Proodnucti Emissions Pro:;ssi Emissions Transfer Emissions
mil m? t CO, t CH, mil m? t CO, t CH, mil m? t CO, t CHy

1990 | 444.00 1753.80 2548.56 | 444.00 4195.80 333.00 73 600.00 11 040.00 35 328.00
1995 | 344.00 1 358.80 1974.56 | 344.00 3250.80 258.00 73 600.00 11 040.00 27 968.45
2000 | 173.00 683.35 993.02 173.00 1634.85 129.75 68 600.00 10 290.00 19 208.84
2005 | 147.00 580.65 843.78 147.00 1389.15 110.25 73 900.00 11 085.00 13 303.35
2010 94.03 361.99 526.04 94.03 866.03 68.73 65 302.00 9 795.30 5225.75
2015 84.57 338.22 491.49 84.57 809.16 64.22 55 800.00 8 370.00 1 392.80
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1.B.2.b NATURAL GAS

1.B.2.b.2 Production 1.B.2.b.3 Processing 1.B.2.b.4 Transmission and storage
YEAR Proodnucti Emissions Pro:gessi Emissions Transfer Emissions
mil m3 tCO, t CH4 mil m? tCO, t CH4 mil m3 tCO, tCH,
2016 | 87.89 350.33 509.09 87.89 838.14 66.52 60 600.00 9 090.00 1450.61
2017 | 87.29 347.29 504.67 87.29 830.86 65.94 64 200.00 9 630.00 1465.26
2018 | 84.15 334.76 486.46 84.15 800.88 63.56 59 700.00 8 955.00 866.75
2019 | 73.60 292.57 425.15 73.60 699.94 55.55 69 060.00 | 10 359.00 809.90
2020 | 65.26 257.87 374.73 65.26 616.93 48.96 56 980.00 8 547.00 1059.67
2021 | 65.33 258.07 375.02 65.33 617.40 49.00 40 362.00 6 054.24 1197.89
2022 | 55.61 219.66 319.21 55.61 525.52 41.71 25 772.86 3865.93 111091
1.B.2.b NATURAL GAS
1.B.2.b.5 Distribution 1.B.2.b.6 Other
YEAR
Distribution Emissions Storage Emissions
mil m® t CO, t CHy mil m* tCO, t CHy
1990 6 666.00 133.32 4132.92 1.00 0.04 0.29
1995 6 485.00 129.70 4 020.70 159.40 6.38 46.23
2000 7 136.00 142.72 4 424.32 524.30 20.97 152.05
2005 7 399.00 147.98 4587.38 50.00 2.00 14.50
2010 6 098.00 121.96 3780.76 3435.21 137.41 996.21
2015 4 639.00 92.78 2876.18 4017.26 160.69 1165.01
2016 4716.00 94.32 2923.92 3969.67 158.79 1151.20
2017 4901.25 98.02 3038.77 4 246.87 169.87 1231.59
2018 4777.99 95.56 2962.35 3724.15 148.97 1 080.00
2019 4 841.46 96.83 3001.70 3129.80 125.19 907.64
2020 5003.88 100.08 3102.40 2783.82 111.35 807.31
2021 5471.00 109.42 3392.02 4 368.00 174.72 1266.72
2022 4 463.69 89.27 2767.49 3997.00 159.88 1159.13

Total fugitive GHG emissions from flaring and venting activities (1.B.2.c) were 0.21 Gg of CO:z eq.
(0.21 Gg of CO2 and 3.73 kg of N,O) in 2022 (Table 3.57). Major emission decrease is caused by

change in the Tier 1 methodology and emissions factors. According to the 2019 RF in most categories
are now in the emissions factors also included emissions from venting and flaring of oil and natural gas.
Separately are reported only directly measured emission (Tier 3) and emissions with no new emission

factors.

Table 3.57: Trend in fugitive emissions from venting and flaring activities in particular years

1.B.2.c.1 VENTING 1.B.2.c.2 Flaring 1.B.2.c.2 Flaring

YEAR 1.B.2.c.1l.ii Gas 1.B.2.c.2.i Oil 1.B.2.c.2.ii Gas
CO; (t) CH4 (1) N,O (t) N.O (t)

1990 228.16 23 552.00 0.049 0.030
1995 228.16 20 624.96 0.048 0.023
2000 212.66 16 495.62 0.040 0.012
2005 229.09 14 831.10 0.021 0.010
2010 202.44 10 508.53 0.009 0.006
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1.B.2.c.1 VENTING 1.B.2.c.2 Flaring 1.B.2.c.2 Flaring

YEAR 1.B.2.c.1.ii Gas 1.B.2.c.2.i Oil 1.B.2.c.2.ii Gas
CO, (t) CHy (t) N, O (t) NO (t)

2015 172.98 1 868.81 0.006 0.006
2016 187.86 1984.26 0.006 0.006
2017 199.02 1731.17 0.004 0.006
2018 185.07 144256 0.003 0.006
2019 214.09 1648.17 0.003 0.005
2020 176.64 2 003.84 0.001 0.004
2021 125.12 1373.36 0.003 0.004
2022 79.90 790.46 0.001 0.004

The 2019 RF also introduced sources of fugitive emissions. These sources are poste-meter emissions
from using CNG vehicles, appliances in households and services and fugitive emissions from industrial
plants, where natural gas is combusted. The share of these emissions on the total fugitive emissions
from oil and natural gas was 47% (195.24 CO: eq.). Overview of these emissions is summarized in
Table 3.58.

Table 3.58: Trend in fugitive emissions from other activities in particular years

1.B.2.d Other (Poste-meter emissions)

YEAR _ Industrial CO,

CNG cars | CO; () CHa (1) Appliances | COx (t) CH, (t) plan::a)(mn. ) CHa (1)
1990 NO NO NO NE NE NE 3319.38 | 10.95 1327.75
1995 NO NO NO NE NE NE 3528.17 | 11.64 1411.27
2000 40 0.0001 0.12 NE NE NE 3692.88 12.19 1477.15
2005 158 0.0004 0.47 NE NE NE 3097.17 10.22 1 238.87
2010 289 0.0007 0.87 1496 033 49.37 5984.13 2 453.04 8.10 981.22
2015 1398 0.0032 4.19 1510532 49.85 6 042.13 2 136.90 7.05 854.76
2016 1541 0.0035 4.62 1514 666 49.98 6 058.66 2 165.34 7.15 866.13
2017 1750 0.0040 5.25 1514 262 49.97 6 057.05 2 214.59 7.31 885.84
2018 1980 0.0046 5.94 1519 409 50.14 6077.64 | 2279.11 7.52 911.64
2019 2063 0.0047 6.19 1522 827 50.25 6091.31 | 236551 7.81 946.20
2020 2095 0.0048 6.29 1527512 50.41 6110.05 | 2416.83 7.98 966.73
2021 2146 0.0049 6.44 1529 546 50.48 6118.18 | 2707.13 8.93 1082.85
2022 2218 0.0051 6.65 1532244 50.56 6128.98 | 2087.94 6.89 835.18

Methodological issues

The fugitive emissions from oil and natural gas in the Slovak Republic were calculated according to the
2019 Refinements to the IPCC 2006 GL using default tier 1 approach.

Emissions from NG transition and storage (fugitive and venting) were calculated using the OGMP 2.0
methodology (Oil and Gas Methane Partnership) on tier 4 approach, which is complementary with the
IPCC tier 3 approach. Combination of direct measurements and modelling was used. The calculation
were made by Eustream, a. s. and afterwards analysed and verified by the national expert. Throughout
description of the methodology is available in Slovak language. This data provided the base for
recalculation of the whole time-series of NG transmission. Trend analysis and calculation was used to
back-recalculated emissions to the base year 1990. Since the year 2013, direct emissions
measurements based on the data from the Eustream, a. s. company are reported. These data are in
line with official reports of the company to the other national or international organisations.

127



Eustream, a. s. uses plant specific methodology for emissions estimation as fugitive emissions from
compressors, accidents and planned repairs. Specific compressor stations and transmission system is
described on the webpage of Eustream, a.s.1” (according to the ERT recommendation E.6 based on the
draft SVK ARR 2022 delivered on 28" February 2023). To monitor each of these possibilities infrared
cameras are used.

Despite the expansion of the distribution system, the trend in fugitive CH4 emissions from distribution of
natural gas in the Slovak Republic is decreasing. This decrease is caused by the decrease of natural
gas transit. When comparing the methods used for fugitive methane emissions estimation, it is clear that
disaggregation of the gas and oil industry in the major categories and subcategories, according to the
principles of "good practice” is important. Emissions balance is prepared separately for each
subcategory. Considering that the oil and natural gas industry is well developed in the Slovak Republic.

Source specific recalculations

Recalculations are described in the chapter 3.5.4.

3.6. International Bunker Fuels (CRF 1.D.1)

International bunkers category includes emissions from the International Aviation (1.D.1l.a) and
International Navigation (1.D.1.b). These emissions are excluded from the national totals. This report
uses the GWP 100 based on IPCC Assessment report 5 for the year 2022. The difference between
emission based on GWP 100 IPCC Assessment report 4 (AR4) and 5 (AR5) are shown in previous SVK
NIR 2023.

3.6.1. International Aviation (1.D.1.3)

Since 1990 to 2004, the Slovak Republic has been estimating the emissions from the international
aviation based on the information provided by the airports about LTO cycles and fuel consumption. The
expert approach was used for processing of activity data and disaggregation of fuels into national and
international flights in the previous submissions. In this submission, the share was intended as constant
value for the years 1990 — 2004 based on trend in years 2005 — 2021. Based on the national
circumstances (size of country), the international aviation occurs more frequently than the national
aviation. EUROCONTROL data was used in this submission for time series 2005 — 2022, data on the
emissions, fuel consumption and division of domestic and international flights.

The GHG emissions estimation was performed based on the fuels sold at the Slovak airports (Bratislava,
Kosice, Poprad, Slia&, and Zilina) in the period 1990 — 2004. In 2022, the emissions in the international
civil aviation represented 131.57 Gg of CO:2 eq. The decrease of emissions after 2008 is explained by
the recession of economy and cancelling of many regular flights operated by the foreign companies at
Bratislava airport. In recent years, the international aviation begins its rise back to pre-2008 emissions
as Bratislava and KoSice are a base for low-cost companies (WizzAir, Ryanair, Flydubai, and Eurowings)
as well as Austrian Airlines. The major decrease of emissions in 2020 is caused by the COVID pandemic
and cancelation of many regular flights. Methodology for emissions estimation in this category is
consistent with the methodology used in the domestic aviation and is described in the Chapter 3.2.8 of
this Report.

17 Eustream, a. s. transmission system: https://www.eustream.sk/en/transmission-system/grid-information-map-transmission-
network/mapa-prepravneho-systemu/
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The Slovak Republic has used a tier 1 based on fuel sold, both for aviation gasoline and jet kerosene
for 1990 — 2004. In the previous submissions, there were used expert judgment on the sharing of
domestic and international flights. According to previous recommendations, the share between domestic
and international aviation for the years 1990 — 2004 was estimated by using the trend for the years 2005
— 2021 from the available EUROCONTROL data. The changes are shown in Chapter 3.2.8. The
emission factors of all gases were changed for jet kerosene and aviation gasoline and information is
provided in the Chapter 3.2.8 of this Report.

New EUROCONTROL data published in 2022 were used for emissions’ estimation of aviation transport
for time series 2005 — 2020. The decision follows an analysis of the national data and data obtained
from EUROCONTROL and approved by the Ministry of Transport and Construction of the Slovak
Republic. Aggregated national fuel and emissions balance was calculated using a tier 3 applying the
Advanced Emissions Model (AEM) by EUROCONTROL.

Considering comparison between the EUROCONTROL results and national data on fuel consumption,
emissions and implied emission factors, the following data were considered (taken from
EUROCONTROL results) more accurate and reliable for 2024 inventory preparation:

- calorific values for fuels;

- fuel consumption of aviation gasoline for domestic flights;

- fuel consumption of aviation gasoline for international flights;

- jet kerosene for domestic flights;

- jet kerosene for international flights;

- COg2, CH4 and N20 emissions for all subcategories.
The overview of the international aviation fuels consumption according to the type (aviation gasoline
and jet kerosene) is presented in Table 3.59. For the period 1994 — 2004, data were obtained directly
from the airports” statistics on annual basis. For the period 1990 — 1993, data were based on expert
judgment according to the real LTO cycles in this period. To ensure consistency over time series, NCVs

of fuels were used from EUROCONTROL data. Total consumption of jet kerosene was 1 793.50 TJ and
total consumption of aviation gasoline was 1.72 TJ in international flights in 2022.

Table 3.59: Fuels consumption and GHG emissions in international flights in particular years

AVIATION GASOLINE JET KEROSENE

YEAR CONSUMPTION EMISSIONS CONSUMPTION EMISSIONS

TJ t CO: t CH,4 tN2O TJ t CO: t CH,4 tN2O
1990 7.82 552.964 0.004 0.016 914.43 66 523.27 0.632 1.808
1995 5.18 365.913 0.002 0.010 652.78 47 488.40 0.451 1.290
2000 5.96 421.562 0.003 0.012 644.94 46 918.05 0.446 1.275
2005 1.93 136.798 0.001 0.004 1914.83 139 300.37 1.350 3.785
2010 2.09 147.709 0.001 0.004 1814.71 132 016.84 1.269 3.588
2015 2.19 154.854 0.001 0.004 1982.76 144 242.52 1.334 3.920
2016 3.64 253.476 0.002 0.007 2113.08 153 722.75 1.493 4.177
2017 1.80 127.088 0.001 0.003 2 260.82 164 889.54 1.581 4.481
2018 1.87 131.574 0.001 0.004 2527.74 184 357.20 1777 5.009
2019 1.56 109.722 0.001 0.003 2543.38 185 497.54 1.795 5.041
2020 1.16 80.152 0.001 0.002 750.40 54 590.51 0.574 1.483
2021 1.94 134.390 0.001 0.004 894.18 65 050.29 0.666 1.768
2022 1.72 119.177 0.001 0.003 1793.50 130474.11 1.269 3.546
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Source specific recalculations

This chapter describes the recalculations of emissions. In the NIR 2024 there were no category specific
recalculations made.

3.6.2. International Navigation (CRF 1.D.1.b)

GHG emissions inventory in international navigation transport includes CO2, CH4 and N20O emissions
from shipping activities in the Danube River. The consumption of diesel oil is determined indirectly by
available statistical data on shipping activities of transit in the Slovak part of the Danube River during
the year and the technical parameters of the Danube traction vessels. Total aggregated emissions from
inland shipping included in international navigation reached 17.59 Gg of CO:z eq. in 2022. The decrease
is significant in comparison with the base year but the inter-annual fluctuations are visible also in recent
years. The Slovak Republic used tier 1 approach based on the IPCC 2006 GL. The emissions of
greenhouse gases are calculated from the consumed fuel by diesel motor boats multiplied by emission
factor. The country specific NCVs were used to convert the quantity of fuel consumption in energy units.
The NCVs for diesel fuel blended are shown in the Chapter 3.2.8 of this Report. The emission factors
were taken from the IPCC 2006 GL and GHG emissions were recalculated for time series. Emission
factors used in category 1.A.3.d and 1.D.1.b are identical and shown in Table 3.60.

Table 3.60: The default emission factors in kg/TJ used in navigation for time series

EMISSIONS FACTORS
PARAMETER
DOMESTIC NAVIGATION ‘ INTERNATIONAL NAVIGATION
EMISSIONS kg/TJ
CO; 74 082 74 082
CHy 7 7
N.O 2 2

The Slovak Shipping and Ports Company provided detailed information on diesel oil consumption on
the Danube River. The consumption is allocated between national and international companies. It was
assumed that total fuel sold to international companies is reported in the memo items category (1.D.1.b)
and total fuel sold to national companies (Slovak Water Management Enterprise) is reported in the
domestic navigation (1.A.3.d). This activity represents movements of ships between Slovak ports
(Bratislava, Devin and Komarno cities). This approach was introduced in 2005 and the reallocation of
fuels led to the reallocation between categories 1.A.3.d and 1.D.1.b. The GHG emissions from diesel oll
sold to international transportation in the important Slovak ports Bratislava and Komarno were balanced
is shows in Table 3.61.

Table 3.61: GHG emissions balance of diesel oil sold for shipping companies in particular years

CONSUMPTION EMISSIONS
VEAR tlyear TJ t of CO, t of CH, tof N,O tof CO; eq.
1990 20 500.00 871.48 64 576.6 6.10 1.74 65 209.25
1995 18 066.00 760.14 56 326.7 5.32 1.52 56 878.60
2000 NO NO NO NO NO NO
2005 212.70 8.98 665.2 0.06 0.02 671.76
2010 10 450.21 441.19 32692.0 3.09 0.88 33 012.26
2015 7 008.90 295.38 21887.4 2.07 0.59 22 101.80
2016 6 006.47 253.08 18 753.9 1.77 0.51 18 937.59
2017 5917.84 249.30 18 473.2 1.75 0.50 18 654.19
2018 3482.93 146.67 10 868.4 1.03 0.29 10 974.93
2019 5063.74 213.24 15 793.7 1.49 0.42 15 948.49
2020 4761.25 200.38 14 838.70 1.40 0.40 14 984.18
2021 5457.75 229.70 17 093.03 1.61 0.46 17 259.80
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o CONSUMPTION EMISSIONS
tlyear TJ t of CO, t of CH,4 tof N,O tof CO; eq.
2022 5562.75 235.17 17 421.88 1.65 0.47 17 592.61

The sources of activity data for the period 1994 — 2022 are the Slovak Shipping and Ports Company in
Bratislava, the State Shipping Administration and other international shipping companies operated in
Slovakia in accordance with the annually provided statistical information in water transport. The activity
data for the period 1990 — 1993 are not statistically documented so the expert judgment was performed
on the base of the shipping traffic on the Danube River. The emissions for the year 2000 were estimated
to be negligible, because of increasing prices of diesel oil in the Slovak Republic and decreasing prices
of fuels in the neighbouring countries (market discrepancies).

Figure 3.17: Overview of diesel | oil consumption (TJ) for shipping transport in 1990 — 2022
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Source specific recalculations

This chapter describes the recalculations of emissions. In the NIR 2024, there were no category specific
recalculations made.
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CHAPTER 4. IPPU (CRF 2)

This Chapter was prepared using GWP 100 taken from the 5% Assessment Report of the IPCC by the
sectoral experts and institutions involved in the National Inventory System of the Slovak Republic:

INSTITUTE CHAPTER SECTORAL EXPERT

Faculty of Chemical and Food
Technology, Slovak Technical All chapters Vladimir Danielik
University

Faculty of Chemical and Food
Technology, Slovak Technical 2.D — NMVOC inventory Vladimir Danielik
University

Slovak Hydrometeorological
Institute, Department of 2.D.3 — Urea Based Catalysts Jan Horvath
Emissions and Biofuels

4.1. Overview of the Sector

The Industrial processes and product use sector includes all GHG emissions generated from the
technological processes producing raw materials and products. Within the preparation of the GHG
emissions balance in the Slovak Republic, consistent methodology is put on the analysis of individual
technological processes and disaggregation between the fuel combustion emissions (in heat and energy
production) and emissions from the technological processes and industrial production. In this
submission, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories
was fully implemented. Most important emission sources (installations) are balanced separately, and
details are explained in Annexes 4.1-4.2 to this Chapter. Emission and oxidation factors were
determined, as well as other parameters entering the balancing equations and the results are compared
with the verified emissions provided in the EU ETS reports.

In 2022, total aggregated GHG net emissions from the sector of industrial processes and product use
were 7 536.24 Gg of CO:z eq. and they decreased compared with the previous year by approximately
12%. The decrease is largely due to the decreased production of iron and steel. Compared to the base
year 1990 the emissions are lower by 20%. CO: is the most important gas with the share of 91.7%,
followed by F-gases (6.7%) and N20O emissions (1.5%) shares. The most important emission sources
are categories of metal production (46.9%), mineral products (31.0%), chemical industry (14.3%) and
substituents for ODS (6.4%). Other product manufacture and non-energy products categories shares
1.0% and 0.5%, respectively (Figure 4.1). The most important source of N2O emissions are categories
Nitric Acid Production and N20 from Product Use, which share almost the total amount of N2O
emissions with the ratio near to 1:1.
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Figure 4.1: The share on emissions of individual categories in the IPPU sector in 2022
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The IPPU sector covers emissions from the technological processes in mineral products industry (CRF
2.A), in chemical industry (CRF 2.B), in metal production (CRF 2.C), in non-energy products from fuels
and solvent use (CRF 2.D), in electronics industry (CRF 2.E), in product uses as substitutes for ODS
(CRF 2.F) and in other product manufacture (CRF 2.G). The emissions inventory of technological
processes includes direct greenhouse gas emissions (CO2, CH4, N20, halocarbons and SFs) and
indirect greenhouse gas emissions (NOx, CO, NMVOCs). List of GHG gases reported in individual
categories in 2022 is presented in Table 4.1.

Table 4.1: GHG gases reported in the IPPU sector according to the CRF categories in 2022

CATEGORY (CODE AND NAME) METHODOLOGY/TIER GHG GASES REPORTED
2.A.1 Cement Production T2 CO;
2.A.2 Lime Production T2 CO;
2.A.3 Glass Production T3 CO;
2.A.4.a Ceramics T3 CO,
2.A.4.b Other Uses od Soda Ash NO NO
2.A.4.c Non Metallurgical Magnesia Production T3 CO,
2.A.4.d Other - Limestone for Desulphurization T3 CO,
2.A.5 Other NO NO
2.B.1 Ammonia Production T3 CO,, CH4, N2,O
2.B.2 Nitric Acid Production T3 N.O
2.B.3 Adipic Acid Production NO NO
2.B.4 Caprolactam, Glyoxal and Glyoxylic Acid Production NO NO
2.B.5 Carbide Production T2 CO;
2.B.6 Titanium Dioxide Production NO NO
2.B.7 Soda Ash Production NO NO
2.B.8.a Methanol NO NO
2.B.8.b Ethylene T2 CO,
2.B.8.c Ethylene Dichloride and Vinyl Chloride Monomer T2 CO,
2.B.8.d Ethylene Oxide NO NO
2.B.8.e Acrylonitrile NO NO
2.B.8.f Carbon Black NO NO
2.B.9 Fluorochemical Production NO NO
2.B.10 Other - Hydrogen Production NO NO
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CATEGORY (CODE AND NAME) METHODOLOGY/TIER GHG GASES REPORTED
2.C.1 Iron and Steel Production T2,T3,T1 CO,, CH4, N2,O
2.C.2 Ferroalloys Production T3, T2 CO,, CH,4
2.C.3 Aluminium Production T3, T2, T1 CO,, PFCs
2.C.4 Magnesium Production NO NO
2.C.5 Lead Production T1 CO;
2.C.6 Zinc Production — not occurring since 2015 Tl CO,
2.C.7 Other NO NO
2.D.1 Lubricant Use Tl CO,
2.D.2 Paraffin Wax Use Tl CO,
2.D.3 Solvent Use T2 CO,
2.D.4 Other NO NO
2.E.1 Integrated Circuit or Semiconductor NO NO
2.E.2 TFT Flat Panel Display NO NO
2.E.3 Photovoltaics NO NO
2.E.4 Heat Transfer Fluid NO NO
2.E.5 Other NO NO
HFCs: 23, 32, 125, 134a, 143a,

2.F.1 Refrigeration and Air Conditioning T2 152a

PFCs: 116
2.F.2 Foam Blowing Agents T2 HFCs: 1342’;2?&’ 365mfc,
2.F.3 Fire Protection Tla HFCs: 134a, 227ea, 236fa
2.F.4 Aerosols Tla HFCs: 134a, 227ea
2.F.5 Solvents NO NO
2.F.6 Other Applications NO NO
2.G.1 Electrical Equipment T3 SFe
2.G.2 SF¢ and PFCs from Other Product Uses NO NO
2.G.3 N,O from Product Uses Tl N.O
2.G.4 Other NO NO
2.H.1 Pulp and Paper Industry NO NO
2.H.2 Food and Beverages Industry NO NO
2.H.3 Other NO NO

4.2. Overall Trends in Industrial Processes

Overall trends from numbers provided by the Statistical Office of the Slovak Republic were updated.
Energy intensity of industrial processes in the Slovak Republic decreased significantly in comparison
with the base year 1990. Between 2005 and 2022, substantial energy savings were made, while the
sharp GDP growth was recorded in Slovakia. A decrease in the final energy consumption by 12% was
accompanied by an increase in the energy productivity. However, the energy productivity of the IPPU
sector in Slovakia is still relatively lower in comparison with the EU average. This has been caused by
the historical structure of industrial production.

The internal structure of the Slovak industry underwent further changes after accession to the EU. The
importance of mining and distribution of electricity, gas and water on production of value added has
been significantly reduced and nowadays it is comparable with other developed countries. The gross
value-added of total industry in GDP of the Slovak Republic increased from 12 Bio Euro in 2005 to
18 Bio Euro in 2022.
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The most important indicator is decrease in fuels, electricity and heat consumption in industry in 2021
in comparison with 2005. On the other hand, the increase of renewable energy sources in industry is
dominant in recent years. The overview of emission trends in gases and categories is provided in
Tables 4.2 and 4.3 and Figures 4.2 and 4.3.

Table 4.2: GHG emissions according to the individual gases in the IPPU sector in particular years

CO; Emissions

CH,4 Emissions

N,O Emissions

HFC, PFC and SFe

YEAR
Gg of CO;, eq.

1990 8111.12 14.13 1088.43 213.98
1995 7 825.13 12.78 1077.71 113.00
2000 7124.79 14.29 923.06 129.47
2005 8072.99 17.32 1173.30 321.46
2010 7 519.11 18.20 842.99 617.72
2011 7 561.32 16.85 426.16 622.50
2012 7 542.59 17.85 337.68 652.59
2013 7 365.56 18.48 225.32 661.00
2014 7 623.64 19.42 201.36 659.02
2015 7 749.89 18.41 186.31 736.12
2016 8 029.65 19.10 17111 669.12
2017 8 263.20 19.80 156.96 734.24
2018 8 322.93 19.43 157.47 701.44
2019 7 482.55 15.42 140.31 712.10
2020 6 978.23 13.99 126.73 677.60
2021 8 366.44 19.61 115.93 704.04
2022 6 908.01 15.02 111.05 502.15

Table 4.3: GHG emissions according to the categories in the IPPU sector in particular years

2.A 2.B 2.C 2.D 2.E 2.F 2.G
YEAR
Gg of CO; eq.

1990 2714.02 1833.81 4814.71 50.49 NO NO 14.64
1995 2070.94 2137.46 4720.38 50.49 NO 12.38 36.96
2000 2230.10 2 045.76 3735.14 50.49 NO 99.48 30.66
2005 2532.96 2219.40 4 434.35 30.17 NO 277.49 90.70
2010 1941.18 1761.92 4619.47 16.94 NO 569.22 89.29
2011 2 359.34 1586.68 3994.19 23.90 NO 576.43 86.28
2012 2116.99 1 265.40 4 432.75 33.55 NO 602.07 99.94
2013 2030.23 1216.56 4229.79 41.10 NO 620.99 131.68
2014 2181.08 995.33 4 578.94 36.17 NO 626.14 85.77
2015 2 151.36 1144.04 4579.71 35.46 NO 704.84 75.32
2016 2183.45 1073.85 4 878.50 37.49 NO 647.95 67.74
2017 2277.13 1144.35 4933.31 39.96 NO 710.19 69.26
2018 2279.54 1 353.00 4781.31 40.32 NO 675.62 71.48
2019 2 284.96 1175.92 4098.19 34.96 NO 688.69 67.68
2020 2218.73 1198.98 3626.61 29.85 NO 646.65 75.74
2021 2 335.45 1269.22 4820.21 33.81 NO 672.41 74.92
2022 233271 1076.42 3533.08 40.77 NO 480.89 72.38
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Figure 4.2: Trend of emissions in the IPPU sector according to individual gases in 1990 — 2022
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Figure 4.3: Trend of emissions in the IPPU sector according to the categories in 1990 — 2022
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4.3. Uncertainty Analyses

According to the previous recommendations, Slovakia is using hybrid combination of Approaches 1 and
2 in this submission for calculation of total uncertainty of the inventory (Annex 3 of this Report).
Uncertainty analyses performed by the Approach 1 in the IPPU sector were carried out using Table 3.2
for uncertainty calculation and country specific uncertainties for activity data and emission factors were
inserted into calculation table.

The Slovak Republic provided and published also Approach 2 for uncertainty analyses according to the
Chapter 3 of the IPCC 2006 GL for the complete Energy and IPPU sectors for the year 2015. The
methodology and results were described in previous SVK NIR 2017 and 2018. Due to the
implementation of 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, uncertainty analyses of the IPPU sector were made in this submission using the Monte
Carlo simulation.

Aggregated uncertainty is computed from partial uncertainties. Every category is computed from
disaggregated data. The data are split by emission factors or by technological processes. Computed
uncertainties are aggregated consecutively to the total uncertainty. The results of every category are
generated from 60 000 trials, with random number generator of random numbers for adequate PDF.
From theory and knowledge, it is known, that the direct computation of aggregated uncertainty is difficult
in many cases. For this reason, a statistical approach has been chosen and the Monte Carlo method is
used. It induces the construction of PDF for all input parameters. In some cases, the absence of direct
measurement was solved by expert contributions. Mean value and confidence interval have the
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background usually in measured data or in empirical relations. On the other hand, uncertainty shapes
of input parameters are based on following data: (i) uncertainty of data from the EU ETS reports are
taken from the criteria presented in the EU ETS reports (uncertainty of scales, of laboratory analysis,
etc.); (i) uncertainty of data that are not covered by the EU ETS reports was assumed as default values
from the IPCC 2006 GL,; (iii) uncertainties of HFCs in 2.F category and SFe in 2.G category were
estimated by the sectoral expert for IPPU based on input data provided by the Ministry of the
Environment of the Slovak Republic.? The results for the IPPU sector and its subsectors following the
mentioned assumptions can be seen can be seen in the text below.

Figure 4.4: Probability density function for IPPU sector (t of CO; eq.)
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Several uncertainties for EFs are country specific and were used in the overall tier 2 uncertainty
preparation. The average mean value of GHG emissions for the Industrial Processes and Product Use
sector obtained by the Monte Carlo simulation is 7 536.53 Gg of CO: eq. in 2022, which is in excellent
agreement with the emission estimates reported in the sector (7 536.24 Gg CO:2 eq.). The overall
uncertainty was estimated to be 3.15%. Confidence interval (95%) is represented by the relative values
to the mean: (-3.13%; +3.18%).

4.4. Sector-specific QA/QC and Verification Processes

The sector-specific QA/QC plan is based on the general QA/QC rules and activities in specific
categories. Information used in the process of preparation GHG emissions inventory of the IPPU sector
was obtained from the different data sources:

=  Statistical Office of the Slovak Republic, Department of Cross-Cutting Statistics (energy
balance),

= National Emission Information System (database of all stationary emission sources),
= Emission Trading System (reports from operators and from verifiers),

= Slovak Association for Cooling and Air-conditioning Technology (SZCHKT),

1 Based on the Annex llI of the Implementing Regulation 749/2014/EU on structure, format and review information
pursuant to Regulation (EU) 525/2013, Article 7 (1) (m) (ii)
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= Questionnaires that were sent to the producers (in case of any doubt).

More information on general QA/QC activities within the National Inventory System of the Slovak
Republic is included in the Chapter 1 of this Report.

Input data from producers (providers) are collected by the SNE in cooperation with the sectoral experts
and the Slovak University of Technology in Bratislava (Faculty of Chemical and Food Technology).
Complete input data related to the production and the quality of products from the previous year is
available at the beginning of October (year X+1). The sectoral experts in the cooperation with the Slovak
University of Technology in Bratislava (Faculty of Chemical and Food Technology) check and compare
obtained information from different data sources during the sectoral inventory preparation in October
and November (year X+1). Following QC activities are provided during data collection step:

= comparison with the information provided by the Statistical Office of the Slovak Republic,

= comparison with the information provided by the different associations of producers
(if existent),

= comparison with the available information in EU ETS reports (if existent).

Further QC activities during the sectoral inventory preparation:
= outliers checking with developed automated tool,

= comparison of IEFs with the IPCC default EFs and IEFs of neighbouring countries (where
available).

Any discrepancies are directly discussed with subject or data providers. Draft of the sectoral GHG
emissions inventory is prepared in the middle of November (year X+1). Quality assurance activities are
performed on the draft of the sectoral inventory and the sectoral report. The draft is cross-checked with
the independent expert not participating on inventory preparation step from the Slovak University of
Technology (independent review) and other experts involved in the NIS SR. The independent review is
then finished at the end of November and forwarded to the uncertainty analyses. During the application
of Monte Carlo model for the uncertainty analyses, the methodology, EFs and other parameters are
verified again (mathematically). The final sectoral inventory is prepared at the end of December and it
is approved by the NIS coordinator during the January (year X+2). All original data and protocols are
archived at the SHMU and in the computers and back-up server of national experts involved in the
inventory process.

Cement Production - Activity data provided by the Slovak Association of Cement Producers and from
the EU ETS reports were verified with the statistical information. Based on the information provided in
the EU ETS reports it follows that CO2 emission was 1489.40 Gg. All sources reported in this category
are included in the EU ETS. The emissions reported in the national inventory were nearly the same
(higher by 0.03%). The difference is caused by rounding.

Lime Production - Activity data provided by the Slovak Association of Lime Producers and from the EU
ETS reports were verified with the statistical information. Sugar plants are not included in official
statistics. If any discrepancies occur, the small occasional producers are identified and included in the
inventory. Other possible activity data source is the NEIS database. Data there were recorded according
to the category of products. In 2022, there were 3 plants included in "others" (2 sugar plants, 1 other
plant — production of secondary aluminium). When comparing CO2 emissions reported in the EU ETS
reports and inventory emissions of EU ETS plants, the difference is about 0.8% (higher emissions are
in GHG inventory). The difference is caused by rounding of CaO and MgO contents in lime.

Glass Production - All sources reported in this category are included in the EU ETS and final emissions
are the same as in the GHG inventory.
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Ceramics - The EU ETS covers all operators reported in this category. CO2 emissions reported in the
EU ETS reports and in the GHG inventory are the same.

Magnesia Production - All sources reported in this category are included in the EU ETS. CO2 emissions
reported in the EU ETS reports were 229.43 Gg in 2022 and are nearly the same as in the GHG inventory
(+0.0006 Gg).

Other Carbonates - All sources reported in this category are included in the EU ETS, however, part of
them is not calculated but measured. CO2 emissions calculated in the EU ETS reports were 33.91 Gg
in 2022. In the GHG inventory, CO2 emissions were calculated to be 50.33 Gg, which is in accordance
with the EU ETS reports when also measured emissions are considered.

Ammonia Production - All sources reported in this category are included in the EU ETS. As ammonia
production is one of the largest CO2 emissions sources and key category (in the IPPU sector), a
significant attention was paid to validation of activity data and procedures used for the estimation of CO:
emission in this sector. Basic information on ammonia production and natural gas consumption are
provided directly from producer.

Due the subtracting of CO2 used for urea production, additional QA/QC exercise was performed.
Amount of 112.59 Gg of CO2 was used for the urea production. The CO2 emissions from the urea
consumption were 66.69 Gg in Slovakia (DeNOx technologies and using as fertilizers). The difference
between these two values (45.90 Gg) is caused by the exporting of urea, because the rest of urea was
exported. Based on the data provided by producer approximately 55.91 kt of urea was used for the
production of AdBlue (catalyst for vehicles); from which 42.11 kt was exported. This export represents
the value of CO:2 as follows: 30.74 kt. Based on the data from the Statistical Office of the Slovak
Republic, the urea was exported also under the commodity codes: (i) 31021010, “Urea containing more
than 45% by weight of nitrogen on the dry anhydrous product”; (i) 31028000, "Mixtures of urea and
ammonium nitrate in aqueous or ammoniacal solution". Because urea contains 46% of nitrogen, it is
clear, that the commodity code 31021010 represents pure urea and export-import difference can be
easily calculated from the export and import data. Calculated in this way, the difference between import
and export of urea was 62.14 kt of nitrogen in favour of import, which represents 98.61 Gg of “imported”
CO.. Balance of the urea exported/imported under the commodity code 31028000 is much more difficult
to estimate. The content of urea in products reported under commodity code 3102800 can varying.
According to the announcement of the Ministry of Finance 555/2002 Z. z., the fertilizers with the different
content of urea can be used. The nitrogen originating from the urea can be in the range (11-51) %.
Because of import data are reported as kilograms of nitrogen, the amount of urea imported to Slovakia
was calculated using this range. It follows, that the amount of urea import into Slovakia under the
commodity code 31028000 was in the range (1-04-4.84) kt (4.37 kt of nitrogen). According to the data
provided by the Slovak fertilizer producer, the fertilizer DAM-390 represents more than 98% export of
this commodity. It is the mixture of ammonium nitrate and urea containing 29-30% of N, from which
15.5% of N origins from urea and the rest is from AN. To ensure conservative principle, it can be
assumed that 50% of nitrogen origins from urea. Thus, the exported urea under this commodity code
represents value 158.34 kt. It results from the balance that the difference between import and export of
urea under commodity code 31028000 was (153.50 — 157.29) kt in favour of export, which represents
(112.05 — 114.82) Gg of “exported” CO2. Balancing of CO2 from the export/import of urea gives the
range (44.18 — 46.95) Gg of “totally exported” CO2 from Slovakia. Comparing with the value of “missing”
CO: from the balance of production and use (45.90 Gg) it can be concluded that subtracting of CO2
used for urea production was made in a correct way. The production/use/import/export balance of urea
for the time series 2010 — 2022 is presented in the Annex 4.3. Data before 2010 are not available.

Nitric Acid Production - Activity data are from the EU ETS reports and information provided by the
operators in questionnaires (requested by the SNE) were compared with the measurement’s protocols
on N20 concentration in output gases. All sources reported in this category are included in the EU ETS.
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Carbide Production - The EU ETS report contains only CO2 emissions from CaC2 production no data
about using of calcium carbide. Therefore, no comparison with EU ETS can be made, information
provided in the separate questionnaires are used.

Ethylene Production - Activity data from the EU ETS reports and information provided by the operators
in questionnaires (requested by the SNE) were compared. All sources reported in this category are
included in the EU ETS.

Ethylene Dichloride and Vinyl Chloride Monomer - Activity data are from the EU ETS reports and
information provided by the operators in questionnaires (requested by the SNE) are compared. All
sources reported in this category are included in the EU ETS.

Iron and Steel Production - Specific QA/QC procedure was made for the integrated iron and steel
company that represents the biggest source of CO2 emissions in the IPPU sector. The comparison of
two independent emission estimations was evaluated. The EU ETS reports contain information on CO:
emissions. These results were compared with the results obtained by the carbon balance prepared and
presented in the Chapter 4.9.1 and in the Annex 4.1 of this Report. The difference between CO:
emissions calculated from these two sources is 0.08% in 2022.

Ferroalloys Production - Activity data are compared with the information from the SU SR (ferroalloy
production). Another source used for verification is the U.S. Geological Survey. Data for the period
1990 — 2011 were available and were compared with the results of the national GHG emissions
inventory. The consistency of time series was verified.

Aluminium Production - Activity data and emissions were verified with the theoretical thermodynamic
calculation provided at the Slovak University of Technology, Faculty of Chemical and Food Technology
together with comparison with the EU ETS report. All sources of aluminium production in Slovakia are
covered with the EU ETS.

Lead Production - This production is not covered by the EU ETS, therefore data was provided directly
by the operators.

Non-Energy Products from Fuels and Solvents Use - This category is not covered by the EU ETS, the
data were obtained from the special questionnaires of the SU SR. Due to the lack of appropriate
statistical information and methodological advises in the IPCC 2006 GL, inputs were taken directly from
the estimations of the NMVOC emissions reported under the CLRTAP submission (see Chapter ES.5).
Total NMVOC emissions from solvent use, road paving with asphalt, asphalt roofing and asphalt blowing
were estimated in the frame of the National Program for Emissions Reduction of Non-Methane Volatile
Organic Compounds in the Slovak Republic.

QA/QC activities and verification process for F-gases is provided in the Chapter 4.12.6 of this Report.

4.5. Sector-specific Recalculations

Several recalculations were made in IPPU sector in this submission due to the implementation of 2019
Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Recalculations and
reallocations made in IPPU sector were provided and implemented in the line with the Improvement and
Prioritization Plan reflecting recommendations made during previous reviews and expert improvement.

NUMBER/
RECOMME- | CATEGORY DESCRIPTION REFERENCE
NDATION

Recalculation of the time series 1990-1999
! 2B.2 with the EF for atmospheric plant Chapter 4.8.2

Reallocation of the hydrogen production into
Energy sector

3 2C1 Newly calculated CH4 and N,O emissions Chapter 4.9.1

2 2.B.10 Chapter 4.8.9
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Recalculation of PFC emissions from high-
4 2.C3 voltage anode effect and incorporating of PFC Chapter 4.9.3
emissions from low-voltage anode effect

Reallocation of HFC-152a from 2.F.1.c to
5 2.F1 2.F.1.f (heat pump) and correction of PFC c- Chapter 4.12.9
C4Fg to C,Fs (PFC'116)

Ad 1: Recalculation focused on the N20O emissions from nitric acid production have been done for the
time series 1990-1999. Implementation of 2019 Refinement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories resulted in the recalculation of N2O emissions from atmospheric nitric acid
plant. From comparison of 2006 IPCC Guidance and 2019 IPCC Refinement it followed that EF
increased by 11.1% (from 4.5 kg/t to 5 kg/t). Because the technological line of the atmospheric plant
was old, we used for it the emissions factor 13.0 kg N20O/1 t of HNO3 according to the recommendation
of the ERT review in past years. Therefore, we adopted the increase of this emission factor by 11.1%.
The increase was adopted for historical data 1990-1999 when the nitric acid was produced also in the
atmospheric plant. In 2000, the atmospheric plant was closed, so no other recalculation was necessary
since 2000. The impact of the recalculation is presented in the Table 4.4.

Table 4.4: The comparison of N2O emissions estimates from nitric acid production
for the time series 1990 — 1999

SUBMISSION 2023 SUBMISSION 2024 Changes
YEAR Nitric acid production | Total N,O emissions | Nitric acid production | Total N,O emissions in2.B.2
kt t kt t %
1990 400.54 3830.65 400.54 4047.73 5.67%
1991 301.83 2682.28 301.83 279221 4.10%
1992 278.44 2 404.47 278.44 2 487.51 3.45%
1993 233.62 1878.50 233.62 1911.70 1.77%
1994 360.82 3290.65 360.82 344417 4.67%
1995 398.80 3760.47 398.80 3962.54 5.37%
1996 446.78 4 371.61 446.78 4 639.68 6.13%
1997 421.33 4 134.88 421.33 4 390.92 6.19%
1998 377.35 3536.24 377.35 3721.68 5.24%
1999 306.51 2 654.86 306.51 2716.48 2.32%

Ad 2: Recalculation focused on the CO2, CH4 and N20 emissions from hydrogen production have been
done for the whole time series. Implementation of 2019 Refinement to the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories resulted in the reallocation of the hydrogen production into the
Energy sector: "Refineries manufacture petroleum products for fuel and for non-energy uses, and in
doing so produce hydrogen and other gases, intermediate products and basic chemicals. The CO»
emissions from fuel consumed by the refinery for this activity are reported as Energy Sector emissions.
This principle is maintained in the Guidelines even when some fuel use in the refinery is to support
manufacture of chemicals for sale (for example, propylene or aromatics). In the 2019 Refinement, this
principle is re-iterated within the new guidance presented for hydrogen production, which is a new IPPU
source category; the emissions from hydrogen production within a refinery as an intermediate product
are primarily to support Energy sector activities, with emissions to be reported in the Energy sector.”
(Vol. 3 — Introduction, Chapter 1.3.3, page 1.12). Therefore, the reallocation was made, the impact is
shown in the Table 4.5.
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Table 4.5: The comparison of emissions estimates from hydrogen production
for the whole time series

SUBMISSION 2023 SUBMISSION 2024 Changes
YEAR CO, emissions Total emissions CO, emissions Total emissions in2.B.10
Gg CO; eq. %
1990 116.99 117.10 NO NO -100%
1991 137.37 137.50 NO NO -100%
1992 163.46 163.62 NO NO -100%
1993 185.19 185.37 NO NO -100%
1994 110.56 110.67 NO NO -100%
1995 175.33 175.50 NO NO -100%
1996 151.28 151.43 NO NO -100%
1997 164.27 164.43 NO NO -100%
1998 197.99 198.18 NO NO -100%
1999 200.91 201.11 NO NO -100%
2000 234.28 234.51 NO NO -100%
2001 200.55 200.75 NO NO -100%
2002 314.45 314.76 NO NO -100%
2003 346.86 347.20 NO NO -100%
2004 379.52 379.90 NO NO -100%
2005 363.37 363.73 NO NO -100%
2006 352.26 352.61 NO NO -100%
2007 397.01 397.40 NO NO -100%
2008 393.99 394.38 NO NO -100%
2009 353.71 354.06 NO NO -100%
2010 314.45 314.76 NO NO -100%
2011 337.31 337.64 NO NO -100%
2012 357.06 357.41 NO NO -100%
2013 369.29 369.65 NO NO -100%
2014 353.04 353.39 NO NO -100%
2015 365.29 365.65 NO NO -100%
2016 383.16 383.53 NO NO -100%
2017 378.24 378.61 NO NO -100%
2018 332.95 333.28 NO NO -100%
2019 312.50 312.80 NO NO -100%
2020 306.64 306.94 NO NO -100%
2021 315.63 315.94 NO NO -100%

Ad 3: Recalculation focused on the CH4 and N20 emissions from iron and steel production have been
done for the whole time series. Implementation of 2019 Refinement to the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories resulted in the calculation of CH4 and N20O emissions estimates.
Details about the calculation can be found in the Chapter 4.9.1. Due to the fact that the recent CRF
Reporter does not allow to report N2O emissions in 2.C.1 category, N2O emissions are reported in
artificially created 2.C.7 category. In this report, however, they are referenced as a part of 2.C.1
category. The impact of the recalculation is presented in the Table 4.6.

143



Table 4.6: The comparison of net emissions estimates from iron and steel production
for the whole time series

SUBMISSION 2023 SUBMISSION 2024 Changes
YEAR CO, emissions Total emissions CO, emissions Total emissions in2.C.1
Gg CO; eq. %
1990 4167.97 4167.97 4167.97 4182.73 0.35%
1991 3033.79 3033.79 3033.79 3046.90 0.43%
1992 2 657.66 2 657.66 2 657.66 2 669.89 0.46%
1993 4 355.36 4 355.36 4 355.36 4 368.63 0.30%
1994 3834.15 3834.15 3834.15 3847.95 0.36%
1995 4 322.63 4 322.63 4 322.63 4 335.91 0.31%
1996 4 552.01 4 552.01 4 552.01 4564.11 0.27%
1997 4 565.28 4 565.28 4 565.28 4 578.00 0.28%
1998 4093.29 4 093.29 4093.29 4106.13 0.31%
1999 3985.68 3985.68 3985.68 3999.85 0.36%
2000 3344.72 3344.72 3344.72 3359.30 0.44%
2001 3375.50 3375.50 3375.50 3391.04 0.46%
2002 4147.04 4147.04 4147.04 4164.04 0.41%
2003 3974.88 3974.88 3974.88 3993.04 0.46%
2004 4291.21 4291.21 4291.21 4 309.53 0.43%
2005 3907.36 3907.36 3907.36 3924.83 0.45%
2006 4 405.47 4 405.47 4 405.47 4425.41 0.45%
2007 4161.42 4161.42 4161.42 4181.15 0.47%
2008 4013.73 4013.73 4013.73 4031.17 0.43%
2009 3 496.89 3496.89 3 496.89 3511.91 0.43%
2010 4 089.57 4 089.57 4 089.57 4107.71 0.44%
2011 3488.82 3488.82 3488.82 3505.23 0.47%
2012 3860.47 3 860.47 3860.47 3878.02 0.45%
2013 3763.30 3763.30 3763.30 3781.27 0.48%
2014 4 051.40 4 051.40 4 051.40 4 070.30 0.47%
2015 4028.13 4 028.13 4028.13 4 045.76 0.44%
2016 4 334.99 4 334.99 4 334.99 4 353.72 0.43%
2017 4 328.02 4 328.02 4 328.02 4 346.99 0.44%
2018 4187.82 4187.82 4187.82 4 206.59 0.45%
2019 3554.28 3554.28 3554.28 3 569.05 0.42%
2020 3145.82 3145.82 3145.82 3159.09 0.42%
2021 4274.88 4274.88 4274.88 4294.18 0.45%

Ad 4: Recalculation focused on the PFC emissions from aluminium production have been done for the
whole time series. Implementation of 2019 Refinement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories resulted in the recalculation of CF4 and C2Fs emissions estimates due to
the change of default parameters of the anode effect. Moreover, newly introduced so-called low-voltage
anode effect and resulting CF4 emissions were incorporated into the inventory, as well. Details about
the calculation can be found in the Chapter 4.9.3. The impact of the recalculation is presented in the
Table 4.7.
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Table 4.7: The comparison of net emissions estimates from aluminium production
for the whole time series

SUBMISSION 2023 SUBMISSION 2024 2023/2024

YEAR CO, PFC Total CO, PFC Total Changes | Changes

emissions emissions emissions emissions emissions emissions in PFC in total

Gg CO; eq. %

1990 121.32 283.05 404.37 121.32 213.92 335.24 -24.4% -17.1%
1991 119.34 278.43 397.77 119.34 210.43 329.77 -24.4% -17.1%
1992 111.06 259.11 370.17 111.06 195.83 306.89 -24.4% -17.1%
1993 69.48 162.10 231.58 69.48 122.51 191.99 -24.4% -17.1%
1994 59.04 137.74 196.78 59.04 104.11 163.15 -24.4% -17.1%
1995 58.68 119.24 177.92 58.68 90.15 148.83 -24.4% -16.4%
1996 179.11 36.62 215.73 179.11 36.89 215.99 0.7% 0.1%
1997 177.16 35.50 212.66 177.16 35.87 213.03 1.0% 0.2%
1998 173.64 24.15 197.79 173.64 26.32 199.96 9.0% 1.1%
1999 175.57 12.06 187.63 175.57 16.46 192.03 36.5% 2.3%
2000 176.56 12.13 188.69 176.56 16.56 193.11 36.5% 2.3%
2001 176.96 12.16 189.12 176.96 16.59 193.55 36.5% 2.3%
2002 176.56 12.13 188.69 176.56 16.56 193.11 36.5% 2.3%
2003 179.46 22.19 201.65 179.46 24.96 204.42 12.5% 1.4%
2004 252.25 20.55 272.80 252.25 26.31 278.56 28.0% 2.1%
2005 254.22 21.33 275.55 254.22 27.09 281.31 27.0% 2.1%
2006 240.35 38.09 278.44 240.35 40.86 281.21 7.3% 1.0%
2007 237.43 26.46 263.89 237.43 31.39 268.83 18.7% 1.9%
2008 243.64 38.45 282.09 243.64 41.43 285.08 7.8% 1.1%
2009 225.12 18.89 244.01 225.12 24.50 249.62 29.7% 2.3%
2010 263.47 22.49 285.96 263.47 28.27 291.75 25.7% 2.0%
2011 261.28 18.08 279.36 261.28 24.63 285.90 36.2% 2.3%
2012 259.52 23.08 282.59 259.52 28.62 288.14 24.0% 2.0%
2013 265.24 8.82 274.06 265.24 17.02 282.26 92.9% 3.0%
2014 266.00 10.02 276.02 266.00 18.27 284.27 82.3% 3.0%
2015 276.33 7.65 283.98 276.33 16.53 292.86 116.1% 3.1%
2016 271.41 5.84 277.25 271.41 15.17 286.59 160.0% 3.4%
2017 274.01 7.75 281.76 274.01 16.75 290.76 116.0% 3.2%
2018 275.53 7.00 282.53 275.53 16.14 291.66 130.6% 3.2%
2019 274.71 4.67 279.38 274.71 14.28 288.99 205.9% 3.4%
2020 238.71 5.04 243.75 238.71 13.22 251.93 162.1% 3.4%
2021 258.68 5.34 264.02 258.68 14.19 272.87 165.6% 3.4%

Ad 5: Recalculation is described in the Chapters 4.12.7 and 4.12.9. The impact of the recalculation is
negligible.

The impact of the recalculations Ad.1 — Ad.5 on the total emissions in the IPPU sector is presented in
the Table 4.8.
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Table 4.8: The impact of the above-mentioned recalculations on the IPPU sector
for the whole time series

SUBMISSION 2023 SUBMISSION 2024 2023/2024
YEAR | CO; emissions Total emissions CO; emissions Total emissions | CO, emissions Total emissions
Gg CO; eq. %
1990 8228.11 9541.61 8111.12 9 427.67 -1.42% -1.19%
1991 6 383.77 7 388.32 6 246.40 7 225.07 -2.15% -2.21%
1992 6 125.39 7 037.04 5961.93 6 844.38 -2.67% -2.74%
1993 7 414.62 8 089.71 7 229.43 7 886.83 -2.50% -2.51%
1994 7 217.68 8 260.88 7 107.12 8171.05 -1.53% -1.09%
1995 8 000.46 9 166.38 7 825.13 9 028.62 -2.19% -1.50%
1996 8211.33 9 473.47 8 060.05 9 405.44 -1.84% -0.72%
1997 8323.21 9 529.07 8 158.94 9 445.58 -1.97% -0.88%
1998 8 643.42 9 689.67 8 445.43 9 555.64 -2.29% -1.38%
1999 8515.16 9 338.17 8 314.25 9171.96 -2.36% -1.78%
2000 7 359.07 8 407.12 7 124.79 8 191.62 -3.18% -2.56%
2001 7 351.98 8 562.69 7 151.43 8 381.92 -2.73% -2.11%
2002 8 449.17 9 609.29 8134.72 9 315.95 -3.72% -3.05%
2003 7 892.85 9198.75 7 545.99 8 872.47 -4.39% -3.55%
2004 8 946.34 10 454.99 8 566.82 10 099.17 -4.24% -3.40%
2005 8 436.36 9 925.57 8072.99 9 585.07 -4.31% -3.43%
2006 8 937.65 10 742.63 8 585.39 10 412.72 -3.94% -3.07%
2007 8 924.58 10 618.57 8 527.57 10 245.83 -4.45% -3.51%
2008 8 822.00 10 503.70 8 428.01 10 129.73 -4.47% -3.56%
2009 7 433.02 8 964.47 7 079.31 8 631.05 -4.76% -3.72%
2010 7 833.56 9 288.85 7519.11 8998.01 -4.01% -3.13%
2011 7 898.63 8 941.52 7 561.32 8 626.83 -4.27% -3.52%
2012 7 899.65 8 885.02 7 542.59 8 550.70 -4.52% -3.76%
2013 7 734.85 8613.85 7 365.56 8 270.36 -4.77% -3.99%
2014 7 976.68 8 829.68 7 623.64 8 503.44 -4.43% -3.69%
2015 8115.18 9 029.86 7 749.89 8690.73 -4.50% -3.76%
2016 8412.80 9 244.45 8 029.65 8 888.98 -4.55% -3.85%
2017 8 641.44 9 524.85 8 263.20 9174.20 -4.38% -3.68%
2018 8 655.88 9 506.64 8 322.93 9 201.27 -3.85% -3.21%
2019 7 795.05 8 638.80 7 482.55 8 350.38 -4.01% -3.34%
2020 7 284.87 8 082.04 6 978.23 7 796.55 -4.21% -3.53%
2021 8 682.07 9493.81 8 366.44 9 206.03 -3.64% -3.03%

4.6. Sector-specific Improvements and Implementation
of Recommendations

2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories was fully
implemented during the inventory preparation. No other improvements have been done; all issues raised
by UNFCCC review were implemented in the previous 2023 submission.

The study of CO2 captured during the use of lime for sugar production is ongoing and it is planned to
incorporate it in the future submissions.
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4.7. Mineral Products (CRF 2.A)

4.7.1.

products.

Source-category Description
The major share of CO2 emissions comes from the production and transformation of mineral products.
Total emissions were 2 332.71 Gg of COzin 2022 (only CO2 emissions are reported in this category),
almost the same as in previous year 2021. Compared to 1990, the decrease in mineral production is
approximately 14%. Major trend behind the decrease in mineral production is decrease in demand of

The major share of emissions in this category belongs to cement production (63.9%), lime production
(22.8%) and dead burned magnesia production (9.8%). The ceramics production shared 0.6% and glass
production 0.7%. The rest of emissions (2.2%) are reported in other category. Emissions in 2.A.4.b are
not occurring.

Table 4.9: CO, emissions in the category 2.A by subcategories in particular years

2.A1 Cement 2.A.2 Lime 2.A3 GIe}ss 2.A.4..a Mza;:r.lts(;:ia 2 Ad.d Other
YEAR Production Production Production Ceramics Production
Gg

1990 1464.50 794.92 7.88 14.79 431.94 NO
1995 1154.63 593.23 18.01 11.04 294.03 NO
2000 1190.45 556.73 22.82 10.36 409.82 39.92
2005 1 256.40 711.96 33.04 13.06 476.01 42.49
2010 859.92 651.88 13.15 12.75 376.35 27.13
2011 1261.79 672.41 11.83 11.65 363.83 37.83
2012 1095.93 632.00 11.46 12.93 318.04 46.65
2013 1135.27 560.14 13.22 14.94 279.56 27.10
2014 1266.76 570.80 12.26 12.99 278.33 39.94
2015 1 308.57 534.30 11.93 14.24 247.76 34.56
2016 1 340.95 521.62 14.83 17.65 220.19 68.21
2017 1 367.05 507.78 15.20 20.82 291.28 75.00
2018 1 346.68 522.65 16.02 21.29 304.39 68.51
2019 1404.27 489.24 18.16 21.52 295.15 56.62
2020 1443.15 430.65 18.39 16.45 263.63 46.47
2021 1452.93 539.96 19.70 16.07 257.70 49.10
2022 1489.72 532.42 16.33 14.47 229.43 50.33
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Figure 4.5: The share of CO, emissions on individual categories in the 2.A in 2022

m2. A.1 Cement Production
m2.A.2 Lime Production
m2 A3 Glass Production
m2.A.4.a Ceramics
m2.A.4.c Magnesia

Production
m2.A.4.d Other

4.7.2. Cement Production (CRF 2.A.1)

Cement production plants in the Slovak Republic (four plants), where cement clinker is produced, are
included into the EU ETS. Therefore, input data are directly taken from the EU ETS reports and from
the reports of verifiers. Presented parameters are weighted averages. Total CO2 emissions from cement
clinker production were 1 489.72 Gg in 2022 and higher by 3% than in previous year. In comparison
with the base year 1990, the CO2 emissions in this category increased by 2%. The reason of the rising
trend is the increasing need for construction purposes.

Table 4.10: Activity data and CO» emissions in the category 2.A.1 in particular years

Cement Clink CO:
YEAR Production CaO Content MgO Content Colzr;if;i:m Emissions 1=(ieen)
kt Gg t/t
1990 2835.75 64.60%* NE 1.0184 1 464.50 0.5164
1995 2235.75 64.60%* NE 1.0184 1154.63 0.5164
2000 2313.71 64.36%* NE 1.0184 1190.45 0.5145
2005 2 352.68 64.31% 1.79% 1.0184 1 256.40 0.5340
2010 1 653.59 66.07% 2.60% 0.9506 859.92 0.5200
2011 2 433.86 67.13% 1.50% 0.9541 1261.79 0.5184
2012 2126.12 65.25% 1.86% 0.9680 1 095.93 0.5155
2013 2161.32 65.53% 2.52% 0.9693 1135.27 0.5253
2014 2415.34 66.00% 2.23% 0.9668 1266.76 0.5245
2015 2506.12 65.70% 2.58% 0.9600 1308.57 0.5221
2016 2599.39 64.84% 2.36% 0.9647 1340.95 0.5159
2017 2698.82 64.83% 2.50% 0.9447 1367.05 0.5065
2018 2695.74 64.84% 2.39% 0.9336 1 346.68 0.4996
2019 2 854.64 65.11% 2.33% 0.9168 1404.27 0.4919
2020 2944.94 65.31% 2.28% 0.9116 1443.15 0.4900
2021 2937.74 65.45% 2.52% 0.9137 1452.93 0.4946
2022 3041.27 65.33% 2.56% 0.9058 1489.72 0.4898

* Aggregated CaO content = CaO Content + 1.092/0.785xMgO content
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Methodological issues

Cement is produced by a high temperature reaction of calcium oxide (CaO) with silica (SiO2) and with
alumina (Al203). A source of calcium oxide is limestone (CaCOs). As the cement clink is produced at
the temperature of 1 450°C the reaction produces carbon dioxide. The other emissions originate from
impurities in the raw material (SO2). Based on the information provided by the EU ETS verifiers, tier 2
method according to the IPCC 2006 GL has been applied since 2002 based on plant specific
information. The calculations provided by the producers in the EU ETS reports balanced CO2 emissions
based on cement clinker production and CaO and MgO contents. The data required for calculation of
CO:2 emissions are summarized in Table 4.11 (C = confidential, but available for the sectoral experts).

Table 4.11: Input data used for the CO» emissions estimation in the category 2.A.1 in 2022

CEMENT Ca0 MgO co
PLANT/OPERATOR CLINK CONTENT | CONTENT | kD COMPOSITION 2
FACTOR

kt % % Gg
Cemmac c 65.70% 1.74% 1.0082 0.9597 190.05
VSH (CRH) c 64.59% 4.11% 1.0199 0.6582 271.63
CRH — Portland c 65.68% 2.44% 1.0261 0.9488 582.59
CRH — white c 68.08% 2.25% 1.0048 1.0000 78.65
Povazska cementarefs c 64.81% 1.60% 1.0000 1.0000 366.80
TOTAL 3041.27 65.33% 2.56% 1.0155 0.8920 1489.72

Based on availability of information, the plant specific emission factors were used since 2002. The
annual estimation of overall EFs is expressed as weighted average and is based on the specific contents
of CaO and MgO in cement clinker in each producer and varies over the years. The implied CO:
emission factor was 0.4898 t CO2/t of cement clink in 2022 (correction factor is also included in this
value). Correction factor consists of CKD (Cement Kiln Dust) and so-called composition factor that
represents the amounts of non-carbonate origin of CaO and MgO (using of ground granulated blast-
furnace slag). All these data are plant specific.

Corr. factor = CKD * Composition Factor

Composition Factor
_ (0.785 % %Ca0, + 1.092 * %M g0,) = m. — (0.785 * %CaO; + 1.092 x %MgOs) * m
a (0.785 * %Ca0, + 1.092 * %Mg0,) * m,

where: %CaOc is the fraction of CaO in cement clinker produced; %MgO. is the fraction of MgO in
cement clinker produced; mc is the mass of cement clinker produced; %CaO:s is the fraction of CaO in
slag entering; %MgO:s is the fraction of MgO in slag entering; ms is the mass of slag entering. However,
the factor is directly known from the EU ETS reports of the plants.

Uncertainties and time-series consistency

According to the ERT recommendation 1.1 of ARR 2022, in the period 1990 — 1999 the average
aggregated CaO content in the cement clinker was assumed to be very close to the default IPCC value
from the IPCC 1996 GL (64.6%). The using of this aggregated CaO content is based on the average
value of the CaO content in 2000 — 2003 (64.36% in 2000; 63.90% in 2001; 64.50% in 2022 and 65.70%
in 2003). The weighted average value is 64.62%, which is very close to that IPCC value. Therefore, the
value (64.6%) was also assumed as country specific. In 2003, one plant with the lowest CaO content
was closed for reconstruction. It was reopened in 2004 and the cement clinker with higher content of
CaO is produced there since that time. This is the reason of higher aggregated CaO content and IEF
since 2002 and therefore the years since 2004 were not considered for calculation of the average value.
Another plant was renovated and did not produce cement clink in 2010. It resulted in decrease of
emissions in 2010 and thereafter-significant increase in 2011 after its reopening.
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In the period 1990 — 2004, the contents of MgO are not explicitly known. It was included in the CaO
content based on stoichiometry; therefore we call it as aggregated CaO content.

Ground granulated blast-furnace slag has been also used as raw material since 2009, which results in
additional increase of CaO and MgO contents (non-carbonate origin) in the cement clinker. Therefore,
we use the correction factor instead of CKD factor in the calculation. Correction factor is CKD multiplied
by the so called “Composition Factor”. CKD and Composition factors are plant specific, and they are
known since 2008. Because of conservative approach, the highest value of the CKD (1.0184; the value
close to the default CKD) was used for time series before 2008. For this time series, Composition factor
was assumed to be 1, no correction for slag was made.

There were totally five cement sites in 1990 — 1996 in Slovakia. In 1997, one of them finished production
of cement clinker. In 2003 and 2010, one of the other four cement sites did not produce cement clinker.
During the period 1990 — 2022, no changes in technologies were made in plants; only the changes in
composition of the clinker and use of raw materials (slag) occurred.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Country specific value of cement clink mass uncertainty (1.5%) and country specific value of
uncertainty of cement clink composition (2%) were used in uncertainty analyses by Monte Carlo method
for this category. The uncertainty of CKD factor was assumed to be 5% with the lower limiting value of
CKD (1). Similarly, the uncertainty of the composition factor was assumed to be 5% with the upper
limiting value of the factor (1). The overall uncertainty of CO2 emissions was calculated to be 1.86%.

Figure 4.6: Probability density function for 2.A.1 (t of CO; eq.)
250

@ Confidence interval W 2.50% 97.50%
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1 489.67 1489.77 14.09 1 430.05 1550.71 -1.84% 1.86%

4.7.3. Lime Production (CRF 2.A.2)

From a chemical point of view, lime is calcium oxide (CaQ). It is produced by a thermal decomposition
of limestone at the temperatures of 1 040 — 1 300°C. Carbon dioxide is produced according to the same
reaction scheme as shown above in the case of cement production. Only CO2 emissions are reported
in this category. Total CO2 emissions from lime production decreased by 1% when compared with the
previous year and were 532.42 Gg in 2022. The decrease in emissions by 33% is achieved when
compared with the base year.
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Table 4.12: Activity data and CO; emissions in the category 2.A.2 in particular years

Lime Production CO; Emissions

YEAR CaO Content

kt Gg

1990 1076.00 794.92 91.20%

1995 803.00 593.23 91.20%

2000 753.59 556.73 91.20%

VEAR Lime Prstducnon CO; Er(r;;ssmns G0 i MgO Content “ Ié\;gogoHnEZ:]?,
2001 815.96 602.80 90.56% 0.47% 91.20%
2005 913.08 711.96 89.55% 4.72% 96.12%
2010 822.36 651.88 86.95% 7.72% 97.70%
2011 856.05 672.41 85.94% 7.82% 96.82%
2012 797.33 632.00 78.32% 13.96% 97.74%
2013 716.54 560.14 87.39% 6.40% 96.30%
2014 727.63 570.80 86.81% 7.26%

2015 680.20 534.30 87.34% 6.93%
2016 663.02 521.62 86.17% 7.49%
2017 640.06 507.78 87.47% 7.46%
2018 668.99 522.65 86.87% 6.95%
2019 634.58 489.24 87.28% 6.21%
2020 554.22 430.65 87.78% 6.49%
2021 696.12 539.96 74.33% 15.66%
2022 688.95 532.42 87.66% 6.56%

“Hypothetic” CaO content = CaO Content + 1.092/0.785xMgO content

Methodological issues

Table 4.12 shows “hypothetic” CaO content and includes stoichiometric data on the CaO and MgO
contents. This approach was used due to no availability of distinguished data for the period 1900 — 2000.
In that period, the same content of CaO in the lime is assumed (91.2%). This value is based on the data
available for 2001 and 2002 and on all the data available in the period 1990 — 2000. The average content
of CaO in lime was (91.2% * 0.2%) in the period 1990 — 2002. “Hypothetic CaO content” is not presented
in Table 4.12 since 2014 because it is not necessary to report for recent years. Tier 2 according to the
IPCC 2006 GL was used for the whole time series with the combination of plant specific activity data
and emission factors estimated for each plant. Calculation is based on data provided by the producers
of lime in questionnaires and in the EU ETS reports (produced lime and CaO and MgO contents). Data
required and used for CO2 emissions estimation are summarized in Table 4.13.

Based on availability of information, the plant specific emission factors have been used since 2001. The
annual estimation of national EFs varies over the years. Calculation of EFs is based on weighted
average based on purity of lime in individual production unit. The implied CO2 emission factor is
0.773 t CO2/t of lime in 2022 (correction factor is included in the IEF). Correction factor presented in
Table 4.13 represents LKD (Lime Kiln Dust) as introduced in the IPCC 2006 GL. Data necessary for
determination of correction factor were provided by the plant operators. When LKD was not provided by
operator, default value (1.02) was used. Total quantity of produced lime in Slovakia was 688.95 kt in
2022. Activity data used for inventory are summarized in Table 4.13 Large and medium producers
provided activity data in their EU ETS reports or reports from verifiers, small plants like sugar producers
provided activity data based on questionnaires to the SNE.
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Table 4.13: Activity data necessary for the estimation of CO» emissions in the category 2.A.2 in 2022

Lime Production CO; Emissions
Plant CaO Content MgO Content LKD
kt Gg

Calmit C 92.51% 0.87% 1.0053 94.17
Dolvap Varin C 88.24% 10.26% 1.0000 100.42
Carmeuse C 85.30% 7.78% 1.0266 301.82
Others* C 92.50% 2.00% 1.0200 36.00
TOTAL 688.95 87.66% 6.56% 1.0171 532.42

C = confidential, *aggregated data from small plants not covered by the EU ETS as sugar producers

Uncertainties and time-series consistency

Time series consistency is assured by using the “hypothetic” CaO content during the period 1990 — 2000
as explained in detail above. This content is compared with the data presented in 2001 and 2002.
Dolomitic lime production started in one plant in 2003 and the CaO content is not comparable since this
year. Because of the dolomitic lime production, the overall IEF has increased since that time, as well.
Lime produced by sugar producers is included in inventory as “others”. The country specific LKD factor
estimated in 2013 was used for the rest of the time series before 2013 because no other data on LKD
were available. In 2014 and 2015, the country specific LKD factor was very close to the factor reported
in 2015; therefore, no recalculation of the historical data was necessary.

In Slovakia, lime is produced by three lime producers that are included in the EU ETS system and four
other producers (sugar plants, pulp and paper and the other plant — production of secondary aluminium)
that are not included in the EU ETS. It can be assumed that CO2, which is evolved during the lime
production in sugar plants, is back captured there. However, because of no detailed data about back
capturing of COz: in the lime and due to the ensuring of conservatism, no capturing of CO: is reported
in the inventory. The CO2 emissions from lime production by the pulp and paper industry are not
estimated because of the use of the Kraft chemical recovery process, which results in biogenic CO:2
emissions originating from biomass input.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Country specific value of lime mass uncertainty (1.5%) and default value of uncertainty in CaO
and MgO contents in lime (2%) were used in uncertainty analyses by Monte Carlo method for this
category. The uncertainty of LKD factor was assumed to be 5% with the lower limiting value of the LKD
(1). For the sugar plants, and the plant produced the secondary aluminium, the uncertainties of CaO
and MgO contents and LKD factor were assumed to be 10%. Based on calculation, the overall
uncertainty of CO2 emissions was calculated to be 2.45%.
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Figure 4.7: Probability density function for 2.A.2 (t of CO> eq.)
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4.7.4. Glass Production (CRF 2.A.3)

Basic raw material for glass production is silica (SiO2). Limestone (CaCO3), dolomite (CaMg(COs)2),
soda ash (Na2COz3), potash (K2COs), PbsO4, Al203, and colouring agents are used in glass production
process. NMVOC and CO are the most important emissions, but they are not reported in this category
(notation key “IE” was used). These emissions are allocated in 1.A.2.f. Only CO2 emissions were
estimated in this category and were 16.34 kt in 2022.

Methodological issues

CO:2 emissions from used carbonates were calculated by tier 3 method on the stoichiometry principle
according to the IPCC 2006 GL. The calcination fraction was assumed one. Based on availability of
information, the plant specific emission factors were used since 2004. The annual estimation of national
EFs varies over the years. According to the ERT recommendation 1.3 of the ARR 2022, calculation of
EFs is based on weighted average based of used carbonates and CO: emissions in individual
production unit. Implied emission factor was 0.421 t/t of used carbonates mixture or 0.029 t/t of glass
produced in 2022. This value is much lower than the default factor (using tier 1) used in the IPCC 2006
GL. It is caused by using alternative additions to raw materials as calumite (blast furnace granulated
slag), colemanite (CaB304(OH)s-H20) or clay as well as by using different amounts of recycled glass.
However, it should be mentioned that due to the using of higher tier (tier 3), the amount of recycled glass
is not necessary to follow. The main reason of such low IEF is the production of glass fibers at which
the above mentioned non-carbonate raw materials are used (IEF = 0.014 t / t of glass fiber). For the
inventory, the production of glass fibers is included in white glass production with the share ca 40%. The
other glass producers report the IEF (0.11 — 0.12) t/ t of glass, which is in accordance with tier 1 IEF.

Glass production based on direct information from producers was as follows: 566.84 kt of white glass in
2022. No leaded glass or green glass was produced in 2022. SrCOs and Li2CO3s were not used for glass
production. Total amounts of used carbonates were 38.76 kt in 2022 and time series is presented in
Table 4.14.
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Table 4.14: Total amounts of used carbonates and CO» emissions in particular years

CaCO; | K,COs | Na,CO; | BaCOs | MgCOs; | SrCOs | Li,COs Total \ co.

YEAR
kt ‘ Gg

1990 | 17.91 a) a) a) a) a) a) 17.91 7.880
1995 | 40.93 a) a) a) a) a) a) 40.93 18.007
2000 | 51.87 a) a) a) a) a) a) 51.87 22.821
2005 | 55.45 2.75 16.00 0.89 176 0.01 0.01 76.87 33.038
2010 | 15.89 0.48 13.62 152 0.01 NO NO 3152 13.145
2011 | 15.17 031 11.49 0.01 0.54 NO NO 27.52 11.825
2012 | 14.75 0.03 11.45 0.01 0.39 NO NO 26.63 11.456
2013 | 15.31 0.72 14.24 0.56 0.43 NO NO 31.26 13.224
2014 | 14.22 0.64 13.29 0.48 0.34 NO NO 28.97 12.262
2015 | 14.83 0.46 11.92 0.46 0.44 NO NO 28.11 11.931
2016 | 17.64 0.57 15.55 0.70 0.53 NO NO 34.99 14.828
2017 | 17.74 0.66 16.03 0.74 0.69 NO NO 35.86 15.195
2018 | 17.70 0.76 17.99 0.78 0.67 NO NO 37.90 16.020
2019 | 19.94 0.71 20.91 0.86 0.55 NO NO 42.98 18.160
2020 | 20.19 0.65 21.27 0.74 0.59 NO NO 43.44 18.389
2021 | 2214 0.76 21.98 0.90 0.75 NO NO 46.53 19.697
2022 | 19.11 0.72 17.93 0.88 0.12 NO NO 38.76 16.335

a) Carbonates are included in the form of calcium carbonate (based on stoichiometry).

Uncertainties and time-series consistency

There were several operators producing glass (from 3 to 7) in Slovakia during the time series 1990 —
2020. Detailed statistics of used carbonates is available only after the year 2003 and therefore
methodology used in GHG inventory is based on total carbonates (in the form of calcium carbonate)
calculated based on stoichiometry. This calculation was provided by reverse method, it means, that the
specific averages CO:2 EFs per 1t of each type of glass was known for every producer (except for one
plant, where the same EFs was used as for the similar type of glass production). Therefore, the CO:
emissions are known and only one (“aggregated”) carbonate can be calculated from that data. The plant
specific EFs are commercially confidential and they will be available during review process on request
of the ERT. New production of lead glass started in 2000 and ended in 2002. Similarly, new production
of lead glass started in 2003 and ended in 2006. Both productions were small. The increase in emissions
since 2005 is caused by change of one big plant owner (resulting in increase of production and
emissions). Other plants were closed in 2008 and 2012. Since 2008, colemanite and calumite slag are
widely used in the biggest glass plant in order to replace carbonates, which resulted in significant
emissions decrease. Since 2009, emissions from glass production have been almost stable.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Country specific value of used carbonates uncertainty (2.5%) is used in uncertainty analyses
by Monte Carlo method for this category. Based on calculation, the overall uncertainty of CO2 emissions
was calculated to be 1.33%.
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Figure 4.8: Probability density function for 2.A.3 (t of CO; eq.)
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4.7.5. Other Process Uses of Carbonates — Ceramics (CRF 2.A.4.3)

Ceramics includes the production of bricks and roof tiles, vitrified clay pipes, refractory products,
expanded clay products, wall and floor tiles, table and ornamental ware (household ceramics), sanitary
ware, technical ceramics, and inorganic bonded abrasives. Process-related CO2 emissions reported
from ceramics result from the calcination of carbonates in the clay, as well as from addition of additives.
CO:2 emissions from ceramics production were 14.47 Gg CO2 in 2022.

Methodological issues

CO: emissions from the used carbonates were calculated by tier 3 method according to the IPCC 2006
GL based on principle of the stoichiometry. The calcination fraction assumed to be one. Based on
available information, plant specific emission factors were used since 1990. The annual estimation of
country specific EF is expressed as weighted average and is based on the stoichiometry of carbonates
and CO:2. Implied emission factor calculated in 2022 was 0.49 t/t of used carbonates mixture. This
approach was used for all years.

Fraction of carbonates in raw materials is determined analytically in each plant. Based on the analysis,
amounts of used CaCOz and MgCOz3 are obtained. Total amounts of used carbonates were 29.58 kt
in 2022 and time series is presented in Table 4.15.

Table 4.15: Total used carbonates and CO; emissions the category 2.A.4.a in particular years

VEAR CaCOs; MgCO3; Total Carbonates CO; Emissions
kt Gg
1990 25.41 6.92 32.33 14.79
1995 17.19 6.66 23.85 11.04
2000 15.79 6.54 22.33 10.36
2005 21.80 6.64 28.44 13.06
2010 18.95 8.46 27.41 12.75
2011 16.61 8.32 24.93 11.65
2012 19.06 8.71 27.77 12.93
2013 22.76 9.43 32.19 14.94
2014 19.64 8.33 27.97 12.99
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CaCOs; MgCO3; Total Carbonates CO, Emissions
YEAR
kt Gg

2015 21.83 8.88 30.71 14.24
2016 29.20 9.20 38.40 17.65
2017 34.82 10.53 45.35 20.82
2018 33.55 12.50 46.05 21.29
2019 35.65 11.18 46.83 21.52
2020 23.62 11.59 35.22 16.45
2021 17.30 16.20 33.50 16.07
2022 11.83 17.75 29.58 14.47

Uncertainties and time-series consistency

The same tier approach is used for period 1990 — 2022. The presented data are obtained directly from
producers. The missing data for some ceramics producers was interpolated or extrapolated for the
periods 1990 — 1991 and 1993 — 1995 on the level of individual producer with the consideration of
economic aspects of construction industry in Slovakia (it served as limiting conditions of interpolation or
extrapolation methods) as it was described in previous submissions (SVK NIR 2014). Several (14) plants
were reported in this category during time series, recently only five of them report CO2 emissions. The
others were closed. New owner came into the market and bought three existing plants in 2007. The high
increase in CO2 emissions is caused by significant increase in production in those plants. However, in
2009, one plant was closed due to the economic reasons and decrease in production occurred in the
other plants.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Default value of used carbonates uncertainty (2.5%) was used in uncertainty analyses by Monte
Carlo method for this category. Based on calculation, the overall uncertainty of CO2 emissions was
calculated to be 1.29%.

Figure 4.9: Probability density function for 2.A.4.a (t of CO; eq.)
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4.7.6. Other Process Uses of Carbonates — Other Uses of Soda Ash

(CRF 2.A.4.b)

Soda ash is used in a variety of applications, including, glass production, soaps and detergents, flue
gas desulphurization, chemicals, pulp and paper and other common consumer products. Using of soda
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ash (where is applicable in Slovakia) is reported in the category where it is consumed (see category
2.A.3 Glass Production). In Slovakia, soda ash is used in glass industry, only. No plants using soda ash
for the other possible applications are present in Slovakia except of flue gas desulphurization. For flue
gas desulphurization only calcium carbonate is used in Slovakia.

4.7.7. Other Process Uses of Carbonates — Non-Metallurgical Magnesia

Production (CRF 2.A.4.c)

Magnesite clinker for refractory materials is produced in Slovakia. According to the IPCC 2006 GL
production of dead burned magnesia for refractory materials is reported in this category. Carbon dioxide
is produced by thermal decomposition of magnesite. This chemical reaction scheme of the thermal
decomposition is MgCO3 = MgO + CO2. Total CO2 emissions from magnesite production were
229.43 Gg in 2022 and decreased by ca 11% when compared with the year 2021. The decrease is due
to the decrease in the production of magnesite clinker. When compared to 1990, the decrease is
approximately 47%. It was caused by closing of one plant during the monitored time series and
occasional closing of magnesite clinker production in others (in this case, the plant produced the
refractory materials from stocked or bought magnesite clinker).

Methodological issues

Magnesite raw materials used in the Slovak Republic contain small amounts of CaCOs and FeCOs.
Emissions are calculated on the stoichiometric base (CO2 and respective carbonate). The amounts of
magnesite raw materials and emissions of CO:2 in the period of 1990 — 2022 are summarized in
Table 4.16. CH4 and N20 emissions are not occurring and therefore notation key “NO” was used for
time series.

CO:2 emission factors used for emissions estimation in this category are as follows: 0.44 t/t CaCOs,
0.522 t/t MgCO3 and 0.38 t/t FeCOs. Total consumption of magnesite raw materials in the Slovak
Republic was 476.47 ktin 2022. The composition of raw materials is summarized in Table 4.16. It should
be noted that CaCO3z and FeCOz3 contents are included in MgCOs content on the basis of stoichiometry
for the years before 1999, due to lack of input data.

Table 4.16: Consumption and composition of magnesite raw materials and CO, emissions
in the category 2.A.4.c in particular years

Raw Materials CO;
YEAR Used MgCO3 CaCO; FeCO; e EF
Content Content Content

kt Gg tt
1990 887.74 0.9321 * * 431.94 0.487
1995 604.32 0.9321 * * 294.03 0.487
2000 850.57 0.8850 0.0324 0.0147 409.82 0.482
2005 988.58 0.8804 0.0382 0.0135 476.01 0.482
2010 820.32 0.8424 0.0400 0.0038 376.35 0.459
2011 724.27 0.9193 0.0444 0.0077 363.83 0.502
2012 634.97 0.9090 0.0436 0.0189 318.04 0.501
2013 603.38 0.8418 0.0489 0.0063 279.56 0.463
2014 590.33 0.8210 0.0452 0.0606 278.33 0.471
2015 550.04 0.8063 0.0299 0.0432 247.76 0.450
2016 462.81 0.8462 0.0383 0.0453 220.19 0.476
2017 622.44 0.8260 0.0475 0.0418 291.28 0.468
2018 657.28 0.8168 0.0477 0.0415 304.39 0.463
2019 634.89 0.8178 0.0498 0.0423 295.15 0.465
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Raw Materials CO, EF
YEAR Used MgCOs CaCOs FeCOs, Emissions
Content Content Content
kt Gg t/t
2020 560.73 0.8261 0.0533 0.0407 263.63 0.470
2021 549.84 0.8180 0.0560 0.0448 257.70 0.469
2022 476.47 0.8294 0.0666 0.0508 229.43 0.482

*carbonates reported in MgCO3 on the basis of stoichiometry

Uncertainties and time-series consistency

There were six plants producing magnesite clinker in Slovakia in 1990 — 2020. One of them ended its
production in 1991. New plant entered into market in 2004; in 2007, it finished its production. Another
new plant entered into market also in 2004; in 2009, it finished its production. This second operator has
had very limited production of clinker. Another one stopped its production of magnesite clinker for years
1992 — 1994. Two plants continuously produced magnesite clinker since 1990. These two plants have
one owner.

The same tier approach is used for the whole period 1990 — 2020. Because of the lack of input data on
the consumption of magnesite raw materials and their composition before 2008, the data on the
production of magnesite clinker and its composition were used to reconstruct the time series before
2008. More details on this procedure were described in the Annex 4.1 of the SVK NIR 2016. However,
only activity data on raw materials for the time series 1990 — 2007 were reconstructed (approximated
data), while the CO2 emissions are exactly calculated from the magnesite clinker production and its
composition. Therefore, the comparison of the IEF changes is not possible between years.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Default value of magnesite raw materials uncertainty (1.5%) and country specific value of
MgCO3s, CaCOs and FeCOs contents uncertainty (2.0%) were used in uncertainty analyses by Monte
Carlo method for this category. Based on calculation, the overall uncertainty of CO2 emissions was
2.02%.

Figure 4.10: Probability density function for 2.A.4.c (t of CO2 eq.)
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4.7.8. Other Process Uses of Carbonates — Other (CRF 2.A.4.d)

Carbon dioxide is produced at thermal and chemical decomposition of limestone or other carbonates.
The maximum values of the CO2 emission factors based on the stoichiometry are 440 kg CO:2 per ton
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of consumed CaCOs and 522 kg CO:2 per ton of consumed MgCOs, which are also recommended by
the IPCC 2006 GL. The CO2 emissions estimated in this category are based on limestone consumed in
desulphurization process of coal.

Methodological issues

Limestone used in Slovakia often contains a small amount of MgCOs. CO2 emissions are estimated
using the balance of carbonates according to the IPCC 2006 GL and the plant specific emission factors.
The amount of consumed carbonates according to the different sources and CO2 emissions in the period
1990 — 2022 are summarized in Table 4.17.

Based on availability, the plant specific emission factors have been used since 2004. The annual
estimation of EFs is expressed as weighted average and is based on the stoichiometry of limestone and
dolomite in the mixtures in each producer. Therefore, the IEF varies over the years. Implied emission
factor in 2022 was 0.442 t/t of used carbonates mixture.

Total amount of carbonates used at desulphurization was 113.95 kt in 2022, the activity data are
summarized in Table 4.17. The consumption increased significantly in 2016, the consumption of
limestone reached the highest level since start of using of the desulphurization technology. The probable
reason of the increased using of limestone is the new emission limits for SOz since January 1st, 2016.
Consumption of limestone increased approximately two times in the power plant using brown coal. This
trend continued also in 2018. In 2019, this trend was interrupted, the consumption of brown coal
decreased. Total CO2 emissions estimated in this category were 50.33 Gg in 2022.

Table 4.17: Total used carbonates and CO» emissions in the category 2.A.4.d in particular years

VEAR Desu(lg:gg)i:)ation DeSlzll\;)gggi?tion Total Carbonates CO; Emissions
kt Gg
1990 NO NO NO NO
1995 NO NO NO NO
2000 88.86 1.58 90.44 39.92
2005 94.52 1.73 96.25 42.49
2010 60.49 0.99 61.48 27.13
2011 84.46 1.28 85.74 37.83
2012 103.83 1.84 105.67 46.65
2013 59.84 1.48 61.32 27.10
2014 88.39 2.01 90.40 39.94
2015 76.95 1.35 78.30 34.56
2016 150.09 4.16 154.25 68.21
2017 166.50 3.34 169.84 75.00
2018 150.99 3.97 154.96 68.51
2019 125.39 2.78 128.17 56.62
2020 103.23 2.01 105.24 46.47
2021 109.13 2.09 111.21 49.10
2022 111.60 2.35 113.95 50.33

Uncertainties and time-series consistency

The same tier approach is used for period 1996 — 2020. Before 1996, no desulphurization technology
was used in Slovakia. Data presented in Table 4.17 were obtained directly from producers. The
decrease in consumption of limestone for desulphurization in 2010 was caused by using of 15 654 t
stock lime bought from lime producer for desulphurization. It represents (using back calculation to
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carbonates) approximately 25.55 kt of CaCOs and 0.17 kt of MgCOs. Emissions from that lime
consumption were already allocated and reported in 2.A.2 in 2010. In 2012, no using of stock lime was
reported and therefore emissions are higher than in previous years. In 2013 emissions decreased again
(by 42%) due non-use of the desulphurization process in one plant. In 2014, the desulphurization
process was again used in that plant. Since 1990, there have been seven plants with desulphurization
technology. The significant increase in limestone consumption in 2016 is a result of the new emission
limits for SOz since January 1%t, 2016. Consumption of limestone increased approximately two times in
the power plant using brown coal.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Country specific value of their composition uncertainty in CaCO3z and MgCO3 (2.5%) were used
in uncertainty analyses by Monte Carlo method for this category. Based on calculation, the overall
uncertainty of CO2 emissions was calculated to be 1.93%.

Figure 4.11: Probability density function for 2.A.4.d (t of CO» eq.)
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4.8. Chemical Industry (CRF 2.B)

Production of ammonia is the major source of CO2 emissions and nitric acid production is the major
source of N20 emissions in this category. Total GHG emissions reported in this category were
1 076.42 Gg of COz eqg. in 2022. The decrease of emissions in the comparison with the previous year is
approximately 15% and decrease by 41% in the comparison with the base year. The decrease is caused
by significantly lower production of ammonia. The significant decrease in emissions was reported in
nitric acid production where using of secondary YARA catalyst fully reflected this situation since 2011.
In 2013, also the last producer of nitric acid started using of this secondary catalyst. Decrease of
emissions in calcium carbide production is caused by decrease in production and change of raw
material. Within category, major share (59.3%) in emissions belongs to ammonia production, 32.5%
belongs to petrochemicals production, and 4.9% belongs to nitric acid production and 3.3% to carbide
production. The hydrogen production (other) was reallocated into Energy sector according to the IPCC
2019 Refinement.
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Table 4.18: Emissions in the category 2.B according to the subcategories in particular years

2.B.1 Ammonia 2.B.2 Nitric Acid 2.B.5 Carbide 2.B.8 Petrochem.
YEAR Production Production Production Production 2.8.10 Other
Gg of CO; eq.
1990 332.36 1072.65 0.00 428.80 NO
1995 488.47 1 050.07 139.01 459.91 NO
2000 521.73 904.61 156.73 462.68 NO
2005 573.24 1 098.05 176.72 371.40 NO
2010 388.06 772.56 197.56 403.75 NO
2011 578.73 359.93 222.28 425.75 NO
2012 546.68 258.20 141.26 319.26 NO
2013 675.35 115.08 95.35 330.79 NO
2014 530.30 128.66 85.76 250.60 NO
2015 639.45 124.30 48.47 331.82 NO
2016 564.58 107.89 63.16 338.22 NO
2017 633.80 93.35 59.35 357.84 NO
2018 791.47 93.85 68.26 399.41 NO
2019 689.15 80.58 62.05 344.14 NO
2020 703.96 67.54 45.83 381.66 NO
2021 769.53 56.64 47.57 395.49 NO
2022 638.54 52.76 35.49 349.63 NO

Figure 4.12: The share in CO; emissions of individual subcategories in 2.B in 2022

m2.B.1 Ammonia Production
m2.B.2 Nitric Acid Production
m2.B.5 Carbide Production

m 2 B.8 Petrochemicals Production

u2.B.10 Other

4.8.1. Ammonia Production (CRF 2.B.1)

Ammonia is made from nitrogen and hydrogen by fine-tuned versions of the process developed by
Haber and Bosch N2 + 3H2 = 2NHa. In principle, the reaction between hydrogen and nitrogen is easy.
However, to get a respectable yield of ammonia in a chemical plant a catalyst and extreme pressures
up to 600 atmospheres and temperature of 400°C are needed. The results of ammonia production in
Slovakia are summarized in Table 4.19.

Methodological issues

Tier 3 method according to the IPCC 2006 GL was applied in the emissions estimation of the category
2.B.1 and the plant specific emission factors were used for whole time series. The information on
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ammonia production and natural gas consumption for its production was provided directly by the
operators. The measured values of natural gas consumption provided by the operator were used for
CO:2 emissions estimation and calculated according to the relationship:

E(CO,) = FR-CF~CCF-OF-%—R(COZ)

where: FR is total consumption of natural gas for ammonia production in Nm3; CF is conversion factor
in MJ/m3 (35.202 in 2022); CCF is content of carbon in the fuel in t/TJ (15.312 in 2022) and OF is
oxidation factor of the fuel (1). It should be noted, that parameters (NCV, EF) used for natural gas are
plant specific. R(CO:z) represents the amount of carbon dioxide that is recovered and used for urea
production. In Slovakia, urea is produced and respective amounts of CO2 are subtracted from the
calculated emissions. Due the subtracting of CO2 from urea production, the import/export of urea is
yearly monitored. Emissions from the use of urea are reported in the Agriculture sector, category 3.H
Urea application and in 2.D.3 Other (using of urea in urea-based catalytic converters). The use of urea
in catalytic converters for NOx emissions in cars is calculated by the COPERT 5 model (Chapter 3).
The use of urea in industrial plants is annually monitored by questionnaires that are sent to the operators
at which the decrease of NOx emissions occurred. QA/QC on the use of urea, its export/import
comparison is described in the Chapter 4.4 and Annex 4.3.

The implied emission factor is 1.38 t CO2 per 1 t of ammonia produced in 2022 after subtracting of CO2
used for urea production. Without subtracting of CO2 used for urea production the implied emission
factor is 1.62 t CO2 per 1 t of ammonia The methane and N2O emission factors are IPCC default: 1
kg/TJ of natural gas (CH4) and 0.1 kg/TJ of natural gas (N20). Results are provided in Tables 4.19 and
4.20. Production of ammonia decreased by 20% in 2022 when compared with 2021 and it is a key
category in level and trend assessment. The producer supplied the data on the total consumption of
natural gas for the ammonia production in 2022 that are necessary for the calculation of emissions. The
presented data are based on direct measurements in plant. In 2019, new, very modern, ammonia
technological line started, which resulted in lower CO2 emission.

Table 4.19: Ammonia production and GHG emissions in particular years

VEAR P/?omdrEZ?iioan CO; Emissions* | CH4 Emissions | N,O Emissions NG Consumption
kt Gg t mil. m® TJ

1990 360.00 616.97 10.83 1.08 322.54 10 827.83
1995 383.80 654.14 11.70 117 343.87 11 698.41
2000 403.00 683.85 12.36 1.24 361.07 12 359.46
2005 426.35 721.40 13.06 131 381.99 13 064.02
2010 233.56 484.65 8.75 0.88 254.31 8 753.49
2011 455.48 779.42 14.07 141 407.74 14 070.98
2012 377.30 717.42 12.92 1.29 373.90 12 922.60
2013 474.91 888.08 15.98 1.60 461.25 15979.72
2014 346.27 660.68 11.86 1.19 340.71 11 856.72
2015 476.94 884.82 15.88 1.59 454.27 15 878.88
2016 403.96 787.01 14.10 141 401.92 14 103.50
2017 458.88 873.80 15.70 1.57 449.16 15 700.36
2018 516.74 1028.79 18.47 1.85 529.40 18 474.44
2019 491.95 822.68 14.77 1.48 422.85 14 770.06
2020 545.23 883.52 15.86 1.59 452.87 15 856.94
2021 580.51 930.46 16.64 1.66 475.90 16 638.42
2022 462.12 750.41 13.37 1.34 379.70 13 366.19

* CO, emissions without consideration of urea production
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Table 4.20: Urea production, CO; used for the production and resulting CO2 emissions
in particular years

Urea Production CO, Consumed Net CO, Emissions* IEF
YEAR
kt Gg tt

1990 C 285.20 331.77 0.922
1995 C 166.31 487.83 1.271
2000 C 162.79 521.06 1.293
2005 C 148.87 572.52 1.343
2010 C 97.07 387.58 1.659
2011 C 201.46 577.96 1.269
2012 C 171.45 545.98 1.447
2013 C 213.60 674.48 1.420
2014 C 131.03 529.65 1.530
2015 C 246.24 638.58 1.339
2016 C 223.20 563.81 1.396
2017 C 240.86 632.94 1.379
2018 C 238.32 790.46 1.530
2019 C 134.34 688.35 1.400
2020 C 180.42 703.09 1.290
2021 C 161.83 768.62 1.324
2022 C 112.59 637.81 1.380

*CO, emissions with consideration of urea production, C = confidential (available in NIS archive)

Uncertainties and time-series consistency

Consistent tier 3 method is used for the whole period 1990 — 2020. Higher emission factor in 2010 was
caused by malfunctions in plant. The ammonia was not produced for 3.5 months in 2010. The emissions
were higher as usual at the new start of the production. In 2011, the EF decreased to the values of the
same level as before the malfunction. The reason of the increased production of ammonia is the new
production line that was put in the operation during the year 2018. Since 2019, the new (modern)
production line is fully operational. The investments in its construction amounted to 310 million €.
Nowadays, the Agrofert Group in Sala has the most modern and the most ecological ammonia
production technology not only in Slovakia, but also in Europe. It resulted in the decrease of the CO:
emissions and IEF from the technological step (decrease by ca 15%).

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty estimation used several input parameters such as fuel consumption (FR),
content of Carbon in fuel (CCF), the amount of carbon dioxide that is recovered and used for urea
production (R), their emission factors and their default uncertainties according to the IPCC 2006 GL.
The production process generates CO2 emissions and CH4 and N20O emissions that were also included
into the uncertainty calculation. Based on calculation, the overall uncertainty of CO2 emissions (in eq.)
was calculated to be 3.78%.

163



Figure 4.13: Probability density function for 2.B.1 (t of CO» eq.)
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4.8.2. Nitric Acid Production (CRF 2.B.2)

Globally, nitric acid production consumes about 20% of all produced ammonia. Nitric acid production in
the Slovak Republic is an important source of N2O emissions and a key category in level and trend
assessment. Total nitric acid production decreased by ca 18% in 2022 when compared to 2021.
However, the N2O emissions decreased by 7% in 2022 when compared with 2021. Typical characteristic
of the used technology (with secondary YARA catalyst) is that emissions are low but fluctuate in a certain
degree. Thus, continuous monitoring of emissions is necessary.

Methodological issues

Since 2005, N2O and NOx emissions are continuously monitored by the nitric acid producers with
medium-pressure and high-pressure plant. Since 2013, the monitoring is running also in the third (the
last) plant. Nitric acid is produced in three industrial plants situated in Slovakia owned by one provider
since 2012. Nitric acid is produced by using two technologies: two medium-pressure plants and one
high-pressure plant. The N2O emissions are directly measured during these processes. According to
this, the emission factors were estimated annually, based on certified measurements in this plant.

=  Atmospheric-pressure EFs: Production in atmospheric plant ended in 1999. The emission factor
4.5 kg N20/1 t of HNO3 was recommended for this type of technology in 2006 IPCC Guidelines.
In 2019 IPCC Refinement the emission factor was changed to 5.0 kg N20O/1 t of HNOz3z; which
mean the increase by 11.1%. Because the technological line of the atmospheric plant was old
we used for it the emissions factor 13.0 kg N20/1 t of HNOs according the recommendation of
the ERT review. We adopted the increase of emission factor by 11.1% also for this value.Thus,
the recalculation of the historical data was done, that is presented in Chapter 4.5, Table 4.4.

= Medium-pressure EFs: Two medium pressure plants produce nitric acid in Slovakia. One of
them directly measured N20O emissions in 2005 — 2010 (reg. No SNAS 230/S-189). Results are
provided in Table 4.21.

Table 4.21: Measured EFs in medium pressure nitric acid plant in 2005 — 2010

2005 ‘ 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010
kgt

EF N,O 7.3 ‘ 10.33 ‘ 10.33 ‘ 7.6 ‘ 75 ‘ 75

YEAR
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The malfunction in 2006 — 2007 resulted in higher N2O emission factors. The average value of the
emission factor (7.5 kg/1 t of HNO3) calculated based on presented period (except 2006 and 2007
values) was used as EF in medium pressure plant for the period 1990 — 2004. The same value was also
measured before the technological change, which took place in 2010. In September 2010, the producer
started to use the technology with secondary YARA catalyst and use of continuous emission monitoring
system. It resulted in significant decrease of N2O emissions.

The same EF was also used for the other medium-pressure plant in the Slovak Republic. The used
medium-pressure technologies are very similar. The later medium-pressure plant changed owner at the
end of the year 2012, and the plant was modernized in the same way as the other plant (secondary
catalyst and continuously monitoring of N2O emissions).

= High-pressure EFs: The high-pressure plant started its production in 1999. The N2O emission
factor in high-pressure plant was directly measured in 2006 and 2007 (9.02 kg N2O/1 t of HNO3).
This value was then used for the whole time series for the high-pressure technology. It is very
close to the IPCC default value (9 kg/t). In September 2010, the producer introduced the
technology with secondary YARA catalyst and continuous emission monitoring system. It
resulted in significant decrease of N2O emissions.

The detailed information on N2O emission factors from the nitric acid production in 2022 is presented in
Table 4.22. The overall EF = 0.380 kg N20O/t of HNO3 in 2022 was estimated as weighted average. N2O
emissions were 199.09 t in 2022. The detailed results are in Tables 4.22 and 4.23.

Table 4.22: Detailed information on measured N2O concentrations and EFs in 2022

N,O Concertation Weighted Average EF
PLANT
ppm koft
Medium Pressure Plant 1 117.05 0.390
Medium Pressure Plant 2 28.97 0.118
High Pressure Plant 129.72 0.425
Table 4.23: Estimated N.O emissions and IEFs (N20) in particular years
HNOs N.O N.O Medium N.O High TOTAL N,O
YEAR Production EF N2O Atmospheric Pressure Pressure Emissions
kt kg/t HNO; t
1990 400.54 10.106 2170.86 1876.88 NO 4310.94
1995 398.80 9.936 2020.78 1941.77 NO 4 250.00
2000 407.22 8.383 NO 1 256.58 2 157.06 3413.64
2005 497.68 8.326 NO 1584.29 2559.28 414357
2010 510.97 5.706 NO 1393.18 1522.15 2915.33
2011 593.75 2.288 NO 739.54 618.68 1358.22
2012 550.51 1.770 NO 587.81 386.52 974.33
2013 611.65 0.710 NO 136.50 297.76 434.26
2014 580.09 0.837 NO 156.40 329.13 485.53
2015 634.31 0.740 NO 95.27 373.80 469.07
2016 568.55 0.716 NO 71.69 335.45 407.14
2017 646.23 0.545 NO 118.87 233.42 352.28
2018 575.32 0.616 NO 127.84 226.32 354.16
2019 571.27 0.532 NO 120.23 183.86 304.09
2020 580.24 0.439 NO 125.42 129.44 254.85
2021 636.32 0.336 NO 87.29 126.42 213.72
2022 523.76 0.380 NO 77.18 121.91 199.09
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Uncertainties and time-series consistency

There is only one owner, which has been operating several nitric acid production plants in Slovakia since
2012. Nitric acid is produced in two medium- and one high-pressure plants. Until 1999, also
atmospheric-pressure plant had been operated in Slovakia. The plant specific emission factors are used
for medium and high-pressure technologies since 1990.

The emission factors for medium-pressure plant are based on the measured data in 2005, 2008, 2009
and 2010. The average value (7.5 kg/1 t of HNO3) of EF is used for other years of time series except
the years 2006 and 2007. According to the N2O emissions measured in 2006 and 2007, the EF was
10.332 kg/1 t of HNO3s (malfunction in the plant). The emission factor for high-pressure plant was
measured to be 9.02 kg/1 t of HNO3s which is in good agreement with the IPCC default EF for this type
of technology (9 kg/1 t of HNO3). The same value was used in 1990 — 2010, when the high-pressure
production of nitric acid occurred.

In September 2010, technology was changed in medium- and high-pressure technologies by one
producer. The secondary YARA catalyst was introduced, which resulted in significant decrease of N2O
emissions since 2010. The second plant was using un-modified technology and EF equalled 7.5 kg/1 t
of HNO3. At the end of 2012, the second medium-pressure plant was bought by the new owner (already
owned the second plant). The plant was modernized in the same way as the other (secondary catalyst
and continuously monitoring of N2O emissions) and emission factor was improved. In the end of 2020,
there was another modernization of the one of the medium-pressure plants. During the modernization,
the number of catalyst layers was increased that resulted in another decrease of N2O emissions. The
decrease was fully evident in 2021.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Uncertainty values on the GHG concentration in gas output (2%), output gas flow (3%) and
operating hours (0.5%) were taken from the used gas output certificates analysis. Based on calculation,
the overall uncertainty of CO2 emissions (in eq.) was calculated to be 2.59%.

Figure 4.14: Probability density function for 2.B.2 (t of CO; eq.)
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52.76 52.76 0.70 49.98 56.00 -2.57% 2.60%

4.8.3. Adipic Acid Production (CRF 2.B.3)

Adipic acid is not produced in the Slovak Republic therefore notation key “NO” was used.
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4.8.4. Caprolactam, Glyoxal and Glyoxylic Acid (CRF 2.B.4)

None of these products are produced in the Slovak Republic therefore notation key “NO” was used.

4.8.5. Carbide Production (CRF 2.B.5)

Silicon carbide (CRF 2.B.5.a)

Silicon carbide is not produced in the Slovak Republic therefore notation key “NO” was used.

Calcium carbide (CRF 2.B.5.b)

Calcium carbide (the correct chemical name of this compound is calcium acetylide) is produced by the
reaction of CaO and coke in submerged arc furnace. The final CO2 emissions balance is influenced by
export of carbide, use of carbide in Slovakia and use of limestone. Total CO2 emissions reached
35.49 Gg of CO2 in 2022 and decreased by 25% in comparison with 2021. It corresponds to the
decrease of the production. Since 2015, the calcinated anthracite is used instead of other bituminous
coal.

Methodological issues

Carbon balance of all input-output flows was used. The method is similar to tier 3 method according to
the IPCC 2006 GL with the combination of country specific emission factors and NCVs. These EFs are
updated annually. The CO2 emissions are calculated from the coal consumption (reduction step),
limestone use, and products use. Limestone has not been used since 2011. The CO2 emissions from
reduction step are calculated in the following way: CO2 emissions = (X(consumption of coal x NCV x
EF(C))-(carbide production x C content in carbide)) x 44/12.

Acetylene is produced in the plant not only for welding application. A part of produced acetylene can be
used to produce the vinyl chloride monomer. When this occurs, the CO2 emissions from this production
are reported in 2.B.8.c (ethylene dichloride and vinyl chloride monomer (VCM)). The calcium carbide for
acetylene production for welding application was calculated by conservative approach, as follows:
Calcium carbide for welding = import + production — export — calcium carbide for VCM.

Results of CO2 emissions from non-exported production are summarized in Table 4.24 (C = confidential
data are available in the SNE archive).

Table 4.24: Estimated CO» emissions, carbide production and export in particular years

. . . Other
Sk Ei:abolgf f?)erlr\t;gj €ac0s cg:;g Bitumi- IEF CO, cO,
YEAR Prod. Import Prod. Consum. Consum. | nous Coal
Consum.
kt t/t Gg
1990 NO NO NO NO NO NO NO NO
1995 84.30 C C 131.63 66.61 7.14 1.65 139.01
2000 88.82 C C 138.68 70.26 7.44 1.76 156.73
2005 97.03 C C 151.50 76.73 8.15 1.82 176.72
2010 98.26 C C 158.17 77.69 8.28 2.01 197.56
2011 107.40 C C 172.89 84.89 9.07 2.07 222.28
2012 100.48 C C NO 79.44 8.46 141 141.26
2013 81.79 C C NO 60.93 6.16 117 95.35
2014 74.30 C C NO 57.99 4.34 1.15 85.76
2015 56.18 C C NO 41.05 3.55* 0.86 48.47
2016 67.95 C C NO 48.01 4.50* 0.93 63.16
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. . . Other
. Carbide Carbide Coking ) .
Carbide Export- for VCM CaCO, Coal Bitumi- IEF CO, co,
YEAR Prod. Consum. nous Coal
Import Prod. Consum.
Consum.
kt t/t Gg
2017 71.64 C C NO 47.82 5.08* 0.83 59.35
2018 70.15 C C NO 48.30 4.79* 0.97 68.26
2019 60.47 C NO NO 45.90 3.49*% 1.03 62.05
2020 47.61 C NO NO 38.07 1.65* 0.96 45.83
2021 48.48 C NO NO 39.01 1.47 0.98 47.57
2022 36.12 32.70 NO NO 27.97 1.83 0.98 35.49

* calcinated anthracite

Implied CO2 emission factors of carbide production are updated annually based on the annual values of
the NCV and EFs of used fuels and carbon content in the products (calcium carbide). Implied CO:
emission factor in 2021 was 0.88 t CO2/t of produced CaC: (only from technological process, no
acetylene production is included). When the acetylene production for welding application is included in
formula, the IEF increased to the value 0.98 t CO2/t of produced CaCo-.

According to the direct information provided by the producers, a part of produced calcium carbide was
exported from the Slovak Republic and another part of calcium carbide was used for acetylene and
following vinyl chloride production (notin 2022). No calcium carbide was imported to Slovakia in 2022. The
rest of produced calcium carbide was used for acetylene production for welding applications (conservative
approach). No production of CaO occurred in 2022. The CaO was bought from the lime producers and
approximately 40% of CaO was imported from neighbouring countries. Therefore, no CO2 emissions from
CaO preparation (limestone decomposition step) were allocated in this category. Since 2015, calcinated
anthracite is used for the production of Sgderberg anodes. The content of carbon in this type of material
is declared min. 95%, for ensuring conservatism the assumption of 100% content of carbon is used for the
calculation of emission estimates.

Uncertainties and time-series consistency

The production of calcium carbide in Slovakia started in 1992. Since that year, consistent methodology
and tier method has been used for the whole time series for emissions estimation. Fluctuations and
outliers in emission trend (1998, 2002, 2011 — 2020) and emission factors were caused by differences
in exported volume of final calcium carbide and utilization of CaC: for acetylene and following VCM
production (Table 4.24). The CaO production finished in 2011. In the present, the CaO is produced by the
lime producers and bought for carbide production.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Default values of calcium carbide production and export uncertainty (1.5%), country specific
values for fuels used uncertainty (1.5%), the net calorific values and carbon content in the fuels (2.0%)
except of the carbon content in calcinated anthracite (5.0%), the value for carbide in use (1.5%) and the
value of respective EFs uncertainty (10%) based on methodology for emissions estimation were used
in uncertainty analyses by Monte Carlo method for this category. Based on calculation, the overall
uncertainty of CO2 emissions was calculated to be 7.08%.
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Figure 4.15: Probability density function for 2.B.5.b (t of CO> eq.)
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4.8.6. Titanium Dioxide Production (CRF 2.B.6)

Titanium dioxide is not produced in the Slovak Republic and “NO” notation key was used.

4.8.7. Soda Ash Production (CRF 2.B.7)

Soda ash is not produced in the Slovak Republic and “NO” notation key was used.

4.8.8. Petrochemical and Carbon Black Production (CRF 2.B.8)

Methanol (CRF 2.B.8.a), ethylene oxide (CRF 2.B.8.d), acrylonitrile (CRF 2.B.8.e) and carbon black
(CRF 2.B.8.f) are not produced in the Slovak Republic and “NO” notation keys were used.

Ethylene (CRF 2.B.8.b)

Ethylene is produced by steam cracking of naphtha in the Slovak Republic. Natural gas, refinery gas
and low-pressurized methane are used as the other feedstock in the process. Propylene is a valuable
co-product of the process. The other by-products and off-gases are transferred into refinery and they
are reported in 1.A.1.b. Total CO2 emissions from ethylene production were 345.20 Gg in 2022, which
is lower by 12% compared with previous year. The decrease is caused by decreasing the production.

Methodological issues

Carbon balance approach (tier 2), as described in the IPCC 2006 GL, was used. All feedstock (naphtha,
natural gas, refinery gas and low-pressurized methane) and all products (ethylene, propylene, and other
chemicals — by-products) are balanced (Figure 4.16). Methane emissions do not occur when using
approach described in the IPCC 2006 GL.
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Figure 4.16: Scheme of carbon material balance used in for 2.B.8.b
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Input streams as naphtha and refinery gas originates in the refinery. During the reaction in the ethylene
unit, a refinery gas with high content of methane is formed. This methane is separated from the refinery
gas and creates an inner loop in the process. The rest of the refinery gas (after separating of methane)
is going into refinery and it represents an input stream for emission estimates in the Energy sector
(1.A.1.b category). In refinery, other chemicals as butadiene etc. are separated and off-gases are
burned. The burning of off-gases is reported in the Energy sector (1.A.1.b category). The data “Carbon
in other chemicals” presented in Table 4.25 represents carbon outgoing from ethylene unit (due to many
the other produced chemicals, total carbon content is reported). From this amount, the low pressurized
methane is separated, while the rest is going into refinery. On the other hand, another stream of refinery
gas is outgoing from refinery and it represents the input stream in the ethylene unit.

The total amount of carbon excluded from reference approach is the difference between carbon
contained in input flows (naphtha, excess refinery gas, natural gas) and carbon in off-gases going to the
refinery. Part of it is stored in products (ethylene and propylene) and the rest is evolved as CO:
emissions This approach (including the inner loop into the calculation) is chosen because of
comparability with the EU ETS report where the emission estimates are calculated based on the fuel
combustion. The methodology used was also published in the paper by Eva Krtkova et. al.?).

Ethylene is produced by one operator in Slovakia and therefore the NCVs and emission factors of all
feedstock were provided directly (EU ETS reports). Total production of ethylene and propylene was
provided by the plant operator. Detailed data are presented in Table 4.25.

Table 4.25: Activity data and related CO» emissions from ethylene and propylene production
in particular years

Naphtha Natural Gas Refinery Gas Low-Pressurized CH4

YEAR
Inputs in TJ

1990 14 867.6 3074.8 4 366.1 0.0
1995 19 271.2 17141 5071.7 1 306.4
2000 21 625.6 1419.9 4 380.5 2357.3
2005 17 440.0 959.5 44974 1031.8
2010 17 004.0 1610.6 4237.1 12442
2011 16 742.4 1532.7 4062.2 1126.2
2012 10 900.0 1487.9 2928.5 612.1
2013 11510.4 1707.9 3124.8 907.5
2014 11 264.0 1319.6 2522.0 584.2

2 (Eva Krtkova, Vladimir Danielik, Janka Szemesova, Klara Tarczay, Gabor Kis-Kovacs and Vladimir Neuzil, Non-Energy Use of
Fuels in the Greenhouse Gas Emission Reporting, Atmosphere 2019, 10, 406; DOI: https://www.mdpi.com/2073-4433/10/7
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Naphtha Natural Gas Refinery Gas Low-Pressurized CH,4
YEAR
Inputs in TJ
2015 14 916.0 11238 3707.6 1079.9
2016 10 472.0 1150.2 3584.5 1250.4
2017 11176.0 1290.4 3702.3 1 363.0
2018 13 948.0 1355.5 4105.8 1718.6
2019 13 244.0 1182.9 3624.6 1432.9
2020 17 732.0 909.9 4081.9 2004.0
2021 19 184.0 728.6 4533.3 1968.7
2022 16 588.0 535.6 4156.6 1700.7
vear | Producten | producion | Ghem. | CO:Emissions IEF (€02
Outputs in kt Gg t/t
1990 216.5 98.6 27.3 416.80 1.925
1995 200.3 93.3 133.9 447.80 2.236
2000 207.4 92.9 175.5 449.28 2.166
2005 202.5 91.9 96.8 357.33 1.765
2010 197.0 93.0 91.8 391.16 1.986
2011 194.0 96.0 86.6 411.73 2.122
2012 128.0 68.0 50.2 306.42 2.394
2013 145.5 71.7 44.3 322.24 2.215
2014 102.8 55.2 90.1 243.55 2.369
2015 137.0 67.0 123.7 323.91 2.364
2016 146.0 71.0 23.7 328.16 2.248
2017 176.0 84.0 0.9 348.90 1.982
2018 198.0 98.0 25.6 391.74 1.978
2019 169.5 81.9 49.7 340.24 2.008
2020 207.9 153.9 44.9 379.68 1.826
2021 213.6 165.5 59.1 391.28 1.832
2022 169.3 217.6 0.4 345.20 2.039

Uncertainties and time-series consistency

Consistent methodology based on tier 2 method was used for the whole-time series since 1990.
Fluctuations and outliers in emission trend were caused by the different amounts of other chemicals
produced in process and by the different share of fuels (naphtha, NG, refinery gas, low-pressured
methane). Fluctuations in IEF are caused by relating of the IEF to the production of ethylene only, while
there is a varied share of the different products produced during the time series. Sensitivity of time series
is caused by the limited number of operators produced in Slovakia and their actual activity. The
corresponding volume of natural gas and other fuels presented in Table 4.25 were subtracted from
1.A.2.c in the Energy sector.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Country specific values of different fuels’ uncertainty, country specific values for fuels NCV and
EFs uncertainty (2.0%) and calculated value for ethylene and propylene production uncertainty (1.5%)
based on methodology for emissions estimation described above were used in this uncertainty analyses
by Monte Carlo method. Based on calculation, the overall uncertainty of CO2 emissions was 12.91%.
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Figure 4.17: Probability density function for 2.B.8.b (t of CO> eq.)
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Ethylene Dichloride and Vinyl Chloride Monomer (CRF 2.B.8.c)

Ethylene dichloride (EDC) is produced by direct chlorination process in the Slovak Republic. Cracking
of ethylene dichloride results in vinyl chloride monomer (VCM) and HCI. The HCI is consumed in the
reaction with acetylene that results in another amount of vinyl chloride monomer. This amount of
consumed acetylene is not reported in 2.B.5.b (calcium carbide production) to avoid double counting.
Total CO2 emissions from ethylene dichloride and vinyl chloride monomer production were estimated in
this category for whole time series. The emissions were 4.43 Gg in 2022 and increased by ca 5% in
comparison with the previous year 2021.

Methodological issues

Tier 2 approach and carbon balance approach, as described in IPCC 2006 GL was used. The used
approach is described on the following scheme (Figure 4.18).

Ethylene dichloride and vinyl chloride monomer is produced by one operator in Slovakia. All streams
(inputs) shown on Figure 4.18 were taken into account with respective emission factors and contents
of carbon (plant specific data). These parameters were updated annually.

Total production of vinyl chloride monomer and the production of ethylene dichloride (a part of it that is
a final product, not intermediate for VCM) were delivered directly by the plant operator. Information on
streams inputs and outputs material balance are summarized in Table 4.26.
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Figure 4.18: Carbon material balance used in emissions estimation of the category 2.B.8.c
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Table 4.26: Activity data and related CO; emissions from the EDC and VCM production

in particular years

YEAR C’\(I)it:;"rirlui?osn Colf]tshl}/rl:;)]teion C:::Ltj}r/r:?)rt]ieon EDC Production” VM Production
1000 m? kt
1990 5084 10.320 14.313 NO 55.536
1995 4935 17.356 8.177 NO 56.159
2000 5302 21.003 9.471 NO 66.963
2005 5850 18.807 9.166 NO 61.568
2010 5272 17.448 5.743 0.893 50.085
2011 5872 19.294 5.772 1.150 53.928
2012 5475 18.149 2.587 0.712 44.300
2013 3548 11.915 3.462 0.666 33.059
2014 3013 10.148 3.068 1.172 28.185
2015 3174 10.816 3.486 -0.158 31.127
2016 4694 11.762 6.357 1.571 39.484
2017 3505 10.612 5.703 0.305 35.193
2018 4030 8.970 2.810 0.502 26.295
2019 405 6.933 NO 0.348 12.957
2020 626 3.203 NO -0.323 6.770
2021 1754 7.132 NO 0.688 14.828
2022 1539 7.415 NO 0.436 15.167
Gas for CHCI* CH™ | Proc.co, | Combust | Flaring o0 co, | IEF (COY)
YEAR | Flaring CO, Co,
1,000 m? Kkt Gg t/t VMC

1990 43.9 1.587 0.282 10.382 1.449 0.173 12.004 0.2161
1995 50.7 2.042 0.284 10.045 1.866 0.199 12.110 0.2156
2000 53.4 2.104 0.265 11.264 1.922 0.210 13.396 0.2000
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Gas for CHCI** CH** Proc. co, | Combust | Flaring Lo co, | IEF (COY)
YEAR Flaring CO; CO;

1000 m? kt Gg tt VMC
2005 44.8 2.397 0.268 11.704 2.190 0.176 14.070 0.2285
2010 453 1.862 0.271 10.703 1.701 0.178 12.583 0.2512
2011 51.9 2.114 0.269 11.883 1.932 0.204 14.019 0.2600
2012 50.5 1.621 0.297 11.160 1.481 0.198 12.839 0.2898
2013 50.2 0.936 0.206 7.491 0.855 0.197 8.543 0.2584
2014 24.8 0.903 0.234 6.194 0.769 0.097 7.051 0.2502
2015 24.0 0.778 0.269 7.103 0.714 0.094 7.911 0.2541
2016 99.2 1.095 0.426 8.629 1.041 0.390 10.061 0.2548
2017 128.2 1.315 0.536 7.170 1.269 0.504 8.942 0.2541
2018 132.5 0.852 0.288 6.374 0.521 0.777 7.672 0.2918
2019 58.2 0.639 0.078 3.193 0.229 0.478 3.900 0.3010
2020 110.5 0.323 0.048 1.293 0.435 0.248 1.975 0.2918
2021 202.7 0.561 0.087 2.982 0.797 0.434 4.214 0.2842
2022 143.6 0.666 0.117 3.335 0.565 0.526 4.425 0.2918

*production of EDC that is used as a product, not an intermediate to VCM; **chlorinated hydrocarbons; ***other hydrocarbons

Uncertainties and time-series consistency

Consistent methodology and tier method are used for the whole time series since the base year.
Fluctuations and outliers in emissions and IEFs are caused by different amounts of vinyl chloride
monomer produced by two methods (from ethylene and/or acetylene). Sensitivity of time series are
caused also by the limited number of operators produced in Slovakia and their actual activity or
production capacity. The respective amounts of natural gas were subtracted from 1.A.2.c of the Energy
sector. It should be mentioned that the negative value of EDC production in 2015 and in 2020 means
the using of stocked or bought amount of EDC. Not enough EDC was produced in the plant in those
years for the purpose of VCM production.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Country specific values of different inputs (fuels) uncertainty, country specific values for fuels
NCV and EFs uncertainty (2.0%), value for VCM and EDC production, acetylene and ethylene
consumption uncertainty (1.5%) based on methodology for emissions estimation described above were
used in this uncertainty analyses by Monte Carlo method. Based on calculation, the overall uncertainty
of CO2 emissions was 10.93%.
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Figure 4.19: Probability density function for 2.B.8.c (t of CO2 eq.)
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4.8.9. Hydrogen Production (CRF 2.B.10)

In this submission, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories was fully implemented. In Vol. 3 — Introduction, Chapter 1.3.3, page 1.12 it is stated:
"Refineries manufacture petroleum products for fuel and for non-energy uses, and in doing so produce
hydrogen and other gases, intermediate products and basic chemicals. The CO, emissions from fuel
consumed by the refinery for this activity are reported as Energy Sector emissions. This principle is
maintained in the Guidelines even when some fuel use in the refinery is to support manufacture of
chemicals for sale (for example, propylene or aromatics). In the 2019 Refinement, this principle is re-
iterated within the new guidance presented for hydrogen production, which is a new IPPU source
category; the emissions from hydrogen production within a refinery as an intermediate product are
primarily to support Energy sector activities, with emissions to be reported in the Energy sector.”

Until now, the hydrogen production in refinery was included in this category. Based on the above cited
paragraph, the hydrogen production is allocated into Energy sector and “NO” notation key is used.

4.9. Metal Production (CRF 2.C)

This category produces emissions of CO2, CH4 and PFCs emissions (Aluminium Production). Total
emissions were 3533.08 Gg of CO: eqg. in 2022; the decrease was 27% when compared with 2021 due
the significant decrease of all productions. Even the aluminium production finished. Comparing with the
base year, the emissions are lower by 26%. However, more efficient production results in significantly
higher iron and steel production at the same emission production. According to the IPCC 2006 GL, also
zinc and lead production are reported in 2.C.5 Lead Production and 2.C.6 Zinc Production.

Table 4.27: Emissions in the category Metal Production 2.C in particular years

2.C.11Iron and 2.C.2 Ferroalloy 2.C.3 Aluminium 2.C5Lead 2.C.6 Zinc
YEAR Steel Production Production Production Production
Gg of CO;, eq.
1990 4182.73 296.74 335.24 NO NO
1995 4 335.91 235.64 148.83 NO NO
2000 3359.30 182.72 193.11 NO NO
2005 3391.04 166.09 193.55 NO NO
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2.C.11Iron and 2.C.2 Ferroalloy 2.C.3 Aluminium 2.C.5Lead 2.C.6 Zinc

YEAR Steel Production Production Production Production
Gg of CO; eq.

2010 4164.04 334.79 193.11 NO NO
2011 3993.04 329.55 204.42 0.01 NO
2012 4 309.53 372.33 278.56 0.04 0.02
2013 3924.83 228.22 281.31 0.05 0.01
2014 4 425.41 276.20 281.21 0.06 0.01
2015 4181.15 301.64 268.83 0.06 NO
2016 4 031.17 263.42 285.08 0.06 NO
2017 3511.91 115.67 249.62 0.06 NO
2018 4107.71 220.01 291.75 0.01 NO
2019 3505.23 203.04 285.90 0.01 NO
2020 3878.02 266.53 288.14 0.03 NO
2021 3781.27 166.19 282.26 0.03 NO
2022 4 070.29 224.30 284.27 0.08 NO

The major share of emissions (94.5%) belongs to the iron and steel production, 2.2% belongs to the
ferroalloy production and 3.3% to the aluminium production. Other subcategories are not significant in
emission share within the category 2.C.

Figure 4.20: The share in GHG emissions in the category 2.C by subcategories in 2022

m2.C.11ron and Steel

m2.C.2 Ferroalloy Production

m2.C.3 Aluminium Production

m2.C.5 Lead Production

m2.C.6 Zinc Production

4.9.1. Iron and Steel Production (CRF 2.C.1)

Total CO2z emissions in this category were 3 339.31 Gg in 2022, lower by 22% when compared with the
year 2021. The reason of such decrease is the significant decrease in production due to the economic
reasons. Comparing the base year, the decrease was 20%. Pig iron is produced by the reduction
process of iron ore with coke in a blast furnace. The major emissions emitted from this process are CO:
emissions. Limestone is added as an agent for slag formation. Pig iron contains about 4% of carbon
and a part of this carbon is oxidized in the next step. This process is accompanied by the CO emissions
release. The most of CO is burned to CO-. Iron ore was processed to pig iron. Category iron and steel
production includes following processes: (i) steel production (2.C.1.a), (ii) pig iron production (2.C.1.b),
(iii) sinter production (2.C.1.d) and (iv) steel production in electric arc furnaces (EAF) (2.C.1.f). Major
sources of technological CO2 emissions are pig iron and steel production in blast furnaces. Due to the
difficult disaggregation between emissions originated from pig iron and from steel production, total CO2
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emissions from total production processes were allocated directly in steel production category.
Therefore, the notation key “IE” was used in the other categories. The CO2 emissions from the EAF
steel production are reported separately in 2.C.1.f.

Implementation of 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories resulted in changes in the inventory: (i) methane emissions from sinter and coke production.
Due to the technological scheme of the process (Figure A4.1.1 in the Annex 4.1 of this Report) we
report the methane emission from coke production in IPPU sector instead of Energy sector; (ii) nitrous
oxide emissions from the flaring of blast furnace gas and converter gas. The methane and nitrous oxide
emissions were estimated back to the 1990. However, based on the new available data we plan
reconsider the technological scheme to differentiate the fuels and emissions between IPPU and Energy
sector in more details. The result will be reported in the next submission.

Figure 4.21: Emission trend in the category 2.C.1 according to type of production in 1990 — 2022

5000

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

m Steel Production in Blast Furnaces ®Steel Production by EAF

Methodological issues

Pig iron and steel are produced mainly in blast furnaces and by the EAF processes. Technological
emissions from pig iron (2.C.1.b), steel (2.C.1.a) and emissions from coke electrodes used by the EAF
steel production (2.C.1.f) are included in this category. Due to application of tier 2 method, methane
emissions were not balanced until now.

The plant with blast furnaces is one complex with many energy-related installations (coke ovens, heating
plant, manufacturing of steel products, etc.). After direct discussion with the plant operators, simplified
scheme of the plant in order to carbon balance was proposed (Figure A4.1.1 in the Annex 4.1 of this
Report).

All streams were calculated based on the plant specific conversion units and carbon EFs or based on
carbon content oi iron ore and steel. Carbon balance of iron and steel production is described in full
details in the Annex 4.1. The used method corresponds to tier 2 for CO2 as described in the IPCC 2006
GL. Methane emissions from sinter and coke production are calculated using Tier 1 method and reported
in 2.C.1.a. No data for higher Tier are available. Nitrous oxide emissions from blast furnace gas and
converter gas flaring are calculated using Tier 1 method, as well. No data for higher Tier are available.
However, CRF Tables (CRF Reporter) are not prepared for reporting of N2O emissions from iron and
steel production, Therefore, they are reported separately in artificially created category 2.C.7.i Iron and
Steel — N20.

The CO:2 emissions were calculated by using following equation:
E(steelBF) = (3 (massof Cininputstream;) — Y.(massof Cinoutputstream;)) -%

E(steelEAF) = EF (steelinEAF) - massofSteelproducedinEAF
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TotalEmissions = Y,; E(i)

The methane emissions were calculated using the equation:
TotalEmissions = QuantityOfSinterProduced - EF (sinter) + QuantityOfCokeProduced - EF (sinter)
where EF(sinter) = 0.07 kg/t and EF(coke) = 0.089 kg/t.

The N20 emissions were calculated using the equation:
TotalEmissions = BFGflared - EF(BFG) + ConverterGasFlared - EF (converter)
where EF(BFG) = 5.6x107 t/ TJ and EF(converter) = 4.0x107 t/ TJ.

EFs of CO: are estimated annually on plant level, what is equal to country specific level in this case.
Inter-annual fluctuations in emission factors are caused by two basic technological situations:

-different volume of iron scrap is added to the charge in steel making process,
-different amounts of gas fuels are produced in blast furnaces.

The average content of carbon in iron ore was 3.377 kgft, in pig iron it was 18.45 kg/t and 0.834 kg/t in
steel (data supplied directly) in 2022. Emission factors and other parameters are summarized in
Tables 4.28-4.30. The CO2 emissions from the EAF process are estimated based on carbon balance,
where all material flows are considered. Methane and nitrous oxide emissions for the whole time series
are summarized in Tables 4.31-4.32.

Iron and steel is produced by several plants (U.S.Steel KoSice, a.s., UNEX Prakovce, Metalurg,
Slovakia Steel Mills and by Ironworks Zeleziarne Podbrezova, a. s.). The manufacturer of iron and steel
in blast furnaces (integrated production of iron and steel) produced pig iron (part of which was sold and
not processed to steel) and 3 197.69 kt of steel in 2022 (decrease by 20% when compared with 2021).
Total production of steel produced by the EAF technology was 365.53 kt in 2022. The plant UNEX
Prakovce did not produce steel since 2013. New plant, Slovakia Steel Mills, started their production by
the EAF technology in 2013. However, due to the sanctions to the Russian Federation, its production
decreased and, in the end of 2014 the production was stopped. Since 2019, only one plant using EAF
technology is in operation. Activity data on produced pig iron, what is sold to customers and not
processed to steel are presented in 2.C.1.b. These data are presented without emissions because these
emissions are balanced together with steel production and allocated in the 2.C.1.a.

Table 4.28: Activity data, emission factors and CO» emissions in integrated iron and steel production
in 2005 — 2022 that are reported in 2.C.1.a subcategory

vear | Cons. | GOk NGComs |l it | erod | neused | CO¢ | IEF(COD
kt mil. M3 kt Gg t/t
2005 2 594.52 -20.00 30.67 626.30 3622.84 4 238.12 829.34 3893.90 0.919
2006 2 853.64 179.00 37.68 670.28 4 665.12 4 836.49 781.85 4 391.72 0.908
2007 2960.17 -147.00 26.31 682.77 3838.94 4784.81 606.74 4140.88 0.865
2008 2867.21 -152.00 22.11 668.56 3693.60 4 229.40 464.33 3992.89 0.944
2009 2 455.88 -85.00 20.27 592.13 3378.26 3642.28 518.34 3479.24 0.955
2010 2516.80 327.63 36.14 657.13 4 227.88 4 401.78 640.47 4 071.97 0.925
2011 2 503.00 -27.00 41.18 645.28 4 025.42 3961.02 600.73 3461.85 0.874
2012 2709.17 -22.00 24.89 618.32 4 135.38 4 236.19 622.03 3842.85 0.907
2013 2482.48 -13.97 22.25 591.42 3867.60 4 344.25 820.30 3708.94 0.854
2014 2 606.36 74.98 20.13 604.21 3958.03 4 439.48 973.80 4 024.91 0.907
2015 2641.87 -29.98 20.18 657.42 3586.84 4 310.94 800.39 4018.99 0.932
2016 2626.27 99.39 23.31 649.04 3703.90 4599.44 942.05 4 326.18 0.941
2017 2 650.44 150.69 19.37 784.45 3894.35 4712.96 961.71 4 319.01 0.916
2018 2 637.44 176.76 20.67 792.90 4 097.63 4 641.84 957.39 4177.19 0.900

178



vear | Cons. | GOk NeCons (GO o | hrod | neused GO | IEF(COD
kt mil. M3 kt Gg tit
2019 2279.01 28.15 21.04 549.83 3018.73 | 3608.95 749.44 3543.54 0.982
2020 1914.80 92.42 17.15 477.18 2687.21 | 3119.01 650.71 3136.29 1.006
2021 2677.74 108.19 18.60 578.35 4002.59 | 4560.37 963.27 4264.48 0.935
2022 2313.60 -41.41 18.08 538.54 3197.69 | 3558.10 767.63 3313.75 0.931

CG = coking gas, BFG = blast furnace gas, con. = consumption, prod. = production

Table 4.29: Production and CO; emissions in steel industry in 1990 — 2004

VEAR Steel Production Limestone Used CO; Emissions IEF (CO3)
kt Gg t/t
1990 3561.50 615.78 4149.82 1.165
1991 3163.40 540.44 3015.13 0.953
1992 2952.40 501.77 2 639.86 0.894
1993 3205.40 555.13 4 337.65 1.353
1994 3330.40 581.39 3815.70 1.146
1995 3207.40 562.16 4.304.41 1.342
1996 2 920.00 508.61 4 533.89 1.553
1997 3072.30 542.47 4 547.00 1.480
1998 3100.00 541.86 4 075.07 1.315
1999 3420.00 527.61 3967.28 1.160
2000 3519.99 713.79 3326.23 0.945
2001 3751.85 660.08 3356.97 0.895
2002 4103.20 575.05 4129.07 1.006
2003 4382.92 608.29 3 956.26 0.903
2004 4421.14 1154.75 4 273.53 0.967

Table 4.30: Activity data, emission factors (below) and CO; emissions in individual plants with EAF
steel production in particular years

ZELEZIARNE PODBREZOVA

SLOVAKIA STEEL MILLS

METALURG STEEL

YEAR St;leby Carbon ;:OZ St;leby Carbon €0 St;leby Carbon L
g Gg Gg
1990 C 3.81 13.97 NO NO NO C 1.10 4.02
1995 C 3.88 14.22 NO NO NO C 1.04 3.83
2000 C 3.88 14.22 NO NO NO C 1.12 4.10
2005 C 3.41 12.49 NO NO NO C 0.24 0.89
2010 C 4.47 16.37 NO NO NO C 0.34 1.23
2011 C 7.06 25.88 NO NO NO C 0.30 1.09
2012 C 4.64 17.00 NO NO NO C 0.17 0.62
2013 C 3.97 14.55 C 10.85 39.80 C 0.00 0.01
2014 C 3.00 11.01 C 4.21 15.43 C 0.01 0.05
2015 C 2.49 9.14 NO NO NO NO NO NO
2016 C 2.39 8.78 NO NO NO C 0.01 0.04
2017 C 2.38 8.73 NO NO NO 0.08 0.28
2018 C 2.83 10.35 NO NO NO C 0.08 0.28
2019 C 2.93 10.74 NO NO NO NO NO NO
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ZELEZIARNE PODBREZOVA SLOVAKIA STEEL MILLS METALURG STEEL
VEAR St;ZIFby Carbon ;:ZZ St;ZIFby Carbon (;ZZ St;ZIFby Carbon C((:gz
2020 C 2.60 9.53 NO NO NO NO NO NO
2021 Cc 2.84 10.41 NO NO NO NO NO NO
2022 C 2.82 10.35 NO NO NO NO NO NO
UNEX, PRAKOVCE TOTAL
YEAR Steel by EAF CO; Steel by EAF CO; IEF
kt Gg kt Gg t/t
1990 C 0.16 310.73 18.15 0.0584
1995 Cc 0.16 314.64 18.21 0.0579
2000 Cc 0.17 316.36 18.49 0.0584
2005 Cc 0.08 356.90 13.46 0.0377
2010 NO NO 331.25 17.60 0.0531
2011 NO NO 374.22 26.97 0.0721
2012 NO NO 372.40 17.62 0.0473
2013 NO NO 711.34 54.36 0.0764
2014 NO NO 527.85 26.49 0.0502
2015 NO NO 315.05 9.14 0.0290
2016 NO NO 293.80 8.82 0.0300
2017 NO NO 356.80 9.01 0.0253
2018 NO NO 380.30 10.63 0.0280
2019 NO NO 327.78 10.74 0.0328
2020 NO NO 279.95 9.53 0.0341
2021 NO NO 370.29 10.41 0.0281
2022 NO NO 365.53 10.35 0.0283
Table 4.31: Activity data and CH4 emissions from integrated iron and steel plant
SINTER COKE TOTAL
YEAR Production CH,4 emission Production CH,4 emission CH, emission
kt
1990 5532.13 0.3872 1199.29 0.1067 0.4940
1991 4913.90 0.3440 1 065.27 0.0948 0.4388
1992 4586.19 0.3210 994.23 0.0885 0.4095
1993 4978.99 0.3485 1079.38 0.0961 0.4446
1994 5173.30 0.3621 1121.50 0.0998 0.4619
1995 4981.95 0.3487 1080.02 0.0961 0.4449
1996 453541 0.3175 983.22 0.0875 0.4050
1997 4771.96 0.3340 1 034.50 0.0921 0.4261
1998 4815.26 0.3371 1043.89 0.0929 0.4300
1999 5312.49 0.3719 1151.68 0.1025 0.4744
2000 5 468.23 0.3828 1185.44 0.1055 0.4883
2001 5828.42 0.4080 1263.52 0.1125 0.5204
2002 6374.24 0.4462 1381.85 0.1230 0.5692
2003 6 808.94 0.4766 1476.09 0.1314 0.6080

180



SINTER

COKE

TOTAL

YEAR Production CH,4 emission Production CH, emission CH, emission
kt
2004 6 868.35 0.4808 1 488.97 0.1325 0.6133
2005 6552.13 0.4586 1 420.42 0.1264 0.5851
2006 7477.21 0.5234 1 620.96 0.1443 0.6677
2007 7397.32 0.5178 1 603.64 0.1427 0.6605
2008 6 538.65 0.4577 1417.49 0.1262 0.5839
2009 5 630.97 0.3942 1220.72 0.1086 0.5028
2010 6 805.16 0.4764 1475.27 0.1313 0.6077
2011 6 153.96 0.4308 1334.10 0.1187 0.5495
2012 6581.34 0.4607 1 426.75 0.1270 0.5877
2013 6 737.70 0.4716 1 460.64 0.1300 0.6016
2014 7 182.50 0.5028 1 446.66 0.1288 0.6315
2015 6 562.73 0.4594 1504.28 0.1339 0.5933
2016 7070.81 0.4950 1512.39 0.1346 0.6296
2017 7 179.50 0.5026 1472.05 0.1310 0.6336
2018 7 006.23 0.4904 1483.81 0.1321 0.6225
2019 5 466.96 0.3827 1 306.39 0.1163 0.4990
2020 4.970.97 0.3480 1110.74 0.0989 0.4468
2021 7 205.65 0.5044 1524.99 0.1357 0.6401
2022 5520.99 0.3865 1 385.53 0.1233 0.5098
Table 4.32: Activity data and N,O emissions from integrated iron and steel plant
BLAST FURNACE GAS CONVERTER GAS TOTAL

YEAR Quantity flared N,O emission Quantity flared N>O emission N>O emission
TJ t TJ t t
1990 5385.42 3.0158 1 148.60 0.4594 3.4753
1991 4783.58 2.6788 1020.21 0.4081 3.0869
1992 4 464.57 2.5002 952.16 0.3809 2.8810
1993 4 846.94 2.7143 1033.75 0.4135 3.1278
1994 5036.11 2.8202 1074.07 0.4296 3.2498
1995 4849.83 2.7159 1034.40 0.4138 3.1297
1996 4 415.13 2.4725 941.71 0.3767 2.8492
1997 4645.41 2.6014 990.83 0.3963 2.9978
1998 4 687.56 2.6250 999.76 0.3999 3.0249
1999 5171.60 2.8961 1102.96 0.4412 3.3373
2000 5323.22 2.9810 1135.21 0.4541 3.4351
2001 5673.85 3.1774 1 209.99 0.4840 3.6614
2002 6 205.19 3.4749 1323.30 0.5293 4.0042
2003 6 628.37 3.7119 1413.51 0.5654 4.2773
2004 6 686.20 3.7443 1425.84 0.5703 4.3146
2005 6 378.37 3.5719 1 366.81 0.5467 4.1186
2006 7 278.92 4.0762 1559.79 0.6239 4.7001
2007 7 201.14 4.0326 1543.12 0.6172 4.6499
2008 6 365.24 3.5645 1 364.00 0.5456 4.1101
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BLAST FURNACE GAS CONVERTER GAS TOTAL
YEAR Quantity flared N,O emission Quantity flared N>O emission N>O emission
TJ t TJ t t
2009 5481.64 3.0697 1174.65 0.4699 3.5396
2010 6 624.68 3.7098 1419.59 0.5678 4.2777
2011 5990.75 3.3548 1277.44 0.5110 3.8658
2012 6 406.80 3.5878 1 366.19 0.5465 4.1343
2013 6 559.02 3.6730 1401.04 0.5604 4.2335
2014 7 090.73 3.9708 1508.14 0.6033 45741
2015 5 865.68 3.2848 1 398.03 0.5592 3.8440
2016 6 220.81 3.4837 1 646.25 0.6585 4.1422
2017 7 241.34 4.0552 1514.47 0.6058 4.6609
2018 8 001.10 4.4806 1365.17 0.5461 5.0267
2019 4739.26 2.6540 880.65 0.3523 3.0062
2020 4 433.78 2.4829 979.78 0.3919 2.8748
2021 8 022.07 4.4924 1 753.80 0.7015 5.1939
2022 5414.26 3.0320 1288.12 0.5152 3.5472

Uncertainties and time-series consistency

Iron and Steel Production is the significant source of GHG emissions and key category in level and trend
assessment, therefore important attention was paid on time series consistency. However, there are
several comments to be mentioned:

Iron and Steel Production in blast furnaces: Natural gas was also used for heating of blast furnaces
since 2000. Therefore, the IEF (CO2) decreased from that year. The detailed data for country specific
methodology described above are directly available for period 2005 — 2022. The older data (1990 —
2004) has been recalculated in previous submissions by using alternative recalculation techniques
(surrogate method). The recalculation was based on the combined driver based on the mass of
produced steel and pig iron and the total amount of coking coal used in the plant. Where available, the
mass and composition of iron scraps, the mass and composition of iron ore and the mass of pig iron
that was not processed to steel were considered to ensure the reliable results. This way of extrapolation
provided more consistent data (see comparison of IEF for the boundary years 2003 — 2007). The EU
ETS reports are available since 2005, but no disaggregated data on fuel consumption or CO2 emissions
to the very bottom level are presented in these reports. The methodology used by plant operator in the
EU ETS report is based on total mass balance and was used for comparison during QA/QC process.
The methane and nitrous oxide emissions estimates are reported for the first time in this submission.
Detailed activity data are available since 2014. For the period 1990 — 2013, the surrogate method for
extrapolation was used. Several drivers were tested. As the best ones, the following driver were used:
(i) driver for the sinter production: the ratio of the sinter produced to the quantity of steel and pig iron
produced. The uncertainty of the driver is 2.4%; (ii) driver for the coke production: the ratio of the coke
produced to the quantity of steel and pig iron produced. The uncertainty of the driver is 5.0%; (iii) driver
for the BFG: the ratio of the BFG flared to the quantity of steel and pig iron produced. The uncertainty
of the driver is 1.9%; (iv) driver for the converter gas flaring: the ratio of the converter gas flaring to the
guantity of steel produced. The uncertainty of the driver is 6.1%.

EAF Steel Production: Emissions estimation is based on the available country specific data and following
assumptions
= Zeleziarne Podbrezové: the EU ETS reports are available since 2005. According to the
guestionnaires sent back by the producer for the period 2000 — 2004, the average value of
carbon (in all material inputs) for production is 13.4 kg / 1 t of produced steel.
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= Metalurg Steel: the EU ETS reports are available since 2005. Until 2006, the CO2 emission
factor was 0.165t/ 1 t of produced steel. This approach was based on the carbon balance made
directly by the plant. Since 2007, direct consumption of carbon is available. From the data
directly reported in the period 2007 — 2011, carbon consumption was extrapolated using driver
method (steel production) back to 1990. The EF (CO2) = 0.165 t/t was verified during this
exercise. In 2015, the plant did not produce steel. Since 2019, the plant does not produce steel,
as well.

= UNEX Prakovce: The plant is not included in the EU ETS. The default CO2 emission factor was
used (0.08 t/t) for produced steel. The plant did not produced the steel since 2010.

= Slovakia Steel Mills: the EU ETS report with detailed data is available since the start of the
production (2013). The production in 2013 was high due to export to the Russian Federation
(the RF). In 2014, after economic sanctions put on the RF, the export and subsequently
production significantly decreased, too (production from 394 kt in 2013 to 177 kt in 2014 and
CO2 decreased from 40 Gg in 2013 to 15 Gg in 2014). This plant was closed in the end of 2014.

The above-mentioned assumptions were used for the CO2 emissions estimation in the period 1990 —
1999, as well. Wide range of the EFs for the EAF steel production is based on the content of carbon in
the scraps. One of the plants is using low carbon scraps (<0.1% of C). On the other hand, the other
plant is using high carbon iron scraps (about 4% of C). Content of carbon in produced steel is
approximately 1%. The unequal carbon content results in significantly different EFs.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. Compatible methodology to energy sector was used for uncertainty analyses in this category.
Estimation is based on materials properties, activity data uncertainty was assumed to be 1.5%,
uncertainties of NCVs and carbon contents were assumed to be 2%. Uncertainties of emission factors
of CH4 and N20 were chosen i