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In 2022, the Slovak Republic is submitting report under the UNFCCC and under the Kyoto Protocol. The
Slovak Republic is submitting identical report as reported to the European Commission according to
Article 7 of the Regulation (EU) No 525/2013 (MMR), Article 7 of the Decision 529/2013/EU and relevant
Articles of the Regulation (EU) No 749/2014." The whole package of the 2021 submission of the Slovak
Republic comprises:

1.

SVK NIR 2022 — Slovakia’s National Greenhouse Gas Emission Inventory Report prepared
using the UNFCCC reporting guidelines (UNFCCC 2013) and the guidelines for the preparation
of the information required under Article 7, paragraph 1 in the Annex to Decision 15/CMP.1 and
Annex Il to Decision 2/CMP.8 of the Kyoto Protocol;

SVK_CRF_1990-2020 — CRF tables version 4 (2022) including KP LULUCF tables for the years
2013 — 2020 generated using the CRF Reporter software, version 6.0.8 accompanied by the xml
file;

SEF Tables and other documents from the National Registry — update version; SEF (Standard
Electronic Tables) for the reporting of Kyoto units of the second commitment period (AAU, ERU,
CER, t-CER. I-CER, RMU) in the registry, 31. 12. 2021, and transfers of the units during 2021.
In accordance with para. 1 of annex Il to the decision 3/CMP.11 SVK SEF tables for the
reported year 2020. Further to this, para. 4 of decision 10/CMP.11, the SVK SEF information for
the reported years 2013 — 2021 are included.

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.

" Regulation (EU) No 525/2013 of the European Parliament and of the Council of 21 May 2013 on a mechanism for monitoring
and reporting Greenhouse gas emissions and for reporting other information at national and Union level relevant to climate
change and repealing Decision No 280/2004/EC, 0J,18.6.2013, p. 13;

Commission Implementing Regulation (EU) No 749/2014 of 30 June 2014 on structure, format, submission processes and
review of information reported by Member States pursuant to Regulation (EU) No 525/2013 of the European Parliament and
of the Council, OJ L.203,11:7:2014, p. 23.
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This version of the annual GHG emissions inventory is the second submission of the National Inventory
Report 2022 of the Slovak Republic to the European Union under the MMR and the first submission
under the UNFCCC and under the Kyoto Protocol. In addition, this is the fourth version of CRF tables
generated as the official submission 2022 in the CRF Reporter 6.0.8.

Major changes and corrections included in this SVK NIR 2022 are connected with following issues:

" General: Harmonization of indirect emissions of the NOx, CO, NMVOC, SOz and NHjs in line with
the CLRTAP and NECD submissions reported in February 15, 2022 in all sectors (Chapter ES.5);

. Energy: Minor recalculations connected with the correction of electricity consumption in
households what led to the correction of biomass consumption for the years 2014 — 2019 occurred
in the category 1.A.4.b — Residential heating. This change did not affected total GHG emissions.
Charcoal production was harmonized in the national inventory with the FAOSTAT. Continuing
improvements were implemented in the Fugitive emissions from oil and natural gas activities
reflecting the Improvement Plan for the year 2021 (more information in the Energy Chapter).

] IPPU: No recalculations needed in this sector.

= Agriculture: Several recalculations focused on the major inconsistencies found in the previous
inventory were connected with the improvement of methodology in Animal Manure Applied to
Soils and Crop Residues. In addition, recalculations connected with the improvements of the
activity data in the Agricultural soils represented i.e. correction of time series 2000 — 2011 for
inorganic fertilizers consumption, correction of activity data for industrial sludge application,
revision of activity data for limestone and dolomite (more information in the Agriculture sector).

= LULUCF: According to the ERT recommendations, recalculations in 4.A.1 and 4.A.2 included
correction in calculation of CSC in DW carbon pools following and correction of root-to-shoot
ratios (using only 0.2 for coniferous and 0.24 for broadleaved).

= Waste: Major changes in this sector were caused by the improvements in sludge reporting
generated in the category 5.D across the categories 5.A, 5.B and 5.C. In addition, activity data on
ISW landfilling was revised for the years 1990 — 2019.

. National Registry: Update of general information characteristics of the National Registry in the
year 2021 (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.

This report also includes supplementary information in accordance with the Article 7, paragraph 1, of
the Kyoto Protocol. The required information is consistent with relevant decisions and guidelines under
Article 7, paragraph 1 and includes information on Slovakia's assigned amount for the second
commitment period, corresponding emissions and removals, changes in the national system and
national registry, information related to Article 3, paragraphs 3 and 4, and Article 3, paragraph 14.
Detailed information can be found in Standard Electronic Tables (SEF) that are part of Slovakia’s
inventory submission.
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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 (COz2), 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 preliminary report State of the Global Climate in 2021, the growth rate of all three
greenhouse gases in 2020 was above the average for the last decade despite a 5.6% drop in fossil fuel
CO2 emissions in 2020 due to restrictions related to the COVID-19 pandemic. In 2020, greenhouse gas
concentrations reached new highs, with globally averaged surface mole fractions for carbon dioxide
(CO2) at 413.2 + 0.2 parts per million (ppm), methane (CHa4) at 1 889 + 2 parts per billion (ppb) and
nitrous oxide (N20) at 333.2 + 0.1 ppb, respectively, 149%, 262% and 123% of pre-industrial (1 750)
levels. The increase in CO2 from 2019 to 2020 was slightly lower than that observed from 2018 to 2019,
but higher than the average annual growth rate over the last decade. This is despite the approximately
5.6% drop in fossil fuel CO2 emissions in 2020 due to restrictions related to the COVID-19 pandemic.
For CH4 and N20, the increase from 2019 to 2020 was higher than that observed from 2018 to 2019
and also higher than the average annual growth rate over the last decade.

Photochemical active gases such as carbon monoxide (CO), nitrogen oxides (NOx) and non-methane
volatile organic hydrocarbons (NMVOCs) are not greenhouse gases, but they contribute indirectly to the
greenhouse effect in the atmosphere. These gases are generally referred to as ozone precursors
because they affect the creation and destruction of ozone in the troposphere. Precursors of sulphates —
sulphur dioxide (SOz2) and aerosol — reduce the greenhouse effect.

In a response to the significant increase in GHG emissions since 1992, an urgent need occurred to
adopt an additional and efficient instrument that would stimulate mitigation efforts. In 1997, the Parties
to the Convention agreed to adopt the Kyoto Protocol (KP) that defines reduction objectives and means
to achieve mitigation goals by the countries included in Annex | to the Convention. Developed countries,
listed in Annex B to the KP, should reduce emissions of six GHGs (CO2, CH4, N2O, 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 Slovak Republic committed itself to an 8% reduction of emissions compared
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to the base year 1990. The Slovak Republic and the EU Member States ratified the Kyoto Protocol on
31st May 2002.2

The Kyoto Protocol, under Article 4, provides the option for Parties to fulfil their commitments under
Article 3 jointly. The European Union, its Member States and Iceland have agreed to fulfil their quantified
emission limitation and reduction commitments for the second commitment period to the Kyoto Protocol,
reflected in the Doha Amendment, jointly. The Union, it's Member States and Iceland agreed to the
quantified emission reduction commitment that limits their average annual emissions of greenhouse
gases during the second commitment period to 80% of the sum of their base year emissions, which is
reflected in the Doha Amendment.

The Paris Agreement is a historic step forward, with almost 200 countries committing to action, which
they have to take in account for the first time ever. The Agreement provides a framework to revisit and
raise ambition in the future. Countries will now have to come together regularly to review their climate
plans and collectively ensure that the necessary actions are taken to tackle climate change and limit
global temperature rises to below 2°C, and pursue efforts for 1.5°C. Countries also should strive to
prepare long-term low GHG emission development strategies.

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’ 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 EU ETS, 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 already fourth EU ETS trading period gone operational. Main change is the increase of
linear reduction factor from 1.74% per annum to 2.2% per annum, which should bring 43% reduction
within the EU ETS sectors until 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).

2 Kyoto Protocol came into force on February 14, 2005
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ES.2 SUMMARY OF NATIONAL EMISSION AND REMOVAL TRENDS

The GHG emissions presented in the National Inventory Report 2022 were updated and recalculated
using the last updated methods based on the IPCC 2006 Guidelines for National Greenhouse Gas
Inventories, national conditions and data published by the Statistical Office of the Slovak Republic.

Slovakia was reviewed in the UNFCCC centralised removed review during the week from 20t — 25t
September 2021. As a result of the 2021 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. Saturday
paper was not applied, while no significant under- or over-estimations were found by the ERT. Slovakia
sent comments to the report of “Provisional Main Findings of the ERT” within the deadline with the
proposals for deleting or changing of several recommendations. Until April 15, 2022, Slovakia did not
received draft of the Review Report 2021. Therefore, the latest available review report is the Review
report of the (2019)° annual submissions of Slovakia submitted to the UNFCCC in 2019 on March 3,
2020. According to the recommendations of the ERT from the last Review Report 2019,
recommendations were reflected in the 2020 and 2021 submissions. In addition, several improvements
were already included in reflection to the latest centralized review in 2022 submission. More information
is included in Chapter 1.2.

Total GHG emissions were 37 002.71 Gg of CO2 eq. in 2020 (without LULUCF and without indirect
emissions). This represents a reduction by 49.57% against the base year 1990. In comparison with
2019, the emissions decreased by 7%. The decrease in total emissions of 2020 compared to 2019 was
due to decrease in the Energy and IPPU sectors. This trend was accompanied on the other side by the
inter-annual increase of removals in the LULUCF sector by almost 2 Tg.

The 2022 submission includes indirect CO2 emissions in the solvents category (IPPU). This means, that
the GHG emissions without LULUCF and with indirect emissions were 37 048.58 Gg of CO:z eq. in 2020.
Indirect CO2 emissions were estimated and reported for the time series 1990 — 2020.

The major changes in the 2022 national inventory of GHG emissions are caused by recalculations in
the Energy sector (fugitive emissions from oil and natural gas, road transport), the Agriculture,
LULUCEF (also KP LULUCF) and Waste sectors for the particular years or whole time series.

The emissions with LULUCF decreased in 2020 compared with 2019 by 14%. During period 1991 —
2020, 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 CO2 equivalents and
according to the gases in the period 1990 — 2020. Figure ES.1 shows trend in the gases without
LULUCF comparable to the Kyoto targets in relative expression. The emissions of F-gases are only
emissions from consumption HFCs, PFCs and SFe in industry only with the increasing trend since 1990
(despite decrease of PFCs gases from aluminium production).

3 SVK ARR 2019, published on March 3, 2020
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Figure ES.1: GHG emission trends compared with the Kyoto targets (%) in the Slovak Republic
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Slovakia decreased its emissions by around 19% between 2010 and 2020. The latest available GHG
emission projections have demonstrated emissions stabilization 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 Slovakia (approved in February 2020 by the Government). New
drivers and parameters reflecting the actual pandemic situation were projected.

According to the International Energy Agency in-depth review performed in 2018, the Slovak Republic
has made significant progress on several fronts of energy policy. In addition, the energy intensity of the
Slovak economy has declined, and the share of renewable energy in energy supply has increased.
Energy-related carbon dioxide emissions have been reduced as well and can be decreased further,
thanks to investments in nuclear energy. Energy efficiency is improving, the share of renewable energy
is increasing, and energy-related carbon dioxide (CO2) emissions are declining.

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 2021.
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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, it is expected, that the emission trend in following years will be
increased back to the pre-pandemic level.

ES.3 OVERVIEW OF SOURCE AND SINK CATEGORY

The emissions without LULUCF in 2020 are lower than in 2019 and reached the lowest level in the time
series. This decrease was also expected in the proxy inventory published in July 2021. GHG emissions
decreased mostly in the Energy and IPPU sectors, both in EU ETS and ESD parts across all categories,
mostly in manufacturing industry, mineral production, chemical industry and metal industry.

The Energy sector (including transport) with the share of 65.5% was the main contributor to total GHG
emissions in 2020. Within this sector, transport with 19.1% share on total emissions contributes
significantly to the GHG budget. In 2020, the transport in total emissions has decreased by more than
13% in comparison with previous year 2019. 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 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 2020 with its
22% 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 2020, the share of the Agriculture sector on total GHG emissions was 7% and the trend in emissions
has remained relatively stable 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 4.55% to total GHG emissions in 2020. 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 76% 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 2020
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ES.4 BACKGROUND INFORMATION AND SUMMARY OF EMISSIONS
AND REMOVALS FROM THE KP-LULUCF ACTIVITIES

The Slovak Republic is providing information on the accounting of the anthropogenic GHGs emissions
and removals resulting from the LULUCF activities and the Kyoto Protocol as required in the Article
7(1)(d). This information is included in KP CRF tables 2013 — 2020 generated by the CRF Reporter
software version 6.0.8 as a part of annual GHG inventory submitted on April 15, 2022.

A report describing the progress in the implementation of LULUCF actions (“Report on progress in
implementation of the LULUCF actions to the European Commission”) required by Article 3.2 of Decision
No 529/2013/EU of the European Parliament and of the Council of 21 May 2013 on accounting rules on
greenhouse gas emissions and removals resulting from activities relating to land use, land-use change
and forestry and on information concerning actions relating to those activities was submitted as a
separate document by March 15, 2021. In addition, Slovakia delivered updated report according to the
Article 10 of Decision No 529/2013/EU by the end of 2020 concerning the progress in the implementation
of LULUCF actions by the date halfway through each accounting period, and by the end of each
accounting period (from 15t January 2013 to 31st December 2020).

In addition, on March 15, 2021 Slovakia submitted the latest Report on reporting methodologies for
cropland management and grazing land management to the European Commission accompanied with
CRF tables for selected years (1990, 2013 — 2020) for the cropland management and grazing land
management as the non-binding estimate. This submission was published according to the Article
40(4)b of the European Commission Implementing Regulation (EU) No 749/2014 of 30 June 2014 on
structure, format, submission processes and review of information reported by Member States pursuant
to Regulation (EU) No 525/2013 of the European Parliament and of the Council.

According to the revised Report to Facilitate Determination of the Assigned Amount for the Second
Commitment Period of the Kyoto Protocol from September, 2016, the Slovak Republic has officially
declared in Part Il of this report the following statement: In order to report under Article 3.3 (ARD
activities: afforestation, reforestation and deforestation), the Slovak Republic has selected the following
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threshold values for the forest definition: forest land includes land with minimum tree crown cover of
20% for trees capable to reach minimum height of 5 m in situ. The minimum area for forest is 0.3 ha.
Temporarily unstock areas are included (forest regeneration areas). For linear formations, a minimum
width of 20 m is applied. This definition is applicable also for reporting of the second commitment period
and under Article 3.4. However, the Slovak Republic has decided not to use voluntary Article 3.4
activities to meet its commitments under the second commitment period. The selected threshold values
are consistent with the values used in the reporting to the Food and Agriculture Organization of the
United Nations (the GFRA 2005, National Forest Inventory, and MCPFE criteria and indicators of
sustainable forest management). The Slovak Republic has chosen to account for the activities under
Article 3.3 (afforestation, reforestation and deforestation) and under Article 3.4 (forest management) for
the whole commitment period.

Table ES.2 presents, that the total removals from afforestation/reforestation activities were -600.42 Gg
of CO2 eq. (changes in 50.09 kha to the end of 2020). Total emissions from deforestation were 45.17 Gg
of COz eq. (changes in 9.02 kha to the end of 2020). In 2020, total removals under the Article 3.3 of the
KP were -555.25 Gg of CO2 eq. with the changed area of 59.12 kha. Net removals from FM activity were
-7 384.36 Gg of CO2 eq. with the changes on the area at the end of 2020: 1 977.01 kha.

The emissions/removals for ARD activities were recalculated in 2022 submission since the year 2013.
The main reason for recalculation in AR activities was including the new calculation of CSC in DW
carbon pools following the ERT recommendation and recalculations in D activities with including the
recalculation of CSC in DW carbon pools.

Table ES.2 shows the estimated accounting parameters for the KP second commitment period 2013 —
2020 (CP2) in Slovakia. The total net accounted amount at Slovakia level, as reported for the KP CP2
in the accounting tables is -12 953.15 Gg of CO: eq. Afforestation/Reforestation is assumed to give a
net credit of 4 303.71 Gg of CO2 eq. to the Slovak reduction commitment for the KP CP2. Deforestation
has been estimated to give a net debit of 446.48 Gg of CO2 eq. Emissions from Deforestation offset
about 10% of the removals accounted in Afforestation/Reforestation. Forest Management activity has
shown a net credit of 20 544.94 Gg of CO2 eq. According to Table ES.2, total sinks under the Articles
3.3 and 3.4 for the second KP accounting period 2013 — 2020 reached -51 409.18 Gg of CO:
equivalents, particularly sinks in the AR/D activities for the period were -3 857.22 Gg of CO2 equivalents.

FM cap was calculated based on the base year on the level 20 796.023 Gg of CO: eq. for the second
commitments period base on April 15, 2022 submission. This value is reported in CRF tables submitted
on April 15, 2022 submission into UNFCCC.
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Table ES.1: Summary of the GHG emissions according to the gases and the sectors in 2020 and 2019

2020
GREENHOUSE GAS SOURCE AND SINK CATEGORIES Gg of CO; equivalents
CO; CH. N:O HFCs PFCs SFe
1. Energy 23 737.03 671.04 200.45 NO NO NO
2. Industrial Processes 7 284.87 1.46 141.81 678.88 5.61 17.20
3. Agriculture 72.12 1053.22 1454.37 NO NO NO
4. LULUCF -8 809.32 22.14 40.64 NO NO NO
5. Waste 0.71 1535.84 148.10 NO NO NO
KP LULUCF -7 976.22 0.88 0.05 NO NO NO
Memo Items - International Transport 69.51 0.05 0.56 NO NO NO
Total (excluding LULUCF) 31094.73 3 261.56 1944.73 678.88 5.61 17.20
Total (including LULUCF) 22 285.40 3283.70 1985.38 678.88 5.61 17.20
2019
GREENHOUSE GAS SOURCE AND SINK CATEGORIES Gg of CO; equivalents
CO; CH. N:O HFCs PFCs SFs

1. Energy 25912.20 717.46 218.80 NO NO NO
2. Industrial Processes 7 795.05 1.43 157.05 720.74 5.19 8.86
3. Agriculture 68.25 1 068.04 1435.95 NO NO NO
4. LULUCF -6 955.86 24.50 43.66 NO NO NO
5. Waste 0.69 1531.45 135.18 NO NO NO
KP LULUCF -6 023.69 0.98 0.05 NO NO NO
Memo Items - International Transport 201.40 0.08 1.63 NO NO NO
Total (excluding LULUCF) 33776.19 3318.38 1946.98 720.74 5.19 8.86
Total (including LULUCF) 26 820.32 3342.89 1 990.65 720.74 5.19 8.86
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Table ES.2: Emissions and removals (Gg of CO; eq.) resulting from the activities under the Articles 3.3 and 3.4 of the Kyoto Protocol in 2013 — 2020

2013 | 2014 | 2015 2016 2017 2018 2019 2020 TOTAL
ACTIVITIES
Gg of CO; equivalents

Total 3.3 and 3.4 -7 719.18 -5 754.67 -6 336.37 -6 223.82 -6 151.83 -5 300.55 -5983.15 -7 939.61 -51 409.18

A. Article 3.3 activities -411.43 -411.86 -449.13 -508.18 -501.51 -467.98 -551.88 -555.25 -3 857.22

A.1 Afforestation/Reforest. -454.30 -474.49 -509.65 -536.47 -557.71 -579.55 -591.12 -600.42 -4 303.71

A.2 Deforestation 42.87 62.63 60.53 28.28 56.20 111.57 39.24 4517 446.48

B. Article 3.4 activities -7 307.75 -5 342.80 -5 887.25 -5715.63 -5 650.32 -4 832.57 -5431.28 -7 384.36 -47 551.96

B.1 Forest Management -7 307.75 -5342.80 -5 887.25 -5715.63 -5 650.32 -4 832.57 -5431.28 -7 384.36 -47 551.96
Table ES.3: Summary of the GHG emissions according to the gases in 1990 — 2020
GREENHOUSE GAS EMISSIONS Ba:gg%ea’ 1991 1992 1993 1994 1995 1996 1997

Gg of CO, equivalents

CO; emissions excluding net CO, from LULUCF 61470.19 53283.80 | 48884.20| 46348.52| 43754.33| 4414233 | 44023.48| 4409551
CO; emissions including net CO, from LULUCF 5118547 | 42295.70 37 337.48 34973.55| 32902.07| 33787.53 33728.77| 33953.88
CH, emissions excluding CH, from LULUCF 7 300.92 6 950.26 6 270.25 5971.15 5654.95 5644.75 5507.53 5278.25
CH, emissions including CH, from LULUCF 7 311.00 6 958.60 6 281.85 5992.90 5 660.81 5651.76 5517.30 5285.84
N.O emissions excluding N.O from LULUCF 4.288.77 3374.70 2767.99 2 300.69 2750.68 2897.16 3075.54 3070.60
N,O emissions including N>O from LULUCF 4421.08 3492.24 2884.93 2421.22 2855.83 2988.49 3162.69 3148.46
HFCs NO | NO NO NO 0.20 13.32 28.39 41.21
PFCs 314.86 309.73 288.24 180.32 153.23 132.65 40.72 40.16
SFs 0.06 0.04 0.04 0.09 17.62 10.15 11.16 11.47
Total (excluding LULUCF) 73 374.79 63 918.51 58 210.71 54 800.77 | 52 331.01 52840.35| 52686.83| 52537.20
Total (including LULUCF) 63 232.47 53056.30 | 46792.55| 43568.08| 41589.76| 42583.90| 42489.03| 42 481.03
Total (excluding LULUCF, including indirect emissions) 73462.56| 64005.04| 58296.14| 54885.02| 52414.18| 52922.44| 52767.80| 52617.03
Total (including LULUCF, including indirect emissions) 63320.24| 53142.82| 46877.97| 43652.33| 41672.93| 42665.99| 42570.00| 42560.86
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R OIGE GG TS 1998 1999 2000 2001 2002 2003 2004 2005
Gg of CO; equivalents
CO. emissions excluding net CO, from LULUCF 43 824.66 43 035.49 41 135.93 43 220.93 41 960.93 42 293.77 42 780.24 42 788.86
CO; emissions including net CO, from LULUCF 32 665.55 32542.29 30 686.70 33 482.01 31726.36 32 515.41 32 987.76 36 485.33
CH, emissions excluding CH, from LULUCF 5139.78 5047.36 4 834.14 4 695.02 4 588.10 4 386.27 4367.43 4342.42
CH, emissions including CH, from LULUCF 5147.23 5096.31 4 858.74 4706.42 4607.19 4423.50 4380.34 4 366.33
N0 emissions excluding N2O from LULUCF 2758.15 2327.99 2601.09 2949.10 2 878.62 2 835.45 3 064.39 3030.29
N.O emissions including N.O from LULUCF 2829.72 2423.34 2 669.36 3003.18 2933.01 2 897.83 3110.45 3 080.11
HFCs 54.61 77.29 105.04 138.78 178.46 213.52 254.39 292.99
PFCs 29.10 16.27 14.91 16.02 17.18 26.45 23.63 24.16
SFs 12.65 12.64 13.04 13.33 14.78 15.06 15.43 16.38
Total (excluding LULUCF) 51 818.95 50 517.05 48 704.17 51 033.18 49 638.08 49 770.51 50 505.50 50 495.10
Total (including LULUCF) 40 738.86 40 168.14 38 347.79 41 359.75 39 476.97 40 091.76 40 771.99 44 265.31
Total (excluding LULUCF, including indirect emissions) 51 897.65 50 593.85 48 769.61 51 098.70 49 709.84 49 838.50 50 581.18 50 562.03
Total (including LULUCF, including indirect emissions) 40 817.56 40 244.94 38413.24 41 425.26 39 548.74 40 159.75 40 847.66 44 332.24
OISR GG TR 2006 2007 2008 2009 2010 2011 2012 2013
Gg of CO; equivalents

CO. emissions excluding net CO, from LULUCF 42 552.11 40 968.27 41 359.05 37 622.06 38 403.93 37 984.84 35910.40 35 565.56
CO. emissions including net CO, from LULUCF 33 406.78 32 233.13 33 647.70 30 141.47 31 698.95 30 951.78 27 871.52 26 895.18
CH, emissions excluding CH, from LULUCF 4194.41 4 085.75 4 074.64 3921.23 3907.62 3 866.58 3740.46 3718.54
CH, emissions including CH, from LULUCF 4 209.50 4110.60 4090.24 3944.25 3925.83 3 888.42 3782.19 3732.33
N.O emissions excluding N.O from LULUCF 3157.56 3085.21 3151.26 2713.21 2670.59 2 145.29 1911.73 1952.17
N.O emissions including N.O from LULUCF 3 198.86 3130.71 3187.75 275344 2706.15 2183.20 1 963.50 1 986.25
HFCs 341.49 388.26 454 .47 516.93 597.24 605.03 628.20 646.88
PFCs 42.47 29.42 42.76 21.00 25.01 20.11 25.66 9.81
SF¢ 16.71 17.39 18.85 19.51 19.62 20.80 21.24 22.30
Total (excluding LULUCF) 50 304.74 48 574.31 49 101.03 44 813.94 45 624.02 44 642.64 42 237.69 41 915.27
Total (including LULUCF) 41 215.80 39 909.52 41 441.77 37 396.60 38 972.81 37 669.33 34 292.31 33292.75
Total (excluding LULUCF, including indirect emissions) 50 376.31 48 631.27 49 163.72 44 872.78 45 673.22 44 700.25 42 284.17 41 961.68
Total (including LULUCF, including indirect emissions) 41 287.37 39 966.47 41 504.46 37 455.43 39 022.01 37 726.94 34 338.79 33 339.16
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2014 2015 2016 2017 2018 2019 2020 Change

GREENHOUSE GAS EMISSIONS
Gg of CO; equivalents %
CO; emissions excluding net CO, from LULUCF 33 656.21 34 468.23 34912.88 36 112.65 36 102.97 33776.19 31094.73 -49.41
CO; emissions including net CO, from LULUCF 26 952.40 27 250.09 27 621.94 28 927.08 29 829.47 26 820.32 22 285.40 -56.46
CH, emissions excluding CH, from LULUCF 3521.03 3 518.56 3470.82 3442.93 3340.12 3318.38 3 261.56 -55.33
CH, emissions including CH, from LULUCF 3 541.56 3 541.61 3489.89 3464.12 3361.04 3 342.89 3283.70 -55.09
N.O emissions excluding N2O from LULUCF 2103.42 1913.49 2 057.47 1904.94 1918.74 1946.98 1944.73 -54.66
N.O emissions including N.O from LULUCF 2142.89 1957.13 2098.65 1947.27 1 960.64 1990.65 1985.38 -55.09
HFCs 653.84 734.88 673.37 739.06 702.77 720.74 678.88 100.00
PFCs 11.15 8.50 6.49 8.62 7.78 5.19 5.61 -98.22
SFs 1417 14.31 5.82 7.08 9.39 8.86 17.20 29 370.00
Total (excluding LULUCF) 39 959.82 40 657.98 41 126.85 42 215.29 42 081.77 39 776.35 37 002.71 -49.57
Total (including LULUCF) 33 316.01 33 506.53 33 896.15 35093.23 35871.09 32 888.65 28 256.17 -55.31
Total (excluding LULUCF, including indirect emissions) 40 009.36 40714.32 41 179.37 42 262.77 42 134.89 39 821.65 37 048.58 -49.57
Total (including LULUCF, including indirect emissions) 33 365.55 33 562.87 33 948.67 35 140.71 35924.21 32 933.95 28 302.04 -55.30
Total aggregated GHG emissions, emissions are determined as of 15. 04. 2022, indirect emissions are reported in the 2022 submission.
Table ES.4: Summary of the GHG emissions according to the sectors in 1990 — 2020
GREENHOUSE GAS SOURCE AND SINK CATEGORIES B?:gggiar 1991 1992 1993 1994 1995 1996 1997
Gg of CO, equivalents

1. Energy 56 279.49 49 847.40 45611.66 41 642.02 39 181.66 38 723.51 38 353.40 38 183.69
2. Industrial Processes 9701.66 7 509.96 7 147.33 8171.74 8 386.20 9 307.81 9627.11 9674.96
4. Agriculture 5987.29 5148.28 4 049.95 3586.17 3458.56 3504.26 3401.06 3 355.57
5. Land Use, Land-Use Change and Forestry -10 142.32 -10 862.22 -11 418.17 -11 232.69 -10 741.25 -10 256.45 -10 197.80 -10 056.17
6. Waste 1406.35 1412.88 1401.77 1400.84 1.304.59 1304.78 1 305.26 1322.97
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1998 1999 2000 2001 2002 2003 2004 2005

GREENHOUSE GAS SOURCE AND SINK CATEGORIES
Gg of CO, equivalents

1. Energy 37 634.91 36 890.74 35982.78 37 939.61 35484.42 36 271.90 35723.70 36 222.32
2. Industrial Processes 9 815.02 9434.79 8 529.84 8703.28 9740.42 9 345.51 10 623.90 10 089.27
4. Agriculture 3024.87 2 835.08 2817.09 2999.84 3008.11 2728.74 271718 2725.96
5. Land Use, Land-Use Change and Forestry -11 080.09 -10 348.90 -10 356.37 -9673.43 -10 161.11 -9 678.75 -9733.52 -6 229.79
6. Waste 1344.15 1356.43 1374.46 1390.44 1405.13 1424.35 1440.72 1457.54

2006 2007 2008 2009 2010 2011 2012 2013
GREENHOUSE GAS SOURCE AND SINK CATEGORIES =

Gg of CO, equivalents

1. Energy 35331.43 33 683.04 34 171.36 31675.45 32 020.50 31466.97 29 208.81 29 026.03
2. Industrial Processes 10 941.23 10 800.48 10 678.67 9115.13 9423.49 9024.28 8954.84 8 667.78
4. Agriculture 2520.27 2 604.87 2747.98 2478.74 2607.63 2534.11 2427.73 2 585.58
5. Land Use, Land-Use Change and Forestry -9 088.93 -8 664.79 -7 659.26 -7 417.35 -6 651.21 -6 973.31 -7 945.38 -8 622.52
6. Waste 1511.81 1485.91 1503.01 1544.62 1572.40 1617.27 1 646.31 1635.89

2014 2015 2016 2017 2018 2019 2020 Change
GREENHOUSE GAS SOURCE AND SINK CATEGORIES

Gg of CO, equivalents %

1. Energy 26 696.56 27 346.69 27 508.71 28 445.74 28 295.65 26 848.46 24 608.52 -56.27
2. Industrial Processes 8 882.81 9 083.21 9291.36 9573.54 9 553.52 8 688.33 8 129.84 -16.20
4. Agriculture 2744.44 2537.98 2682.97 2 521.07 2543.37 2572.24 2579.71 -56.91
5. Land Use, Land-Use Change and Forestry -6 643.81 -7 151.44 -7 230.70 -7 122.05 -6 210.68 -6 887.70 -8 746.54 -13.76
6. Waste 1636.01 1690.10 1643.80 1674.94 1689.23 1667.33 1684.65 19.79
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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 — 2020 originally submitted under the NECD and the CLRTAP on March 15, 2022. The latest
(February) data is included in CRF tables 1990 — 2020 generated by the CRF Reporter software v.6.0.8
as a part of annual GHG inventory submitted in April 15, 2022. 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 in March, 15 for the emissions inventory and in March, 15 for the informative inventory
reports (IIR) or emissions data resubmission, respectively.

The overview of NOx, CO, NMVOC and SO2 emissions for the year 2020 and reporting on consistency
of the reported data on air pollutants in the Tabular format specified in Annexes Il to the Implementing
Regulation (EU) No 749/2014 (Article 7) of the European Commission accompanied March 15, 2022
submission. Several changes and recalculations were introduced into 2022 NECD submission. Among
others for example:

" In the IPPU sector, emissions from the category 2.C.4 were reallocated to the category 2.C.7.c.

" In the transport, a new methodology for the non-road transport categories was implemented for
the whole time-series.

" Emissions from road transport were redistributed, as the updated version of COPERT was used
(switch from version 5.3 to 5.5).

= In the Agriculture sector, emissions in the category 3.B were recalculated due to
implementation of mitigation measures based on long-term plants and new methodology
provided and recommended by the TFEIP.4

. The recalculation of emissions from the application of inorganic fertilizers was performed in
2022 submission. This revision was based on new consumption of fertilizers in the soil for the
years 2000 — 2011. The revision was prepared in a cooperation with the Central Control and
Testing Institute in Agriculture (UKSUP). The Statistical Office of the Slovak Republic assumed
the revised data and prepared resubmission to the EUROSTAT.

= The recalculation of emissions from the application of sludge from wastewater treatment plants
was performed, because of the implementation of a new database of industrial sludge
consumption for agricultural purposes. The source of data comes from the Statistical Office of
the Slovak Republic. Simultaneously, the data set used in the emissions estimation is consistent
with the data used and presented in the Waste sector.

. In addition, the recalculated data on pollutants (indirect GHG emissions) is provided in the 5.C
categories. In the category 5.C.b.i, emissions from industrial sludge were calculated for the first
time as well as sewage sludge incineration in the category 5.C.b.iv.

These changes are result of the methodological changes in the NECD inventory and are reflected in the
March 15, 2022 NECD submission and consequently provided in the GHG inventory submission 2022.
According to the analyses, there are no larger inconsistencies (+/-5%) in the reporting under NECD (or
CLRTAP) (submitted on 15/03/2022) and the GHG inventory (submitted on 15/04/2022). Due to
differences in methodology, small inconsistencies occurred in the aviation transport and shipping
(international aviation and shipping is included in NECD totals), emissions from forest fires are not
included in the NECD inventory and emissions of NOx in manure management are not included directly

4 TFEIP = Task Force on Emissions Inventories and Projection
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in the GHG inventory (indirect N2O emissions are calculated based on NOx emissions in the category
3.B.2 — Manure Management).

Table ES.5: Summary of the indirect GHG emissions according to the gases and the sectors in 2020

TOTAL | ENERGY INDUSTRY | AGRICULTURE LULUCF WASTE
EMISSIONS
Gg
NOx 54.85 41.94 5.75 7.12 0.56 0.04
co 278.59 208.03 70.50 NO 20.14 0.05
NMVOC 97.27 59.89 26.77 6.74 0.24 3.87
SO, 13.35 6.65 6.65 NO 0.02 0.05
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 — 2019 are available as

the aggregates in format of separate PDF files for particular gases.

18


http://datacube.statistics.sk/#!/lang/en
https://oeab.shmu.sk/app/cmsSiteBoxAttachment.php?ID=47&cmsDataID=0

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 GHGs). 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 (CO:) contributes to
the greenhouse effect by 30%, methane (CHa), nitrous oxide (N20) 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 SFs, 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.

Together, the reports provide a scientific base for decision-making at the UN climate change
negotiations, which was held from 2 to 15 December 2019 in Madrid, Spain, under the presidency of
Chile. The key objective of the meeting is to adopt the implementation guidelines of the Paris Climate
Change Agreement, which aims to hold the global average temperature increase to as close as possible
to 1.5°C. The Glasgow Climate Change Conference 2021 convened after a yearlong postponement due
to the global COVID-19 pandemic. Parties adopted the Glasgow Climate Pact.

Despite setbacks from COVID-19, global greenhouse gas emissions increased in 2020. In 2020,
greenhouse gas concentrations reached new highs, with globally averaged surface mole fractions for
carbon dioxide (COz2) at 413.2 + 0.2 parts per million (ppm), methane (CH4) at 1 889 + 2 parts per billion
(ppb) and nitrous oxide (N20) at 333.2 + 0.1 ppb, respectively, 149%, 262% and 123% of pre-industrial
(1 750) levels. The increase in CO2 from 2019 to 2020 was slightly lower than that observed from 2018
to 2019, but higher than the average annual growth rate over the last decade. This is despite the
approximately 5.6% drop in fossil fuel CO2 emissions in 2020 due to restrictions related to the COVID-
19 pandemic. For CH4 and N20, the increase from 2019 to 2020 was higher than that observed from
2018 to 2019 and also higher than the average annual growth rate over the last decade.

Carbon dioxide (CO2):

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 1750 AD. Emissions
from burning fossil fuels and changing land uses have led to an increase in CO, in the atmosphere from
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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 (CHa):

Methane (CHa) 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):

Nitrous oxide (N20):

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.

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.

Detail 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
— 2019. 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).

In 2020, GMST was 1.2 + 0.1 °C warmer than the pre-industrial baseline (1850-1900). Figure 1.1
demonstrates that during the period 1881 — 2020 the significant increase of annual air temperature by
1.8°C and insignificant trend of annual precipitation totals by about 1% were recorded on average in the
Slovak Republic. Annual precipitation totals increased up to 3% in the north and decreased also more
than 10% in the south of the country. Relative air humidity decreased up to 5% in the south-west. The
snow cover decreases up to altitude 800 m was recorded (moderate snow cover increase was only in
the highlands, above 1 000 m a. s. |.). There is an evidence of gradual desertification, particularly in the
south of the country (increase of potential evapotranspiration and decrease of soil moisture),
nevertheless the year 2010 and the cold half-year 2012/2013 were the wettest since 1881. Significant
increase in regional floods and flash floods were recorded after 1993. Sun radiation characteristics
changed insignificantly, except the temporal decrease in 1965 — 1985.

Particular attention needs to be paid to the climate change and variability, in particular to precipitation
totals and hydrologic cycle. Over the last 24 years, a significant increase in the occurrence of extreme
daily precipitation totals as well as several day heavy rain events have been observed, mainly compared
to period 1975 — 1993. This trend has resulted in higher risk of local floods in several localities of the
Slovak Republic. On the other hand, local and regional droughts caused by long periods of relatively
warm weather and low precipitation totals in some part of growing seasons, have been recorded in the
period of 1989 — 2021. Particularly strong droughts were in 1990 — 1994, 2000, 2002, 2003, 2007, 2009,
2011, 2012, 2015, 2017 and 2021. Based upon the indicators of air temperature, precipitation totals,
evapotranspiration, snow cover and some other elements, the decades 1991 — 2000 and mainly 2001
—2010 and 2011 — 2020, have approached the conditions expected in about 2030/2040 with respect to

5 https://public.wmo.int/en/resources/bulletin/response-of-carbon-dioxide-and-air-quality-reduction-emissions-due-covid-19
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climate change scenarios designed for the Slovak Republic. In 2021, there were at least two major
periods with a lack of precipitation and drought (during spring and autumn) in Slovakia. In addition, in
the summer, intense and heavy rains with local floods were recorded in some places. The annual spatial
total precipitation in 2021 was normal for the whole of Slovakia, but was the 4th lowest in the last 10
years. In 2021, it was not as significantly above normal heat in Slovakia as it was in some years at the
end of the 2" decade of the 215t century. The cold spring of 2021 contributed to this as well.

Figure 1.1: Deviations of warm and cold half-years from mean air temperatures from normal
1961 — 1990 in the Slovak Republic in 1980 — 20216
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In Slovakia, climate change scenarios as statistical downscaling outputs stared to be used in 1995
(General Circulation Models (GCMs) from the USA — GFD3, GISS, Canada — CCCM, and UK - UKMO).
The several other GCMs (CGCM2, CGCM3.1, GISS 1998 and 2000, UKMO, ECHAMS5) were applied
later. Since 2011, also Regional Circulation Models (RCMs) — Dutch KNMI and German MPI (both with
ECHAMS5 boundary conditions) were applied. The downscaling was applied mostly for meteorological
stations in Slovakia (about 40) and precipitation stations in Slovakia (about 150). Several publications
have been issued on climate change scenarios utilization in Slovakia.”

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 (CO2), methane
(CHa), 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 NHs, CHs4 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 for the first time in this submission. Indirect N2O emissions resulting from a
deposition of nitrogen due to emissions of nitrogen oxides (NOx) and ammonia (NH3) are estimated and

6 Slovak Hydrometeorological Institute, Department of Climatology Service, Peter Kajaba, March 2022

” New Climate Change Scenarios for Slovakia Based on Global and Regional General Circulation Models, Milan Lapin, Ivan
Bastak-Duran, Martin Gera, Jan Hrvol, Martin Kremler, Marian Melo; Acta Met. Univ. Comenianae, Volume XXXVII, 2012, pp.
25-74; https://link.springer.com/chapter/10.1007/698 2017 157 - Climate Changes in Slovakia: Analysis of Past and Present
Observations and Scenarios of Future Developments, Martin Gera, Milan Lapin, Marian Melo.
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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 2022 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 SO3).
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 April 15, 2022, the Slovak Republic total anthropogenic emissions of greenhouse
gasses expressed as CO:2 equivalent decreased by 45.56% without LULUCF, compared to the base
year 1990. This achievement is the result of impacts of several processes and factors, mainly:

= Covid-19 pandemic impacts on transport, industry and services.

= Higher share of services on the GDP.

= 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 economic and financial crises started in 2009 and the short-term crises in oil and
natural gas supply from Ukraine at the beginning of 2009 (January-February).

= 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 ESR
emissions (non-EU ETS). Re-introduction of the phased-out furnace took place
in beginning of 2021, so the decrease of emissions will continue also in 2020 inventory.
This caused the opposite the share of allocated emissions in the EU ETS (48%) and the
ESR (52%) emissions (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.
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Table 1.1: Total GHG emissions distribution between the EU ETS and ESR for the years 2013 — 2020

S E 2020 2019 2018 2017 2016 2015 2014 2013
Gg of CO, equivalents

Total

greenhouse

gas emissions 37 002.71 39 776.35 42 081.77 42 215.29 41 126.85 40 657.98 39 959.81 41 915.25
without
LULUCF

Total verified
EU ETS 18 170.00 19 903.84 22 193.40 22 063.23 21 264.05 21181.22 20 918.07 21 831.83
emissions

CO, emissions
from 1.A.3.A 0.88 1.83 2.85 3.42 3.56 3.66 3.44 3.40
civil aviation

Total verified
ESR 18 831.83* 20 087.96 21 065.07 21 249.80 19 758.69 20 084.62 19782.14 21 080.25
emissions

* preliminary data

Table 1.2 and Figure 1.2 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 (2020) 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.

Table 1.2: Decrease of carbon intensity per GDP in the Slovak Republic in 2005 — 2020

YEAR 2005 2006 2007 2008 2009 2010 2011 2012

CO. emission in Tg 42.79 42.55 40.97 41.36 37.62 38.40 37.98 35.91
GDP in Bio € at ESA 2015 prices 55.33 60.03 66.53 70.24 66.41 70.59 72.45 73.43
Carbon Intensity in Tg/GDP 0.77 0.71 0.62 0.59 0.57 0.54 0.52 0.49
YEAR 2013 2014 2015 2016 2017 2018 2019 2020

CO. emission in Tg 35.57 33.66 34.47 34.91 36.11 36.10 33.78 31.09
GDP in Bio € at ESA 2015 prices 73.91 75.93 79.89 81.43 83.86 87.04 89.31 85.42
Carbon Intensity in Tg/GDP 0.48 0.44 0.43 0.43 0.43 0.41 0.38 0.36

Figure 1.2: Comparison of CO, emissions per GDP (carbon intensity) in 1995 — 2020
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The Slovak Statistical Office, Dpt. of National Accounts. Within the revision of annual national accounts (base year 2015),
year 2020 — preliminary.
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1.1.3 INTERNATIONAL AGREEMENTS

UN context - The instrument to tackle climate change was the UN Framework Convention on Climate
Change (UNFCCC) adopted in 1992. The aim of the Convention was to stabilize the atmospheric
concentrations of greenhouse gases to a safe level that enables adapting of ecosystems. The UNFCCC
covered 195 countries or international communities, including the Slovak Republic, and the EU, which
was also the Party to the Convention. The Convention required adoption of mitigation measures to
reduce GHG emissions in developed countries by 25-40% by 2020 compared to 1990. In the Slovak
Republic, the Convention came into force on November 23, 1994. The Slovak Republic accepted all the
commitments of the Convention, including the reduction of GHG emissions by 2000 to the 1990 level.
One of the commitments, resulting from the Convention, was to prepare and submit to the UNFCCC
secretariat, greenhouse gas emissions inventory on annual basis.

In a response to the significant increase in GHG emissions since 1992, an urgent need to adopt an
additional and efficient instrument that would stimulate mitigation effort has occurred. In 1997, the
Parties to the Convention agreed to adopt the Kyoto Protocol (KP) that defines reduction objectives and
means to achieve mitigation goals by the countries included in Annex | to the Convention. Developed
countries, listed in Annex B to the KP, should reduce emissions of six GHGs (CO2, CHs, N20, HFCs,
PFCs and SFs) individually or together by 5.2% on average compared to the year 1990 during the first
commitment period 2008 — 2012. The Kyoto Protocol has generally extended the options of the countries
to choose the way and the instruments that are most appropriate for the achievement of their reduction
targets, considering the specific circumstances of the country. The common feature of new mechanisms
is the effort to achieve the maximum reduction potential in the most effective way. The Slovak Republic
committed itself to an 8% reduction of emissions compared to the base year. Slovakia’s base year under
the Kyoto Protocol is 1990. In accordance with Article 3, paragraph 8 of Kyoto Protocol Slovakia has
elected 1990 also as the base year for emissions of hydrofluorocarbons, perfluorocarbons and sulphur
hexafluoride.

The Slovak Republic and the EU Member States ratified the Kyoto Protocol on 31st May 2002.8 This
target of the Kyoto Protocol was achieved and reported in the SVK NIR 2014. Currently, the True-up
period for the fulfilment of the first KP period is evaluated.

The second commitment period of the Kyoto Protocol (2CP) was agreed in Doha (COP 18) and started
in January 2013 — December 2020. The indicative targets under the 2CP are identical with the CARE
package of the European Union and expressed as 20/20/20 (see below). More information can be found
in the First and Second Biennial Reports of the Slovakia to the UNFCCC. Currently in the SVK NIR 2022
is reported and evaluated the eight years (2013 — 2020) of the complete second commitment period of
the Doha Amendment of the Kyoto Protocol.

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 LULUCF and without indirect
emissions are almost 50% of the 1990 level.

The Paris Agreement (PA) was adopted on December 12, 2015 as a result of the international effort of
the 196 parties of the UNFCCC. 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. The
Paris Agreement entered into force on November 4, 2016 as the world's first ever climate change
agreement.

The EU, together with the Heads of State, including the Slovak Republic, signed the Paris Agreement
together at the ceremony held on April 22, 2016 in New York. The proposal for the adoption of the Paris

8 Kyoto Protocol came into force on February 14, 2005
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Agreement was negotiated by the Government of the Slovak Republic on September 14, 2016 and
approved by Resolution No 387/2016. Subsequently, the proposal was submitted by the National
Council of the Slovak Republic, which approved the Paris Agreement by Resolution No 215/2016 on
September 21, 2016. The SR completed its ratification process on September 28, 2016, signed by the
President of the Slovak Republic.

EU context — After joining the European Union (May 1, 2004) by the Slovak Republic, set of new
environmental legislative requirements has been adopted, including climate change and air protection.
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 strategy shows how Europe can lead the way to climate neutrality by investing into realistic
technological solutions, empowering citizens, and aligning action in key areas such as industrial policy,
finance, or research — while ensuring social fairness for a just transition. Following the invitations by the
European Parliament and the European Council, the European Commission's vision for a climate-
neutral future covers nearly all EU policies and is in line with the Paris Agreement objective to keep the
global temperature increase below 2°C and pursue efforts to keep it to 1.5°C.

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 sets Europe on
a responsible path to become climate neutral by 2050.

In the present period, the EU MMR?® policy requires reporting of information on annual emission
inventories and among other the evaluation of the effects of the measures and planning of new
measures as well as monitoring related to legislation under the EU CARE, namely the EU Effort Sharing
Decision (406/2009/EC). The decision sets legally binding targets for the sectors not included in the EU
Emissions Trading System, nor in the EU LULUCF. Decision from 17 October 2015 (529/2013/EU),
which provides requirement for accounting of emissions/removals from LULUCF activities but does not
include any targets for them in the period 2013 to 2020. The EU rules and modalities for reporting of
greenhouse gas inventory data are based on those applied in the reporting under the UNFCCC and
Kyoto Protocol, supplemented with provisions for reporting to enable the assessment of actual and
projected progress of the EU and its Member States to meet their commitments under the UNFCCC and
the Kyoto Protocol and for Member States under the EU Effort Sharing Decision. In the last 2 years, the
European Commission introduced a new set of policy relating to the GHG emissions inventory a
reporting. Reporting set in Article 26 (3) of the Regulation (EU) 2018/1999 and the Chapter Ill and
Articles 8-24 of the Commission Implementing Regulation (EU) 2020/1208 started partly in January
2021 and full implementation will start since 2023 according to new rules based on the Paris Agreement.

Under the Regulation on the Governance of the Energy Union and Climate Action, the EU has adopted
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.

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 to reflect an increased ambition.

90J L 165/13, 18.06.2013
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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 fulfiilment 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 19t December 2011, minister for 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 1.3 provides in depth overview diagram showing the institutional
arrangements concerning climate policy and its implementation.

Figure 1.3: Institutional arrangements in climate change policy and its implementation until 2021

UNFCCC, Paris Agreement
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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 priebeznom
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, another in April 2013, in April 2014, in April 2015, in April 2016
and in April 2017 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
representatives of state bodies and National Council of the Slovak Republic, local government
authorities, self-government representatives and representatives of academy.

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. Strategy 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
31. December 2020. However, Government of the Slovak Republic prolonged submission by the end of
August 2021. This Action Plan was approved on 31. August 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
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. The next planned revision of the National Adaptation Strategy taking
into account new scientific knowledge on climate change is planned in 2025 and according to
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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 https://www.minzp.sk/klima/adaptacia-zmenu-klimy/.

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
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.
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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 1t January 2007 in the official bulletin:
Vestnik, Ministry of Environment, XV, 3, 2007.1° 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 Seventh National Communication of the SR on Climate Change, published in December 2017 and
in the Fourth Biennial Report in 2020.

1.2.1.1 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 137/2010 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.

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.

1.2.1.2 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
(http://www.shmu.sk/File/statut.pdf). 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

10 “vestnik” (Official Journal of the Ministry of Environment), XV, 3, 2007, page 19: National Inventory System of the Slovak
Republic for the GHG emissions and sinks under the Article 5, of the Kyoto Protocol
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SHMU http://www.shmu.sk/File/Kontrakt SHMU/PHU OVZDUSIE 2021.pdf. Deadline for the approval
of this plan by the ministry is 31stDecember each year.

In 2021, organisational changes occurred and the structure of SHMU was updated and presented at
http://www.shmu.sk//File/Org_Struktura SHMU/Org_strukt 1 1 2021.pdf. 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 1.4). 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.

1.2.1.3 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.
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= Figure 1.4: Structure and responsibilities of the SVK NIS

o
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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).

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. Lenka Zetochova

manager

Deputy of NIS coordinator and data

Dept. of Emissions and Biofuels

Mr. Jan Horvath

Energy expert

Dept. of Emissions and Biofuels

Mr. Marcel Zemko
Mr. Jozef Orecny

Emission projections experts

Dept. of Emissions and Biofuels

Ms. Michaela Campian
Ms. Zuzana Jonacek

Other pollutant experts

Dept. of Emissions and Biofuels

Ms. Kristina Tonhauzer

Agricultural expert

Dept. of Emissions and Biofuels

Ms. Monika JalSovska

NEIS expert

Dept. of Water Quality

Ms. Lea Mrafkova

GHG inventory in wastewater sector

Dept. of Numerical Forecasting
Models and Method

Mr. Martin Petras

Uncertainty analyses, QA activity

EXTERNAL INSTITUTIONS/EXPERTS

INSTITUTION

NAME

RESPONSIBILITY

Astraia

Mr. Jan Judak

Reference approach and fugitive
emissions preparations

Ecosys Slovakia — company for
environmental services in energy

Mr. Jifi Balajka

Consultations in energy and emission
projections

National Forest Centre Zvolen

Mr. lvan Barka
Mr. Tibor Priwitzer
Mr. Pavel Pavlenda

GHG inventory in Forest Land and
KP LULUCF

Animal Production Research Centre

Ms. Zuzana Palkovicova
Mr. Ondrej Pastierik
Mr. Miroslav Zahradnik

GHG inventory in agriculture — animal
production
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EXTERNAL INSTITUTIONS/EXPERTS

INSTITUTION

NAME

RESPONSIBILITY

Research Institute on Soil Protection
Bratislava

National Agricultural and Food Institute

Mr. Michal Svi¢ek
Mr. Pavol Bezak
Ms. Kristina Buchova

Data provider in agriculture sector — soils,
LULUCF Cropland and fertilisers

Central Control and Testing Institute in
Agriculture

Mr. Stefan Gaborik
Ms. Maggioni-Brazova lldiké

Data provider in the Agricultural sector —
soil nutrition

Faculty of Chemical Technology of the
Slovak Technical University Bratislava

Mr. Vladimir Danielik
Mr. 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 the
Slovak Technical University Bratislava

Mr. Igor Bodik

GHG inventory in waste — wastewater

Independent Expert

Mr. Marek Hrabc¢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

SPIRIT Information Systems — IT
services, NEIS databases provider

Mr. Jozef Skakala

NEIS provider, consultation on the NACE
classification of sources

ICZ Slovakia a.s.

Mr. Miroslav Hrobak

National Registry focal point

Ministry of Economy

Mr. Juraj Novak

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 AS.

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:

Ing. Miroslav Hrobak

Position:

Emission Registry Manager

E-mail address:

miroslav.hrobak@icz.sk
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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.

1.2.41 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 1.5 shows a model
for the timeline steps provided in inventory process, QA/QC and verification procedures.
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Figure 1.5: PDCA cycle (Plan, Do, Check, Act)
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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 online on October 16, 2020. In 2021, several partial meeting dedicated to the
sectors and specific issues took place online due to pandemic situation. Planned in-person NIS meeting
in September 2021 was cancelled due to insecure health situation. However, the ways of communication
within the SVK NIS are via e-mail, phone call, visits and meetings. Although the efficiency of
communication is on a high level in our information system, for further improvement a website forum
was created.

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

AR NEENEEN

Quality Assurance
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v Archive Document
v' 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.

1.2.4.2 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

NN

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.

1.2.4.3 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.

1.2.4.4 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.
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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.

According to the recommendation from the SVK ARR 2017 No G.7, 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:

GENERAL PART Ms. M|r0§la}va Danc.?va MZP SR
Mr. Vladimir Pavlovi¢
Mr. Mério Gnida MZP SR
ENERGY Mr. Pavol Siroky Institute of Environmental Policy
TRANSPORT Mr. Mario Gnida MZP SR
IPPU Mr. Jozef Skultéty MZP SR
Ms. Lenka Malatinska MZP SR
AFOLU Ms. Hana Fratricova MPaRV SR
Ms. Kristina Buchova vUpPopP!
Ms. Zuzana Jonadek SHMU
WASTE Ms. Viera Spalkova MZP SR
Mr. Cyril Burda MZP SR

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

1 |nstitute for Soil Protection
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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 June 2021 online.

The meeting was focus on independent verification process of the recalculated categories and new
methodological improvement between both inventory systems, main points were:

= Presentation of the improvements in the residential heating (category 1.A14.b) and discussion;
= Discussion regarding biomass potential, statistics and NCV used in the inventory;
= Inventory preparation and changes of methodologies in fugitive emissions of natural gas and oil;

= Brainstorming in emission projections for EU ETS sources in new model, main constrains and
challenges in modelling.

Next in-person meeting is planned for 2022, if the circumstances allow, involving also Poland, Hungary
and Austria colleagues.

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. Due to larger revisions and recalculations provided in the category 5.A
— Solid Waste Disposal Sites, implementation process was finalised on national level by public outreach
done on April 8, 2021. Presentation of the new methodology and resulting emissions from the municipal
and industrial solid waste disposal sites followed by the discussion introduced several interesting area
for further improvements, however the principles and results of the recalculation were accepted on
national level (Chapter 7.5).

1.2.4.5 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 (from 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.

1.2.4.6 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
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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.

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
quantitative 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 (based on the ERT
recommendation SVK ARR 2016 and 2019). 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 IPCC 2006
Guidelines. The methodological tiers for significant categories (bases on the UA results) are
continuously improving, 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. The
improvement of the uncertainties in the LULUCF sector started in 2017 and the process is continuing
and is fully implemented (Chapter 6).

1.2.5 CHANGES IN THE NATIONAL INVENTORY ARRANGEMENTS

During the preparation cycle of the GHG emissions inventory submitted in 2022, 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 2021. 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,
among others in transport (Control and Testing Body for road vehicles), Ministry of Transport of the
Slovak Republic — Section of Buildings (for buildings energy balance mostly focusing of residential
heating and cooling), State Nature Protection Body (for wetlands identification), new internal (SHMU)
expert on emission projections and continuing of harmonization process between the air pollutants and
GHG inventories.

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
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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.

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 =

EU ETS verifiers
INDUSTRIAL g : - ) . . -
PROCESSES Association of cement and lime producers, Association of refrigeration and air conditioning

engineers, Association of paper producers; EU ETS Reports, Reports of the EU ETS verifiers,
AND PRODUCT L ) . L . .
USE Association 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. 2019, Crop vyields data for crops and vegetables in 2019

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 2020;
Database of disposal sites;

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

Incinerators, Enviroportal;

Generated, discharged BOD, COD, N, Environment in the SR (selected indicators in 2013 — 2019);
Protein Consumption, Statistical Yearbook of Slovakia Table 5-8, State of Environment report 2019;
Sludge, database of wastewater treatment plants, SHMU.

AGRICULTURE

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. Electronic archiving of the sectoral reports, inventory
submissions and other specific documents (ERT reports, ARR, National Reports etc.), with password
(all details for experts) and without password (less detailed information for public). 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
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
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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)
and the 2013 Revised Supplementary Methods and Good Practice Guidance Arising from the Kyoto
Protocol. In line with the recommendations of the expert review teams under the UNFCCC, several
methodologies and parameters have been implemented gradually in accordance with the 2019
Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. 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 KosSice, 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.

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

— Slovak Technical Control Stations: Information on mileages.
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Railways:

—  Zelezni¢na spoloénost Slovensko, a. s.: Fuel consumption data and selected operation
capacity of combustion engine driven locomotives in personnel railway transport.

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

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

Navigation:

— 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.
Aviation:

— EUROCONTROL: Fuel consumption, LTO cycles and emissions.
IPPU:

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

Agriculture:
— 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.

Waste:

— 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.
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1.2.8 BRIEF DESCRIPTION OF KEY CATEGORIES

Key categories were assessed by Approach 1 by the level of emissions in years 1990 and 2020 and the
trend in emissions for the year 2020 with and without LULUCF categories and those key categories
have been chosen, whose cumulative contribution is less than 95%. The identification includes all
reported greenhouse gases COz, CH4, N2O, HFCs, PFCs and SFs 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.

Key categories were assessed by Approach 2 by the level of emissions in years 1990 and 2020 and the
trend in emissions for the year 2020 with and without LULUCF categories and those key categories
have been chosen, whose cumulative contribution is less than 90%. The identification includes all
reported greenhouse gases COz, CH4, N2O, HFCs, PFCs and SFes 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 2020, the Slovak Republic determined using the Approach 1 by the level assessment, 33 key
categories with LULUCF and 28 key categories without LULUCF. In 2020, the Slovak Republic
determined using the Approach 2 by the level assessment, 22 key categories with LULUCF and 22 key
categories without LULUCF.

In 2020, the Slovak Republic determined using the Approach 1 by the trend assessment, 33 key
categories with LULUCF and 30 key categories without LULUCF. In 2020, the Slovak Republic
determined using the Approach 2 by the trend assessment, 16 key categories with LULUCF and 27 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 11.61% level
uncertainty and the 6.62% trend uncertainty in 2020. Approach 1 without LULUCF estimated the 3.64%
level uncertainty and the 1.14% trend uncertainty in 2020.

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, IPPU and Waste sectors for the year 2015 (latest results). The
methodology and results were published and described in previous SVK NIR 2018. We decided based
on our Improvement Plan (Chapter 1.2), not to update Monte Carlo calculation in the Energy and IPPU
sectors annually, but every 5 years due to other more urgent tasks to be performed in this area
(Approach 2 in the LULUCF uncertainty analyses). Results of the Monte Carlo simulations were almost
identical since this exercise was performed (since 2011).

The uncertainty assessment by using the more sophisticated Approach 2 Monte Carlo method was
prepared with cooperation with the Faculty of Mathematics, Physics & Informatics. The Approach 2
uncertainty analyses for fuel combustion in the Energy sector (including transport) according to the
fuels classification was estimated in the range of confidence interval (-2.38%; +3.12%) in 2015. The
Approach 2 uncertainty analyses for the IPPU sector including solvent and other product use according
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to the technological emissions was estimated in the range of confidence interval (-3.66%; +3.63%) in
2015. Results of the Monte Carlo method to estimate uncertainty were published in following papers 213
and detailed description was in Chapters 3 and Chapter 4 in the SVK NIR 2017 and 2018. This will be
updated in the next submissions.

Due to prioritization process implemented in the improvement plans and previous ERT
recommendations, main tasks during last 2 years in the uncertainty assessment were focused on
Agriculture and LULUCF sector. These sectors are known to examine higher uncertainty and therefore
they contributed to the total evaluation more than other sectors. The uncertainty assessment of LULUCF
sector was introduced in the previous submission (Annex A6.2). Uncertainty evaluation based on Monte
Carlo method (tier 2) in Agriculture sector is provided in this submission for the first time (Annex
A.5.1).

1.210 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 (2022). 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
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 2022 submission for 1990 — 2020.

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 2022 submission
GAS | SECTOR | CATEGORY DESCRIPTION

Part of the indirect emissions of CO; are included
in sectoral tables for agricultural soils indirect
emissions from other than agricultural sources are
not estimated.

Change of notation according to FCCC/ARR 2019
recommendation E.38; emissions are not
estimated because the 2006 IPCC guidelines do
not include methodologies to estimate these
emissions.

CO; | Agriculture | General

1.B Fugitive Emissions from Fuels/1.B.2 Oil and
Natural Gas and Other Emissions from Energy
Production/1.B.2.a Oil/1.B.2.a.4 Refining /
Storage

CO, Energy

Reporting connected with the reporting of N,O
emissions from organic soils in agriculture. Due to
negligible area of organic soils in Slovakia,
emissions are under the threshold of significant.

CO, LULUCF | 4.B.1 and 4.B.2 Organic soils

2 J. Szemesova, M. Gera: Contributions to Geophysics & Geodesy,37/3, 2007
3 Szemesova J., Gera M. Uncertainty analysis for estimation of landfill emissions and data sensitivity for the input variation,
Climatic Change DOI 10.1007/s10584-010-9919-1, 2010
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GAS | SECTOR | CATEGORY DESCRIPTION
2.D Non-energy Products from Fuels and Solvent . . .
CH, IPPU Use/2.D.1 Lubricant Use No methodology is provided in the 2006 IPCC GL.
2.D Non-energy Products from Fuels and Solvent . . .
CH., IPPU Use/2.D.2 Paraffin Wax Use No methodology is provided in the 2006 IPCC GL.
Part of the indirect emissions of N,O are included
N,O | Agriculture | General in s_ectoral tab!es_for_ manure m_anagement and
agricultural soils indirect emissions from other
than agricultural sources are not estimated.
3.D Agricultural Soils/3.D.1 Direct N20O Emissions o
N,O | Agriculture | From Managed Soils/3.D.1.6 Cultivation of The_ emissions are under the threshol_d
A ) of significance. See NIR Chapter Agriculture.
Organic Soils
- o . Change of notation according to FCCC/ARR 2019
1.B Fugitive Emissions fror_n F_uels/1 .B.2 Oil and recommendation E.38: emissions are not
Natural Gas and Other Emissions from Energy : e
N.O Energy . : - estimated because the 2006 IPCC guidelines do
Production/1.B.2.a Oil/1.B.2.a.4 Refining / ; : :
St not include methodologies to estimate these
orage o
emissions.
2.D Non-energy Products from Fuels and Solvent . . .
N.O IPPU Use/2.D.1 Lubricant Use No methodology is provided in the 2006 IPCC GL.
2.D Non-energy Products from Fuels and Solvent . . .
N.O IPPU Use/2.D.2 Paraffin Wax Use No methodology is provided in the 2006 IPCC GL.

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.

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 2022 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 37 002.71 Gg COz eq. in 2020 (without
LULUCEF). This represents a reduction by 49.6% in comparison with the reference (base) year 1990. In
comparison with 2019, the emissions decreased by more than 7%. Total GHG emissions in the Slovak
Republic decreased in 2020 in comparison with the previous year by more than 2.7 Tg, which was
influenced by 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 LULUCF sector
have been decreasing continually from the base year and more stable trend in the recent years, dropped
significantly in the last year due to special circumstances connected with the COVID-19 and other
important changes made in Slovak economy. 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 — 2020, 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 LULUCF comparable to the Kyoto target (CP1=92%,
CP2=80%) in relative expression.

44



Figure 2.1: The aggregated GHG emission trends compared with the Kyoto targets (%)
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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.

Total anthropogenic greenhouse gas emissions by gases in the years 1990 — 2020 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 started preparation of the new Climate Change legislation, what
will introduce 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.
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Figure 2.2: Total GHG emissions in Gg of CO; eq. per capita in 1990 — 2020
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2.2 DESCRIPTION AND INTERPRETATION OF EMISSION TRENDS BY GAS

Population of the Slovak Republic as of December 31, 2020 was 5 460 136 and has slightly increasing.
Average residential density is 111.35 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 6.7% at the end of 2020 (according to the national statistics), what is higher than
the previous year 2019, where the lowest unemployment in the history of independent Slovakia was
recorded (5.6%). The largest city is Bratislava with approximately 424 428 inhabitants (as of 31st
December 2021). It is the capital of the Slovak Republic.

Total anthropogenic emissions of carbon dioxide excluding LULUCF have decreased by 49.41%
in 2020 compared to the base year (1990). Nowadays the amount is 31 094.73 Gg of CO2 without
LULUCF. Compared to the previous inventory year 2019, emissions are on the lowest level in history.
The reason for the decrease in CO2 emissions in 2020 is caused mainly by decreasing CO2 emissions
in energy industry, manufacturing industry, iron and steel production, due to decrease in energy demand
and heavy industrial production. In 2020, CO2 emissions including the LULUCF sector significantly
decreased compared to the previous year and decreased by 56.46% compared to the base year.

Total anthropogenic emissions of methane without LULUCF decreased compared to the base year
(1990) by 55.33% and currently the emissions are 3 261.56 Gg of CO2 eq. In absolute value, CH4
emissions were 130.46 Gg without LULUCF. Methane emissions from the LULUCF sector are 0.89 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; while inter-annual moderate decreasing
of methane emissions between 2019 and 2020 is visible and was caused by decreasing emissions in
agriculture.

Total anthropogenic emissions of N2O without LULUCF decreased compared to the base year (1990)
by 54.66% and currently the emissions are 1 944.73 Gg of CO2 eq. Emissions of N20O in absolute value
were 6.53 Gg without LULUCF. Emissions of N20 from the LULUCF sector are 0.14 Gg. In
contradiction with the decreasing trend in CO2 and methane emissions, N2O emissions trend is stabilised
compared to the previous years. Overall decreasing trend had been mainly driven by the decrease in
agriculture due to declining number of animals and making use of fertilizers.

Total anthropogenic emissions of F-gases 684.49 Gg, from it 678.88 Gg of HFCs, 5.61 Gg of PFCs and
17.20 Gg of SFs in CO2 eq. Emissions of HFCs decreased since 1995 due to the decrease in
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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 in 2020. 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 SFe 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.

Figure 2.3: Emission trends by gas for the years 2000 — 2020 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
76% share from the total carbon dioxide emissions in 2020 inventory, 23% of CO2 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 COz emissions from waste incineration are included in the Energy sector.
The 47% of CH4 emissions is produced in the Waste sector (SWDS), 21% of methane emissions is
produced in the Energy sector and 32% in the Agriculture sector. Almost 75% of N20O emissions is
produced in the Agriculture sector (nitrogen from soils), 7% in the IPPU sector (nitric acid production),
8% in the Waste sector and 10% in the Energy sector. F-gases are produced exclusively in the IPPU.

Figure 2.4: Emission trends by gas in the sectors in 2020
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Aggregated GHG emissions from the Energy sector based on the sectoral approach (combustion) data
in 2020 were estimated to be 24 183.42 Gg of CO:z eq. including transport emissions (7 069.21 Gg of
CO:z2 eq.), which represent the decrease by 55% compared to the base year and decrease compare to
previous year by 8%. Transport decreased by 3.6% compared to 2019 and in comparison with the base
year it increased by more than 3.5%.

Total emissions from the IPPU sector were 8 129.84 Gg of CO:2 eq. in 2020, which was decreased by
more than 16% compared to the base year and the decreased by 6.5% 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 2 579.71 Gg of COz2 eq. It is almost 57%
decrease in comparison with the base year but in comparison to the previous year, emissions are slightly
increased. 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 1 684.65 Gg of CO2 eq. The increase is less
than 2% compared to the previous inventory year and the time series are stable for last years. Compared
to the base year, the increase was almost 20%, 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.fand 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 — 2020 are depicted in
Table ES.3 in this Report.

According to the statistical information from the Statistical Office of the Slovak Republic — information
database Slovstat, industry including industrial processes and energy (NACE B-E) reached almost 43%
share in total GDP of the Slovak Republic in 2020. Energy intensity as the ratio of the gross inland
consumption and the gross domestic product (GDP) for a given calendar year is an important economic
indicator of the national economy. It measures the energy consumption of an economy and its overall
energy efficiency. Energy intensity in the Slovak Republic has had a declining trend in the past 10 years
as the significant progress in reduction of energy intensity was achieved. In the period 2007 — 2020, the
Slovak Republic reduced in addition its energy intensity by 9%. It is the second biggest reduction in
terms of percentage among all EU Member States. Additionally, 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%." 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 2020 remained at the same level as in
previous year, due to lower GDP growth caused by the pandemic situation.

4 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 — 2020 (estimated
by the revised statistical approach NACErev.2)
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Transport is a significant source of emissions in the Energy sector, with 16% share in total GDP
(including automotive industry and storage; NACE G-I) 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 2019 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 0.3% share in total GDP) 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. More information can be found in the Energy
chapter.

The IPPU sector includes all GHG emissions generated from technological processes producing raw
materials and products (NACE C) with the 36% share in total GDP 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 2019 methodology. Emissions are recalculated according to the
stoichiometric coefficients to CO2 emissions. Indirect emissions of CO2 are estimated since the base
year and allocated in the IPPU sector according to the IPCC 2006 GL.
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The Agriculture sector with more than 2% share (NACE A) in total GDP in the Slovak Republic is the
main source of methane and N20 emissions in the GHG emissions balance in the Slovak Republic. The
emissions 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 41% 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 2020 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 70.12 Gg of CO:2 equivalents in
2020 mostly due to dramatically decrease, practically stopping of air transport caused by Covid-19
pandemic situation. Emissions from international aviation have more than 95% share.

> Szemesova J., M. Gera 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 2020 (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 2020 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
LULUCF sector (Chapter 1.2.12 and Annex 1 of this Report).

CO:2 emissions from the category 1.A.3.b - Road Transportation are the largest key source remains
accounting for 22% of total CO2 emissions without LULUCF in 2020. Between 1990 and 2020, CO:
emissions in road transportation increased by 2.2 Mt of COz2, which is almost 50% 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 below shows that,
solid fuels from the category 1.A.1 - Energy Industries, solid fuels is the key category without LULUCF
(8.7%) with the largest decrease (79%; 10 Mt of CO2) is between 1990 and 2020. 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 10.1% of total GHG
emissions in 2020. Between 1990 and 2020, emissions from this category showed the decrease by
65%.

CO2 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 10.1% of total CO2 emissions in 2020. Emissions
decreased by 24.5% 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. Interesting
comparison is increase of biomass consumption in category 1.A.1 - Energy Industries between 1990
and 2020, where biomass consumption increased 20 times up to 1 450 Gg of COx.
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Figure 2.7: Absolute change of CO; emissions by large key categories 1990 to 2020
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Methane emissions account for almost 8.8% of total GHG emissions in 2020 and decreased by almost
55% since 1990 to 130.46 Gg CH4 without LULUCF in 2020. The three largest key sources (5.A - Solid
Waste Disposal at 35%, 3.A - Enteric Fermentation at 30% and 5.D - Wastewater Treatment at 8.5% of
total CH4 emissions in 2020) account for more than 72% of CH4 emissions in 2020. 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 2020
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N20 emissions are responsible for 5.3% of total GHG emissions and decreased by 55% to 6.53 Gg of
N20 without LULUCF in 2020 (Figure 2.9). The three largest key sources causing this trend in
agriculture are 3.D.1 - Direct N2O Emissions from Managed Soils 57%, 3.D.2 - Indirect N2O Emissions
from Managed Soils at 10% and 3.B - Manure Management at 7.7% of total N2O emissions in 2020.
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
and other products manufactured categories. This increase was caused by increase of operationalise
and production.
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Figure 2.9: Absolute change of N-O emissions by large key categories 1990 to 2020
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Fluorinated gas emissions account for 1.9% of total GHG emissions. In 2020, emissions were 701.69 Gg
CO:2 eq., which was 2.2 times above 1990 levels. The largest key source is 2.F.1 - Refrigeration and Air
Conditioning and accounts for 95% of fluorinated gas emissions in 2020. HFC emissions from the
consumption of halocarbons showed large increases between 1990 and 2020. 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 2000.

2.3.2 MAIN REASONS FOR EMISSION CHANGES IN 2018 — 2020

Total GHG emissions in the Slovak Republic decreased by 7% in 2020 in comparison with the previous
year, which was influenced by the decrease in the Energy and IPPU sectors due to the higher share of
industrial production and energy demand and economic changes caused by COVID-19. Total GHG
emissions excluding the LULUCF sector have been decreasing continually from the base year with the
almost stable trend in the recent years and more significant drop in last years of inventory. Significant
changes in methodologies and emission factors are implemented in the frame of trying to keep
consistency with the EU ETS and new IPCC 2006 GL. The main reason for emission changes in 2018
— 2020 were as follows:

= CO2 emissions decrease in the Energy sector - category 1.A.1 — Energy Industry (0.6 Tg
of COz2) caused by decrease energy and heat production.

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

= CO2 emissions decrease in the Energy sector - category 1.A.3 — Transport (1 Tg of COz)
caused by decreasing road transportation, mainly diesel-driven cars and transit.

= CO2 emissions decrease in the IPPU sector — category 2.C - Iron and Steel Production
(450 Gg of CO2) caused by phase-out of the one of three furnace in the largest company.

= CO2 emissions decrease in the IPPU sector - category 2.D.3 - Solvents Use (450 Gg of
COz2) caused by increasing consumption of fuels in services and the residential sector.

= CO2zremovals increase (2 000 Gg of COz) in the LULUCF sector — category 4.A - Forest
Land mostly caused by the decrease of three harvest.
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= CHa decrease in the Energy sector — category 1.B.1 and 1.B.2 - Fugitive Emissions from
Fuels mainly caused by improvements made in infrastructure and improvements in
equipment and methodology.

= Decrease in the category 2.B - Nitric Acid Production by 5 Gg of N2O emissions in
comparison with the previous year.

= Significant decrease in F-gases (40 Gg of COz eq.) due to decreasing of service activities
in equipment.

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 -
8 746.54 Gg of CO2eq.in 2020 is very important sector and comprises from several key categories.

The major share represents removals in CO2 eq. with the contributions of following categories: Forest
Land with net removals of -7 608.60 Gg CO2 eq., Cropland with net removals of -1 083.39 Gg CO:zeq.,
Grassland with net removals of -92.86 Gg CO: eq., Settlements with the emissions of 82.98 Gg CO:2 eq.
and Other Land with the emissions of 97.21 Gg CO2eq. Total methane emissions were 22.14 Gg of CO2
eq. and total N20O emissions were 40.64 Gg of CO:z eq. from the LULUCF sector in 2020. 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 0.57 Gg and the estimated
amount of CO emissions was 20.16 Gg in 2020 (Table 2.1).

Table 2.1: Summary of total emissions and removals according to the categories in 2020

Net CO, CHi | NoO NO, co NMVOC S0,
CATEGORY
Gg Gg of CO; eq. Gg

4. LULUCF NO -8 809.32 22.14 40.64 0.57 20.16 0.12 0.01
A. Forest Land NO -7 645.34 22.14 14.60 0.57 20.16 0.12 NO
B. Cropland NO -1 094.54 NO 11.15 NO NO NO NO
C. Grassland NO -93.17 NO 0.31 NO NO NO NO
D. Wetlands NO NO NO NO NO NO NO NO
E. Settlements 78.40 NO NO 4.58 NO NO NO NO
F. Other Land 92.19 NO NO 5.02 NO NO NO NO
G. HWP NO -146.86 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. 04. 2022

2.4 DESCRIPTION AND INTERPRETATION OF EMISSION TRENDS
FOR INDIRECT GHG AND SO2

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

This chapter was prepared 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 hapt 2 t3.2

Technology, Slovak Technical ghapter 2'3 (except 3.2.8) Juraj Labovsky
University apter J.

Faculty of Chemical and Food

Technology, Slovak Technical Chapter 3.4 Vladimir Danielik
University

Slovak Hydrometeorological Chapter 3.2.8

Institute, Department Chapters 3.5 & 3.6 Jan Horvath

of Emissions and Biofuels Annexes A3.1 & A3.2

External consultant Chapter 3.5 Jan Judak

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 consumption
is as follow: natural gas 24%, nuclear fuel 23%, coal 20%, crude oil 22% and renewable sources (RES)
more than 17% in 2020. 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). Based on the information
provided by the Ministry of Economy of the Slovak Republic, share of carbon-free energy on total energy
production in 2020 increased up to 14% (excluding nuclear).

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 28% and the decline in gaseous fuels
is 29%. By comparison, the consumption of biomass was 7.5 times higher in 2020 than in 1990. General
trend in total consumption of fossil fuels is declining by 40% due to the increase in energy efficiency.
Figure 3.1 shows GHG emissions trend in Gg of CO2 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 47.40% and
24 183.42 Gg of CO:2 eq. in 2020. Within this sector, Figure 3.2 shows significant contributors (and key
categories) to the emissions as follow: transport with its share of 26.3%, fuel combustion in the large
(share 24%) and medium stationary sources of pollution (share 22.1%), pollution from small sources of
residential heating systems (share 17.4%) and fugitive methane emissions from
transmission/transport/distribution, processing and storage of oil and natural gas (share 1.58%).
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Figure 3.1: Trend in aggregated GHG emissions by categories in Gg of CO; eq. in the Energy sector
in 1990 — 2020
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Figure 3.2: The share of aggregated GHG emissions by categories within the Energy sector in 2020
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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 CO2 gas (developing
country/plant specific EFs for COz2).

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

CO; EMISSIONS

CH4 EMISSIONS

N.O EMISSIONS

YEAR Energy 1A | 1B Energy 1.A 1B Energy | 1A | 1B
Gg/year

1990 53 180 53156 | 24.18 113.66 18.13 95.54 0.87 0.87 | 0.00007
1995 36 088 36061 | 26.41 98.43 11.15 87.27 0.59 0.59 | 0.00006
2000 33729 33704 | 25.18 83.08 9.44 73.64 0.59 0.59 | 0.00005
2005 34 322 34299 | 23.24 67.59 12.79 54.80 0.71 0.71 | 0.00003
2010 30 531 30510 | 21.20 51.56 12.69 38.88 0.67 0.67 | 0.00001
2011 30 031 30011 | 20.04 49.18 11.94 37.24 0.69 0.69 | 0.00002
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CO, EMISSIONS CH, EMISSIONS N.O EMISSIONS
YEAR Energy 1.A 1.8 Energy 1.A 1.8 Energy | 1A | 1B
Gg/year

2012 27 953 27934 | 19.02 41.73 12.93 28.80 0.71 071 | 0.00001
2013 27 766 27746 | 19.62 41.62 12.51 29.11 0.74 074 | 0.00001
2014 25 608 25581 | 27.67 34.80 8.34 26.46 0.73 0.73 | 0.00001
2015 26 278 26258 | 20.79 33.30 11.22 22.08 0.79 0.79 | 0.00001
2016 26 430 26410 | 19.83 33.82 11.95 21.87 0.78 0.78 | 0.00001
2017 27 405 27382 | 22.69 32.14 11.71 20.43 0.80 0.80 | 0.00001
2018 27 376 27357 | 19.73 27.67 10.02 17.65 0.76 0.76 | 0.00001
2019 25 912 25893 | 19.08 28.70 10.26 18.44 0.73 073 | 0.00001
2020 23737 23724 | 1347 26.84 10.36 16.48 0.67 0.67 | 0.00001

Figure 3.3: Trend in aggregated emissions by gases within the Energy sector in 1990 — 2020
(Gg of COz€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 — 2020 were calculated based on the coal production from
underground mines, obtained from the official statistical sources, mine companies (HBP, a.s., Bafa
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.
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 2020

CATEGORY

DESCRIPTION / EMISSIONS / TIER

1.A.1 Energy industries

Electricity, combined heat and power generation, industrial

1.A1la Public electricity and heat production and municipal waste incineration with energy use,

cogeneration
1.A.1.a.i Electricity generation CO; T2 CH, T1 N.O T1
1.A.1.a.ii Combined heat and power generation CO; T2 CH, T1 N.O T1
1.A.1.a.iii Heat plants CO; T2 CH, T1 N.O T1
1.A.1.a.iv Other (Wa§te incineration, methane co, T2 CH, T N,O T

cogeneration)

Refineries, petrochemical oil processing

1.A1b Petroleum refining
co, | 13 [ o | 1 | mOo [ T
1.A1c !\/Ianufa_\cture of solid fuels and other energy Coke production, coal manufacturing
industries

1.A.1.ci Manufacture of solid fuels CO; T2 CH, T1 N.O T1
1.A.1.c.ii Oil and gas extraction CO; T2 CH, 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, | 12 | cH | T [ nO | T
Non-ferrous metals production, casting
1.A2b Non-ferrous metals
co, | 12 [ o | T | mo | T
Chemical products manufacturing and production
1.A2.c Chemicals
co, | 12 [ o | T | mOo | T
Paper and pulp production, printing,
1.A.2d Pulp, paper and print
co, | 12 | e | 1 [ nO | T
Food industry
1.A2e Food processing, beverages and tobacco
co, | 12 | e | T [ nO | T
Glass, cement, lime and magnesite production, brickworks,
1A2f Non-metallic minerals asphalt mixing plant, bating and electroplating
co, | 12 | e | T [ nO | T
1.A2g9 Other
1.A.2.g.i Manufacturing of machinery CO; T2 CH, T1 N.O T1
1.A.2.g.ii Manufacturing of transport equipment CO, T2 CH, T1 N.O T1
1.A.2.g.iii Mining (excluding fuels) and quarrying CO; T2 CH, T1 N.O T1
1.A.2.g9.iv Wood and wood products CO, T2 CH, T1 N.O T1
1.A.2g.v 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.g.viii Other (industry not included above) CO, T2 CH, T1 N.O T1
1.A.3 Transport
1.A3.a Civil aviation - domestic aviation CO, ‘ T3 ’ CH, ‘ T3 ’ N.O ‘ T3
1.A3.b Road transportation
1.A.3.b.i Cars CO; T2 CH, T3 N;O T3
1.A.3.b.ii Light duty trucks CO; T2 CH, T3 N.O T3
1.A.3.b.iii Heavy duty trucks and buses CO; T2 CH,4 T3 N.O T3
1.A.3.b.iv Motorcycles CO, T2 CH, T3 N.O T3
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CATEGORY

DESCRIPTION / EMISSIONS / TIER

1.A.3.b.v Other/Urea Based Catalysts CO; M - - - -
1.A3.c Railways CO; ™ CH. ™ N0 T
1.A.3d Domestic navigation - domestic shipping CO; T1 CH, T1 N.O T1
1.A3.e Other transportation

1.A.3e.i Pipeline transport Cco; ‘ T2 ‘ CHs ‘ T1 ‘ N,O ‘ T1

1.A.4 Other sectors

1.A4d.a Commercial/Institutional Commercial and institutional building, hospitals, schools
1.A.4.a.i Stationary combustion CO; ‘ T2 ‘ CH, ‘ T1 ‘ N.O ‘ T1
1.A4b Residential Sale fuels for households
1.A4.b.i Stationary combustion co; ‘ T2 ‘ CHs ‘ T1 ‘ N,O ‘ T1
1.A4d.c Agriculture/Forestry/Fishing Farms and forest organizations, slaughters
1.A4.c.i Stationary CO; T2 CH, T1 N.O T1
1.A4.c.ii Off-road vehicles and other machinery CO; T1 CH, T1 N.O T1
1.A.5 Other

Compress and petrol stations, paint shops, wastewater
1.A5.a Stationary treatment plants, crematory

co, | 12 [ o | T | mOo | T

Military aviation

1.A5.b Mobile

co, | 12 | cH | T2 [ nO | T2

1.B.1 Solid fuels

1.B.1.a Coal mining and handling Underground mines for brown coal, brown coal processing
1.B.1.a.1.i Underground mines - mining activities CO; T1 CH, T2 - -
1.B.1.a.1.ii Post-mining activities - - CH, T2 - -
1.B.1.a.1.iii Abandoned underground mines - - CH, T2 - -
Charcoal production

1.B.1.b Solid fuel transformation

N T N A
1.B.2 Oil and natural gas and other emissions from energy production
1.B.2.a Oil
1.B.2.a.2 Production CO; T1 CH, T3 - -
1.B.2.a.3 Transport CO; T1 CH, T1 - -
1.B.2.a.4 Refining / Storage CH, T1 - -
1.B.2.b Natural gas
1.B.2.b.2 Production CO; T1 CH, T3 - -
1.B.2.b.3 Processing CO, T1 CH, T1 - -
1.B.2.b.4 Transmission and storage CO, T1 CH, T3 - -
1.B.2.b.5 Distribution CO. T CH. T - -
1.B.2.b.6 Other CO. T3 CH. T3 - -
1.B.2.c Venting and flaring
1.B.2.c.1 Venting
1.B.2.c.1.i Oil CO; T CH., T - -
1.B.2.c.1.ii Gas CO; T1 CH, T3 - -
1.B.2.c.2 Flaring
1.B.2.c.2.i Oil CO; T CH., T N.O T
1.B.2.c.2.i Gas CO; T1 CH., T N.O T

60



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 (COz2, CH4, N20) and indirect GHG emissions (NOx, CO, NMVOCs), as well SOz
emissions. Point sources, transport and other fuels combustion are included, too. The inventory of
fugitive emissions from mines, oil and natural gas includes CO2, CH4, N2O 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, CHs, N20O, SOz 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)

3.21 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 65.4% share of
total GHGs emissions in CO:z equivalents. It is 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 24 183.42 Gg of COz eq. in 2020. 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.

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 last year than in the previous period. There are several
cumulative reasons for this decrease. Due to Covid-19 pandemic, a significant decrease in transport is
observed. Similar decrease is observed in the category 1.A.4.a (services), especially in solid fuels.

In addition, iron and steel production was significantly reduced. The producer of iron and steel in
Slovakia is U. S. Steel KoSice, it idled one of its three blast furnaces (June 2019 - January 2021). The
inter-annual decrease in CO2 emissions in fuel combustion is more than 8% in comparison with year
2019 and more than 13% in comparison with year 2018.

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

1.A1 1.A.2 MAN. 1.A3 1.A4 1.A5

ENERGY INDUSTRIES AND TRANSPORT OTHER SECTORS OTHER
YEAR INDUSTRIES CONST.

Gg of CO,eq./year

1990 18 965.53 16 096.72 6 823.77 11 501.67 479.20
1995 11 744.86 11 810.31 5495.29 7 185.23 279.55
2000 12111.24 9435.52 5725.61 6 696.25 147.85
2005 11 764.74 8578.14 7 697.61 6 692.92 95.70
2010 9179.14 7 666.18 7 425.74 6 686.46 69.86
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1.A1 1.A.2 MAN. 1.A.3 1.A.4 1.A5
ENERGY INDUSTRIES AND TRANSPORT OTHER SECTORS OTHER
YEAR INDUSTRIES CONST.
Gg of CO, eq./year
2015 7 713.10 6771.02 7 301.70 4924.30 63.90
2016 7 640.54 6710.19 7 548.33 4977.23 65.72
2017 7 616.15 7 136.15 7691.97 5401.82 66.18
2018 7 430.52 7 633.27 7 818.02 4 863.71 89.10
2019 7 067.37 6329.17 8 132.58 4755.71 83.65
2020 6 446.81 5932.71 7 069.21 4 665.61 69.09

Figure 3.4: Trend in fuels consumption within 1.A category in TJ in 1990 — 2020
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High-level dependency on import of primary energy sources (PES) is a limiting factor for the Energy
sector and subsequently for the complete economic (mostly industrial) development of Slovakia. Net

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

In 2001, the Slovak Republic started transformation and privatization of regional distribution companies.
In 2002, the biggest producer of electricity, Slovenské elektrarne — was transformed and split up. Since
then, the electricity transmission system, Plc. (Slovenska elektrizana prenosova sustava, a.s.) has
been registered and it acts as the transmission system operator including also the energy dispatch.

In addition, energy intensity of Slovakia is gradually decreasing but it is still higher than the EU average.
In January 2004, the transitional period for price subsidies ended and the Regulatory Office for Network
Industries terminated provision of the subsidies for electricity, gas and heat for industry and households,
in order to change energy consumption pattern.

Figure 3.5: The share of fuels’ consumption within category 1.A in 1990 and in 2020
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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 A2 NS TRUCTION | ES
VIERR 1.A1.a 1.A1b 1.A1.c 1.A2.a 1.A2b 1.A2.c
Gg of CO, eq./year
1990 14 764.78 2 881.44 1319.32 2 689.97 1262.24 2 664.60
1995 8 406.50 2034.49 1303.87 2 454.58 534.77 3067.50
2000 8 927.49 1934.78 1248.97 2782.68 287.52 1663.77
2005 8 680.51 1735.36 1348.87 3398.16 188.49 875.53
2010 6 269.87 1600.65 1308.62 3752.86 199.52 562.30
2015 4971.44 1451.55 1290.11 2 875.16 139.28 484.59
2016 4 849.66 1487.00 1303.88 2793.44 115.07 502.88
2017 4924.49 1472.82 1218.84 3095.20 125.60 515.51
2018 4760.11 1488.30 1182.12 343263 97.41 526.32
2019 447151 142237 1173.48 2 449.10 101.82 473.70
2020 3 961.57 1507.44 977.80 2185.27 98.12 474.49
o 1.A2.d 1.A2.e 1.A2f | 1.A2g 1.A3.a 1.A3b 1.A3.c
Gg of CO, eq./year
1990 234171 | 114423 | 342999 | 2563.97 3.77 4 588.64 415.63
1995 121524 | 76153 | 1838.94 | 1937.75 268 411455 222,81
2000 705.41 57010 | 1502.83 | 192321 2.67 414458 172.13
2005 548.88 43691 | 139030 | 1739.86 7.86 6243.72 116.74
2010 421.01 306.53 | 1182.44 | 124151 5.18 6 502.59 92.35
2015 500.97 32065 | 124862 | 119276 3.69 7012.29 94.86
2016 419.98 32032 | 1362.96 | 1195.55 3.59 7 143.90 97.32
2017 395.27 32474 | 132659 | 1353.24 3.45 7 269.46 94.90
2018 362.69 32340 | 151039 | 1380.43 2.88 7 423.04 93.26
2019 451.54 34583 | 146173 | 1045.45 1.85 7 636.69 91.15
2020 407.95 34272 | 142430 | 999.86 0.89 6 813.31 81.61
1.A.3 TRANSPORT 1.A.4 OTHER SECTORS 1.A.5 OTHER
YEAR 1.A3.d 1.A3.e 1.A4.a 1.A4.b 1.A4.c 1.A5. 1.A5b
Gg of CO; eq./year
1990 0.02 1815.70 416653 | 717845 156.69 407.31 71.89
1995 0.02 1155.23 243372 | 458265 168.87 213.73 65.82
2000 0.02 1406.21 1569.94 | 475168 374.63 130.57 17.28
2005 0.04 1329.25 225935 | 3975.40 458.16 76.58 19.12
2010 0.33 825.29 257158 | 3704.96 409.92 54.05 15.81
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1.A.3 TRANSPORT 1.A.4 OTHER SECTORS 1.A.5 OTHER
YEAR 1.A.3.d 1.A3.e 1.Ad.a 1.A4.b 1.Ad.c 1.A5.a 1.A5.b
Gg of CO, eq./year
2015 6.28 184.58 1501.47 2978.72 44411 46.55 17.35
2016 4.81 298.71 1453.61 3065.54 458.08 49.50 16.23
2017 4.74 319.42 1607.93 3 367.46 426.43 55.95 10.23
2018 2.58 296.27 1469.72 3027.25 366.74 76.42 12.68
2019 4.22 398.67 1.349.50 3076.54 329.67 72.37 11.29
2020 5.41 167.99 1163.59 3135.33 366.69 57.96 11.12

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.5was 70.7% in 2020 (without transport). The highest share on GHG emissions has category 1.A.1.a
- Public Electricity and Heat Production (16.38%), followed by 1.A.4.b - Residential (12.96%) and 1.A.2.a
- Iron and Steel (9.04%) categories (Figure 3.6). According to the detailed, the major share has category
1.A.3.b - Road Transportation (28.17%) which is the most important key category with one of the highest
share on emissions in Energy sector. There is a significant decrease in CO2 emissions in the category
1.A.2.c - Chemicals caused by the decrease of solid fuels consumption by 83%. This decrease is
significant and continuous during the period 1990 — 2020. 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. Strazske 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 COx2 in solid fuels, Duslo Sala, a. s. decreased by 43 Gg of CO2 in
solid fuels). Similar decrease can be observed in gaseous and liquid fuels between 2001 and 2002.

A significant decrease can be observed also in categories 1.A.4.a - Services and 1.A.4.b - Residential.
This decrease is caused mainly by reduction of solid fuels combustion. The reduction of CO2 emission
from combustion of solid fuels is more than 87% 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 a slight increase of emission from natural gas in category
1.A4.b.

Figure 3.6: The share of emissions in CO; eq. on different IPCC subcategories within 1.A in 2020

#28,17% - 1.A.3.b
216,38% - 1.A.1.a
212,96% - 1.A.4.b
29,04% -1.A.2.a
6,23% - 1.A.2.f
#5,89% - 1.A.1.b
4,81% -1.A.4.a
#4,13% -1.A1.c
4,04% -1.A.2.g
51,96% - 1.A.2.c
1,69% - 1.A.2.d
1,52% - 1.A.3.e
1,42% - 1.A.2.e

28,47%

64



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
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 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).

CO2 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.

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
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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 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.

This procedure is a part of the QC activity applied particularly in this sector and checked by the verifiers
and operators of ETS sources.

3.24 CATEGORY-SPECIFIC RECALCULATIONS

Recalculations made in the Energy sector were provided and implemented in the line with the
Improvement and Prioritisation Plan, reflecting recommendations made during previous reviews and
correction of minor errors from previous inventory.

Table 3.5: Summary of the recalculations and changes in the category 1.A (except transport 1.A.3)
NUMBER | CATEGORY DESCRIPTION

1 1.A.1.a.iv — Other and An issue with incorrect municipal waste consumption in one MSW incinerator
' Biomass was identified. In current submission the consumption was corrected.
2 1 A5.a — Biomass An improvement in LFG consumption was included in current submission. The

activity data were modified for the years 2008 — 2019.

An improvement in biomass consumption was included in current submission.

3. 1.A4.b - Biomass The activity data were modified for years 2014 — 2019.
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Ad 1: An energy and emissions inconsistencies in time series of the category 1.A.1.a.iv was identified.
The MSW consumption was significantly higher, than it was expected. This issue was identified for
reporting year 2019. The reason was reporting of an incorrect value of ISW consumption by major MSW
incinerator in KoSice (Kosit). Based on the official energy balance, the ISW consumption in year 2019
was 189 kt. This consumption was 61% higher than in year 2018 and 78% lower in comparison with
consumption in year 2020. To validate existing data, information from the NEIS database were used.
MSW consumption in the NEIS was 109 kt in 2019. Information on MSW consumption provided by the
operator in its annual report was 112 kt in 2019. Moreover, both independent sources show practically
constant MSW consumption in last five years. Therefore, revision of the MSW consumption according
to the NEIS database took place in this submission for the year 2019. As a result of this correction, CO2
emissions decreased from 208.71 kt to 159.44 kt, CH4 emissions decreased from 0.122 to 0.093 kt and
N20 emissions decrease from 0.016 to 0.012 kt in 1.A.1.a.iv in 2019. This correction does not affected
the emissions in other years.

Ad 2: Based on ERT preliminary recommendation from the 2021 UNFCCC review included in the Main
Provisional Findings report, an analysis of landfill gas consumption was performed. This analysis was
performed together with waste experts. Analysis was focused on identification of sources, where LFG
is processed. In general, emissions from LFG in energy sector is processed together with other biogas
and/or other fossil fuels. Disaggregated energy balance is used as source of activity data. Allocation
into IPCC categories is mainly done based on NACE codes. Country specific EF and NCV for LFG is
provided by the SU SR. Cogeneration units, where LFG is incinerated, can be referred as small
enterprises with low number of employees. Companies with less than 20 employees do not have
statistical obligations to send data to the SU SR. Therefore, information from the NEIS database was
used for identification of these sources. According to the analysis, seven cogeneration units were
identified previously not included in inventory. In the next step, total LFG consumption was compared
against electricity production data. In emissions estimation, default EFs for CO2, CH4 and N20 provided
in the IPCC 2006 GL were used. Emissions from LFG incineration, missing in previous submission
(2021) were included in category 1.A.5.a in 2022 submission. However, CO2 emissions from this source
is allocated in biomass, only CH4 and N20 emissions from LFG cogeneration and energy use are
considered in GHG total and this value is negligible. Comparison of LFG consumption and emissions
with the 2021 submission are summarised in following table.

Table 3.6: Summary of the recalculations and comparison in the category 1.A.5.a

SUBMISSION | YEAR 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
AD (TJ) 383 412 439 849 502 564 535 553 523 560 -
NIR 2021 CO;(Gg) | 22.00 | 23.80 | 25.00 | 49.10 | 29.90 | 34.10 | 30.80 | 32.60 | 31.10 | 32.70 -
CH, (1) 7.42 8.92 745 | 20.19 | 18.57 | 24.07 | 12.74 | 17.69 | 18.64 | 16.07 -
N2O (1) 0.11 0.13 0.11 0.3 0.26 0.34 | 0.19 0.25 | 0.26 0.23 -

AD (TJ) 434 463 503 918 607 668 643 665 636 664 577
CO,(Gg) | 24.80 | 26.60 | 28.50 | 52.90 | 35.70 | 39.80 | 36.70 | 38.70 | 37.20 | 38.30 | 33.90
CH, (1) 7.68 9.17 7.77 | 20.54 | 19.09 | 24.59 | 13.28 | 18.25 | 19.21 | 16.59 | 15.89
N2O (1) 0.12 0.14 0.12 0.3 0.27 0.35 0.2 0.26 0.28 0.24 0.23

NIR 2022

Ad 3: Recalculations in biomass consumption for the years 2014 — 2019 was based on new data on
electricity consumption in households obtained from the SEPS company (main electricity transmission
operator). Information on electricity consumption in households is an input parameter model used to
estimate total energy demand for heating in households. Information on energy demand, total housing
area, energy effectivity of houses and climatological factors are used in mathematical model to estimate
the consumption of biomass in households. Updated dataset on electricity consumption in households
for the years 2014 — 2019 were sent by SEPS in January 2022 and subsequently it included in
mathematical model. Comparison of previous and recalculated data is summarized in following table.
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Table 3.7: Summary of the recalculations and comparison in the category 1.A.4.b

SUBMISSION YEAR 2014 2015 2016 2017 2018 2019
NIR 2021 AD (TJ) 17 118 25 539 28 926 28 024 21980 24 373
€O, (Gg) 1914 2 856 3235 3134 2458 2726
NIR 2022 AD (TJ) 17 453 26 260 29 408 27 857 22 156 23925
CO; (Gg) 1952 2937 3289 3115 2478 2676

Recalculations taking place in the transport and fugitive emissions are described in the Chapters 3.2.8.4
and 3.5.4.

3.2.5 CATEGORY-SPECIFIC IMPROVEMENTS AND IMPLEMENTATION

OF RECOMMENDATIONS

During the inventory preparation, following room for improvements was identified for future submissions:

Further improvements in development of the country and plant specific EFs and NCVs, mostly
focusing on methane and N20 emissions.

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
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 is planned for the year
2022. The aim is to improve emissions data on regional level.

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. The results
will be available in the beginning of 2023. The aim of this project is find more suitable statistical
data for emissions estimation in road transportation.

There were several recommendations in the ARRs identified room for improvement in moving
to higher tier approach (tier 2) in CH4 and N20 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, this was not implemented. More
advanced and country specific EFs for non-COz2 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.4 is 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 are 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 survey in households
focused on the fuel consumption and energy balance estimation 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. The primary objective is to be able estimate the fuel consumption in buildings (non-
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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 N2O emissions was
postponed and improvement of activity data in the category 1.A.4.a was prioritized.

During the inventory preparation, following room for implementation of recommendations was added:

During the previous UNFCCC reviews, the ERT identified a potential issue with a high value of CO: IEF
in category 1.A.1.c - Manufacture of Solid Fuels and Other Energy Industries — solid fuels — CO2 (E.6,
2019) (E.25, 2017). More than 99% of emissions in category 1.A.1.c are produced by single iron and
steel company - U.S. Steel, a. s. company. Major fuels used here are natural gas, blast furnace gas and
coking gas, typical for this production. The reason for high IEF for CO: is blast furnace gas combustion
in this category with a high carbon content. It represents more than 70% of total fuels combusted in this
category. Information on fuel consumption, NCVs and EFs are obtain directly from the operator. Fuels
consumption is compared with data from the NEIS database and EU-ETS reports and annually checked
with the IPPU expert. The IEF calculated in this category is influenced by the share of individual fuels
used here with the high difference between EF for blast furnace gas and EF for coking gas. Therefore,
small perturbation of the fuel mix leads to significant inter-annual change of IEF. In recent years, this
issue is more visible, because U.S. Steel, a. s. company idled one furnace and reduced steel production.
Due to change of technological process and portfolio of products, the fuel mix changed more rapidly,
than during standard operation.

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 70 019.70 TJ in 2020. The most significant gas reported here was carbon dioxide,
which represented 3 922.58 Gg of CO2 in 2020. After significant decrease of emissions in years 2013 —
2014, trend was stabilized. The decrease in CO2 emissions in the comparison with the year 2018 is
more than 5%. 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 significant trend in the
decline of solid fuels continued in 2020. The largest electricity producer in Slovakia (Slovenské
elektrarne, a. s.) is preparing for total replacing coal with biomass and therefore a decrease in coal
consumption was more than 78% in 2020, Similarly, one of the largest heat plant in Eastern Slovakia
(TEKO, a. s.) reduced coal consumption more than 33% in comparison with year 2019 and more than
42% in comparison with year 2018.

On the other hand, natural gas consumption in this sector has a growing trend. The sharp increase of
natural gas consumption in 2019 was caused by ZSE Elektrarne, s. r. 0. power plant, its operates the
combined cycle power plant near MalzZenice 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 (Zapadoslovenska
energetika, a. s.) and was put into operation, again.

Total CH4 emissions were 0.49 Gg and total N2O emissions were 0.09 Gg in 2020.
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In accordance with the IPCC 2006 GL, 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 6.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 5.6 million
tons of crude oil in year 2020 (5.1 million tons of crude oil in 2019). This company is the most important
supplier of petrol and diesel fuels in Slovakia (60% of market). Emissions from the petroleum refining,
classified by the IPCC (2006) code 1.A.1.b, 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 21 975.01 TJ in 2020.
Total CO2 emissions were 1 503.99 Gg. Total CH4 emissions were 0.047 Gg and total N2O emissions
were 0.0076 Gg.

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 5507.32 TJ in 2020. Total CO2 emissions were
977.49 Gg in 2020. Total CH4 emissions were 0.006 Gg and total N2O emissions were 0.0006 Gg.

3.2.6.1 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.1is 94.1% and in 1.A.2 is 80.6%.
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

' 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.
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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
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

* These data are officially provided based on agreement between the MZP SR, the SHMU and the SU SR.
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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 2020

CO; EMISSIONS NUMBER OF COMPANIES
CATEGORY EU ETS SU SR EU ETS SU SR
% No.
1.A.1 Energy Industries 93.23 6.77 34 199
1.A.2 Manufacturing Industries and Construction 82.47 17.53 50 1939
1.A.4 Other Sectors 0.16 99.84 3 646
1.A.5 Other (Not specified elsewhere) 0.00 100.00 0 69

Based on the information provided in Table 3.8 is visible, that the EU ETS share of CO2 emissions in
1.A.1 is more than 93% and in 1.A.2 more than 82%. Due to high “EU ETS CO2 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
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.
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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. 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 N20O 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.A2.c.

Reasons for allocation of MSW incineration with energy use into 1.A.1.a.iv are as follow:
1. Consistency in time series;

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.
4. Incinerator in KosSice is producing heat for heating plant TEKO KoSice, which is allocated in
the category 1.A.1.a.
3.2.6.2 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. m3) 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: emission factors;

= additional process material (carbonates).
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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. CO2 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
CO2 emissions, fuels and emission factors for major combustion sources (and industrial processes
sources) in the national GHG emissions inventory. The EU ETS covers 97 companies with the total CO2
emissions of 18 170 Gg in 2020.

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, IAEA) 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
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. The COz2
emission factor of natural gas (55.78 t CO2/TJ in 2020) is lower than the IPCC default value
(56.1 t CO2/TJ). 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 2020

MONTH CHi | CHs | CiHs | i-CHio | n-Ciio | i-CHi | n-CsHio | CoHu co, N,
mol %
. 94.9362 | 2.8773 | 0.6343 | 0.0953 | 0.0981 | 0.0215 | 0.0159| 0.0017 | 0.0244 | 0.5346
I. 94.8230 | 2.9186 | 0.7013 | 0.1041 | 0.1082 | 0.0232 | 0.0171| 0.0014 | 0.0245 | 0.5193
. 953948 | 2.8105 | 0.6743 | 0.1075 | 0.0985 | 0.0186 | 0.0129| 0.0010 | 0.0156 | 0.2930
2 952708 | 2.7567 | 0.7257 | 0.1108 | 0.1082 | 0.0208 | 0.0147 | 0.0009 | 0.0165 | 0.3421
V. 953728 | 2.6108 | 0.8376 | 0.1273 | 0.1267 | 0.0240 | 0.0169 | 0.0003 | 0.0147 | 0.2303
VI. 954347 | 2.6191 | 0.7990 | 0.1190 | 0.1159 | 0.0220 | 0.0153 | 0.0004 | 0.0137 | 0.2272
VL. 954651 | 2.6328 | 0.7391 | 0.1144 | 0.1107 | 0.0217 | 0.0153| 0.0005 | 0.0153 | 0.2588
vil. | 955121 | 26258 | 0.7234 | 0.1149 | 0.1100 | 0.0217 | 0.0153 | 0.0006 | 0.0167 | 0.2500
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MONTH CH, C:Hs CsHs i-CsHio | n-CiHyo | i-CsHiz | n-CsHyz | CgHus Co. N,
mol %
IX. 95.5409 | 2.6156 0.7027 0.1100 0.1057 0.0205 0.0144 | 0.0006 0.0156 0.2516
X. 95.0886 | 2.6965 0.7594 0.1092 0.1144 0.0229 0.0167 | 0.0008 0.0191 0.4115
XI. 95.2112 | 2.6599 0.7363 0.1071 0.1105 0.0221 0.0161 | 0.0009 0.0182 0.3808
XIl. 94.7674 | 2.9020 | 0.7241 | 0.1048 | 0.1131 | 0.0241 0.0181 | 0.0011 | 0.0251 | 0.5303
Table 3.10: Overview of the EFs and NCV:s for natural gas [15°C; 101.325 kPa] published
on-line by the SPP, a. s. in 2020
v | s | oevemy | wov [ CoMEUSTION | womee [ suiein [ erc
mol % kg.m’® kWh.m3 kWh.m3 kWh.m3 mg.m3 t CO/TJ

I 0.588 0.720 9.696 10.745 14.02 0.02 55.80

1. 0.589 0.721 9.715 10.766 14.03 0.06 55.82

M. 0.584 0.716 9.734 10.788 14.11 0.14 55.67

Iv. 0.586 0.718 9.732 10.785 14.09 0.11 55.71

V. 0.585 0.718 9.756 10.81 14.13 0.11 55.68

VL. 0.585 0.717 9.746 10.8 14.12 0.08 55.65

VIL. 0.584 0.716 9.734 10.788 14.11 0.05 55.65

VIIL. 0.584 0.716 9.734 10.788 14.12 0.05 55.65

IX. 0.584 0.715 9.726 10.779 14.11 0.07 55.63

X. 0.587 0.719 9.717 10.768 14.05 0.07 55.75

XI. 0.586 0.718 9.714 10.765 14.06 0.06 55.72

Xi. 0.589 0.722 9.715 10.766 14.03 0.03 55.84

AVERAGE - - - - - - 55.78

Table 3.11: Overview of country or plant specific CO2 EFs in t/TJ used in the category 1.A.1in 2020

1.A1l.a WEIGHTED CO:zEFs FUEL TYPE C EFs CO:2EFs
Gas/Diesel oil 20.21 74.10
Liquid 77.21 Residual fuel oil 21.08 77.29
Liquefied petroleum gases 17.22 63.14
Anthracite 27.44 100.61
Solid 97.77 Other bituminous coal 26.46 97.02
Lignite 26.71 97.93
Gaseous 55.78 Natural gas 15.21 55.78
Other biogas 14.90 54.59
i Sludge gas 14.90 54.59
Biomass 102.24
Other primary solid biomass 27.30 100.10
Wood/Wood waste 30.50 111.83
1.A1.b WEIGHTED CO:zEFs FUEL TYPE C EFs CO:2EFs
Residual fuel oil 21.08 77.29
Liquid 71.21 Petroleum coke 27.83 102.04
Refinery gas 14.92 54.71
Gaseous 55.78 Natural gas 15.21 55.78
1.A1.c WEIGHTED CO:zEFs FUEL TYPE C EFs CO:2EFs
L Liquefied petroleum gases 17.22 63.14
Liquid 64.26
Gas/Diesel oil 20.21 74.10
Lignite 26.73 98.01
Solid 191.01 Coke oven gas 11.46 42.02
Blast furnace gas 74.86 274.49
Gaseous 55.78 Natural gas 15.21 55.78
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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 list of actually used EFs is presented in Table 3.11.

In addition to CO2 emissions, the fuel combustion in stationary sources results in the CHs, N20O, NOx,
CO and NMVOCs emissions. Of these, CHa4, and N20 account around 0.7% on the total GHG emissions
(expressed in COz eq.), in the Energy sector (COz2: 6 404.07 Gg; CHa4: 13.68 Gg CO2 eq.; N20: 29.07
Gg COz2 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:z EFs are default based on the IPCC 2006 GL.

3.2.6.3 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
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 CO2 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 18 397.16 TJ in 2020. Total CO2 emissions were 2 178.88 Gg. Total CH4 emissions were
0.09 Gg and total N2O emissions were 0.01 Gg.

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 current 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 CO2
emissions by more than 860 kt of CO2 in comparison with year 2019 and more than 2 670 kt in
comparison with year 2018. This decrease is reflected in all categories where the emissions from steel
production are allocated (1.A.1.c, 1.A.2.a and 2.C.1). This switched off furnace was put back into
operation in January 2021.
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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 2 838.40 TJ in 2020.
Total CO2 emissions were 95.26 Gg, total CH4 emissions were 0.04 Gg and total N2O emissions were
0.006 Gg.

Chemicals (1.A.2.c) — includes emissions from fuels combustion in chemical industry. Chemical industry
produces a number of different products such as chemicals, plastics or solvents. In total, around 170
plants are included here, of which 10 use more than 67% of the energy reported here. Total volume of
fuels expressed in energy units allocated in 1.A.2.c was 8 087.56 TJ in 2020. The decline of natural gas
consumption, which occurred in 2015, was caused by the termination of operation of Shinwha Intertek
Slovakia, s. r. 0. (operated in the other chemical products and preparation manufacturing industry) with
relatively high share of natural gas in previous years but decrease in production. At the beginning of
2016, the company Hnojiva Duslo ceased its operations and the NG consumption decreased sharply in
year 2015. Another significant decrease in NG consumption was reported from ENL SK company, which
manufactures plastic boards for the automotive industry. The ammonia and other inorganic chemicals
producer (Duslo, a.s. Sala) caused the inter-annual fluctuation of NG consumption however; the
emissions from ammonia production (both process and energy) are reported in IPPU sector. All
downstream units, dependent on the ammonia production also reproduce the fluctuations of ammonia
unit performance and NG consumption correlates with ammonia production. Other companies in 1.A.2.c
sector shows relatively balanced inter-annual natural gas consumption. The decrease of NG
consumption is visible, and it is caused mainly by increase of production efficiency.

There is a visible reduction in consumption of solid fuels. This trend is like 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%.
Total CO2 emissions were 473.38 Gg (practically identical to year 2019), total CH4 emissions were 0.018
Gg and total N20 emissions were 0.0022 Gg in 2020.

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 22 642.01 TJ in 2020.
There was a visible decrease of inter-annual energy consumption between 2015 and 2016
(27 47210 TJ in 2015 and 22 926.55 TJ in 2016). It was caused by decrease of fuels consumption in
three major plants allocated here. Total CO2 emissions were 390.49 Gg, total CH4 emissions were
0.17 Gg and total N2O emissions were 0.04 Gg in 2020.

Food processing, beverage and tobacco (1.A.2.e) — total volume of fuels allocated in 1.A.2.e expressed
in energy units represented 5 840.35 TJ in 2020. Total CO2 emissions were 342.01 Gg, total CH4
emissions were 0.011 Gg and total N2O emissions were 0.0014 Gg in 2020.

Non-metallic minerals (1.A.2.f) — total volume of fuels allocated in 1.A.2.f expressed in energy units
represented 20 200.51 TJ in 2020. Total CO2 emissions were 1 408.24 Gg, total CH4 emissions were
0.24 Gg and total N2O emissions were 0.03 Gg. The fuels are allocated among solid, liquid, gaseous,
other and biomass fuels.

Other (1.A.2.g) - The remaining emissions from fuels combustion in manufacturing and industry were
allocated in this category. Total volume of fuels expressed in energy units represented 18 104.08 TJ in
2020. The sharp decrease of emissions in this category in year 2020 was caused by significant reduction
of production in U. S. Steel, a. s. The decrease in natural gas consumption in comparison with previous
year is more than 12%. The reduction of blast furnace gas is more than 32% and coke oven gas
consumption decrease more than 82%. Throughout 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) causes increase of the share of coal
(incinerated in other CRF categories). As the result of the decrease of the coke oven gas consumption
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the IEF increase to value 94.81 t CO2/TJ. Total CO2 emissions were 993.87 Gg, total CH4 emissions
were 0.095 Gg and total N2O emissions were 0.012 Gg in 2020.

Based on the IPCC 2006 GL, this category was further split into 8 new subcategories. The distribution
of individual plants into newly introduced 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 2020

CO; EMISSIONS SHARE

SUBCATEGORY
Gg/year %

1.A.2.g.i Man. of machinery 156.33 15.73
1.A.2.g.ii  Man. of transport equipment 171.54 17.26
1.A.2.g.ii Mining and quarrying 12.52 1.26
1.A.2.g.iv. Wood and wood products 20.02 2.01
1.A.2.g.v Construction 44.03 4.43
1.A.2.g.vi Textile and leather 2291 2.31
1.A.2.g.viii Other 566.52 57.00

3.2.7.1 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 3.2.6.1.

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 during last years in cooperation
with the IPPU experts. The estimation includes and compares information from the iron and steel
industry based on the EU ETS report 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
detail description in the Annex 4.2 (Methodology for carbon balance of iron and steel production).

3.2.7.2 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 3.2.6.2. 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 2020

1.A2.a WEIGHTED CO:2EFs FUEL TYPE CEFs CO:2EFs
Residual Fuel Oil 21.17 77.62
Liquid 69.07
Liquefied Petroleum Gases 17.22 63.15
Gas Coke 29.19 107.03
Other Bituminous Coal 25.49 93.46
Solid 131.62
Coke Oven Gas 11.46 42.02
Blast Furnace Gas 74.86 274.49
Gaseous 55.78 Natural gas 15.21 55.78
Biomass 111.53 Wood/Wood Waste 30.50 111.83
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1.A2b WEIGHTED CO:2EFs FUEL TYPE C EFs CO:2EFs
Gas/Diesel Oil 20.21 74.10
Liquid 85.78 Petroleum Coke 27.83 102.04
Liquefied Petroleum Gases 17.22 63.15
Other Bituminous Coal 25.77 94.49
Solid 102.34
Gas Coke 29.19 107.03
Gaseous 55.78 Natural gas 15.21 55.78
Biomass 111.83 Wood/Wood Waste 30.50 111.83
1.A2.c WEIGHTED CO:2EFs FUEL TYPE C EFs CO:2EFs
Residual Fuel Oil 21.17 77.62
Liquid 72.34 Gas/Diesel Oil 20.21 74.10
Liquefied Petroleum Gases 17.22 63.15
Anthracite 27.44 100.61
Coking Coal 25.38 93.06
Solid 99.61
Lignite 26.88 98.56
Other Bituminous Coal 25.77 94.49
Gaseous 55.78 Natural gas 15.21 55.78
Wood/Wood Waste 30.50 111.83
Other Primary Solid Biomass 27.30 100.10
Biomass 128.80
Other Biogas 14.90 54.63
Biogenic waste 39.00 142.00
1.A2d WEIGHTED CO:2EFs FUEL TYPE C EFs CO:2EFs
Residual Fuel Oil 21.17 77.62
Liquid 76.50
Liquefied Petroleum Gases 17.22 63.15
Other Bituminous Coal 25.77 94.49
Solid 98.08
Lignite 26.88 98.56
Gaseous 55.78 Natural gas 15.21 55.78
Sulphite lyes (black liquor) 26.00 95.33
Wood/Wood Waste 30.50 111.83
Biomass 98.53
Sludge Gas 14.90 54.63
Other Primary Solid Biomass 27.30 100.10
1.A2.e WEIGHTED CO:2EFs FUEL TYPE C EFs CO:2EFs
L Liquefied Petroleum Gases 17.22 63.15
Liquid 63.19
Gas/Diesel Oil 20.21 74.10
Anthracite 27.44 100.61
Solid 99.39 Lignite 26.88 98.56
Gas Coke 29.19 107.03
Gaseous 55.78 Natural gas 15.21 55.78
Other Primary Solid Biomass 27.30 100.10
Biomass 98.07 Sludge Gas 14.90 54.63
Wood/Wood Waste 30.50 111.83
1.A2f WEIGHTED CO:2EFs FUEL TYPE C EFs CO:2EFs
Residual Fuel Oil 21.17 77.62
Petroleum Coke 27.83 102.04
Liquid 101.48 - -
Liquefied Petroleum Gases 17.22 63.15
Gas/Diesel Oil 20.21 74.10
Anthracite 27.44 100.61
Other Bituminous Coal 25.77 94.49
Solid 97.09
Lignite 26.88 98.56
Gas Coke 29.19 107.03
Gaseous 55.78 Natural gas 15.21 55.78
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Municipal and Industrial Wastes 26.57 97.42
Other 97.41

Waste QOil 22.15 81.24

Wood/Wood Waste 30.50 111.83
Biomass 97.44

Waste (biogenic) 26.57 97.42
1.A2g WEIGHTED CO:zEFs FUEL TYPE CEFs CO:2EFs

Gas/Diesel Oil 20.21 74.10

LPG 17.22 63.15
Liquid 63.41

Residual Fuel Oil 21.17 77.62

Other Petroleum Products 20.01 73.35

Blast Furnace Gas 74.86 274.49

Coke oven Gas 29.19 107.03
Solid 94.81

Lignite 26.88 98.56

Other bituminous coal 27.03 99.11
Gaseous 55.78 Natural gas 15.21 55.78

Other primary solid biomass 27.30 100.10
Biomass 111.83

Wood/Wood waste 30.50 111.83

3.2.7.3 Uncertainties and time-series consistency
Description of uncertainty is similar to the Chapter 3.2.6.3 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). As mentioned in
previous reports there is still observed shift from public transportation to individual passenger cars in
Slovakia. This shift is even more obvious during the COVID-19 pandemic and resulted in rise of
emissions in diesel passenger cars as the only in 1.A.3.b category. After a rise in the intensity of transit
transport (HDV) in the last years, there is a decrease in 2020. Due to the COVID-19 pandemic, the
consumption of fuels in all transport categories has decreased. Total aggregated GHG emissions in
transport increased in 2020 against the base year by 3.60% but against the previous year decreased by
13.08%. Road transport emissions rose by 46.97% in 2020 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 — 2020 are presented in CRF Tables. Total
GHG emissions in transport were 7 069.21 Gg of CO2 eq. in 2020. The CO2 emissions were
6 990.37 Gg, which represent 98.88% share on total transport emissions, the CH4 emissions were
4.43 Gg of COz2 eq. with the 0.06% share and N20 emissions were 74.40 Gg of CO: eq. with the 1.05%
share on total transport GHG emissions.

Within transport, the share of road transportation was 96.38%, pipeline transport 2.38%, railways 1.15%,
domestic aviation represents 0.01% and domestic navigation 0.08% (in CO2 eq.). Total energy
consumption was 102 507.98 TJ of fuels in 2020. 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 3.14.
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Figure 3.7: The share of fuels on different categories within transport in 2020
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Table 3.14: 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; CH. N:O
TJ Gg/year TJ Gg/year
1990 51.48 3.74 0.000070 0.000102 61 027.37 4 503.02 1.1654 0.1895
1995 36.57 2.66 0.000050 0.000072 54 601.91 4 033.64 1.2323 0.1681
2000 36.50 2.65 0.000050 0.000072 56 107.97 4 077.90 0.9199 0.1466
2005 107.14 7.79 0.000158 0.000212 84 295.59 6 159.74 1.0570 0.1932
2010 70.59 5.13 0.000095 0.000140 92 325.43 6 435.39 0.7401 0.1634
2015 50.31 3.66 0.000069 0.000099 99 466.88 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 7182.73 0.2995 0.2659
2018 39.21 2.85 0.000054 0.000078 | 106 593.35 7 338.01 0.2028 0.2683
2019 25.15 1.83 0.000040 0.000050 | 109 199.25 7 549.99 0.2029 0.2739
2020 1217 0.88 0.000017 0.000024 98 361.62 6 743.79 0.1694 0.2191
1.A.3.c RAILWAYS 1.A.3.d DOMESTIC NAVIGATION
YEAR FUEL CO. CH. N:O FUEL CO; CH. N:O
J Gg/year J Gg/year

1990 5024.14 372.29 0.0209 0.1437 0.30 0.02 0.0000021 | 0.0000006
1995 2693.37 199.58 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
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1.A.3.e.i PIPELINE TRANSPORT
YEAR FUEL CO; CH,4 N2O
TJ Gg/year

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 14 961.55 824.47 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 5315.65 295.97 0.0053 0.0005
2019 7 141.84 398.28 0.0071 0.0007
2020 3009.14 167.83 0.0030 0.0003

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 Lucenec) 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 - 2020,
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 2020 compared to the base year 1990 by
76.4%. The total jet kerosene consumption was 10.58 TJ and the consumption of aviation gasoline was
1.59 TJ allocated in domestic aviation in 2020 (Table 3.15). Total GHG emissions from domestic aviation
were 0.88 Gg of CO2z eq. in 2020. There was a visible increase of emissions in years 2002 — 2008
(Figure 3.10). 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 3.15: The fuels consumption and GHG emissions for national flights in particular years

AVIATION GASOLINE JET KEROSENE

YEAR CONSUMPTION EMISSIONS CONSUMPTION EMISSIONS

J tCO; t CH, tN2O J tCO; t CH, t N2O
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 2499.39 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 2.1 149.27 0.001 0.004 48.20 3506.73 0.068 0.095
2016 1.68 116.63 0.001 0.003 47.32 3442.59 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
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AVIATION GASOLINE JET KEROSENE
YEAR CONSUMPTION EMISSIONS CONSUMPTION EMISSIONS
J tCO; t CH, tN2O J tCO; t CH, tN2O
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

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 2020, the transport network included
521 km of highways, 296 km of motorways and 3 337 km of the category 15t class roads. Total roads
network represented 18 130 km of roads in the Slovak Republic® in 2020. Road transportation is the
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. Total
aggregated emissions from road transportation reached 6 813.31 Gg of CO2 eq. in 2020. The decrease
in emissions compared to 2019 is 10.68%, and increase compared to the base year is 46.97%. The
major share of emissions belongs to heavy duty vehicles and passenger cars (Table 3.16). Total
blended CO2 emissions were 7 204.73 Gg in 2020. These blended emissions include also emissions
from lube oil from two-stroke gasoline passenger cars (according to the ERT recommendation E.24 from
the SVK ARR 2019). After separation of biomass content, the final CO2 balance for fossil part of fuels
was 6 743.79 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 460.94 Gg of bio-CO2. The most of the emissions come from the city traffic (Table 3.17).

Table 3.16: Overview of total GHG emissions according to the type of vehicles in 2020

Emissions Emissions
CATEGORY OF CATEGORY OF
ROAD VEHICLE ca; CH, N:0 ROAD VEHICLE | €92 CH. | Mo
t/year kg/year t/year kg/year
Passenger Cars | 5059 979 127 235 139413 | Diesel N1-II 588065 | 1021 15 055
Petrol Mini 3161 207 31 A 912347 | 17683 | 45916
rucks

Petrol Small 812 312 63 898 9818 | Petrol >35¢ 17 4 NE
Petrol Medium 493 809 33 253 6252 | Rigid <=7,5t 164747 | 4903 6278
Petrol Large- -
EoNeparge. 90 145 3906 693 Rigid 7,5 - 12 t 168660 | 3045 5128
2-Stroke 37 13 NE Rigid 12 - 14 t 46 429 696 2395
Hybrid Mini 41 3 NE Rigid 14 - 20 t 58 298 1024 2 331
Hybrid Small 1608 133 17 Rigid 20 - 26 t 5 620 204 164
Hybrid Medium 47 375 3914 533 Rigid 26 - 28 t 432 11 15
Hybrid Large- -
ayend arge- | 7753 623 85 Rigid 28 - 32 t 677 41 25
Petrol PHEV _
oo 323 24 3 Rigid >32 t 595 26 16
Petrol PHEV 660 43 6 Articulated 14 - | 466700 | 6739 29 558
Medium 20t
Petrol PHEV .
Large-SUV- 306 17 2 Articulated 20 - 173 1 6

: 28t
Executive
Diesel Mini 218 1 15 Buses 287 756 10 450 9 404
Diesel Small 49 188 167 1676 | oroan BusesMidi) o0 537 307 686

Urban Buses
Diesel Medium 2607 797 8 095 97543 |Standard 15-18 | 15486 109 430
t

5 Slovak Road Database 2020
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Emissions Emissions
CATEGORY OF CATEGORY OF
ROAD VEHICLE co. ok N-0 ROAD VEHICLE | C©2 it N-0
t/year kg/year t/year kg/year
Diesel Large- Urban Buses
SUV-Executive 801762 1814 20650 Articulated >18 t 2610 10 52
Diesel PHEV
Coaches
Large-suv- 116 NE 4 Standard <=18 t 238 429 2 596 8 061
Executive
. Coaches
LPG Mini 24 2 NE Articulated >18 t 5016 18 175
LPG Small 68 718 5214 905 urban CNG 5683 7 408 NO
uses
LPG Medium 57 105 4070 928 L-Category 17 703 9 545 302
LPG Lgrge-SUV- 13 511 883 299 Mopeds 2-stroke 13 15 NO
Executive <50 cm?
CNG Small 2731 702 20 Mopeds 4-stroke 824 504 15
<50 cm
. Motorcycles 2-
CNG Medium 1164 232 7 stroke >50 em?® 54 78 1
CNG Large-SUV- Motorcycles 4-
Executive 94 23 1 stroke <250 cm?® 1609 1854 57
Light Motorcycles 4-
Commercial 926 946 4 450 23 428 stroke 250 - 750 6 987 4 592 107
Vehicles cm?
Motorcycles 4-
Petrol N1-I 24 634 1606 303 stroke >750 cm?® 8 195 2498 121
Petrol N1-II 17 039 596 190 Quad & ATVs 4 1 NE
Petrol N1-III 3202 127 53 Micro-car 17 1 NE
Diesel N1-I 32 965 200 1260 Total 7204730 | 169 363 218 463
Diesel N1-II 261 041 900 6 567

Table 3.17: Results from COPERT model in distribution for agglomeration mode (CO, emissions
are from blended fuels with bio-component) in 2020

TRAFFIC (Gee | CH. | N0
t/year
City 3374 813 118.27 113.86
Road 2682 896 37.27 78.25
Highway 1147 021 13.83 26.97
TOTAL 7204 730 169.36 219.08

Railways (CRF 1.A.3.c) - Railways is the second largest source of emissions in transport (except of
pipeline 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 2020, the length of managed railways was
3 627 km of which the length of electric railways was 1 585 km. Total emissions from railways transport
reached 81.61 Gg of COz eq. in 2020 and they decreased by 10.47% compared to 2019 (Table 3.18)
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.

8 Annual Report of Slovak Railway 2020, pp. 16-18
7 Since 2013, social measure was introduced — free railways for students and retired on lower categories of trains.
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Table 3.18: Overview of fuels consumption and GHG emissions in railways in particular years

TOTAL CONSUMPTION CO; CH, N.O

YEAR
J Gg/year

1990 5024.137 372.289 0.021 0.144
1995 2 693.369 199.579 0.011 0.077
2000 2 080.683 154.179 0.009 0.060
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

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 Stdrovo 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.

Total aggregated emissions from inland shipping excluding international navigations (on Danube River)
reached 5.41 Gg of COz eq. in 2020. After a decrease in 2018, an increase occurred in 2019 and it was
ongoing in 2020 (Table. 3.19).

Table 3.19: Overview of fuels consumption and GHG emissions in domestic navigation
in particular years

e TOTAL CONSUMPTION (o0} CH, N.O
J Gg/year

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
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Pipeline transport (CRF 1.A.3.e.i) — Total fuels in 1.A.3.e.i expressed in energy units represented
3 009.41 TJ and total GHG emissions represented 167.99 Gg of CO:z eq. in 2020. The share of this
category on total transport emissions is 2.39% in 2020. The fuel consumption and GHG emissions are
shown in Table 3.14.

3.2.8.1 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 — 2020 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 — 2020 was taken from the EUROCONTROL (Table 3.20).

Table 3.20: 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 (in line with the ERT recommendation E.32 from the SVK ARR
2017). 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.
These results were thereafter approved by the Ministry of Transport of the Slovak Republic.
EUROCONTROL data used tier 3 applying the Advanced Emissions Model (AEM).
Following data were taken from the EUROCONTROL (Table 3.21):

= 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;

=  COz2, CH4, N20O emissions for all subcategories;

= NCVs calculated from fuel consumption.
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Table 3.21: Average EFs and NCVs for the GHG emissions used in domestic civil aviation according
to tier 1 based on fuel consumption

EMISSIONS FACTORS
PARAMETER
INTERNATIONAL FLIGHTS NATIONAL FLIGHTS
Jet kerosene
Emissions
kg/TJ of fuel
CO, 72748 72748
CH, 0.707 1.343
N.O 1.977 1.977
Emissions Aviation gasoline
CO; 6 959 6 959
CH, 0.541 0.572
N:O 1.953 1.953
NCVs
Aviation Gasoline TJ/Gg 44.00
Jet Kerosene TJ/Gg 43.30

Road transportation (1.A.3.b) — COPERT model 5 (v.5.1) 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 2020 (Tables 3.22 and 3.23).
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 3.24 for the years 1990 — 2020.

Table 3.22: Results of the H/C ratio analyses of fuel types and lube oil in 2020

BIO-
FUEL PETROL DIESEL OIL LPG CNG ETHANOL BIO-DIESEL LUBE OIL
H/C Ratio 1.850 1.946 2.589 3.900 3.000 1.857 2.080

Table 3.23: Results of the O/C analyses of fuel types and lube oil in 2020

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

H/C Ratio 0.030 0.005 NA NA 0.500 0.110 NA

NA=oxygen is not present

Table 3.24: Net calorific values (NCVs) for the fuel type obtained by the SU SR for particular years

TJ/Gg
1990 43.206 42.511 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
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TJ/Gg
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

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 it would crash the model. The new version added new
vehicle categories for the CH4 and N20 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 1S EVO (Information System for Vehicle
Evidence) operated by the Police Presidium of the Slovak Republic.

The EFs values for CHs and N20O 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 COz2, SO2, N20O, NHs, 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 3.25). 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
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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
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 3.25: Overview of input data used in the COPERT 5 model in 2020

CATEGORY OF ROAD ACTIVITY DATA CATEGORY OF ROAD ACTIVITY DATA
VEHICLE No. km/veh. VEHICLE No. km/veh.
Passenger Cars 2409 085 9 146 Diesel N1-II 72763 14 826
Petrol Mini 8173 4784 Diesel N1-l1I 133 364 13780
Petrol Small 814 508 5105 Heavy Duty Trucks 75 676 10 738
Petrol Medium 374 868 5476 Petrol >3,5 t 113 446
Petrol Large-SUV- 43 556 6 569 Rigid <=7,5 t 24 289 23 306
Executive
2-Stroke 148 1465 Rigid 7,5 -12t 13 839 25453
Hybrid Mini 49 6918 Rigid 12 - 14 t 3701 23 971
Hybrid Small 2 345 9107 Rigid 14 - 20 t 4887 16 003
Hybrid Medium 12 199 21597 Rigid 20 - 26 t 1256 7 658
Hybrid Large-SUV- -
Executive 4977 13 465 Rigid 26 - 28 t 52 7970
Petrol PHEV Small 462 9072 Rigid 28 - 32 t 205 8121
Petrol PHEV Medium 703 10 572 Rigid >32 t 145 3944
Petrol PHEV Large-SUV- 301 8419 Articulated 14 - 20 t 27 168 19 847
Executive
Diesel Mini 406 2623 Articulated 20 - 28 t 21 15343
Diesel Small 25 664 8 750 Buses 7 575 25330
Diesel Medium 874 196 16 164 Urban Buses Midi <=15't 758 32385
Diesel _Large-SUV- 197 871 15 481 Urban Buses Standard 15 291 34 796
Executive -18t
Diesel PHEV Large-SUV- Urban Buses Articulated
Executive 44 13 990 ~18 t 45 23 204
LPG Mini 23 1113 Coaches Standard <=18 t 27 31687
LPG Small 22120 15270 Coaches Articulated >18 t 6 256 32877
LPG Medium 19 845 12 328 Urban CNG Buses 198 32 063
LPG Large-SUV-
Executive 5053 10 840 L-Category 150 359 1133
CNG Small 1012 11 420 Mopeds 2-stroke <50 cm? 667 611
CNG Medium 506 9524 Mopeds 4-stroke <50 cm? 27 092 721
CNG Large-SUV- Motorcycles 2-stroke >50
Executive 56 5007 cme 1886 861
Light Commercial Motorcycles 4-stroke
Vehicles 261 749 10 954 <250 om® 42 642 922
Petrol N1-1 25765 9022 Motorcycles 4-stroke 250 33937 2 164
- 750 cm?®
Petrol N1-I 9 280 9op2 | Motorcycles 4-stroke 43 998 1619
>750 cm?®
Petrol N1-Il1 1979 7 080 Quad & ATVs 59 545
Diesel N1-I 18 598 11 993 Micro-car 78 1600

8 Data were published in 2016
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COz2 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
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 CO:2 values per passenger car category are required as user input to enable
the COz2 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/FCsample.

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-CO:2 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 N20O 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 3.26) 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 3.26: Overview of CH4 and N2O IEFs for the road vehicle categories in 2020

EMISSION FACTORS EMISSION FACTORS
CATEGORY OF ROAD cH, N0 CATEGORY OF ROAD oH, | N0
mg/km mg/km

Passenger Cars 16.10 2.40 Diesel N1-I 0.90 6.57
Petrol Mini 9.41 1.39 Diesel N1-II 0.45 6.65
Petrol Small 12.88 1.98 Heavy Duty Trucks 29.65 23.25
Petrol Medium 12.90 243 Petrol >3,5 t 109.90 6.00
Ei;rglﬂli.\zge-SUV- 13.35 2.37 Rigid <=7,5 t 10.40 13.31
2-Stroke 79.45 NE Rigid 7,5 - 12 t 9.59 16.15
Hybrid Mini 9.37 1.25 Rigid 12 - 14 t 8.47 29.16
Hybrid Small 9.37 1.23 Rigid 14 - 20 t 21.47 26.02
Hybrid Medium 9.37 1.28 Rigid 20 - 26 t 4278 23.87
E){gggﬁ'\':rge'suv' 9.37 1.28 Rigid 26 - 28 t 18.97 25.42
Petrol PHEV Small 9.37 1.23 Rigid 28 - 32 t 53.66 32.41
Petrol PHEV Medium 9.37 1.24 Rigid >32 t 37.87 23.60
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EMISSION FACTORS EMISSION FACTORS
CATEGORY OF ROAD CATEGORY OF ROAD
VEHICLE b N:0 VEHICLE il N:0
mg/km mg/km
Petrol PHEV Large-SUV- 9.37 122 Articulated 14 - 20 t 7.88 34.56
Executive
Diesel Mini 0.40 6.66 Articulated 20 - 28 t 5.23 25.30
Diesel Small 0.63 6.30 Buses 202.52 21.68
Diesel Medium 0.52 6.26 Urban Buses Midi <=15t 9.40 20.99
Diesel _Large-SUV- 055 6.26 Urban Buses Standard 15 5.80 2279
Executive -18t
Diesel PHEV Large-SUV- Urban Buses Articulated
Executive 0.03 NE >18 t 417 21.04
LPG Mini 10.63 2.87 Coaches Standard <=18 t 9.64 29.93
LPG Small 12.77 2.22 Coaches Articulated >18 t 3.71 35.35
LPG Medium 12.67 2.89 Urban CNG Buses 1182.43 NE
LPG Large-SUV- 13.00 3.27 L-Category 59.78 1.50
xecutive
CNG Small 43.36 1.26 Mopeds 2-stroke <50 cm? 74.87 1.00
CNG Medium 41.75 1.32 Mopeds 4-stroke <50 cm? 34.05 1.00
CNG Lgrge-SUV- 38.55 134 Mo:t;orcycles 2-stroke >50 125.23 200
Executive cm
Light Commercial Motorcycles 4-stroke
Vehicles 6.00 4.83 <250 om® 64.63 2.00
Motorcycles 4-stroke 250
Petrol N1-I 10.96 2.07 750 om? 85.60 2.00
Motorcycles 4-stroke

Petrol N1-II 9.33 297 >750 om? 41.22 2.00
Petrol N1-ll| 10.72 4.49 Quad & ATVs 47.28 2.00
Diesel N1-I 1.00 6.27 Micro-car 5.36 NE

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
I, Euro IV or Euro V.

The statistical consumptions of petrol, diesel oil and biofuels were received from the Ministry of Economy
of the Slovak Republic (MH SR). According to the latest QA/QC these consumptions are the most
accurate (Chapter 3.2.8.3). Data about LPG distribution and sale were obtained from the Slovak
Association of Petrochemical Industry (SAPPQO). 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 69.99%, followed by gasoline with 20.48% share,
then LPG (1.40%), CNG (0.13%) and biomass (8.01%) in 2020 (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
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of fossil fuels with bio-component. The share of biomass in liquid fuels in transport was calculated as
bio-component percentage (Table 3.27). 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 5.33%
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) (according to
the ESD observation SK-1A3b-2019-0001). Fossil part of FAME was calculated as national average
according to data from the report under Fuel Quality Directive Art. 7(a) (Table 3.27).

Figure 3.8: Share of fuels on total consumption in road transportation in 2020

m Gasoline 20.48%
= Diesel 69.99%
69,99%

LPG 1.4%

CNG 0.13%

8,01% = Biomass 8.01%

0,13% /
1,40%

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 3.27: Estimated activity data and share of biomass for the time series 2007 — 2020

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% 3 846.12
2013 3.21% 726.60 6.43% 4107.36
2014 3.88% 859.33 5.65% 3766.08
2015 3.33% 747.87 5.74% 4 342.97
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% 1.042.07 6.45% 5371.36
2020 6.20% 1.390.40 7.27% 5401.90
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VOLUME C FOSSIL PART CARBON CONTENT
FEEDSTOCK g FOSSIL CO»g FAME
m? % %
Rapeseed 87 972 649.08 5.30% 75.50% 0.147
Palm oil 829 811.39 5.50% 71.80% 0.145
Sunflower seed 11 530 367.58 5.30% 77.20% 0.150
Used cooking oil* 46 545 590.00 5.40% 74.40% 0.147
NATIONAL AVERAGE - 5.33% 75.26% 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 — 2020 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 2022 submission. The IPCC default emission
factors were used, except for CO:2 were country-specific emission factor was used
(Table 3.28). 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 3.24.

Table 3.28: The emission factors used in GHG inventory for railways transport
IPCC DEFAULT EMISSION FACTORS

co, | CH, | N,O
kg/TJ
74 052.07 | 4.15 | 28.60

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 2022 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
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between Slovak ports (Bratislava, Komarno and Sturovo). 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.
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 (Oravské& 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 in Table 3.32.

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 3.29). Activity data for domestic navigation are
shown in Tables 3.30 and 3.31.

Table 3.29: The emission factors used in GHG inventory for navigation in 2020

PARAMETER EMISSIONS FACTORS
DOMESTIC NAVIGATION INTERNATIONAL NAVIGATION
EMISSIONS
kg/TJ of fuel
CO. 74 052.07 74 052.07
CH, 7 7
N0 2 2

Table 3.30: Total fuels consumption (petrol + diesel) in domestic navigation in particular years

FUEL CONSUMPTION
YEAR
J t
1990 0.30 7.14
1995 0.27 6.51
2000 0.33 7.70
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T FUEL CONSUMPTION
TJ t

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
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

Table 3.31: 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

T RS GErTRANES NATIONAL INTERNATIONAL TOTAL
1.A3.d 1.D.1.b 1.A3.d +1.D.1.b
t/year
Slovak Shipping and Ports (Danube) 1.3 128.7 130.0
2005 International shipping companies - 84.0 84.0
Total 1.3 212.7 214.0
Slovak Shipping and Ports (Danube) 91.8 9087.2 9179.0
2010 International shipping companies 0.0 1363.0 1363.0
Total 91.8 10 450.2 10 542.0
Slovak Shipping and Ports (Danube) 79.7 7 895.3 7975.0
Slovak Water Management Enterprise 175.0 - 175.0
2011 Other Companies 1.0 102.0 103.0
International shipping companies - 1104.0 1104.0
Total 255.8 9101.2 9 357.0
Slovak Shipping and Ports (Danube) 21.0 2080.0 2101.00
Slovak Water Management Enterprise 321.0 - 321.0
2012 Other companies 0.7 69.3 70.0
International shipping companies - 764.0 764.0
Total 342.7 29133 3256.0
Slovak Shipping and Ports (Danube) 1083.1 3249.3 43324
Slovak Water Management Enterprise NO - NO
2013 Other companies NO NO NO
International shipping companies - 801.0 801.0
Total 1083.1 4 050.3 5133.4
Slovak Shipping and Ports (Danube) 12440 37320 4976.0
Slovak Water Management Enterprise 149.0 - 149.0
2014 Other companies NO NO NO
International shipping companies - 844.0 844.0
Total 1393.0 4 576.0 5969.0

95



SALE OF DIESEL OIL

T RS (eI RS NATIONAL INTERNATIONAL TOTAL
1.A3.d 1.D.1.b 1.A3.d +1.D.1.b
t/year
Slovak Shipping and Ports (Danube) 1981.8 59454 7927.2
Slovak Water Management Enterprise NO - NO
2015 Other companies 0.5 47.5 48.0
International shipping companies - 1016.0 1016.0
Total 1982.3 7 008.9 8991.2
Slovak Shipping and Ports (Danube) 1515.1 45454 6 060.5
Slovak Water Management Enterprise - NO NO
2016 Other companies 2.0 189.0 191.0
International shipping companies - 1272.0 12720
Total 1517.0 6 006.5 7 523.5
Slovak Shipping and Ports (Danube) 1492.9 4 478.7 5971.6
Slovak Water Management Enterprise - NO NO
2017 Other companies 2.4 236.6 239.0
Morsevo (Komarno) NO 1034.0 1034.0
International shipping companies - 168.5 168.5
Total 1495.3 5917.8 74131
Slovak Shipping and Ports (Danube) 3239.00 809.75 2 429.25
Slovak Water Management Enterprise - NO NO
2018 Other companies 232.00 2.32 229.68
Morsevo (Komarno) 824.00 NO 824.00
International shipping companies - NO NO
Total 4 295.00 812.07 3482.93
Slovak Shipping and Ports (Danube) 1327.00 3981.00 5308.00
Slovak Water Management Enterprise NO - NO
2019 Other companies 3.26 322.74 326.00
International shipping companies - 760.00 760.00
Morsevo (Komarno) NO NO NO
Total 1330.26 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 161.00 NO 161.00
International shipping companies - 94.00 94.00
Morsevo (Komarno) NO NO NO
Total 1716.75 4761.25 6 478.00

According to the ERT recommendation E.25 SVK ARR 2019, 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 3.32. During the data investigation it was found out that the company started the operation of
these ships only in the year 2008.
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Table 3.32: Outcomes of the gasoline consumption reconstruction and emission estimation
for the years 2008 — 2020

FOSSIL GASOLINE BIO-GASOLINE
YEAR Energy CO; CH, N.O Energy CO; CH, N2O
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
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

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 55.78 t (CO2)/TJ in 2020.

3.2.8.2 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;
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» 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:

= 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 N20 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).® 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.

¢ Companies do not have English equivalent names
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Domestic navigation (1.A.3.d) - Emissions from domestic navigation represent emissions from shipping
on lakes for the period 1990 — 2020 and emissions from shipping on lakes and movements between
national ports on Danube River for the years 1990 — 2020. In 2020, 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
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).

3.2.8.3 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 questionnaire was filled in and is archived.

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 — 2020:

= Statistical Office of the Slovak Republic (S3U 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).10.11

10 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

" 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/
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Table 3.33: 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.
of Foreign Trade)

Statistical Office of Slovak Republic

Data regarding production and sales
(companies)

EUROSTAT

(Depart. of Energy Statistics)

Slovak Hydrometeorological Institute

Data from taxes on sales of biofuels

Data from taxes on sales of products
of crude oil

Ministry of Economy

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 3.33 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:

(Table 3.33 and Figure A3.1);

Each authority report different data in different forms for different institutions or requirements

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 3.34: Results of the comparison of fuels consumption according to different sources

DATA SOURCE SU SR FR SR
S Petrol Diesel Oil 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 14420 163.0 533.3 18417 -
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 -
DATA SOURCE MH SR MZP SR (FQD ART.8)

2014 517.2 1639.0 138.9 664.9 1507.4 -
2015 521.5 1854.8 149.9 613.1 1514.8 -
2016 543.8 18723 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 1853.5 184.9 524.5 1865.5 -

2 SK-BIOQ is the national register for biofuels and bioliquids
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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 1.5% for fossil fuels and
2% for biofuels in 2020. 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.).”

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
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.

'3 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#TaxRatesMineralQil
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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.

3.2.8.4 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 3.35), that most of deregistered
cars were in EURO 1 emission category or older categories.
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Through deeper analysis (Table 3.36) it was discovered, that reduction of registered cars wasn’t present
in all emission categories (EURO). 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
quality 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 3.35: 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 3.36: 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 8024.19 -2215.92
PRE ECE 86 778 73350 -13 428 3415.64 3300.58 -115.05
ECE 15/00-01 93 514 79725 -13789 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 5882.36 -205.05
Euro 1 195 607 195 263 -344 9660.12 8227.15 -1432.97
Euro 2 321717 338 370 16 653 11 555.38 9811.85 -1743.52
Average -5 258 -766.37
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3.2.8.5 Category-specific recalculations

This chapter describes the recalculations of emissions from road transportation and its subcategories
with respect to the previous submission for years 2013 — 2019.

Revision of activity data:

Slovakia revised the activity data for road transport with respect to the outcomes of the EUROSTAT
project ESTAT-2020-PA8-E-ENVACC for years 2013 — 2019:

Revision of vehicle fleet disaggregation to the correct categories was performed, which resulted
in re-distribution of total vehicle numbers mostly in passenger vehicles.

With update of the COPERT model, new vehicle categories were introduced into calculation
such as plug-in hybrid petrol passenger cars, plug-in hybrid diesel passenger cars and Quads
& ATV’s and micro-cars in the L-category.

Emission standards were previously based on the year of vehicle registration, whereas now,
distribution of vehicles is based on assigned emission directive in the database. The new
version of model reflects more precisely the emission directives EURO 1 — 5 and 6a, b, c, d-
temp, d and introduction of differentiated EURO VI (A/B/C and E/F) standards for HDV.

Changes in energy balance were also introduced, which resulted in a small deviation in the
balanced blended petrol consumption. This deviation is up to 2%.

New average annual mileage for each vehicle category was calculated based on the
methodology described in Chapter 3.2.8.1. New mileage calculation resulted in re-distribution
of energy consumption.

Table 3.37: Differences in energy consumption between previous submission and current submission

caused by recalculation

o 1.A3.b 1.A3.b.i 1.A3.b.ii 1.A3.b.iii 1.A3.b.iv
J
2013 -4.20 2959.79 -2 852.51 -104.98 -6.50
2014 -1.31 4682.20 -4 587.16 -118.94 22.60
2015 -0.20 10 030.96 -1708.45 -8 343.62 20.91
2016 10.57 6 309.51 -613.27 -5 626.05 -59.62
2017 5.81 6 169.98 -1202.76 -4 913.94 -47.46
2018 9.87 4 834.34 -1 075.52 -3711.59 -37.37
2019 665.63 3524.09 -713.36 -2173.33 28.23

Revision of CO; emissions:

Changes caused by recalculations in the category 1.A.3.b in CO2 emissions are shown in Table 3.38.
Recalculations of CO2 emissions in 2013 — 2019 are mainly due to revision of activity data:

Emissions from fossil part of FAME is reported separately as “other fossil fuels”.
Revision and correction of H/C ratio in petrol affected CO2 emissions.

Change of energy balance calculation in petrol affected CO2 emissions.
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Table 3.38: Differences in CO2 emissions between previous submission and current submission
caused by recalculations

VEAR 1.A3.b 1.A3.b.i 1.A.3.b.ii 1.A.3.b.iii 1.A.3.b.iv
Gg
2013 67.50 231.89 -185.94 22.07 -0.53
2014 73.58 355.93 -305.46 21.66 1.46
2015 70.32 727.66 -105.85 -552.81 1.32
2016 71.45 465.88 -31.13 -359.22 -4.09
2017 88.28 468.39 -69.67 -307.30 -3.15
2018 82.55 367.99 -60.90 -221.98 -2.57
2019 59.77 258.62 -49.03 -151.84 2.02

Revision of CH4 and N2O emissions:

Changes in non-CO2 emissions caused by recalculations in road transportation are shown in
Tables 3.39 and 3.40. In the year 2016, the emissions of N2O were under the threshold as the model
was unable to export any number, thus the notation key “NE” was used. Recalculations of non-CO2
emissions in 2013 — 2019 are mainly due to revised activity data:

= Emissions from fossil part of FAME is reported separately as “other fossil fuels”.
= Change of energy balance calculation in petrol affected non-CO:2 emissions.

= Correction in the calculation of N2O emissions for passenger vehicles fuelled with LPG & CNG
and Urban Buses CNG.

= Corrected CH4 Hot EFs for passenger and light-commercial vehicles.

Table 3.39: Differences in CH4s emissions between previous submission and current submission
caused by recalculations

T 1.A3.b 1.A3.b.i 1.A.3.b.ii 1.A.3.b.iii 1.A.3.b.iv
tons
2013 -117.91 -34.63 -4.51 -78.26 -0.52
2014 -111.61 -31.04 -5.86 -75.20 0.49
2015 -75.98 -21.64 -4.56 -49.93 0.15
2016 -127.57 -78.18 -8.14 -37.32 -3.92
2017 -34.65 6.18 -3.93 -31.96 -4.94
2018 -112.06 -70.99 -6.10 -31.07 -3.91
2019 -83.56 -75.99 -0.06 -7.44 -0.07

Table 3.40: Differences in N2O emissions between previous submission and current submission
caused by recalculations

I 1.A3.b 1.A3.b.i 1.A.3.b.ii 1.A.3.b.iii 1.A.3.b.iv
tons
2013 24.748 10.418 -2.394 16.748 -0.024
2014 34.127 12.844 -6.231 27.501 0.013
2015 -2.804 26.173 -0.611 -28.373 0.007
2016 -8.715 7.228 -1.040 -14.805 -0.097
2017 3.921 14.515 -0.343 -10.167 -0.084
2018 -1.251 5.512 -1.921 -4.783 -0.059
2019 1.506 10.313 -0.737 -8.087 0.018
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3.2.8.6 Category-specific improvements and implementation of recommendations

During the inventory preparation following room for improvements was identified:
= Updated mileages for road transport was implemented for the years 2013 — 2020.
= More correct calculation of fossil carbon in biofuels was implemented.

Improvements are implemented in line with the Improvement and Prioritization Plan for the year 2022.

3.29 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 20 623.38 TJ in 2020. Total CO2 emissions were 1 149.82 Gg, total CH4 emissions were
0.44 Gg and total N2O emissions were 0.009 Gg in 2020.

Residential (1.A.4.b) — total volume of fuels in 1.A.4.b expressed in energy units represented
74 666.90 TJ in 2020. Total CO2 emissions were 2 894.03 Gg, total CH4 emissions were 8.37 Gg and
total N2O emissions were 0.11 Gg in 2020.

Agriculture, forestry and fisheries (1.A.4.c) — total volume of fuels in 1.A.4.c expressed in energy units
represented 6 370.45 TJ in 2020. Total CO2 emissions were 335.28 Gg, total CHs+ emissions were
0.13 Gg and total N2O emissions were 0.09 Gg in 2020. The fuels are allocated among 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.

3.2.9.1 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 8.5% share on the total GHG
emissions in the year 2020. Category 1.A.4.b balanced mostly gaseous (natural gas), solid (coal) and
biomass (wood) fuels. Whereas the gaseous fuels consumption is consistent and accurate due to

4 Energy 2019, Statistical Office of Slovak Republic (2020) ISBN: 978-80-8121-389-2
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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 statistics is missing. Due to these reasons, several
inconsistencies between fuels consumption reported in this category were recorded and commented in
the previous submissions. Major differences occurred between the data reported in the national energy
balance provided by the SU SR and data reported by the companies selling solid fuels to households
(data reported in the NEIS database). The challenge of the NIS experts in this area was to harmonise
national statistics in this field.

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 conference “Air Protection in
Slovakia” held on 11-13 November 2019. The Project Grant was carried out in cooperation with the
Statistical Office of the Slovak Republic.

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 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 for the first time. 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.

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 m2 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. The results will be published in journal, process is ongoing.

Table 3.41: Overview of the country or plant specific CO2 EFs in t/TJ the category 1.A.4 in 2020

1.Ad.a WEIGHTED CO, EFs FUEL TYPE C EFs CO; EFs
Liquefied Petroleum Gases 17.22 63.15
Gas/Diesel Ol 20.22 74.14
Liquid 68.55
Residual Fuel Oil 21.08 77.29
Other petroleum products 20.01 73.35
Lignite 29.19 107.03
Brown coal briquettes 26.61 97.57
Solid 103.09
Other Bituminous Coal 26.10 95.07
Gas Coke 29.19 107.03
Gaseous 55.78 Natural gas 15.21 55.78
Wood/Wood waste 30.50 111.83
Biomass 88.70
Sludge gas 14.90 54.63
1.A4b WEIGHTED CO, EFs FUEL TYPE C EFs CO; EFs
Liquid 63.15 Liquefied Petroleum Gases 17.22 63.15
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Other Bituminous Coal 26.10 95.07
Lignite 29.19 107.03
Solid 97.08
Brown coal briquettes 26.61 97.57
Gas Coke 29.19 107.03
Gaseous 55.78 Natural gas 15.21 55.78
Biomass 111.83 Wood/Wood waste 30.50 111.83
1.Ad.c WEIGHTED CO:; EFs FUEL TYPE C EFs CO; EFs
Liquefied petroleum gases 17.22 63.15
Gas/Diesel ail 20.22 74.14
Liquid 73.38
Diesel oil 20.20 74.05
Gasoline 19.10 70.04
Lignite 29.19 107.03
Gas coke 29.19 107.03
Solid 96.26
Other bituminous coal 26.10 95.07
Brown coal briquettes 26.61 97.57
Gaseous 55.78 Natural gas 15.21 55.78
Other biogas 14.90 54.63
Biomass 66.21 Wood/Wood waste 30.50 111.83
Other primary Solid biomass 27.30 100.10

3.2.9.2 Uncertainties and time-series consistency
Description of uncertainty is similar to the Chapter 3.2.6.3 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).

3.2.9.3 Category-specific recalculations

Recalculations in households are summarized in the Chapter 3.2.4.

3.2.9.4 Category-specific improvements and implementation of recommendations

Improvements are implemented in line with the Improvement and Prioritization Plan for the year 2022.
Further improvements in the category 1.A.1.4.a are planned in connection with the verification of activity
data.

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 1 739.66 TJ in 2020. Total CO2 emissions were 68.17 Gg, total CH4 emissions
were 0.022 Gg and total N2O emissions were 0.0012 Gg in 2020.

3.2.10.1 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 3.2.6.1 and 3.2.6.2 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 1 590.69 TJ in
2020. Total CO2 emissions were 57.33 Gg, total CH4 emissions were 0.021 Gg and total N2O emissions
were 0.00035 Gg in 2020.
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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
(recommendation from preliminary findings E.7 from the UNFCCC review 2021). The information is
directly provided by the Ministry of Defence of the Slovak Republic. The methodology is comparable
with the methodology used for the emissions estimation of civil aviation, based on fuel consumption in
military service multiplied by the default emission factor for jet kerosene. Table 3.42 provides overview
of the weighted average emission factors and fuels in the category 1.A.5 for the year 2020.

Table 3.42: Overview of the country or plant specific CO2 EFs in t/TJ in the category 1.A.5 in 2020

1.A5 WEIGHTED CO; EFs FUEL TYPE CEFs CO; EFs
Liquefied petroleum gases 17.22 63.15
Residual fuel oil 21.08 77.29
Liquid 71.53 Diesel oil 20.20 74.05
Jet kerosene 19.84 72.75
Gasoline 19.10 70.04
Gas coke 29.19 107.03
Solid 98.62 Lignite 29.19 107.03
Other bituminous coal 26.10 95.07
Gaseous 55.78 Natural gas 15.21 55.78
Sludge gas 14.90 54.63
Other biogas 14.90 54.63
Biomass 58.71
Other primary solid biomass 27.30 100.10
Wood/Wood waste 30.50 111.83

3.2.10.2 Uncertainties and time-series consistency

Description of uncertainty is similar to the Chapter 3.2.6.3 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).

3.2.10.3 Category-specific recalculations

Recalculations in the Energy sector are summarized in the Chapter 3.2.4.

3.2.10.4 Category-specific improvements and implementation of recommendations

Improvements are implemented in line with the Improvement and Prioritization Plan for the year 2022,
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.
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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).

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.

Complete time series of CO2, CH4 and N20 emissions for the reference and sectoral approach have
been estimated since the base year 1990. The higher difference between the sectoral and reference
approach identified in the previous submissions was caused by the inconsistencies between the national
database NEIS, the changes in the air protection legislative and in different classification of fuel types
in statistics and national legislative.

Based on the actual data provided in the 2022 submission, time series consistency was improved
leading to increase of transparency reported in this area (Figure 3.11). A difference between CO:2
emissions allocated in reference and in sectoral approaches is less than 2% for last four years. In 2020,
the difference in CO2 emissions was 0.82% and difference in the total energy consumption was 0.33%.

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 3.43 - 3.48. 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 (2009, 2016), the results show the major inconsistencies in 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.
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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 3.43 summarize the effect of the uncertainty in the estimation of these parameters.

Table 3.43: 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/TJ | 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 20902 9472 5873 2377 -1 016 -4307 -13 583
Emission difference (liquid fuels) % 23.19 10.82 6.77 2.77 -1.20 -5.12 -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 previous 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 uses peat as fuel. The SA is mainly based on
information provided by the operators in the EU ETS reports. On the other hand, the RA 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). 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. From year 2020 there was
no peat consumption reported in SA (the last company also stopped using peat as a fuel).

In 2018, a detail review of solid and gaseous fuels was performed. Based on review, several
discrepancies in activity data were identified. These deviations were identified for years 1990 — 2000.
Therefore, the complete time series of activity data were compared to information provided by the SU
SR. Currently, the information about import, export production and stock changes reported in the RA of
the inventory are fully correlated with information in international databases (EUROSTAT, IEA). The
information on the emission factors used in the sectoral approach is presented in Chapter 3.2. The
minor differences were caused by the use of average NCVs (net calorific values) in the RA and fuel
specific NCVs in the SA. Since 1990, total fuels combustion decreased significantly. After the medium
increase of solid fuels in 2001, the decreasing trend in 2002 — 2014 appeared. After a mild increase of
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emissions in 2015 — 2018, a significant decrease is observed in years 2019 and 2020. The emissions
decrease in the last two years is mainly due to decrease of iron/steel production and lower fuel
consumption in transport.

Figure 3.11: Difference between the reference and sectoral approaches CO2 emissions (in Gg)
in 1990 — 2020
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Table 3.44: The comparison of the RA and the SA in total fuels consumption and CO2 emissions
in 1990 — 2020

RA SA B P e RA SA EHISSIONS
YEAR CONSUMPTION | DIFFERENCE llAA e
PJ % Gg of CO, %
1990 753 658 650 -1.28 52 455 53 156 -1.32
1991 659 583 583 0.02 46 478 46 815 -0.72
1992 625 537 537 -0.02 42 843 42 675 0.40
1993 587 494 492 -0.48 39078 38 852 0.58
1994 562 467 458 -1.90 36 351 36 456 -0.29
1995 591 471 483 2.66 37219 36 061 3.21
1996 600 473 490 3.64 37 624 35732 5.30
1997 600 475 491 3.53 37 360 35 694 4.67
1998 583 472 473 0.31 35937 35095 2.40
1999 566 466 458 -1.86 34 647 34 424 0.65
2000 546 460 451 -2.02 33 465 33 704 -0.71
2001 577 491 490 -0.13 35 843 35 774 0.19
2002 560 457 452 -1.03 33793 33 445 1.04
2003 565 462 460 -0.48 35 296 34 337 2.80
2004 555 457 440 -3.79 34171 33775 1.17
2005 567 465 457 -1.66 34 498 34 299 0.58
2006 551 443 435 -1.95 33622 33 568 0.16
2007 531 426 415 -2.41 31836 31998 -0.51
2008 533 436 424 -2.87 32198 32473 -0.85
2009 482 399 376 -5.61 28 821 30130 -4.34
2010 514 406 407 0.21 31016 30510 1.66
2011 492 393 387 .71 29 897 30 011 -0.38
2012 466 371 363 -2.06 28 004 27 934 0.25
2013 468 368 359 -2.36 27120 27 746 2.26
2014 428 332 323 -2.53 25078 25 581 -1.96
2015 433 345 330 -4.21 25 276 26 258 -3.74
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| s | O lcomemetow | | sa | cwssons
YEAR CONSUMPTION | DIFFERENCE llAAS NSNS
PJ % Gg of CO; %
2016 443 347 338 -2.63 25909 26 410 -1.90
2017 473 362 366 1.03 27 830 27 382 1.64
2018 474 360 362 0.60 27 772 27 357 1.52
2019 441 348 347 -0.53 25900 25 893 0.03
2020 424 326 327 0.33 23919 23 724 0.82
Table 3.45: The comparison of the RA and the SA in liquid fuels consumption and CO; emissions
RA SA REiEre Moo e RA SA EMISSIONS
YEAR CONSUMPTION | DIFFERENCE U ES S
PJ % Gg of CO; %
1990 197 164 155 -5.71 11628 12 252 -5.09
1995 145 103 109 6.30 8 084 7 662 5.51
2000 122 92 89 -2.53 6 769 6 769 0.00
2005 139 117 107 -8.34 8 333 8 651 -3.68
2010 144 117 114 -2.20 8729 8 542 2.18
2015 129 120 108 -10.35 7 952 8 803 -9.67
2016 138 123 115 -6.69 8 553 9053 -5.53
2017 154 124 131 6.08 9760 9103 7.23
2018 158 125 130 3.72 9733 9202 5.77
2019 150 126 127 0.66 9 495 9300 2.09
2020 150 118 119 1.42 8 861 8 622 2.77
Table 3.46: The comparison of the RA and the SA in solid fuels consumption and CO2 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 14 125 13 921 1.47
2005 178 124 123 -0.86 13 556 13 263 2.21
2010 159 100 99 -0.60 11492 11383 0.96
2015 137 81 80 -1.06 9257 9331 -0.80
2016 135 76 76 -0.49 8 923 8 923 0.00
2017 140 81 80 -0.95 9295 9324 -0.31
2018 139 81 82 0.11 9436 9 406 0.32
2019 114 66 65 -1.96 7 541 7687 -1.90
2020 97 54 54 -1.07 6 263 6 303 -0.64
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Table 3.47: 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 214 209 208 -0.66 10 945 11710 -6.53
1995 221 209 204 -2.44 11 296 11638 -2.94
2000 244 233 226 -2.93 12513 12 835 -2.51
2005 247 223 225 1.20 12 442 12 251 1.56
2010 210 187 192 2.87 10 659 10 326 3.23
2015 162 139 138 -1.13 7678 7 766 -1.14
2016 165 143 142 -0.56 7916 7 961 -0.57
2017 174 151 149 -1.56 8 296 8 428 -1.56
2018 171 148 146 -1.14 8 141 8 236 -1.14
2019 171 150 149 -0.73 8318 8378 0.72
2020 171 148 148 0.1 8 268 8276 -0.10

Table 3.48: The comparison of the RA and the SA in other fossil fuels consumption and CO2
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 2.10 0.48 -77.35 43 197 -78.34
2000 0.64 1.91 0.64 -66.61 57 179 -68.12
2005 1.89 1.43 1.89 31.59 168 135 2479
2010 1.53 2.86 1.53 -46.66 136 259 -47.43
2015 4.40 3.91 4.39 12.31 389 342 14.02
2016 5.38 4.95 5.38 8.76 517 455 13.59
2017 5.34 5.82 5.34 -8.28 478 509 -6.01
2018 4.68 5.48 4.68 -14.59 461 504 -8.50
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

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 1 774.1 Gg in 2020, which represented 6 505.2 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 (42.1% and 41.7%, respectively) The other significant source of carbon
excluded is using of natural gas (23.7% in fuel consumption and 19.6% 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 — 2020.
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Figure 3.12: The share of different fuels consumption for feedstock and non-energy use in 2020
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Figure 3.13: The share of carbon for feedstock and non-energy use in 2020
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Liquid fuels (petroleum coke, naphtha, and refinery feedstock), 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 3.49 and 3.50.

Table 3.49: The allocation of fuels excluded from the RA in the IPPU sector

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

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 3.50.

Table 3.50: Total volume of carbon in different fuels excluded from the RA in particular years

o Naé:;al Petcl:'g:(eeum Naphtha Lubricants | Bitumen Fzzrji:forgk Cg(l;iar:g Bit%i:i:)us
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 1025.05 37.72
2010 263.78 65.44 338.98 16.90 112.07 63.64 1111.31 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 1 058.04 37.64
2016 351.55 64.46 208.34 36.04 133.40 53.57 1022.86 104.30
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

IE - included in coking coal

The ethylene production represents a complex problem for the calculation of carbon used as feedstock.
The simplified scheme is shown on Figure 4.6 (Chapter 4). Naphtha, refinery gas, low-pressurized

116



methane and natural gas are used as feedstock. 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. Therefore, the low-pressurized methane cannot be excluded from the RA
(as it was made in previous submissions). The rest of 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). On the other hand, another stream of refinery gas is outgoing from refinery and it represents
the input stream in the ethylene unit). In addition, the naphtha stream originates in the refinery. Total
amount of carbon excluded from the RA is the difference between carbon contained in input flows
(naphtha, excess refinery gas, natural gas) and carbon in off-gases going to the refinery. The highest
amount of carbon in inputting streams contains the naphtha stream. Therefore, it is assumed that all
carbon present in the natural gas and refinery gas is “stored” in products (and excluded from the RA);
while only a part of the carbon from naphtha is excluded from the RA (the difference between carbon in
inputting stream of naphtha and outgoing off-gases). The carbon excluded from the RA is presented in
Table 3.51. In the previous submissions, all carbon from naphtha has been excluded from the RA.
Therefore, from Table 3.50 it can be seen the impact of the changed approach. Data in
Table 3.51 presented as Naphtha input are equal the data about carbon stored presented in previous
submissions while the new data about carbon stored can be found in Naphtha stored columns.

Table 3.51: Comparison of amount of naphtha and carbon inputting into ethylene production
and amount of naphtha and carbon excluded from the RA in particular years

NAPHTHA INPUT NAPHTHA STORED
YEAR ENERGY CARBON ENERGY CARBON
J kt TJ kt
1990 14 868 297.35 14 806 296.25
1995 19 271 385.42 18 023 362.98
2000 21626 432.51 19 580 395.73
2005 17 440 348.80 17 379 347.70
2010 17 004 340.08 16 943 338.98
2011 16 742 334.85 16 681 333.75
2012 10 900 218.00 10 839 216.90
2013 11510 230.21 11 449 229.11
2014 11 264 225.39 9732 197.85
2015 14 916 298.32 8 255 198.40
2016 10472 209.44 10 411 208.34
2017 11176 223.52 11129 222.59
2018 13 948 278.96 13920 278.41
2019 13 244 264.88 13 209 264.18
2020 17732 354.64 17 689 3563.79

3.5 FUGITIVE EMISSIONS FROM FUELS (CRF 1.B)

3.51 OVERVIEW OF FUGITIVE EMISSIONS FROM FUELS

Fugitive emissions from the categories 1.B.1 - Solid Fuel and 1.B.2 - Qil and Natural Gas are important
sources of methane emissions in the national GHGs inventory. Fugitive methane emissions from
charcoal production and NMVOC emissions from coke production are included in the category 1.B.1.b
— Solid Fuel Transformation.

In 2020, total aggregated fugitive emissions in the category 1.B represented 425.09 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
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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 3.52 and 3.53 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 do not include methodologies to estimate them (ERT recommendation No E.20 of the SVK
ARR 2019), therefore the notation key “NE” is used here.

The trend is steadily decreasing as an outcome of introduction of new technologies, methodologies and
closing part of 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. 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 3.52: 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
1.B.1.a.1.i 1.B.1.a.1.ii 1.B.1.a.1.iii TRANSFORMATION
YEAR
(oo CH, CH, CH, CH,
Gg

1990 19.01 25.11 2.08 NO NO
1995 21.54 27.44 2.27 NO 0.09
2000 21.51 26.62 2.20 NO 0.15
2005 20.78 14.66 1.51 NO 1.44
2010 19.74 13.86 1.43 NO 0.09
2015 19.51 11.32 1.17 0.26 0.12
2016 18.62 10.85 1.11 0.44 0.04
2017 21.40 9.29 1.11 0.50 0.12
2018 18.64 7.34 0.91 0.84 0.12
2019 17.89 8.13 0.86 0.71 0.12
2020 12.26 5.75 0.59 0.69 0.11

Table 3.53: GHG emissions by categories within the 1.B.2 - Oil and NG and other emissions
from energy production in particular years

1.B.2.a OIL 1.B.2.b NATURAL GAS 1-B.2.c.1 VENTING

VEAR 1.B.2.c.1.i Oil 1.B.2.c.1.ii Gas

co, CH, co, CH, co, CH, co, CH,

Gg

1990 0.03 0.59 0.58 44.14 0.0069 0.05 0.23 23.55
1995 0.03 0.55 0.53 36.25 0.0071 0.05 0.23 20.62
2000 0.02 0.49 0.49 27.65 0.0056 0.04 0.21 16.50
2005 0.01 0.40 0.50 21.93 0.0029 0.02 0.23 14.83
2010 0.01 0.32 0.41 12.65 0.0012 0.01 0.20 10.51
2011 0.01 0.35 0.38 10.98 0.0014 0.01 0.21 9.54
2012 0.01 0.31 0.35 8.47 0.0010 0.01 0.14 3.92
2013 0.01 0.33 0.38 8.25 0.0010 0.01 0.16 4.21
2014 0.01 0.29 0.31 7.06 0.0011 0.01 0.14 375
2015 0.01 0.33 0.32 6.99 0.0011 0.01 0.17 1.87
2016 0.01 0.31 0.33 7.13 0.0010 0.01 0.19 1.98
2017 0.01 0.30 0.34 7.38 0.0008 0.01 0.20 1.73
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1.B.2.a OIL 1.B.2.b NATURAL GAS - 1_'B'2'°'1 VENTING ~
VEAR 1.B.2.c.1.i Oil 1.B.2.c.1.ii Gas
co, CH, Co, CH, co, CH, co, CH,
Gg
2018 0.01 0.29 0.33 6.70 0.0007 0.01 0.19 1.44
2019 0.01 0.27 0.34 6.69 0.0006 0.005 0.21 1.65
2020 0.01 0.33 0.33 7.00 0.0004 0.003 0.18 2.00
1.B.2.c.2 FLARING
VEAR 1.B.2.c.2.i Oil 1.B.2.c.2.ii Gas
co, CH, N.O Co, CH, N.O
Gg kg Gg kg
1990 2.9986 0.0018 46.81 1.3320 0.0009 20.42
1995 3.0441 0.0019 47.52 1.0320 0.0007 15.82
2000 2.4190 0.0015 37.76 0.5190 0.0003 7.95
2005 1.2710 0.0008 19.84 0.4410 0.0003 6.76
2010 0.5330 0.0003 8.32 0.3120 0.0002 478
2011 0.6150 0.0004 9.60 0.3630 0.0002 5.56
2012 0.4510 0.0003 7.04 0.4500 0.0003 6.90
2013 0.4100 0.0003 6.40 0.3720 0.0002 5.70
2014 0.4920 0.0003 7.68 0.3000 0.0002 4.60
2015 0.4290 0.0003 7.68 0.2790 0.0002 4.28
2016 0.4100 0.0003 6.40 0.2760 0.0002 423
2017 0.3280 0.0002 5.12 0.4200 0.0002 6.44
2018 0.2870 0.0002 4.45 0.2790 0.0002 4.30
2019 0.2594 0.0002 4.05 0.3720 0.0002 5.70
2020 0.1817 0.0001 2.84 0.2114 0.0001 3.24

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).
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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, 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):

= 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 — distribucia 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.

According to the ERT recommendation No E.31 (ARR 2016) and No E.20 (SVK ARR 2017) and the
ESD recommendation SK-1B2b-2020-0001, Slovakia was requested to use higher tier for fugitive
methane emissions from oil and NG activities in key categories.

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 CHa4. 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.

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 improvements and changes implemented in the
inventory. The list of recalculations is provided in this chapter.

3.5.4.1 Revisions in activity data:

= Slovakia revised the activity data for charcoal production in the category 1.B.1.b which are
provided by the FAO STAT and the SU SR and compared with data provided by companies
allocated in this category. Charcoal production in Slovakia for the year 2019 was revised
according to data provided by FAO STAT and corrected value is 4 kt. Emissions were
recalculated for year 2019. Impact of this recalculation on total emissions is negligible.
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Natural gas production in the category 1.B.2.b.2 for the years 2010 — 2019 was revised by the
new data provided directly by the Nafta, a. s. company. There were significant differences
between statistical data and real data from real operation. Slovakia in this NIR started to use
real data on tier 3 level of disaggregation. The difference was between -4% and -40%, which
correspond to decrease in NG production between 4.11 to 59.30 million m3. This data also
affected emissions of NG processing in the category 1.B.2.b.3.

Natural gas storage in the category 1.B.2.b.6 for the years 2010 — 2019 revised by the new data
provided directly by the Nafta, a. s. company which is operating NG reservoirs for the Slovak
Republic. These data were cross-checked by the national expert with statistical data. After this
cross-check it was found out that there was a difference in the methodology of companies and
the SU SR. Nafta, a. s. reported NG that flowed through the reservoirs throughout the year and
the SU SR reported only the balance of the reservoirs in the end of the year. Thus Slovakia
decided to move to plant specific activity data. These data significantly increased in the
recalculated period 2010 — 2019 and varied between years according to the needs. The
difference was between 63% and 3 235%.

Crude oil production in the category 1.B.2.a.2 for the years 2010 — 2019 was provided directly
by the Nafta, a. s. company. There were significant differences between statistical data and the
real data. As the data provided directly are more accurate, Slovakia in this NIR started to use
real data on tier 3 level of disaggregation. The difference for years 2010 — 2019 was between
-53% and 4%. Between the years 2010 and 2013, there is a small rise in crude oil production
and afterwards the real production was significantly lower than statistical data. These data are
measured directly by the wells and are connected to direct measurements of fugitive emissions
reported in Chapters 3.5.4.2 and 3.5.4.3.

3.5.4.2 CO; recalculations 1.B:

Table 3.54 shows the recalculations of CO2 emissions for the categories of 1.B - Fugitive Emissions.
Recalculations of CO2 emissions in 2010 — 2019 are mainly due to revised sources of activity data (see
above). There was a shift from statistical data to plant-based in some subcategories. The correction in
FAQO STAT statistics did not affect CO2 emissions in the category 1.B.2 as there are only CH4 emissions
identified during solid fuels transformation.

Table 3.54: Differences in CO2 emissions between previous submission and current submission

caused by recalculations

o 1.B 1.B.2
kt
2010 -0.004 -0.004
2011 -0.012 -0.012
2012 -0.023 -0.023
2013 -0.012 -0.012
2014 -0.006 -0.006
2015 -0.004 -0.004
2016 -0.002 -0.002
2017 -0.021 -0.021
2018 -0.004 -0.004
2019 -0.021 -0.021
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3.5.4.3 CH4 recalculations 1.B:

Table 3.55 shows the recalculations of CH4 emissions for the categories in 1.B - Fugitive Emissions.

Recalculations of CH4 emissions in the subcategories of 1.B.2 are mainly due to revised sources of data
in 2010 — 2019. There was a shift from statistical data to plant-based in some subcategories (see
Chapter 3.5.4.1).

In addition, further change in the category 1.B.1.b - Solid Fuel Transformation was due to revision of
data from FAO STAT for the year 2019. Also, in the category 1.B.2.b.4 the incorrect parameters for
natural gas according to the temperature (15°C) was used, which resulted in incorrect methane
emissions for the years 2014 — 2019. This was corrected in this submission.

Table 3.55: Differences in CH4 emissions between previous submission and current submission
caused by recalculations

VEAR 1.B 1.B.1 1.B.2
kt
2010 0.364 0.000 0.364
2011 0.287 0.000 0.287
2012 0.326 0.000 0.326
2013 0.375 0.000 0.375
2014 0.364 0.000 0.364
2015 0.178 0.000 0.178
2016 0.177 0.000 0.177
2017 0.050 0.000 0.050
2018 0.258 0.000 0.258
2019 0.180 0.090 0.090

3.5.5 CATEGORY-SPECIFIC IMPROVEMENTS AND IMPLEMENTED
RECOMMENDATIONS

During the inventory preparation following improvements were made:

= Improvements in the category 1.B.2 were made. Recalculation were made based on data
provided by oil and NG producers and companies providing transport and reserve of oil and NG.

Improvements are implemented in line with the Improvement and Prioritization Plan for the year 2022.

3.5.6 SOLID FUELS (CRF 1.B.1)

Coal mining and handling (CRF 1.B.1.a) — 980 kt of brown coal was mined from underground mines in
the Slovak Republic in 2020, mostly for domestic consumption (energy industry and households). Total
methane emissions from the underground coal mining were estimated to be 7.03 Gg (5.75 Gg of CH4
from mining activities, 0.59 Gg of CH4 from post-mining activity and 0.69 Gg from abandoned mines) in
2020. Methane recovery and flaring in mine Handlova-east shaft was in practice since 2007 until 2014.
Total CO2 emissions from the underground coal mining were estimated to be 12.26 Gg in 2020.
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Table 3.56: Overview of fugitive emissions from mining and post-mining activities in particular years

CH, CH,
Brown coal emics::;ons recg:“ery emissions emflf:rlr? " loalichs emi?s)izons
YEAR RESEiCes from mining | from mining fr?nr?n?:St' abandoned emissions from mining
9 mines
kt Gg
1990 3456.00 25.114 NO 2.084 NO 27.198 19.008
1995 3759.10 27.437 NO 2.267 NO 29.704 21.542
2000 3649.30 26.620 NO 2.201 NO 28.821 21.513
2005 2511.20 14.658 NO 1.514 NO 16.173 20.781
2010 2377.53 13.862 0.032 1.434 NO 15.295 19.740
2015 1939.33 11.324 NO 1.169 0.264 12.758 19.512
2016 1847.13 10.845 NO 1.114 0.437 12.396 18.617
2017 1834.00 9.286 NO 1.105 0.498 10.889 21.398
2018 1502.00 7.342 NO 0.906 0.837 9.085 18.642
2019 1431.00 8.125 NO 0.863 0.713 9.702 17.891
2020 980.00 5.750 NO 0.591 0.687 7.028 12.261

Solid fuel transformation (CRF 1.B.1.b) - fugitive methane emissions from charcoal production in the
Slovak Repubilic is reported in this category since 2015. This activity 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 — 2020. Total volume of wood charcoal produced in Slovakia was 3 800 t
in 2020. Total CH4 emissions were 0.11 Gg in 2020.

3.5.6.1 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:

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

According to the IPCC 2006 GL, 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 m3 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), Volume 2:
Energy Chapter 4: Fugitive Emissions: 4.1 fugitive emissions from mining, processing, storage
and transportation of coal. According to the IPCC 2006 GL, 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 m?3
CHoa/t for post-mining activities.

= Measurements of EF CH4 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 2006 GL (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 3.58.
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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 — 2020 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 3.57, point 2).

Table 3.57: Coal production, characteristics of mines and the emission factors for mining and post-
mining in single mines in the Slovak Republic in 2020

EF CH,

COAL DEPTH 1. IPCC 2006 GL 2. |[EA - CIAB 3. HPB, a.s.

MINE PO O sl Mini Post- - Post- - Post-

ining mining Al mining Al mining

t/year m m/t

Mine Novaky 595 000 200 10 0.9 6 0.9 0.92 0.39
"‘)"I:‘ceeNm’éky 6" logging NO 200 10 0.9 6 09 |417 | 046
Mine Cigel NO 500 10 0.9 13 0.9 0.00 0.00
"‘)"Iia"ceeCige" 7" logging NO 500 10 0.9 13 0.9 417 0.46
Mine Handlova NO 500-1500 10 0.9 13 0.9 0.00 0.00
Mine Handlova east shaft 173 900 500-1500 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 Céry 211 600 400 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 5.87 kg/t
in 2020.

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 Bafia Dolina Velky Krti§ (BD).
According to the Regulation of the Slovak Office of Mines No 21/1988 Coll., 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 Novéky — 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 CHa 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.
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Using these plant specific emission factors is not in accordance with the good practice, because
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 — 2020
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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 CHg4 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 2020.

CO:2 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
COz2 concentration are measured. This is an approximation with respect to the accuracy of the measuring
instruments for measuring the mining air. The mines Dolina and Cary have the same depth as the mines
of the HBP, a. s. company, therefore the same EFs were used. There is no production registered in the
mine Cigel in 2020.

Table 3.58: Overview of CO, emission factors for single mines in the Slovak Republic in 2020

COAL PRODUCTION EF EMISSIONS CO,
MINE t/year t CO/t t/year
Mine Novaky 595 000 0.012356 11 429.52
Mine Handlova 173 900 0.013243 3016.70
Mine Cary 211 600 0.012339 344432
TOTAL 980 500 0.012505 12 261.00

Solid Fuel Transformation (CRF 1.B.1.b) - CH4 fugitive emission from solid fuel transformation have
been calculated by the IPCC tier 1 default approach with using Revised IPCC 1996 GL — Table 1-13
Energy Content of Biomass Fuels: Default Net Calorific Values (no methodology available in the IPCC
2006 GL for this category). For the calculation of CH4 emissions, the default emission factor related to
the production of the wood charcoal was used from Revised IPCC 1996 GL — Table 1-14 (no
methodology available in the IPCC 2006 GL for this category). Fugitive methane emissions from
charcoal production were used based on the IPCC default EF (CH4) = 1 000 kg/TJ. The GHG emissions
from charcoal combustion are included in the Energy sector, where the activity data represents the
quantity of production excluding export.
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Production of charcoal in Slovakia were obtained from the official FAO statistic. 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.

Table 3.59: Charcoal production and fugitive emissions in particular years

CHARCOAL PRODUCTION

CH, EMISSIONS

YEAR
kt/year Gg/year
1993 3.00 0.09
1995 3.00 0.09
2000 5.00 0.15
2005 48.00 1.44
2010 3.02 0.09
2011 4.23 0.13
2012 4.30 0.13
2013 4.00 0.12
2014 4.20 0.13
2015 4.00 0.12
2016 1.45 0.04
2017 4.00 0.12
2018 4.10 0.12
2019 4.00 0.12
2020 3.80 0.11
3.5.6.2 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 CHs emissions represented
234.27 Gg of COz2 eq. (9.33 Gg of CH4) in 2020. Total CO2 emissions were 0.91 Gg in 2020. Total N2O
emissions were 6.07 kg in 2020. The major share of emissions belongs to the NG distribution (75.12%)
and NG transmission and storage (14.46%). Production of natural gas has sharply decreased in 2020
and represented 2.05% from the total fugitive emissions from oil and NG activities.
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Figure 3.16: The share of individual activities in fugitive emissions of oil and natural gas in 2020
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Total fugitive GHG emissions from oil activities (1.B.2.a) were 8.14 Gg of CO2z eq. (5.43 t of CO2 and
325.34 t of CH4) in 2020, excluding emissions from distribution of oil products (1.B.2.a.5), which are not
estimated as the outcome of missing methodology in IPCC 2006 GL (SVK ARR 2017, recommendation
No E.38). Total GHG emissions are decreasing continuously due to decrease in production and storage.

Table 3.60: Trend in fugitive emissions from oil activities in particular years

1.B.2.a OIL
YEAR 1.B.2.a.2 Production 1.B.2.a.3 Transport 1.B.2.a.4 Refining/Storage
Production Emissions Transfer Emissions Refining/Storage Emissions
kt tCO; t CH,4 kt tCO, t CH,4 kt t CHy4
1990 73.14 19.02 263.29 | 13581.00 6.65 73.34 6221.14 255.07
1995 74.25 19.30 267.29 | 13581.00 6.14 67.66 5168.47 211.91
2000 59.00 15.34 212.40 9 300.00 4.56 50.22 5442.00 223.12
2005 31.00 8.06 111.60 | 10662.34 5.22 57.58 5598.00 229.52
2010 13.08 3.40 47.10 10 075.33 4.94 54.41 5453.00 223.57
2011 15.43 4.01 55.55 9919.73 4.86 53.57 5991.00 245.63
2012 11.45 297 41.21 8417.68 4.12 45.46 5399.00 221.36
2013 9.98 2.60 35.94 9788.06 4.80 52.86 5871.00 240.71
2014 8.97 2.33 32.30 8945.00 4.38 48.30 5220.00 214.02
2015 9.59 2.49 34.51 9932.04 4.87 56.63 5954.53 24414
2016 8.36 217 30.09 9171.32 4.49 49.52 5738.02 235.26
2017 5.78 1.50 20.79 9 582.25 4.69 51.47 5557.00 227.83
2018 5.14 1.34 18.50 9460.16 4.63 51.08 5457.49 223.76
2019 4.34 1.13 15.61 8 997.64 4.41 48.59 5109.01 209.47
2020 2.09 0.54 7.52 9974.83 4.89 53.86 6 437.93 263.96

Total fugitive GHG emissions from natural gas activities (1.B.2.b) were 175.38 Gg of CO: eq. (0.33 Gg
of CO2z and 7.00 Gg of CH4) in 2020. 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.
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Table 3.61: Trend in fugitive emissions from NG activities in particular years

1.B.2.b NATURAL GAS

L 1.B.2.b.2 Production 1.B.2.b.3 Processing 1.B.2.b.4 Transmission and storage
Production Emissions Processing Emissions Transfer Emissions
mil m® t CO, t CH, mil m® tCO; t CH, mil m® tCO; t CH,
1990 444.00 36.41 1021.2 444.00 142.08 |457.32 73 600 64.77 35328
1995 344.00 28.21 791.2 344.00 110.08 |354.32 73 600 64.77 27 968
2000 173.00 14.19 397.9 173.00 55.36 | 178.19 68 600 60.37 19 209
2005 147.00 12.05 338.1 147.00 47.04 | 151.41 73900 65.03 13 303
2010 94.03 7.71 216.3 94.03 30.09 96.85 65 302 57.47 5226
2011 89.68 7.35 206.3 89.68 28.70 92.37 68 093 59.92 4087
2012 90.70 7.44 208.6 90.70 29.03 93.42 45470 40.01 1820
2013 93.59 7.67 2153 93.59 29.95 96.40 52780 46.45 1057
2014 86.06 7.06 197.9 86.06 27.54 88.64 46 500 40.92 1364
2015 84.57 6.93 194.5 84.57 27.06 87.11 55 800 49.10 1393
2016 87.89 7.21 202.1 87.89 28.12 90.53 60 600 53.33 1451
2017 87.29 7.16 200.8 87.29 27.93 89.91 64 200 56.49 1465
2018 84.15 6.90 193.5 84.15 29.93 86.67 59 700 52.54 867
2019 73.60 6.04 169.3 73.60 23.55 75.81 69 060 60.77 810
2020 65.26 5.35 150.1 65.26 20.88 67.22 56 980 50.14 1060
1.B.2.b NATURAL GAS
T 1.B.2.b.5 Distribution 1.B.2.b.6 Other
Distribution Emissions Storage Emissions
mil m® t CO, t CH, mil m® t CO, t CHy
1990 6 666.00 339.97 7 332.60 1.00 1.1E% 0.025
1995 6 485.00 330.74 7 133.50 159.40 0.02 3.985
2000 7 136.00 363.94 7 849.60 524.30 0.06 13.108
2005 7 399.00 377.35 8138.90 50.00 0.01 1.250
2010 6 098.00 311.00 6 707.80 3435.21 0.38 400.179
2011 5630.00 287.13 6 193.00 2414.64 0.27 399.597
2012 5289.00 269.74 5817.90 2197.23 0.32 531.905
2013 5820.00 296.82 6 402.00 3757.48 0.41 479.808
2014 4014.00 204.71 4 415.40 3807.59 0.42 417.196
2015 4 639.00 236.59 5102.90 4017.26 0.44 210.269
2016 4716.00 240.52 5187.60 3 969.67 0.44 197.985
2017 4901.25 249.96 5391.37 4 246.87 0.47 235.749
2018 4777.99 243.67 5255.78 372415 0.41 299.593
2019 4 841.46 246.91 5 325.60 3129.80 0.34 306.986
2020 5003.88 255.20 5504.26 2783.82 0.31 220.604

Total fugitive GHG emissions from flaring and venting activities (1.B.2.c) were 50.75 Gg of CO: eq.
(0.57 Gg of CO2, 2.01 Gg of CH, and 6.07 kg of N,O) in 2020 (Table 3.62). Total emissions slightly

increased due to the increase of natural gas transit and storage. Activity data are consistent with activity
data used in oil and NG estimation. The major emissions share on the total fugitive emissions from
venting and flaring of oil and NG represents venting of natural gas (99.06%) in 2020.
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Table 3.62: Trend in fugitive emissions from venting and flaring activities in particular years

1.B.2.c.1 VENTING 1.B.2.c.2 FLARING

YEAR 1.B.2.c.1.i Oil 1.B.2.c.1.ii Gas 1.B.2.c.2.i Oil 1.B.2.c.2.ii Gas

CO; (1) CH, (1) CO: (1) CHqy (1) CO, (1) CH4 (1) N2O (t) CO; (1) CHs (1) N2O (1)
1990 6.95 52.66 228.16 23 552 2999 1.83 0.047 1332 0.87 0.020
1995 7.05 53.46 228.16 20 625 3044 1.86 0.048 1032 0.67 0.016
2000 5.61 42.48 212.66 16 496 2419 1.48 0.038 519 0.34 0.008
2005 2.95 22.32 229.09 14 831 1271 0.78 0.020 441 0.29 0.007
2010 1.24 9.36 202.44 10 509 533 0.33 0.008 312 0.20 0.005
2011 1.43 10.80 211.09 9542 615 0.38 0.010 363 0.24 0.006
2012 1.05 7.92 140.96 3922 451 0.28 0.007 450 0.29 0.007
2013 0.95 7.20 163.62 4 208 410 0.25 0.006 372 0.24 0.006
2014 1.14 8.64 144.15 3744 492 0.30 0.008 300 0.20 0.005
2015 1.14 8.64 172.98 1864 492 0.30 0.008 279 0.18 0.004
2016 0.95 7.20 187.86 1983 410 0.25 0.006 276 0.18 0.004
2017 0.76 5.76 199.02 1727 328 0.20 0.005 420 0.27 0.006
2018 0.67 5.04 185.07 1439 287 0.18 0.005 279 0.18 0.004
2019 0.60 4.56 214.09 1644 259 0.16 0.004 372 0.24 0.006
2020 0.42 3.20 177.66 2 004 182 0.11 0.002 211 0.14 0.003

3.5.7.1 Methodological issues

The fugitive emissions from oil and natural gas in the Slovak Republic were calculated according to the
IPCC 2006 GL using default tier 1 approach. Emission factors for CH4, CO2, N20O and NMVOC were
used from the following sources:

= |PCC 2006 GL, table 4.2.4 - tier 1 EFs for fugitive emissions from oil and gas operations in
developed countries. The upper limit was used.

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 Eustream, a. s. are reported. These data are in line with official
reports of the company to the other national or international organisations.

Eustream a. s. uses plant specific methodology for emissions estimation as fugitive emissions from
compressors, accidents and planned repairs. 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.

3.56.7.2 Source specific recalculations

According to recalculations presented in Chapter 3.5.4 there is an overview of source specific
recalculation in Tables 3.63 - 3.65.
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Table 3.63: Recalculations made in activity data according to the subcategories of 1.B.2

S E 1.B.2.a.2 1.B.2.b.2 1.B.2.b.3 1.B.2.b.6
kt mil m® mil m® mil m®
2010 0.08 -9.97 -9.97 3332.21
2011 0.43 -31.32 -31.32 2 019.64
2012 0.45 -59.30 -59.30 2532.23
2013 -0.02 -30.41 -30.41 362548
2014 -3.03 -13.94 -13.94 3488.59
2015 -2.41 -8.43 -8.43 3878.26
2016 -1.64 -4.11 -4.11 3723.67
2017 -2.23 -52.71 -52.71 3828.87
2018 -1.86 -8.85 -8.85 3301.15
2019 -1.99 -50.40 -50.40 1207.80

Table 3.64: Recalcu

lations made in CO, emissions according to the subcategories of 1.B.2

o 1.B.2.a.2 1.B.2.b.2 : 1.B.2.b.3 1.B.2.b.6
2010 0.02 -0.82 -3.19 0.37
2011 0.11 -2.57 -10.02 0.22
2012 0.12 -4.86 -18.97 0.28
2013 0.00 -2.49 -9.73 0.40
2014 -0.79 -1.14 -4.46 0.38
2015 -0.63 -0.69 -2.70 0.43
2016 -0.43 -0.34 -1.32 0.41
2017 -0.58 -4.32 -16.87 0.42
2018 -0.48 -0.73 -2.83 0.36
2019 -0.52 -4.13 -16.13 0.13

Table 3.65: Recalculations made in CH4 emissions according to the subcategories of 1.B.2

e 1.B.2.a.2 1.B.2.b.2 1.B.2.b.3 1.B.2.b.4 1.B.2.b.6
t
2010 0.30 -22.94 -10.27 - 397.60
2011 1.55 -72.04 -32.26 - 389.72
2012 1.61 -136.38 -61.08 - 522.28
2013 -0.06 -69.93 -31.32 - 476.51
2014 -10.90 -32.07 -14.36 3.31 409.22
2015 -8.69 -19.39 -8.68 3.38 206.79
2016 -5.91 -9.45 -4.23 3.52 191.84
2017 -8.01 -121.24 -54.29 3.56 225.30
2018 -6.70 -20.36 -9.12 2.1 289.02
2019 =717 -115.91 -51.91 1.97 258.94

3.6 INTERNATIONAL BUNKER FUELS (CRF 1.D.1)

International bunkers category includes emissions from the International Aviation (1.D.1.a) and
International Navigation (1.D.1.b). These emissions are excluded from the national totals.
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3.6.1 INTERNATIONAL AVIATION (1.D.1.a)

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 — 2020. 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 — 2020, 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, Sliag, and Zilina) in the period 1990 — 2004. In 2020, the emissions in the international
civil aviation represented 55.13 Gg of CO2 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.

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
— 2020 from the available EUROCONTROL data. The changes are shown in Table 3.20
(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 2021 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 2022 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 N20O 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 3.66. 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 750.40 TJ and
total consumption of aviation gasoline was 1.16 TJ in international flights in 2020.
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Table 3.66: Fuels consumption and GHG emissions in international flights in particular years

AVIATION GASOLINE JET KEROSENE

YEAR CONSUMPTION EMISSIONS CONSUMPTION EMISSIONS

J tCO; t CHq, t N.O J t CO; t CHq, t N-O
1990 7.82 5562.964 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 2260.82 164 889.54 1.581 4.481
2018 1.87 131.574 0.001 0.004 2527.74 184 357.20 1.777 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

3.6.1.1 Source specific recalculations

No recalculations were made in this category.

3.6.2 INTERNATIONAL NAVIGATION (CRF 1.D.1.b)

GHG emissions inventory in international navigation transport includes CO2, CHs4 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 14.99 Gg of CO: eq. in 2020. 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 Table 3.24 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 3.67.

Table 3.67: The default emission factors in kg/TJ used in navigation for time series

EMISSIONS FACTORS
PARAMETER
DOMESTIC NAVIGATION INTERNATIONAL NAVIGATION
EMISSIONS kg/TJ
CO. 74 100 74 100
CH,4 7 7
N:0 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 oil
sold to international transportation in the important Slovak ports Bratislava and Komarno were balanced
is shows in Table 3.68.
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Table 3.68: GHG emissions balance of diesel oil sold for shipping companies in particular years

CONSUMPTION EMISSIONS
YEAR t/year J t of CO, t of CH, t of N,O tof CO; eq.
1990 20 500.00 871.48 64 576.6 6.10 1.74 65 248.5
1995 18 066.00 760.14 56 326.7 5.32 1.52 56 912.8
2000 NO NO NO NO NO NO
2005 212.70 8.98 665.2 0.06 0.02 672.2
2010 10 450.21 441.19 32692.0 3.09 0.88 33 032.1
2015 7 008.90 295.38 21887.4 2.07 0.59 22 1151
2016 6 006.47 253.08 18 753.9 1.77 0.51 18 949.2
2017 5917.84 249.30 18 473.2 1.75 0.50 18 665.4
2018 3482.93 146.67 10 868.4 1.03 0.29 10981.5
2019 5063.74 213.24 15 793.7 1.49 0.42 15 958.1
2020 4761.25 200.38 14 838.70 1.40 0.40 14 993.19

The sources of activity data for the period 1994 — 2020 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 — 2020
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3.6.2.1 Source specific recalculations

No recalculations were made in this category.

133



ANNEX A3.1: DATA FLOW OF FUELS

Figure A3.1: Flowchart of data reporting and utilisation (green — original data, blue — primary users, yellow — secondary users, red — tertiary users)
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41 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. 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 2020, total aggregated GHG net emissions from the sector of industrial processes and product use
were 8 129.84 Gg of CO2 eq. and they decreased compared with the previous year by approximately
6.0%. The decrease is largely due to the decreased production of iron and steel. Compared to the base
year 1990 the emissions decreased by 16%. CO:2 is the most important gas with the share of 89.6%,
followed by F-gases (8.6%) and N20 emissions (1.7%) shares. The most important emission sources
are categories of metal production (44.4%), mineral products (27.3%), chemical industry (18.6%) and
substituents for ODS (8.3%). Other product manufacture and non-energy products categories shares
1.0% and 0.4%, 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 2:1.
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Figure 4.1: The share on emissions of individual categories in the IPPU sector in 2020

1,0%

0,4% m 2.A Mineral Industry

2.B Chemical Industry
m2.C Metal Industry
2.D Non-energy products

® 2.F Product Uses as
Substitutes for ODS

44,4% u 2.G Other Product
Manufacture

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 SFe) and
indirect greenhouse gas emissions (NOx, CO, NMVOCs). List of GHG gases reported in individual
categories in 2020 is presented in Table 4.1.

Table 4.1: GHG gases reported in the IPPU sector according to the CRF categories in 2020

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 CO2
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,, CHs4, N2O
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 T3 COgy, CH4, N,O
2.C.1 Iron and Steel Production T2, T3 CO;
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CATEGORY (CODE AND NAME) METHODOLOGY/TIER GHG GASES REPORTED
2.C.2 Ferroalloys Production T3, T2 CO,, CH,4

2.C.3 Aluminium Production T3, T2 CO,, PFCs

2.C.4 Magnesium Production NO NO

2.C.5 Lead Production T1 CO,

2.C.6 Zinc Production — not occurring in 2015 T1 CO;

2.C.7 Other NO NO

2.D.1 Lubricant Use T1 CO,

2.D.2 Paraffin Wax Use T1 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

2.F.1 Refrigeration and Air Conditioning T2 HFCs: 23, 32’152’ 134a, 143a,
2.F.2 Foam Blowing Agents T2 HFCs: 1343’23123’ 365mfc,
2.F.3 Fire Protection T1a HFCs: 134a, 227ea, 236fa
2.F.4 Aerosols T1a HFCs: 134a, 227ea
2.F.5 Solvents NO NO

2.F.6 Other Applications NO NO

2.G.1 Electrical Equipment T3 SFs

2.G.2 SFg and PFCs from Other Product Uses NO NO

2.G.3 N0 from Product Uses T1 N20

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 2020, 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 2020.

The most important indicator is decrease in fuels, electricity and heat consumption in industry in 2020
in comparison with 2005. On the other hand, the increase of renewable energy sources in industry is
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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,; EMISSIONS

N.O EMISSIONS

HFC, PFC and SF;

YEAR
Gg of CO; eq.

1990 8 228.11 0.32 1158.31 314.92
1995 8 000.46 0.37 1 150.86 156.12
2000 7 359.07 0.66 1037.12 133.00
2005 8 436.36 1.00 1318.38 333.53
2010 7 833.56 1.20 946.86 641.88
2011 7 898.63 1.46 478.26 645.93
2012 7 899.65 1.40 378.69 675.10
2013 7734.85 1.63 252.31 678.99
2014 7 976.68 1.71 225.26 679.16
2015 8115.18 1.77 208.56 757.70
2016 8412.81 1.49 191.39 685.68
2017 8 641.44 2.01 175.32 754.76
2018 8 655.88 1.93 175.76 719.94
2019 7 795.05 1.43 157.05 734.79
2020 7 284.87 1.46 141.81 701.69

Table 4.3: GHG emissions according to the categories in the IPPU sector in particular years

T 2.A 2.B 2.C 2.D 2.E 2.F 2.G
Gg of CO; eq.

1990 2714.02 2019.80 4900.90 50.49 NO NO 16.45
1995 2 070.94 2 383.51 4 749.59 50.49 NO 13.32 39.95
2000 2230.10 2392.92 3717.46 50.49 NO 106.46 32.40
2005 2 532.96 2719.87 441345 30.17 NO 293.43 99.39
2010 1941.18 2172.89 4 597.96 16.94 NO 597.24 97.28
2011 2 359.34 1969.15 3973.15 23.90 NO 605.03 93.71

2012 2116.99 1654.97 441213 33.55 NO 628.20 109.00
2013 2030.23 1600.55 4.204.48 41.10 NO 646.88 144.53
2014 2181.08 1364.75 4 552.77 36.17 NO 653.84 94.20
2015 2 151.36 1525.18 4 553.91 35.46 NO 734.88 82.42
2016 2183.45 1470.82 4 850.98 37.49 NO 673.37 75.25
2017 227713 1534.59 4 906.04 39.96 NO 739.06 76.76
2018 2 279.54 1697.97 4754.03 40.32 NO 702.77 78.89
2019 2 284.96 1498.76 4 074.22 34.96 NO 720.74 74.69
2020 2218.73 1514.34 3 605.61 29.85 NO 678.88 82.43
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Figure 4.2: Trend of emissions (Gg of CO; eq.) in the IPPU sector in individual gases in 1990 — 2020
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Figure 4.3: Trend of emissions (Gg of CO; eq.) in the IPPU sector in categories in 1990 — 2020
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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. The latest Monte Carlo
simulation was performed for the year 2016. Due to capacity reasons and according to the QA/QC plan
in this sector, new calculation of Monte Carlo uncertainty (Approach 2) in the IPPU sector and
categories will be performed every five years (next is planned for the year 2021, submission 2023). For
more information, please see the Chapter 1.2 of this Report. Results of the Monte Carlo simulations
were almost identical since this exercise had been performed (since 2011).

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.
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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 used method is Monte
Carlo. 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
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.); (ii) 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 in the SVK NIR 2017 and 2018.

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),

*= 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).

" Based on the Annex lll 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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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 1 444.72 Gg. All sources reported in this category
are included in the EU ETS. The emissions reported in the national inventory were nearly the same
(lower by 0.11%). 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 2020, 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 0.03 Gg of CO2 (higher
emissions are in GHG inventory). The difference is caused by rounding.

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.

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 263.64 Gg in 2020 and are nearly the same as in the GHG inventory
(-0.01 Gg).

Other Carbonates - All sources reported in this category are included in the EU ETS, however, part of
them are not calculated but measured. CO2 emissions calculated in the EU ETS reports were 30.62 Gg
in 2020. In the GHG inventory, CO2 emissions were calculated to be 46.47 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 CO2
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 180.42 Gg of CO2 was used for the urea production. The CO2 emissions from the urea consumption
were 70.76 Gg in Slovakia (DeNOx technologies and using as fertilizers). The difference between these
two values (109.66 Gg) is caused by the exporting of urea, because the rest of urea was exported.
Based on the data provided by producer approximately 35.68 kt of urea was used for the production of
AdBlue (catalyst for vehicles); from which a large majority was exported. This production represents the
value of COz: as follows: 26.04 kt. Based on the data from the Statistical Office of the Slovak Repubilic,
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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’; (ii) 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 29.91 kt of nitrogen in favour of export, which represents 47.47 Gg of “exported” 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 0.41-1.93 kt (1.74 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 54.48 kt. It results from the balance that the difference between import and export of
urea under commodity code 31028000 was 52.55-54.06 kt in favour of export, which represents 38.36-
39.47 Gg of “exported” CO:2. Balancing of COz from the export/import of urea gives the range 111.87-
112.98 Gg of “totally exported” CO: from Slovakia. Comparing with the value of “missing” CO2 from
the balance of production and use (109.66 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 — 2020 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.

Carbide Production - The EU ETS report contains only CO2 emissions from CaC: 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.

Hydrogen Production - Activity data from the EU ETS reports and information provided by the operators
in questionnaires (requested by the SNE) is 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 emissions
calculated from these two sources is 0.06% in 2020.

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
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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

Recalculations 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 in Transport sector.

NUMBER/
RECOMME- | CATEGORY DESCRIPTION REFERENCE
NDATION
Recalculations focused on the .
1 2.D.3 CO, emissions from SCR in Entergy .sectngn t{ans:;p;g
vehicles categories (Chapter 3.2.8)

Ad 1: Recalculations focused on the CO:2 emissions from SCR in vehicles for 2010 — 2019. This
recalculation is explained in the road transportation category. Effect of total recalculations in 2.D.3
category is presented in the following Table 4.4. Impact on the total emissions in IPPU sector is
negligible.

Table 4.4: Recalculations and changes in the 2.D.3 category

VEAR SUBMISSION 2021 | SUBMISSION 2022 CHANGES 2021/2022
Gg CO, %

2010 2.012 2.012 0.0%
2011 3.484 3.484 0.0%
2012 3.925 3.925 0.0%
2013 3.903 6.052 55.1%
2014 4.200 6.421 52.9%
2015 7.731 6.073 -21.4%
2016 9.583 8.549 -10.8%
2017 9.514 8.981 -5.6%
2018 9.660 9.539 -1.3%
2019 9.601 8.807 -8.3%
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4.6 SECTOR-SPECIFIC IMPROVEMENTS AND IMPLEMENTATION
OF RECOMMENDATIONS

During the inventory preparation following room for improvements in categories 2.A, 2.B, 2.D and 2.F
was identified:

= Improved explanation of low IEF from ammonia production.
= More details about correction factor in cement production are presented.
*» Planned improvements for F-gases are provided in the Chapter 4.12.8 of this Report.

Improvements are prepared according to the UNFCCC review 2021 and the list of the provisional main
findings 2021.

4.7 MINERAL PRODUCTS (CRF 2.A)

471 SOURCE-CATEGORY DESCRIPTION

The major share of CO2 emissions comes from the production and transformation of mineral products.
Total emissions were 2 218.73 Gg of CO2in 2020 (only CO2 emissions are reported in this category),
lower by 3% compared with previous year 2019. Compared to 1990, the decrease in mineral production
is approximately 18%. Major trend behind the decrease in mineral production is decrease in demand of
products.

The major share of emissions in this category belongs to cement production (65.0%), lime production
(19.4%) and dead burned magnesia production (11.9%). The ceramics production shared 0.7% and
glass production 0.8%. The rest of emissions (2.1%) are reported in other category. Emissionsin 2.A.4.b
are not occurring.

Table 4.5: CO, emissions in the category 2.A by subcategories in particular years

2.A1 CEMENT | 2.A2LIME 2.A.3 GLASS 2.A4.a " :&t; A 2.A4.d

YEAR | PRODUCTION |PRODUCTION |PRODUCTION | CERAMICS | MAGNESIA OTHER
Gg

1990 1 464.50 794.92 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 1308.57 534.30 11.93 14.24 24776 34.56
2016 1340.95 521.62 14.83 17.65 220.19 68.21
2017 1367.05 507.78 15.20 20.82 201.28 75.00
2018 1346.68 522,65 16.02 21.29 304.39 68.51
2019 1404.27 489.24 1816 2152 29515 56.62
2020 144315 430.65 18.39 16.45 263.63 46.47
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Figure 4.4: The share of CO2 emissions on individual categories in the 2.A in 2020
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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 1443.15 Gg in 2020 and were higher by ca 3% than the year before. In
comparison with the base year 1990, the CO2 emissions in this category decreased by 1%. The reasons

for declining trend are described in the previous Chapter.

Table 4.6: Activity data and CO2 emissions in the category 2.A.1 in particular years

e Co, IEF (CO,)
YEAR | PRODUCTION coﬁ?gm colnggm colfx:ETcoTIIQON EMISSIONS
Kt Gg tt

1990 2835.75 64.60%" NE 10184 1 464.50 0.5164
1995 223575 64.60%" NE 10184 1154.63 0.5164
2000 2313.71 64.36%" NE 10184 1190.45 0.5145
2005 235268 64.31% 1.79% 10184 1 256.40 0.5340
2010 1653.59 66.07% 2.60% 0.9506 859.92 0.5200
2011 2433.86 67.13% 1.50% 0.9541 1261.79 0.5184
2012 2126.12 65.25% 1.86% 0.9680 1095.93 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 2 506.12 65.70% 2.58% 0.9600 1308.57 0.5221
2016 2 599.39 64.84% 2.36% 0.9647 1340.95 0.5159
2017 2 698.82 64.83% 2.50% 0.9447 1367.05 0.5065
2018 2695.74 64.84% 2.39% 0.9336 1346.68 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 144315 0.4900

* Aggregated CaO content = CaO Content + 1.092/0.785xMgO content

4.7.21

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 (CaCO3). As the cement clink is produced at the
temperature of 1450°C the reaction produces carbon dioxide. The other emissions originate from
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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
CO2 emissions are summarized in Table 4.7 (C = confidential, but available for the sectoral experts).

Table 4.7: Input data used for the CO, emissions estimation in the category 2.A.1 in 2020

CEMENT Ca0o MgO co

PLANT/OPERATOR CLINK CONTENT | CONTENT CKD COMPOSITION 2
FACTOR —
kt % % Gg

Cemmac C 65.99% 1.76% 1.0082 0.9551 201.86
VSH (CRH) C 64.71% 4.30% 1.0103 0.6494 242.16
CRH — Portland C 65.72% 2.12% 1.0033 0.9741 556.47
CRH — white C 67.90% 2.09% 1.0064 1.0000 77.41
Povazska cementaren C 64.35% 0.91% 1.0203 1.0000 365.25
TOTAL 2944.94 65.31% 2.28% 1.0095 0.9030 1443.15

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 COz2emission
factor was 0.4900 t CO2/t of cement clink in 2020 (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 * %MgO,.) » m. — (0.785 x %CaO; + 1.092 x %MgO0;) » m,
B (0.785 * %Ca0, + 1.092 * %MgO0,) * m,

where: %CaOc is the fraction of CaO in cement clinker produced; %MgQc is the fraction of MgO in
cement clinker produced; mc is the mass of cement clinker produced; %Ca0O: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.

4.7.2.2 Uncertainties and time-series consistency

In the period 1990 — 1999 the average 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 CaO content is based on
the average value of the CaO content in 2000 — 2003. The 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 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.

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
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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 — 2020no 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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.7.3 LIME PRODUCTION (CRF 2.A.2)

From a chemical point of view, lime is calcium oxide (CaO). 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 12% when compared with the
previous year and were 430.65 Gg in 2020. The decrease in emissions by 46% is achieved when
compared with the base year.

Table 4.8: Activity data and CO2 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%

YEAR LIME PR?{?UCTION i EMC:SIONS CaO CONTENT MgO CONTENT “CI-;YOng:.IIE.Eﬁ:;
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% -

“Hypothetic” CaO content = CaO Content + 1.092/0.785xMgO content

4.7.3.1 Methodological issues

Table 4.8 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.
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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 4.8 since 2014. 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 4.9.

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
0.777 t CO2/t of lime in 2020 (correction factor is included in the IEF). Correction factor presented in
Table 4.9 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 554.22 kt in
2020. Activity data used for inventory are summarized in Table 4.8. 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.

Table 4.9: Activity data necessary for the estimation of CO2 emissions in the category 2.A.2 in 2020

LIME PRODUCTION ca0o CO, EMISSIONS
PLANT P CONTENT MgO CONTENT LKD G
Calmit C 90.79% 1.04% 1.0042 84.22
Dolvap Varin C 86.20% 7.60% 1.0058 77.25
Carmeuse C 86.88% 8.43% 1.0340 253.27
Others* C 92.50% 2.00% 1.0200 15.91
TOTAL 554.22 87.78% 6.49% 1.0225 430.65

C = confidential, *aggregated data from small plants not covered by the EU ETS as sugar producers

4.7.3.2 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 scheme 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 COz, 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 COz: 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 CO2 emissions
originating from biomass input.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
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(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

474 GLASS PRODUCTION (CRF 2.A.3)

Basic raw material for glass production is silica (SiO2). Limestone (CaCOs), dolomite (CaMg(COs)2),
soda ash (Na2COs3), 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 18.39 kt in 2020.

4.7.41 Methodological issues

CO2 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. Calculation of EFs is based on weighted average based of used carbonates
and COz emissions in individual production unit. Implied emission factor was 0.423 t/t of used carbonates
mixture or 0.052 t/t of glass produced in 2020. 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,
colemanit 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.

Glass production based on direct information from producers was as follows: 352.3 kt of white glass in
2020. No leaded glass or green glass was produced in 2020. Total amount of produced glass was
352.3 kt. SrCOs3 and Li2COs were not used for glass production. Total amounts of used carbonates were
43.44 kt in 2020 and time series is presented in Table 4.10.

Table 4.10: Total amounts of used carbonates and CO» emissions in particular years

O CaCoO; K2CO3 Na,CO; BaCO; MgCO; SrCO; Li.CO; Total CcO,
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 1.76 0.01 0.01 76.87 33.038
2010 15.89 0.48 13.62 1.52 0.01 NO NO 31.52 13.145
2011 15.17 0.31 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

2 Carbonates are included in the form of calcium carbonate (based on stoichiometry).
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4.7.4.2 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 CO2 EFs per 1 t 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 CO2
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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.7.5 OTHER PROCESS USES OF CARBONATES - CERAMICS (CRF 2.A.4.a)

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.
CO2 emissions from ceramics production were 16.45 Gg CO: in 2020.

4.7.5.1 Methodological issues

CO2 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 COz. Implied emission factor calculated in 2020 was 0.47 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 CaCOs and MgCQOs are obtained. Total amounts of used carbonates were 35.22 kt
in 2020 and time series is presented in Table 4.11.

Table 4.11: Total used carbonates and CO; emissions the category 2.A.4.a in particular years

VEAR CaCo; MgCOs 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
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YEAR CaCoO; MgCO; TOTAL CARBONATES CO, EMISSIONS
kt Gg
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
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

4.7.5.2 Uncertainties and time-series consistency

The same tier approach is used for period 1990 — 2020. 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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

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
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
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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 MgCOs = MgO + CO2. Total CO2 emissions from magnesite production were
263.63 Gg in 2020 and decreased by ca 11% when compared with the year 2019. When compared to
1990, the decrease is approximately 39%. 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).

4.7.71 Methodological issues

Magnesite raw materials used in the Slovak Republic contain small amounts of CaCO3s and FeCOs.
Emissions are calculated on the stoichiometric base (CO2 and respective carbonate). The amounts of
magnesite raw materials and emissions of CO2 in the period of 1990 — 2020 are summarized in
Table 4.12. CH4 and N20 emissions are not occurring and therefore notation key “NO” was used for
time series.

CO2 emission factors used for emissions estimation in this category are as follows: 0.44 t/t CaCOs,
0.522 t/t MgCOs and 0.38 t/t FeCOs. Total consumption of magnesite raw materials in the Slovak
Republic was 560.73 kt in 2020. The composition of raw materials is summarized in Table 4.12. It should
be noted that CaCO3 and FeCOs contents are included in MgCOs content on the basis of stoichiometry
for the years before 1999, due to lack of input data.

Table 4.12: Consumption and composition of magnesite raw materials and CO; emissions
in the category 2.A.4.c in particular years

e co, EF
VERR USED Cgﬂ'cl':gl?ﬁ cgzggﬁn Cg:lgl'g;ﬂ EMISSIONS
kt Gg t/t
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 400.82 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 22019 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
2020 560.73 0.8261 0.0533 0.0407 263.63 0.470

*carbonates reported in MgCO; on the basis of stoichiometry

4.7.7.2 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
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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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

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: per ton of
consumed CaCOs3 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.

4.7.8.1 Methodological issues

Limestone used in Slovakia often contains a small amount of MgCQOs. CO2 emissions are estimated
using the balance of carbonates according to the IPCC 2006 GL and the plant specific emission factors.
The volume of consumed carbonates according to the different sources and CO2emissions in the period
1990 — 2020 are summarized in Table 4.13.

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 2020 was 0.442 t/t of used carbonates mixture.

Total volume of carbonates used at desulphurization was 105.24 kt in 2020, the activity data are
summarized in Table 4.13. 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 1%, 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 46.47 Gg in 2020.
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Table 4.13: Total used carbonates and CO;emissions in the category 2.A.4.d in particular years

VEAR DES”'-(':ggg'jAT'ON DESU"(PM:%'?)'SAT'ON TOTAL CARBONATES CO; EMISSIONS
kt Gg
1990 NO NO NO NO
1995 NO NO NO NO
2000 88.86 158 90.44 39.92
2005 94.52 173 96.25 42.49
2010 60.49 0.99 61.48 27.13
2011 84.46 128 85.74 37.83
2012 103.83 1.84 105.67 46.65
2013 59.84 148 61.32 27.10
2014 88.39 2.01 90.40 39.94
2015 76.95 135 78.30 34.56
2016 150.09 416 154.25 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

4.7.8.2 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 4.13 were obtained directly from producers. The
decrease in consumption of limestone for desulphurization in 2010 was caused by using of 15654 t
stock lime bought from lime producer for desulphurization. It represents (using back calculation to
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 SO2 since January 1%, 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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

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
1 514.34 Gg of CO2eq. in 2020. The increase of emissions in the comparison with the previous year is
approximately 1% and decrease by 26% in the comparison with the base year. The increase is caused
by higher production of ammonia. The significant decrease in emissions was reported in nitric acid
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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 (46.5%) in emissions belongs to ammonia production, 25.2% belongs to
petrochemicals production, 20.3% belongs to hydrogen production (other), and 5.0% belongs to nitric
acid production and 3.0% to carbide production.

Table 4.14: Emissions in the category 2.B according to the subcategories in particular years

2k GLLLVE Y R R JC SNBIDE e 2.B.10 OTHER
YEAR | PRODUCTION PROBUGIION PRODUCTION PEDROCHEN.
Gg of CO; eq.

1990 332.37 114153 NO 428.80 117.10
1995 488.47 112062 139.01 459,91 175.50
2000 521.74 1017.26 156.73 462.68 234.51
2005 573.24 1234.79 176.72 371.40 363.73
2010 388.06 868.77 197.56 403.75 314.76
2011 578.73 404.75 22228 42575 337.65
2012 546.69 290.35 141.26 319.26 357.41
2013 675.36 129.41 95.35 330.79 369.65
2014 530.30 144.69 85.76 250.60 353.39
2015 639.45 139.78 48.47 331.82 365.65
2016 564.59 121.33 63.16 338.22 38353
2017 633.80 104.98 59.35 357.84 378.61
2018 791.48 105.54 68.26 399.41 333.28
2019 689.15 90.62 62.05 344.14 312.80
2020 703.96 75.95 45.83 381.66 306.94

Figure 4.5: The share in CO2 emissions of individual subcategories in 2.B in 2020

= 2.B.1 Ammonia Production

m2.B.2 Nitric Acid
Production

m 2.B.5 Carbide Production

u 2.B.8 Petrochemicals
Production

u2.B.10 Other

46,5%

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 = 2NHs. 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 4.15.
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4.81.1

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
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
CO2 emissions estimation and calculated according to the relationship:

Methodological issues

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 (35.014 in 2020); CCF is content of carbon in the fuel in t/TJ (15.196 in 2020) 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(CO2) represents the amount of carbon dioxide that is recovered and used for urea
production. In Slovakia, urea is produced and respective amounts of CO:2 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 1.29 t CO2 per 1 t of ammonia produced in 2020 and is based on plant
specific data (after subtracting of CO2 used for urea production). 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). The consumption of
natural gas in TJ was calculated based on consumption in mil m3 and annual specific net calorific vales
used in the Energy sector. Results are provided in Tables 4.15 and 4.16. Production of ammonia
increased by 11% in 2020 when compared with 2019 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 2020 that are necessary for the calculation of emissions. The presented data are based
on direct measurements in plant. In 2019, new ammonia technological line started, which resulted in
lower CO2 emission.

Table 4.15: Ammonia production and GHG emissions in particular years

e ey | momrs | mrene | mree SR,

kt Gg mil. m® TJ
1990 360.00 616.97 10.83 1.08 32254 10 827.83
1995 383.80 654.14 11.70 147 343.87 11 698.41
2000 403.00 683.85 12.36 1.24 361.07 12 359.46
2005 426.35 721.40 13.06 1.31 381.99 13 064.02
2010 233.56 484.65 8.75 0.88 254.31 8753.49
2011 455.48 779.42 14.07 141 407.74 14 070.98
2012 377.30 717.42 12.92 129 373.90 12 922.60
2013 474.91 888.08 15.98 1,60 461.25 15 979.72
2014 346.27 660.68 11.86 119 340.71 11 856.72
2015 476.94 884.82 15.88 159 454.27 15 878.88
2016 403.96 787.01 14.10 1.41 401.92 14 103.50
2017 458.88 873.80 15.70 157 449.16 15 700.36
2018 516.74 1028.79 18.47 1.85 529.40 18 474.44
2019 491.95 822.68 14.77 148 422.85 14 770.06
2020 545.23 883.52 15.86 159 452.87 15 856.94

* CO, emissions without consideration of urea production
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Table 4.16: Urea production, CO, used for the production and resulting CO, emissions
in particular years

UREA PRODUCTION CO, CONSUMED Net CO, EMISSIONS* IEF
YEAR Kt Gy 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

*CO, emissions with consideration of urea production, C = confidential (available in NIS archive)

4.8.1.2 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:2
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 analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

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 was almost the same as in 2019. However, the N2O emissions
decreased by 16% in 2020 when compared with 2019. 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.
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4.8.21 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 N20O 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 used until this year.

= 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 4.17.

Table 4.17: Measured EFs in medium pressure nitric acid plant in 2005 — 2010

2005 | 2006 | 2007 | 2008 | 2009 | 2010
kg/t

EF N.O 7.3 | 1033 | 1033 | 76 | 75 | 75

YEAR

The malfunction in 2006 — 2007 resulted in higher N2O emission factors. The average value of the
emission factor (7.5 kg/1 t of HNOs) 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.

According to the ERT recommendation, 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 N20/1 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 N20O emission factors from the nitric acid production in 2019 is presented in
Table 4.18. The overall EF = 0.439 kg N20/t of HNO3 in 2020 was estimated as weighted average. N20O
emissions were 254.85 t in 2020. The detailed results are in Tables 4.18 and 4.19.

Table 4.18: Detailed information on measured N.O concentrations and EFs in 2020

N2O CONCETRATION WEIGHTED AVERAGE EF
PLANT
ppm kg/t
MEDIUM PRESSURE PLANT 1 156.79 0.445
MEDIUM PRESSURE PLANT 2 42.30 0.175
HIGH PRESSURE PLANT 149.55 0.494
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Table 4.19: Estimated N,O emissions and IEFs (N-Q) in particular years

HNO; EF N,O N.O N.O MEDIUM N.O HIGH TOTAL N,O

YEAR | PRODUCTION ATMOSPHERIC | PRESSURE PRESSURE EMISSIONS
kt kg/t HNO3 t
1990 400.54 9.564 1953.77 1876.88 NO 3830.65
1995 398.80 9.429 1818.70 1941.77 NO 3760.47
2000 407.22 8.383 NO 1256.58 2 157.06 3413.64
2005 497.68 8.326 NO 1584.29 2559.28 4143.57
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
4.8.2.2 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 EF = 4.5 kg/1 t of HNOs was used for
atmospheric plant where the production ended in 1999.

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 HNOs (malfunction in the plant).

The emission factor for high-pressure plant was measured to be 9.02 kg/1 t of HNO3 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 HNO:s. 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.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.
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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.

484 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)

4.8.5.1 Silicon carbide (CRF 2.B.5.a)

Silicon carbide is not produced in the Slovak Republic therefore notation key “NO” was used.

4.8.5.2 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
45.83 Gg of CO2in 2020 and decreased by 26% in comparison with 2019. It corresponds to the decrease
of the production. Since 2015, the calcinated anthracite is used instead of other bituminous coal.

4.8.5.3 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:

COz2 emissions = (2(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 is used
to produce the vinyl chloride monomer. 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 4.20 (C = confidential
data are available in the SNE archive).

Table 4.20: Estimated CO emissions, carbide production and export in particular years

OTHER
YEAR | PROD. | Yyport | PROD. | CONSUM- | consum. | coAL
CONSUM.
t/t Gg
1990 NO NO NO NO NO NO NO NO
1995 | 84.30 C c 131.63 66.61 7.14 165 139.01
2000 | 88.82 C c 138.68 70.26 7.44 176 156.73
2005 | 97.03 C c 151.50 76.73 8.15 182 176.72
2010 | 98.26 c c 158.17 77.69 8.28 2.01 197.56
2011 | 107.40 c c 172.89 84.89 9.07 207 22228
2012 | 10048 C C NO 79.44 8.46 1.41 141.26
2013 | 81.79 C C NO 60.93 6.16 117 95.35
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OTHER
YEAR | PROD. | yyport | PrRoD. | CONSUM- | consum. | coaL
CONSUM.
Kt t Gg
2014 | 7430 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
2017 | 7164 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 | 6047 c NO NO 45.90 3.49* 1.03 62.05
2020 | 4761 c NO NO 38.07 1.65% 0.96 45.83

* calcinated anthracite

Implied CO2z 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 CO2
emission factor in 2020 was 0.89 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 0.96 t CO2/t of produced CaCs.

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 (not in 2020). No calcium carbide was imported to Slovakia in 2020. The
rest of produced calcium carbide was used for acetylene production for welding applications (conservative
approach). No production of CaO occurred in 2020. 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 Saderberg 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.

4.8.5.4 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 4.20). 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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

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.
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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.

4.8.9 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 379.68 Gg in 2020, which
is higher by 12% compared with previous year. The increase is caused by increasing the production.

4.8.9.1 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 4.6). Methane emissions do not occur when using
approach described in the IPCC 2006 GL.

Figure 4.6: Scheme of carbon material balance used in for 2.B.8.b

€O
Naphtha 2
Products

Refinery gas

—_—

Naturalgas |  Ethvlene

—— 1 production
Low-pressurized By-products |  Refinery
methane and off-gases (1A1b)

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 efc. 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 4.21 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
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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.2).

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 4.21.

Table 4.21: Activity data and related CO2 emissions from ethylene and propylene production
in particular years

e NAPHTHA NATURAL GAS REFINERY GAS LOW-PRESSURIZED CH,4
INPUTS in TJ
1990 14 867.6 3074.8 4 366.1 0.0
1995 19 271.2 17141 5071.7 1306.4
2000 21625.6 1419.9 4 380.5 2357.3
2005 17 440.0 959.5 4497.4 1031.8
2010 17 004.0 1610.6 42371 1244.2
2011 16 742.4 15632.7 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
2015 14 916.0 1123.8 3707.6 1079.9
2016 10 472.0 1150.2 3584.5 1250.4
2017 11 176.0 1290.4 3702.3 1363.0
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
YEAR | PRODUCTION | PRODUCTION |OTHERCHEM, | CO:EMISSIONS IEF (€04
OUTPUTS in kt Gg tt

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 "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

4.8.9.2 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

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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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 4.21 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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.8.10 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 1.98 Gg in 2020 and decreased by ca 50% in
comparison with the previous year 2019. The decrease was caused by the significant decrease in the
production.

4.8.10.1 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 4.7).

Ethylene dichloride and vinyl chloride monomer is produced by one operator in Slovakia. All streams
(inputs) shown on Figure 4.7 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 4.22.
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Figure 4.7: Carbon material balance used in emissions estimation of the category 2.B.8.c
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Table 4.22: Activity data and related CO2 emissions from the EDC and VCM production
in particular years

NATURAL GAS ETHYLENE ACETYLENE EDC VCM
YEAR CONSUMPTION CONSUMPTION CONSUMPTION PRODUCTION* PRODUCTION
1000 m° kt
1990 5084 10.320 14.313 NO 55.536
1995 4 935 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 5772 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 4 694 11.762 6.357 1.571 39.484
2017 3505 10.612 5.703 0.305 35.193
2018 4 030 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
MEAE R R
1000 m® kt Gg vt 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
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
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o |tk T cuorr | e | PhoS | comets [FNG [ 1O [ ooy

1000 m® kt Gg t/t YMC
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

*production of EDC that is used as a product, not an intermediate to VCM; **chlorinated hydrocarbons; ***other hydrocarbons

4.8.10.2 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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.8.11 HYDROGEN PRODUCTION (CRF 2.B.10)

Hydrogen production in refinery is included in this category. Hydrogen is produced by steam reforming
of natural gas in the Slovak Republic. This production process results in hydrogen and CO2 emissions
are released. Natural gas used for the reforming reaction is used as feedstock and as energy source
(heating). Because it is very complicated to separate natural gas used as feedstock and for heating,
total volume of natural gas used for production (as feedstock and as energy source) is reported in this
category. The same approach was used in ammonia production (where the preparation of synthesis gas
by steam reforming is the same technology as hydrogen production). The CO2 emissions were
306.64 Gg in 2020 and lower by 2% when compared the previous year.

4.8.11.1 Methodological issues

While the hydrogen production by steam reforming of natural gas is also a part of ammonia production,
the same approach for CO2 emissions estimation was used:

ECO ,)=FR - CF - CCF ~OF-%

where: FR is the total consumption of natural gas for hydrogen production (in Nm3) and CF is a
conversion factor (in MJ/m3); CCF is content of carbon in the fuel (in t/TJ) and OF is oxidation factor of
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the fuel. It should be noted that all parameters used for natural gas are consistent with the parameters
used in the Energy sector (NCV, EF C).

In addition, hydrogen is produced only by one operator in Slovakia. All parameters used in the emission
balance are country specific (NCV and CO2 emission factor of natural gas). The methane and N20
emission factors are the IPCC default: 1 kg/TJ of natural gas (CH4) and 0.1 kg/TJ of natural gas (N20),
due to lower significance of these emissions. The consumption of natural gas in TJ was calculated based
on consumption in mil m3 and annual specific net calorific vales.

Total hydrogen production was 36.88 kt in 2020. Detailed activity data are presented in Table 4.23. The
volume of used natural gas presented in this category was subtracted from the Energy sector in order

to avoid the double counting.

Table 4.23: Activity data and related CO, emissions from 2.B.10 hydrogen production in particular

years
YEAR PRODUCTION | NG CONSUM. | ool e IEF (CO.) EMISSIONS | EMISSIONS
Kt TJ Gg tt
1990 11.34 2 053.75 116.99 10.32 2.05 0.21
1995 19.93 3136.38 17533 8.80 3.14 0.31
2000 27.09 4 256.60 234.28 8.65 4.26 0.43
2005 43.25 6613.48 363.37 8.40 6.61 0.66
2010 30.67 5706.23 314.45 10.25 5.71 0.57
2011 38.05 6120.16 337.31 8.86 6.12 0.61
2012 36.82 6 464.06 357.06 9.70 6.46 0.65
2013 38.64 6 644.78 369.29 9.56 6.64 0.66
2014 39.41 6 340.38 353.04 8.96 6.34 0.63
2015 41.99 6 555.50 365.29 8.70 6.56 0.66
2016 44.08 6871.21 383.16 8.69 6.87 0.69
2017 43.68 6 789.81 378.24 8.66 6.79 0.68
2018 39.58 5979.76 332.95 8.41 5.98 0.60
2019 38.00 5603.54 312.50 8.22 5.60 0.56
2020 36.88 5497.44 306.64 8.31 5.50 0.55

4.8.11.2 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 natural gas used for
energy purposes. Sensitivity of time series is caused also by the limited number of operators producing
in Slovakia and their actual activity or production capacity. The production undertook technological
modification in 2010. It resulted in higher EF in 2010 (year of reconstruction) and lower EF in the
subsequent years. Moreover, the IEF can fluctuate because the produced hydrogen is not sold; it is
consumed in the same plant as it is produced (in refinery). No strict requirements on the CO content are
needed; CO is burned with the hydrogen together. CO2 emissions from CO burning are included in the
hydrogen production because all carbon from the used natural gas is reported here.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.
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49 METAL PRODUCTION (CRF 2.C)

This category produces emissions of CO2, CHs and PFCs emissions (Aluminium Production). Total
emissions were 3 605.61 Gg of CO2 eq. in 2020; the decrease was 11% when compared with 2019 due
the significant decrease production of iron and steel. 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 4.24: Emissions in the category Metal Production 2.C in particular years

2.C.1 IRON AND FERRZ'..%\f_LOY 2.C.3 ALUMINIUM 2.C.5 LEAD 2.C.6 ZINC
YEAR STEEL P OO PRODUCTION PRODUCTION PRODUCTION
Gg of CO; eq.
1990 4167.97 296.74 436.18 NO NO
1995 432263 235.64 191.33 NO NO
2000 3344.72 182.69 190.05 NO NO
2005 3907.36 22816 277.94 NO NO
2010 4089.57 219.91 288.48 NO NO
2011 3488.82 202.93 281.38 0.01 NO
2012 3860.47 266.42 285.18 0.04 0.02
2013 3763.30 166.07 275.05 0.05 0.01
2014 405140 22415 277.14 0.06 0.01
2015 402813 240.88 284.84 0.06 NO
2016 4334.99 238.02 277.90 0.06 NO
2017 432802 295.33 282.63 0.06 NO
2018 4187.82 282.89 283.31 0.01 NO
2019 3 554.28 240.02 279.91 0.01 NO
2020 3 145.82 215.45 244.32 0.03 NO

The major share of emissions (87.2%) belongs to the iron and steel production, 6.0% belongs to the
ferroalloy production and 6.8% to the aluminium production. Other subcategories are not significant in
emission share within the category 2.C.

Figure 4.8: The share in GHG emissions in the category 2.C by subcategories in 2020

=2.C.1Iron and Steel
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Production
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Production
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49.1 IRON AND STEEL PRODUCTION (CRF 2.C.1)

Total COz emissions in this category were 3 145.82 Gg in 2020, lower by 11% when compared with the
year 2019. Comparing the base year, the decrease was 25%. 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 CO2
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 CO2z 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
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.

Figure 4.9: Emission trend in the category 2.C.1 (in Gg of CO; eq.) in 1990 — 2020
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4.9.1.1 Methodological issues

Pig iron and steel are produced mainly in blast furnaces and by the EAF processes. 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 as described in the IPCC 2006 GL.

The CO:2 emissions were calculated by using following equation:
E(steel BF ) = (Z (rmss of Cininput stream i)_ Z(mass of Cinoutput stream |)) %
E(steel EAF ) = EF (steel in EAF )- mass of Steel produced in EAF
Total Emissions = ZE(i)
i

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 in line with the IPCC 2006 GL.
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EFs 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 3.273 kg/t, in pig iron it was 45.50 kg/t and 0.799 kg/t in
steel (data supplied directly) in 2020. Emission factors and other parameters are summarized in
Tables 4.25-4.27. The CO2 emissions from the EAF process are estimated based on carbon balance,
where all material flows are considered.

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 (which was sold and not
processed to steel) and 3 119.01 kt of steel in 2020. Total production of steel produced by the EAF
technology was 279.85 kt in 2020. 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. 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 4.25: Activity data, emission factors and CO2 emissions in integrated iron and steel production
in 2005 — 2020

YEAR Gon | COKE | NGCON. | oS3 | o0feur | PRoD. | NEUSED | CO: | IEF(CO)
kt mil. m? kt Gg tt
2005 | 259452 | -2000 | 30.67 | 62630 | 3622.84 | 423812 | 829.34 | 389390 | 0.919
2006 | 285364 | 17900 | 37.68 | 67028 | 466512 | 483649 | 781.85 | 439172 | 0.908
2007 | 296017 | -147.00 | 2631 | 68277 | 3838.94 | 4784.81 | 606.74 | 4140.88 | 0.865
2008 | 286721 | -152.00 | 2211 | 66856 | 3693.60 | 422940 | 46433 | 3992.89 | 0.944
2000 | 245588 | -8500 | 2027 | 59213 | 337826 | 364228 | 51834 | 347924 | 0.955
2010 | 251680 | 327.63 | 3614 | 657.13 | 4227.88 | 4401.78 | 64047 | 407197 | 0925
2011 | 2503.00 | -27.00 | 4118 | 64528 | 402542 | 3961.02 | 600.73 | 3461.85 | 0.874
2012 | 270917 | -2200 | 2489 | 61832 | 413538 | 423619 | 62203 | 384285 | 0.907
2013 | 248248 | -13.97 | 2225 | 59142 | 3867.60 | 434425 | 82030 | 370894 | 0.854
2014 | 2606.36 | 74.98 2013 | 60421 | 395803 | 443948 | 97380 | 402491 | 0.907
2015 | 264187 | -2998 | 2018 | 657.42 | 3586.84 | 4310.94 | 800.39 | 401899 | 0932
2016 | 262627 | 99.39 2331 | 649.04 | 370390 | 4599.44 | 942.05 | 432618 | 0.941
2017 | 265044 | 15069 | 19.37 | 784.45 | 389435 | 4712.96 | 961.71 | 431901 | 0916
2018 | 2637.44 | 17676 | 2067 | 79290 | 4097.63 | 464184 | 957.39 | 417719 | 0.900
2019 | 227901 | 28.15 2104 | 549.83 | 301873 | 3608.95 | 749.44 | 354354 | 0.982
2020 | 191480 | 92.42 1715 | 47718 | 2687.21 | 3119.01 | 650.71 | 313629 | 1.006

CG = coking gas, BFG = blast furnace gas, con. = consumption, prod. = production

Table 4.26: Production and CO; emissions in steel industry in 1990 — 2004

yvEag | STEEL PRODUCTION LIMESTONE USED CO, EMISSIONS IEF (COy)
Kt Gg th
1990 3 561.50 615.78 4149.82 1.165
1991 3 163.40 540.44 3015.13 0.953
1992 2 952.40 501.77 2639.86 0.894
1993 3 205.40 555.13 4337.65 1.353
1994 3330.40 581.39 3815.70 1.146
1995 3 207.40 562.16 4 304.41 1.342
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vEar | STEEL PRODUCTION LIMESTONE USED CO, EMISSIONS IEF (CO,)
Kt Gy tt
1996 2 920.00 508.61 4533.89 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 442114 1154.75 427353 0.967

Table 4.27: 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 2=sllby carbon €0 Steslby carbon €0 Stealby carbon ©0,
EAF Gg EAF Gg EAF Gg
1990 Cc 3.81 13.97 NO NO NO C 1.10 4.02
1995 Cc 3.88 14.22 NO NO NO C 1.04 3.83
2000 Cc 3.88 14.22 NO NO NO C 1.12 4.10
2005 Cc 3.41 12.49 NO NO NO C 0.24 0.89
2010 C 4.47 16.37 NO NO NO Cc 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 Cc 3.00 11.01 C 4.21 15.43 C 0.01 0.05
2015 Cc 2.49 9.14 NO NO NO NO NO NO
2016 Cc 2.39 8.78 NO NO NO C 0.01 0.04
2017 Cc 2.38 8.73 NO NO NO C 0.08 0.28
2018 Cc 2.83 10.35 NO NO NO C 0.08 0.28
2019 Cc 293 10.74 NO NO NO NO NO NO
2020 Cc 2.60 9.53 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 Cc 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
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4.9.1.2 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 (COz2) decreased from that year. The detailed data for country specific
methodology described above are directly available for period 2005 — 2020. 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.

EAF Steel Production: Emissions estimation is based on the available country specific data and following
assumptions
= Zeleziarne Podbrezova: the EU ETS reports are available since 2005. According to the
questionnaires 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.

= Metalurg Steel: the EU ETS reports are available since 2005. Until 2006, the CO2 emission
factor was 0.1651t/ 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. In 2019 and 2020, the plant did 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. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
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every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

49.2 FERROALLOYS PRODUCTION (CRF 2.C.2)

Ferroalloys are produced by the reduction reaction of iron ore and added metal and/or metalloid (Si)
oxides in arc furnaces and submerged arc furnaces. Processing CO2 and CH4 (only from FeSi alloys)
emissions from ferroalloys production were 214.52 Gg of CO2 and 37.04 t of CH4 in 2020. According to
the IPCC 2006 GL, also limestone used for the production was included in this estimation.

4.9.21 Methodological issues
The CO2 emissions estimation is based on the carbon material balance (tier 2 approach) described in
the IPCC 2006 GL:
CO2 emissions = (C in coal materials + C in raw materials + C in carbonates — C in products) * 44/12

The methane emissions were calculated based on operation specific emission factors (tier 2). The
production of FeSi started in 1998. Further information is provided in Tables 4.28-4.30.

Plant specific emission factors are estimated annually (based on carbon balance). Methane emission
factor is based on the operational specific default value 1.3 kg CHa4/1 t of FeSi ferroalloys for whole time
series (IPCC 2006 GL). Information on activity data was taken directly from producers of ferroalloys
provided in questionnaires and they are summarized in Table 4.28.

Table 4.28: Activity data used for carbon balance and CO, emissions in ferroalloys production in 2020

CARBON IN "RAW LIMESTONE CARBON IN
MATERIALS" CARBON IN COALS CONSUMED PRODUCTS CO. EMISSIONS
t Gy
3076.8 | 58 178.0 | NO | 2748.1 214.524

Table 4.29 Activity data, CO, and CH4 emissions in ferroalloys production in 1990 — 2001

FERROALLOYS

Based on | Based on | Based on ©acos TOTAL EF (CO.) TOTAL

YEAR p b Si TOTAL USED CO; CH,
kt t/t t

1990 53.000 116.000 NO 169.000 73.853 296.739 1.756 NO
1991 52.000 113.000 NO 165.000 72.105 289.618 1.755 NO
1992 50.000 110.000 NO 160.000 69.920 281.004 1.756 NO
1993 47.000 103.000 NO 150.000 65.550 263.394 1.756 NO
1994 34.000 111.300 NO 145.300 63.496 259.567 1.786 NO
1995 45.000 89.800 NO 134.800 58.908 235.642 1.748 NO
1996 46.000 84.000 NO 130.000 56.810 226.252 1.740 NO
1997 42.000 78.000 NO 120.000 52.440 209.025 1.742 NO
1998 44.000 81.000 8.666 133.666 58.412 246.984 1.848 11.27
1999 46.700 56.300 13.205 116.205 50.782 220.040 1.894 17.17
2000 17.658 69.458 7.611 94.727 41.396 182.446 1.926 9.89
2001 12.140 69.380 5.200 86.720 37.897 165.901 1.913 6.76
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Table 4.30: Activity data, CO2 and CH4 emissions in ferroalloys production in 2002 — 2020

e FeSizs FeSigs FeSiss FeSiMn FeMnC FeCr FeSiCa TOTAL
kt
2002 31.208 NO NO 62.084 56.297 3.521 364 153.474
2003 41.539 NO NO 52.773 43.434 1.654 1.155 140.555
2004 34.684 NO NO 64.842 66.959 1.634 1.137 169.256
2005 13.943 1.710 859 47.843 43.458 894 11 108.718
2006 12.319 2473 1.363 59.128 59.391 NO NO 134.674
2007 8.417 112 NO 71.587 74.065 NO NO 154.181
2008 9.510 941 393 59.940 61.194 NO NO 131.978
2009 4.241 118 278 32.102 20.976 NO NO 57.715
2010 16.274 9.519 626 34.960 35.449 NO NO 96.828
2011 22.079 7174 1.039 25.023 18.180 NO 4.066 77.561
2012 24.658 3.614 201 50.089 12.862 NO 10.168 101.592
2013 30.952 1.761 365 26.794 2.119 NO 3.685 65.676
2014 37.530 1.206 559 29.642 17.554 NO 4.735 91.226
2015 35.761 1.497 929 27.063 25.373 NO 4.898 95.521
2016 27.943 1.799 1.114 35.736 35.589 NO 4.086 106.267
2017 43117 1.307 210 40.069 42.115 NO 2.661 129.479
2018 39.129 1.543 3.429 37.225 32.364 NO NO 113.689
2019 27.566 808 1.060 49.897 26.187 NO NO 105.518
2020 27.679 0.812 1.066 33.812 24.045 NO 1.182 88.596
CaCO; USED TOTAL CO, EF (CO,) TOTAL CH,
YEAR
kt vt t
2002 67.068 333.657 2.174 40.57
2003 61.423 328.038 2.334 54.00
2004 73.965 371.066 2.192 45.09
2005 47.510 227.646 2.094 20.35
2006 58.853 275.660 2.047 19.23
2007 67.377 301.324 1.954 11.09
2008 57.674 263.043 1.993 13.59
2009 25.221 115.512 2.001 5.67
2010 42.314 219.069 2.262 33.53
2011 33.894 201.979 2.604 38.03
2012 44.396 265.502 2613 36.75
2013 28.713 165.003 2.512 42.53
2014 41.893 222.894 2.443 50.36
2015 6.428 239.671 2.509 48.43
2016 4.824 237.053 2.482 38.66
2017 4.344 293.887 3.077 57.75
2018 323 281.565 2.948 52.87
2019 NO 239.101 2.503 36.89
2020 NO 214.524 2.421 37.04

4.9.2.2 Uncertainties and time-series consistency

Carbon balance for CO2 emissions (and EFs) estimation is used since 2002. Before 2002, a different
aggregation of production data is available. EFs in the period 1990 — 2001 are constant and were
calculated from available data (1.684 t/t of ferroalloys based on Mn, 1.3 t/t of ferroalloys based on Cr
and 3.194 t/t of ferroalloys based on Si). In previous submissions (period 1990 — 2001) verification of
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emissions calculation was made as follows: (i) the activity data for the period 2002 — 2010 were
aggregated in the same way as data available for the years 1900 — 2001; (ii) CO2 emissions for the
period 2002 — 2010 were calculated using the emission factors reported above and compared with the
carbon balance method. The difference between these estimations did not exceed 0.6%. Significant
increase in emissions since 2002 is caused by the change of the new plant owner’s plans and the new
market situation. The using of calcium carbonate in the plant ended during 2018.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

49.3 ALUMINIUM PRODUCTION (CRF 2.C.3)

Aluminium is produced by the electrolysis of alumina dissolved in cryolite-based melt (t = 950°C). The
main additives to cryolite (NasAlFe) are aluminium fluoride (AlF3) and CaF:. In Slovakia, the plants for
aluminium production use a modern technology where the majority of HF and other fluorides escaped
from the electrolytic cells is absorbed and adsorbed on alumina. Alumina is used subsequently in the
electrolytic process. The anodes are made from graphite. So-called pre-baked anodes for aluminium
production are made in separate plants. Due to this technology, emissions are much lower than in the
Saderberg process. The release of CF4 and CzFs emissions can occur at a special technological
disturbance (the anode effect). Because of the progress in process control, this irregularity occurs only
(1-2) times in a month.

4.9.3.1 Methodological issues

Tier 3 in combination with tier 2 method based on plant specific emission factors and activity data was
applied since 2004 in CO2 and PFCs emissions estimation. According to the information from producers,
61 823 t of graphite anodes were used with the sulphur and ash contents 1.36% and 0.16%, respectively
in 2020. The CO2 emissions from electrolysis were estimated based on the IPCC 2006 GL multiplying
the volume of used anodes by carbon content and 44/12 (223.24 Gg COz2 in 2020). The CO2 emissions
from pitch volatiles combustion and from bake furnace packing material were calculated by the tier 3
method (eq. 4.22 and 4.23 of the IPCC 2006 GL, Volume 3, Chapter 4) and were as follows: 8.03 Gg
and 7.44 Gg, respectively. The total PFC emissions were 0.71 t (5.61 Gg of COz eq.) in 2020 and it was
calculated according to the Slope method (tier 2).

Before 1996, default EF (CO2) = 1.8 t/t for Sgderberg process had been used. Since that year, the CO2
emission factors are evaluated annually in agreement with the tier 3 method described in the IPCC 2006
GL. The PFCs (CF4, C2Fs) emissions were calculated according to the Slope method with default values
of Slope coefficient and ratio of CF4/C2Fe (tier 2 method). According to the data from the plant operator,
the number of anode effects per pot day equals to 0.051 and their average duration was 0.57 min in
2020. It follows that the emission of CF4 was 0.633 t and C2Fs emission was 0.077 t. Production of
aluminium was 151 875 tin 2020. Consumption of graphite in electrolysis was 61 823 t and from 84 110 t
of “green” anodes 81 253.1 t of anodes was produced. SFs is not used in aluminium castings in the
Slovak Republic.
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Table 4.31: CO, emissions and EFs in aluminium production in particular years

ALUMINIUM CcO, CO, (ANODE TOTAL CO, EF per
YEAR PRODUCTION (ELECTROLYSIS) PRODUCTION) ALUMINIUM
kt Gg tt
1990 67.40 121.32 NE 121.32 1.8000
1995 32.60 58.68 NE 58.68 1.8000
2000 109.81 160.33 16.23 176.56 1.6078
2005 159.20 230.69 23.53 254.22 1.5968
2010 163.00 239.38 24.09 263.47 1.6164
2011 162.84 237.21 24.07 261.28 1.6045
2012 160.66 235.77 23.75 259.52 1.6153
2013 163.30 241.10 24.14 265.24 1.6243
2014 167.67 246.07 19.93 266.00 1.5865
2015 171.33 253.74 22.59 276.33 1.6129
2016 173.64 257.08 14.34 271.41 1.5631
2017 173.49 257.97 16.04 274.01 1.5794
2018 173.72 256.20 19.33 275.53 1.5860
2019 174.79 256.20 18.51 274.71 1.5716
2020 151.87 223.24 15.47 238.71 1.5717
Table 4.32: PFC emissions and EFs in aluminium production in particular years
o CFs ALUMINIUM CaFs ALGMINIUM TOTAL PFC
t kg/t t kg/t Gg CO; eq.
1990 36.60 0.5430 3.64 0.0540 314.86
1995 15.42 0.4730 1.53 0.0470 132.65
2000 1.52 0.0139 0.18 0.0017 13.49
2005 2.67 0.0168 0.32 0.0020 23.72
2010 2.82 0.0173 0.34 0.0021 25.01
2011 2.27 0.0139 0.28 0.0017 20.11
2012 2.90 0.0180 0.35 0.0022 25.66
2013 1.1 0.0068 0.13 0.0008 9.81
2014 1.26 0.0075 0.15 0.0009 11.15
2015 0.96 0.0056 0.12 0.0007 8.50
2016 0.73 0.0042 0.09 0.0005 6.49
2017 0.97 0.0056 0.12 0.0007 8.62
2018 0.88 0.0051 0.11 0.0006 7.78
2019 0.59 0.0033 0.07 0.0004 5.19
2020 0.63 0.0042 0.08 0.0005 5.61

4.9.3.2 Uncertainties and time-series consistency

The technology was changed from Sgderberg to prebaked technology in 1996. It results in significant
decrease of CO2 and PFC emissions. The COz emissions were calculated by using the tier 1 method in
the period 1990 — 1995 due to lack of detailed data. Due to the changes in ownership of the plant (and
new producing policy), higher tier method can be implemented since 1996. Input data necessary for tier
3 method are available since 2005. Average CO2 emission factor calculated from years 2005 and 2010
— 2012 was used also for years 1996 — 2004 (emission factors based on the years 2006 — 2009 could
not be used due to technological reasons. Background data about it were made available and accepted
by the ERT during in-country review in 2012). According to the questionnaire sent by producer, the
significant progress in control of the electrolysis was achieved in 2009 (this information is confidential
but was provided together with the reasoning of the IEF (CO2) decrease during the in-country review in
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2012). The improvements in production resulted also in decrease of PFC emissions after 2009. Further
improvement in better performance controlling process of electrolysis cells continues until now. The CO2
emissions from pitch volatiles combustion and from bake furnace packing material were calculated in
2013 for the first time (according to the IPCC 2006 GL) and the resulting implied emission factor per
produced aluminium was estimated. This IEF was also used for the time series 1996 — 2012. This IEF
is almost without change also for next years and recalculation of the time series 1996 — 2012 is not
necessary.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

49.4 MAGNESIUM PRODUCTION (CRF 2.C.4)

This production does not occur in the Slovak Republic, therefore the notation key “NO” for time series
was used.

49.5 LEAD PRODUCTION (CRF 2.C.5)

Lead is produced only from secondary raw materials in Slovakia. This production started in Imperial
Smelt Furnaces in 2011 and is not significant. The CO2 emission was 25.00 t in 2020.

4.9.5.1 Methodological issues

This category is not key category and therefore tier 1 method based on the IPCC 2006 GL was used for
whole time series.

Default EF (0.2 t/t) for CO2 emissions from treatment of secondary raw materials was used for whole
time series. According to the direct information from the plant operator, 125 t of lead was produced from
the secondary raw materials in 2020.

Table 4.33: The overview of activity data and CO; emissions from lead production in 1990 — 2020

YEAR | SECONDARY MATERIALS CO, EISSIONS IEF (G0,
t tt
1990-2010 NO NO NA
2011 49.81 9.96 0.2
2012 203.63 40.73 0.2
2013 261.10 52.22 0.2
2014 292.70 58.54 0.2
2015 323.12 64.62 0.2
2016 292.05 58.41 0.2
2017 303.83 60.77 0.2
2018 47.60 9.52 0.2
2019 66.00 13.20 0.2
2020 125.00 25.00 0.2
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4.9.5.2 Uncertainties and time-series consistency

Tier 1 method according to the IPCC 2006 GL is used in whole time series.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

49.6 ZINC PRODUCTION (CRF 2.C.6)

Zinc is produced by pyrometallurgical process involving the use of an Imperial Smelting Furnace, which
allows the simultaneous treatment of lead and zinc concentrates in Slovakia and is not significant. This
production started in 2012. In 2020, the production was not occurring.

4.9.6.1 Methodological issues

This category is not key category and therefore tier 1 method based on the IPCC 2006 GL was used for
whole time series.

Default EF (0.43 t/t) for CO2 emissions from pyrometallurgical process was used for whole time series.
According to the direct information from the plant operator, no zinc was produced in 2020.

Table 4.34: The overview of activity data and CO, emissions from zinc production in 1990 — 2020

YEAR (PYRgll\nNEcTzEEl?:GCEXE - ISF) CO EMISSIONS IEF (CO.)
t tt
1990 — 2011 NO NO NA
2012 43.90 18.88 0.43
2013 31.45 13.52 0.43
2014 23.94 10.29 0.43
2015 - 2020 NO NO NA

4.10 NON-ENERGY PRODUCTS FROM FUELS AND SOLVENT USE (CRF 2.D)

This category produces emissions of CO2 and NMVOC. Based on known composition of NMVOC
emissions, indirect (potential) CO2 emissions were calculated in this submission, too. Direct COz2
emissions were 29.85 Gg in 2020 and decreased by approximately 17% compared with the previous
year. When comparing with the base year, the decrease was 41% mostly caused by the decrease use
of lubricants.

Table 4.35: Emissions in the category 2.D according to subcategories in particular years

2.D.1 LUBRICANT USE 2.D.2 PARAFFIN WAX USE 2.D.3 OTHER
YEAR Gg of CO; eq.
1990 48.02 2.46 NO
1995 48.02 2.46 NO
2000 48.02 2.46 NO
2005 28.94 1.23 NO
2010 12.39 2.54 2.01
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2.D.1 LUBRICANT USE 2.D.2 PARAFFIN WAX USE 2.D.3 OTHER

YEAR Gg of CO; eq.

2011 18.52 1.90 3.48
2012 27.11 2.52 3.93
2013 32.51 2.54 6.05
2014 26.58 3.17 6.42
2015 26.85 2.54 6.07
2016 26.40 2.54 8.55
2017 28.46 2.52 8.98
2018 28.88 1.90 9.54
2019 23.61 2.54 8.81
2020 19.05 2.54 8.26

The major share (63.8%) in emissions belongs to the lubricant use category, 27.7% belongs to the other
used (urea use) and 8.5% to the paraffin wax use.

Figure 4.10: The share of GHG emissions in individual subcategories of the 2.D in 2020

m2.D.1 Lubricant Use
m2.D.2 Paraffin Wax Use
m2.D.3 Other

In 2021 submission, according to the ERT recommendation No 1.14 (FCCC/ARR/2019), recalculations
were focused on the NMVOC emissions from solvent use have been prepared since the base year 1990.
Also, harmonization between the GHG a CLRTAP inventories continuing and the completion of the
QA/QC process of NMVOC emissions in 2.D.3 categories was finished in 2020 and presented in 2021
submission. The results are summarised in the Annex 4.4. Moreover, CO2 emissions resulted from the
NMVOC emissions are indirect and are reported according to the document “Conclusions and
recommendations from the 17" meeting of greenhouse gas inventory lead reviewers”. The reallocation
of the CO2 emissions has higher impact on the total emissions in the IPPU as the recalculated emissions.
No recalculation was made in this submission regarding the indirect CO2 emissions.
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4.10.1 LUBRICANT USE (CRF 2.D.1)

Lubricants are mostly used in industry and transport. The CO2 emissions estimated in Slovakia from this
category were 19.05 Gg in 2020.

4.10.1.1 Methodological issues

This category is not key category and therefore tier 1 method based on the IPCC 2006 GL was used for
whole time series.

Default carbon content (20 t CO2/TJ) and ODU (Oxidized During Use) factor (0.2) according to the IPCC
2006 GL was used.

Activity data of non-energy use of lubricants are available from the Statistical Office of the Slovak
Republic. Total volume of lubricants for non-energy use in Slovakia was 1 300.0 TJ in 2020. Due to
technical reasons, the activity data in this category are presented in CRF Tables in kilotons units.

Due to lack of relevant statistics, data for the time series 1990 — 2001 were approximated by the
Statistical Office of the Slovak Republic.

Table 4.36: The overview of activity data and CO; emissions in lubricant non-energy use
in particular years

LUBRICANT USE LUBRICANTS USE CO, EMISSIONS
YEAR Kt TJ Gy
1990 78 3276.8 48.024
1995 78 3276.8 48.024
2000 78 3276.8 48.024
2005 47 19745 28.938
2010 20 845.2 12.388
2011 30 12635 18.517
2012 44 18495 27.106
2013 53 2218.4 32.513
2014 44 1813.4 26.577
2015 45 1831.8 26.847
2016 46 18015 26.402
2017 47 19415 28.455
2018 47 1970.4 28.878
2019 39 1611.1 23.612
2020 31 1300.0 19.053

4.10.1.2 Uncertainties and time-series consistency

Tier 1 method according to the IPCC 2006 GL is used in whole time series.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.
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4.10.2 PARAFFIN WAX USE (CRF 2.D.2)

Paraffin waxes are mostly derived by combustion of waxes derivate of paraffin (e.g. candles). The CO:2
emissions estimated in Slovakia from this category were 2.54 Gg in 2020.

4.10.2.1 Methodological issues

This category is not key category and therefore tier 1 method based on the IPCC 2006 GL was used for
whole time series. Default carbon content (20 t CO2/TJ) and ODU factor (0.2) according to the IPCC
2006 GL was used. Activity data on non-energy use of paraffin wax in Slovakia are available from the
Statistical Office of the Slovak Republic. Total volume of paraffin wax for non-energy use in Slovakia
was 173.2 TJ (4 kt) in 2020. No paraffin wax was reported in the years 2004 and 2006 (based on the
statistical data). Due to lack of relevant statistics, data for the time series 1990 — 2002 were
approximated by the Statistical Office of the Slovak Republic.

Table 4.37: The overview of activity data and CO, emissions in paraffin wax non-energy use
in particular years

PARAFFIN WAX USE PARAFFIN WAX USE CO, EMISSIONS
YEAR Kt TJ Gy
1990 4 168.04 2.46
1995 4 168.04 2.46
2000 4 168.04 2.46
2005 2 84.02 1.23
2010 4 173.20 2.54
2011 3 129.90 1.90
2012 4 172.00 2.52
2013 4 173.20 2.54
2014 5 216.50 3.17
2015 4 173.20 2.54
2016 4 173.20 2.54
2017 4 172.00 2.52
2018 3 129.90 1.90
2019 4 173.20 2.54
2020 4 173.20 2.54

4.10.2.2 Uncertainties and time-series consistency

Tier 1 method according to the IPCC 2006 GL is used in whole time series.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

410.3 OTHER (CRF 2.D.3)

This category includes potential CO2 and NMVOC emissions from solvent use, road paving with asphalt.
CO:2 emissions were calculated from solvent use, where composition of NMVOC emissions is known. It
should be noted that CO2 emissions represent only potential emissions originate from the oxidation of
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NMVOC emissions. Total NMVOC emissions from solvent use, road paving with asphalt and asphalt
roofing were estimated in the frame of the National Program for Emission Reduction of Non-Methane
Volatile Organic Compounds in the Slovak Republic.

Collection of available input data of solvents used in industry was the most challenging step in inventory
preparation. Official statistical information in this area was insufficient, so it was decided directly
requested producers, importers, distributors and users of solvents and other products. This inventory
was prepared in the consistency with the CLRTAP inventory. During last several submissions, the
CLRTAP inventory was recalculated in several 2.D.3 subcategories. The results of the recalculation
were always adopted in GHG inventory, which resulted in the recalculation of NMVOC and CO:
emissions in 2.D.3 category since the base year. In 2020, the thorough QA/QC process focused on the
harmonisation of the CLRTAP (NECD) and the GHG inventories for the 2.D.3 categories was finished,
and the recalculation was necessary in previous submission. More information about the comparison of
changes among submissions and detailed activity data can be found in the Annex 4.4 and detailed
information is presented in the CLRTAP submission 2022. The respective indirect CO2 were calculated
on the basis of stoichiometry of NMVOC emissions and the calculation is described in the Annex 4.4.

Urea used in catalytic converters is reported in this category. The use of urea in catalytic converters can
occur in vehicles and in industrial plants. The CO2 emissions from urea based catalysts were estimated
using COPERT 5 model. The fuel consumption of diesel oil corresponding heavy duty trucks and
passenger cars with SCR are included in the category 1.A.3.b. Due to technical characterisation of the
COPERT model, where the CO2 emissions from urea based catalysts are calculated automatically from
diesel oil consumption and no urea consumption is presented, the notation key “NE” is used for activity
data in the category 2.D.3 — Other — Urea Catalytic Converter (according to the ERT recommendation).

The use of urea in industrial plants is reported in Slovakia since 2016. This possible use of urea is
annually monitored by questionnaires that are sent to the operators. The only NOx reduction method
used in Slovakia before 2016 occurred in the ammonia plant where ammonia is used for reduction
purposes and no CO2 emissions occur at this method. Since 2016, due the new emission limits for NOx,
seven plants started using the DeNOx technologies. Three of them are using the ammonia, the rest are
using the urea.

Total direct GHG emissions in this category were 8.26 Gg of COz2 eq. in 2020. Total NMVOC emissions
were 20.85 kt. Table 4.38 summarizes CO2 and NMVOC emissions for particular years of time series.

Table 4.38: CO2 and NMVOC emissions (Gg) in 2.D.3 in particular years

NMVOC EMISSIONS INDIRECT CO, EMISSIONS DIRECT CO, EMISSIONS

YEAR - =

1990 38.495 87.751 NO
1995 35.824 82.077 NO
2000 29.601 65.441 NO
2005 30.732 66.929 NO
2010 22.416 49.201 2.012
2011 26.146 57.615 3.484
2012 21.197 46.484 3.925
2013 21.088 46.413 6.052
2014 22.502 49.541 6.421
2015 25.643 56.344 6.073
2016 23.925 52.517 8.549
2017 21.725 47.481 8.981
2018 24.154 53.114 9.539
2019 20.547 45.301 8.807
2020 20.851 45.875 8.258
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4.10.3.1 Methodological issues

In the CLRTAP inventory, 2.D.3 category consists of following subcategories:
= 2.D.3.a Domestic solvent use including fungicides

= 2.D.3.b Road paving with asphalt
= 2.D.3.c Asphalt roofing

= 2.D.3.d Coating application

= 2.D.3.e Degreasing

= 2.D.3.f Dry cleaning

= 2.D.3.g Chemical products

= 2.D.3.h Printing

= 2.D.3.i Other solvent use

In the GHG inventory, all categories except of 2.D.3.b and 2.D.3.c are reported under 2.D.3 Other —
Solvent Use. Categories 2.D.3.b and 2.D.3.c are reported separately in 2.D.3 Other — Road paving with
asphalt and 2.D.3 Other — Asphalt roofing.

During the QA/QC process performed in last years, a great effort was made to identify the chemical
compounds in NMVOC emissions. 97 chemical compounds were identified. Due to this large number,
the list of the chemical compounds is not presented in the report, however, it is available to the ERT.
Carbon content in the chemical compounds was calculated based on the stoichiometry of the molecule.
For the others NMVOC emissions the carbon content was assumed to be the default value (0.6). The
identification of large number of chemical compounds in the NMVOC emissions, made the CO:
emissions estimate more accurate than in the previous submissions where only several groups of the
chemicals were reported. CO2 emissions were calculated for each subcategory separately (2.D.3.a —
2.D.3.i) since the year 2000. Extrapolation by the trend was used for the years 1990 — 1999 for each
category, as well. The results are presented in Tables 4.38-4.39. Detailed data are presented in the
Annex 4.4.

The CO2 emissions from urea based catalysts from cars were estimated using COPERT 5 model for
vehicle category “Heavy duty trucks Euro V 2008 Standards” and “Passenger cars Diesel PC Euro 6 up
to 2016” for the years 2010 — 2020. As the number of vehicles with SCR technology is not known, the
default value in COPERT model 5 was used. The urea based catalysts were not used before 2010.
More information is included in the Chapter 3 of this Report. The CO2 emissions from urea based
catalysts in industry were calculated from the amount of used urea in industrial DeNOx technologies.
Due the mixing of two types of activity data (number of vehicles and amount of used urea) the notation
key “NE” was used. The CO2 emissions from urea based catalysts are presented in Table 4.41.

Table 4.39: NMVOC and COz emissions in solvent use category in particular years

VEAR NMVOC EMISSIONS INDIRECT CO, EMISSIONS
kt Gg
1990 38.386 87.512
1995 35.771 81.961
2000 29.575 65.382
2005 30.708 66.874
2010 22.399 49.164
2011 26.125 57.570
2012 21.179 46.446
2013 21.070 46.373
2014 22.486 49.504
2015 25.622 56.297
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NMVOC EMISSIONS INDIRECT CO, EMISSIONS
YEAR
kt Gg

2016 23.904 52.471
2017 21.705 47.436
2018 24.132 53.066
2019 20.529 45.261
2020 20.834 45.837

Table 4.40: NMVOC and CO: emissions from asphalt using in particular years

ROAD PAVING ASPHALT ROAD PAVING ASPHALT ROAD PAVING ASPHALT

YEAR | WITH ASPHALT ROOFING WITH ASPHALT ROOFING WITH ASPHALT ROOFING
Asphalt use in kt NMVOC in t Indirect COz in t

1990 366.8 130.2 62.355 46.717 137.180 102.777
1995 171.0 65.9 29.067 23.659 63.947 52.051
2000 52.5 46.5 10.363 16.323 22.800 35.910
2005 113.0 323 19.138 5.773 42.103 12.701
2010 102.4 25.3 14.373 2.402 31.620 5.285
2011 121.0 281 18.230 2.411 40.105 5.304
2012 102.3 27.6 14.870 2.340 32.715 5.147
2013 86.0 6.6 15.197 2.907 33.434 6.396
2014 79.2 18.5 13.746 2.635 30.242 5.797
2015 147.3 NO 20.067 0.973 44147 2.141
2016 150.8 NO 18.942 1.959 41.672 4.310
2017 115.0 NO 18.737 1.290 41.221 2.838
2018 146.0 NO 19.933 2.096 43.852 4.611
2019 132.5 NO 16.455 1.900 36.201 4.180
2020 132.9 NO 15.082 2.186 33.180 4.810

Table 4.41: CO, emissions originating from the use of urea in catalytic converters in 2010 — 2020

ean UREA ?ﬁgggﬁgﬂm IN cozlﬁlglgss;o&s IN co, El\gzggws IN | TOTAL CO, EMISSIONS
t
2010 NO NO 2012.2 2012.2
2011 NO NO 34835 34835
2012 NO NO 3925.3 3925.3
2013 NO NO 6 051.6 6 051.6
2014 NO NO 6 420.6 6 420.6
2015 NO NO 6072.8 6072.8
2016 2227.8 16326 6916.2 8549.2
2017 2271.0 1664.2 7316.8 8981.0
2018 1997.8 1464.0 8075.0 9539.0
2019 7324 536.7 8171.4 8 807.1
2020 1568.8 1149.6 7108.6 8 258.2

4.10.3.2 Uncertainties and time-series consistency

Consistent methodology and tier method was used for the whole time series in all subcategories
mentioned in this chapter. The detailed data are available since 2000. The extrapolation was used for
the rest of the time series. The extrapolation was based on the average IEF of CO2 per 1t of NMVOC
from the years 2000 — 2005.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
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chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.11 ELECTRONIC INDUSTRY (CRF 2.E)

No halocarbons, SFs or NF3 were used in the Slovak Republic in 1990 — 2020 in this category, therefore
notation key “NO” was used in all 2.E categories.

4.12 PRODUCT USES AS SUBSTITUTES FOR ODS (CRF 2.F)

4121 SOURCE CATEGORY DESCRIPTION

F-gases notion means the emissions of substances that, because of their effects, can be added to the
greenhouse gases group. However, before COP3 in Kyoto F-gases were not considered in the GHG
emissions inventory or GHG emission projections. At the present, following gases are included into
inventory submission of the Slovak Republic:

» HFCs - hydrofluorocarbons (23, 32, 125, 134a, 152a, 143a, 227ea, 236fa, 245fa, 365mfc);
»  SFs — sulphur hexafluoride;
* PFCs — per fluorocarbons (CF4 for the period 1997 — 2005).

The PFC emissions (CF4 and C2Fs) from metal production are reported in 2.C.3 — Aluminium Production.
The inventory of F-gases is complicated due to a high number of substances. These gases are
components of different mixtures and are used in more than 15 different applications. Each application
has its own development of consumption and emissions trend. To ensure environmental integrity, the
post-2012 agreement includes additional fluorinated gases (NFs, hydrofluoroethers and
perfluoropolyethers) with lower GWPs. There are two additional HFCs gases already reported in the
Slovak inventory under memo items: HFC 245fa and HFC 365mfc. These gases are used in industry as
foam agent (polyurethane-foam blowing agent — PU closed cell foam and integral PU-foam) with the
highest consumption as PU spray foam for roof insulation.

Table 4.42: The overview of actual HFCs and PFCs emissions in particular years

T 2.F1 2.F.2 2F.3 2F4 2.F5 2.F.6 TOTAL 2.F
Gg CO; eq.

1990 NO NO NO NO NO NO NO
1995 11.223 NO 2.095 NO NO NO 13.318
2000 88.476 6.157 7.745 2.667 1.420 NO 106.464
2005 266.953 5.280 13.959 6.800 0.443 NO 293.435
2010 568.550 2.324 18.550 7.816 NO NO 597.240
2011 574.336 2.410 19.905 8.376 NO NO 605.027
2012 597.847 2.764 19.118 8.466 NO NO 628.195
2013 616.885 2.343 18.752 8.899 NO NO 646.878
2014 623.422 2.190 18.990 9.238 NO NO 653.840
2015 702.399 1.978 20.549 9.960 NO NO 734.885
2016 638.972 1.967 22.252 10.178 NO NO 673.370
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YEAR 2.FA1 2.F.2 2.F.3 2F4 2.F.5 2.F.6 TOTAL 2.F
Gg CO; eq.

2017 706.040 1.957 21.903 9.157 NO NO 739.057

2018 670.955 1.947 20.955 8.914 NO NO 702.771

2019 686.802 1.938 22.857 9.141 NO NO 720.738

2020 645.665 1.928 22.151 9.133 NO NO 678.876

Figure 4.11: The share of emissions in the 2.F category according to the subcategories in 2020

95,1%
2.F.1 Refrigeration and Air
conditioning

m2.F.2 Foam Blowing
Agents

m2.F.3 Fire Protection
m2.F.4 Aerosols

0,3%
3,3%

1,3%

Figure 4.12: Trend in individual gases (Gg CO: eq.) according to the categories in 1990 — 2020
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Total actual HFCs emissions reported in the category 2.F Product uses as substitutes for ODS were
678.876 Gg of COz2 eq. in 2020 and they decreased by 6% compared to the previous year. The decrease
is occurring due the Regulation (EU) No 517/2014 of the European parliament and of the Council on
fluorinated greenhouse gases. However, due to the decommissioning of the equipment with the high
GWP gases, only small decrease can occur in few next years.

Generally, increasing trend is visible since the base year and is caused by supplying HCFCs gases by
the HFCs. However, the emissions of F-gases were approximately constant since 2010 because of the
almost complete replacement of HDFCs gases. Another reason of the change in trend is the use of
HFC-134a in mobile air conditioners (ACs). Coolant R134a showed continuing increasing trend mainly
because of rising uses of cars with ACs. This trend stopped in 2010. It was caused by smaller purchases
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of cars in Slovakia since 2010, which resulted in a smaller bank of HFC-134a in Slovakia. Also HFO-
1234yf is used in an increased extent in new cars; while in 2016 the ratio of HFO-1234yf and HFC-134a
was ca 1:1, in 2020 the ratio is ca 4:1.

The actual emissions of PFCs in the category 2.F did not occur in 2020.

412.2 ACTIVITY DATA

Before year 2009, the activity data had been collected via paper questionnaires addressed to the 250
potential suppliers, users and consumers of the substances based on the description of the substances
with GWP (global warming potential). These potential consumers of the substances were requested
annually by the letter authorized by the Ministry of Environment. Provided data enabled to determine
the rate of emissions and new filling by using the method of approximation. In case of any uncertainty,
received data were verified by the provider and they were summarized in tables according to the way of
use. Since the year 2009, input data are reported through the new electronic system that includes also
a servicing of the installed equipment (more than 1 200 operators report data). Tables used since 1990
were used also in the latest inventory years for data storage and archiving in order to retain the continuity
of observing trends.

The implemented electronic system consists of:

» Annual reporting of F-gases (new charges and leakages) by certified companies;
»= Annual reporting of F-gases imported in bulks by certified companies;
= Annual reporting of F-gases in products by importers, exporters, producers by companies.

All operators dealing with the F-gases have access to this electronic system based on certification.
Advantages of electronic data logging and reporting are in the possibilities of automatic analysis, fault
detection and comparison of, fast access to the full history of leak checks and various forms of output.
Service engineers get quick survey of the customers, cooling circuits, details of all maintenance work
and repairs, refrigerants in store, refrigerants added, recovered, reclaimed, and disposed of it. Value
added of electronic logbook is indirect detection of refrigerant leak. The fault detection classifier
estimates the probability of refrigerant leak. Electronic way of the data records enables summarizing,
reporting and analysing important data in a chosen period.

This system is based on the activities of the Slovak Association for Cooling and Air-conditioning
Technology (SZ CHKT) and started its operation in the year 2009. The Slovak Association for Cooling
and Air-conditioning Technology (the “Notified Body”) is the body officially authorized by the Ministry of
Environment to certify companies and organizations for the activities in this area. The electronically led
documentation has developed from the previous paper form. Evaluated data were collected from the
service organizations. Details on the electronic system and method of data collection are presented in
the Annex 4.2 of this Report.

The Slovak Republic reports emissions of HFCs and PFCs gases (use of substances) in the IPPU
sector in the following subcategories:

= 2.F.1 Refrigeration and air conditioning
= 2.F.2 Foam blowing agents
= 2.F.3 Fire protection
= 2.F.4 Aerosols
In the following subcategories are emissions not reported in 2019 and the notation key “NO” was used:

= 2.F.5 Solvents — no gases occur in this category since 2006;
= 2.F.6 Other application — no gases occur in this category.
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412.3 EMISSION FACTORS

Emission factors were evaluated in each category for each individual product (or using of gas) to ensure
the best available accuracy of inventory. EFs are described in each category.

412.4 METHODS

The actual emission estimation of time series was performed mainly by tier 2 method that accounts for
the time lag between the consumption and the emissions. Detailed description of methodology is
provided in the subcategories.

4.12.5 UNCERTAINTIES AND TIME-SERIES CONSISTENCY

A consistent time series of the HFCs import-export exists since 1995 and is well documented, based on
questionnaires. In previous submissions, the data on banks were not consistent because of use of
extrapolation in 2010. The recalculation of banks was made according to the discussion with the ERT
during six weeks’ period after in-country review in 2012. In that submission, this extrapolation was useful
in order to differentiate the banks among different subcategories. The differentiation was based on the
2010 share of HFCs gases. Data gathered from 2010 onwards on refrigerant use by subcategories
support this disaggregation. Therefore, the disaggregation was accepted by the ERT as a final one and
further step, removal of inconsistency of bank data, followed. The inconsistency was caused by the two
types of formula used for bank calculation. In the 2015 submission, the bank data were recalculated by
the same formula (previously used only for data since 2010) for the whole time series. The reported
emissions are also influenced by the recalculation of the disposal emissions in last reporting years. A
new, consistent method for the estimation of retiring equipment was used in 2015 submission. The main
change in 2016 submission was the recalculation of reported recovery (in CRF reporter). In previous
submissions, the recovery represented the amount of HFCs and PFCs that was recovered and recycled
from the disposed systems and could be used again. Since 2016 submission, the recovery represents
amount that was recovered, recycled, and destroyed from disposed systems. Emissions were not
influenced by this correction. In 2017 submission, the recalculation of operational emissions has been
done in 2.F.1 category. This recalculation considered the possibility of no servicing of equipment few
years before its decommissioning. Details are presented in 2.F.1 category.

Monte Carlo method for the uncertainty analyses was implemented for F-gases for the first time in 2016
submission. The IPCC default values for uncertainty of activity data and emission factors were used.

4.12.6 SOURCE-SPECIFIC QA/QC AND VERIFICATION

Slovakia has a unique reporting system of F-gases in bulks and in products. Due to the reporting system
includes all F-gases, the QA/QC of 2.G category is included here, as well. Data processing system and
verification is done automatically. The advantages of the system are as follows:

= historical development of reported data in numbers and graphs during the reported years are
available,

= reported numbers from importers (wholesalers) of F-gases and reported humbers from service
companies are compared,

= Notified Body has access to historical development in all monitored categories and compares
it with ex-post and ex-ante projections up to 2030.

This data processing system allows calculating the emissions by top-down approach. However, the
differentiation of the reported data into subcategories is rather limited (mainly in 2.F.1 - Refrigeration
and air conditioning).
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The new internet reporting system Leaklog has been running since 2009 on the legal basis (Act No
286/2009 Coll. and its amendment No 314/2009 Coll.). Increased publicity from the Ministry of
Environment and increased number of inspections from the Slovak Inspection of Environment has
increased knowledge of the companies to get data that are more accurate. This system allows
estimating the emissions by the bottom-up approach with differentiating among subcategories (see the
Annex 4.2 for more details). These two sets of data are supplementary to each other and allow
comparing the total amounts of F-gases consumed in Slovakia. Data from these two reporting systems
are compared annually.

Refrigeration and Air Conditioning - Verification is a part of electronic database system.

Fire Extinguishers - The information on fillings and recycling of already used fire extinguishers is realized
with the cooperation of the Association of the Fire Extinguishers Producers in the Slovak Republic based
on the Regulation of the Ministry of Environment of the Slovak Republic No 314/2009 Coll. The
Association is obliged to provide information from all members. The sector-specific QA/QC activities
were performed as described in the Chapter 4.2 of the Report and results are verified by the top-down
approach. Verification is a part of electronic database system.

N20 from Product Uses - Due to the lack of appropriate statistical information and methodological
advises in this category, inputs were taken directly from the questionnaires sent to distributors of N2O
liquid gas in the Slovak Republic.

4127 SOURCE-SPECIFIC RECALCULATIONS

In this submission, no recalculation has been made.

4.12.8 SOURCE-SPECIFIC PLANNED IMPROVEMENTS

No improvements are planned.

412.9 REFRIGERATION AND AIR CONDITIONING EQUIPMENT (CRF 2.F.1)

The emissions originating from refrigeration and AC equipment represent more than 95% of emissions
from the 2.F category. Therefore, these emissions are significant source. Total actual emissions of HFCs
were 645.665 Gg of COz eq. in 2020 and they decreased by 6% in comparison with the previous year.
The decrease due the Regulation (EU) No 517/2014 of the European parliament and of the Council on
fluorinated greenhouse gases occurred. It is caused by several reasons. One of them is end of using of
new R404A gas with GWP 3922 (only recovered gas can be used since now). Another reason is using
of new replacements of R404A with low GWP (in Slovakia new gases R448A (GWP 1387) and R449A
(GWP 1397) were introduced into the market). It is expected that due to the above-mentioned Regulation
the decrease will continue more significantly.

The emissions of PFCs and SFs are not occurring in this category. The following gases and
subcategories are reported in 2.F.1:

= HFC-23, HFC-32, HFC-125, HFC-134a, HFC-143a and HFC-152a in 2.F.1.a - Commercial
refrigeration.

= HFC-134ain 2.F.1.b - Domestic refrigeration.

= HFC-32, HFC-125, HFC-134a, HFC-143a and HFC-152a in 2.F.1.c - Industrial refrigeration.
» HFC-32, HFC-125, HFC-134a and HFC-143a in 2.F.1.d - Transport refrigeration.

» HFC-134ain 2.F.1.e - Mobile AC.

» HFC-32, HFC-125, HFC-134a and HFC-143a in 2.F.1.f - Stationary AC.
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Figure 4.13: The share of individual subcategories within the category 2.F.1 in 2020
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The products designed for coolants R22, R134a and R404A were usually imported up to the year 1998.
Only in 1999, the indications of import of products containing coolants R407C and R410A are emerging.
When the Act No. 76/1998 on the Protection of the Ozone Layer of the Earth entered into force on April
1, 1998, the use of the alternative coolants started. Consumption of alternative coolants R401A and
R409A in order to supply R22 started to decrease in the year 2002. Coolants R407C and R410A show
the increase since 1999. Coolant R134a shows continuing increasing trend mainly because of rising
use of cars with AC; the increasing trend stopped in 2010. It is caused by smaller purchases of cars in
Slovakia and lower amount of gas in AC since then, which results in smaller bank of HFC-134a in
Slovakia. General increasing trend of HFCs emissions visible since the base year has been caused by
supplying HCFCs gases by the HFCs. However, because of the almost complete replacement of HCFCs
gases, the F-gases emissions were approximately constant since 2010. Rising trend since 2014 is
caused by increased decommissioning of refrigerant units, while the decreasing trend in 2016 is caused
by increased using of HFCs with lower GWP. Servicing of the MACs with HFC-134a is lower than in
previous years, therefore the operational emissions decreased. On the other hand, the servicing with
HFO-1234YF increased.

The decreased in 2018 was followed after a peak in 2017. This can be explained by the decreasing of
share of mixtures containing major share of HFC-134a and HFC-125 increasing of the share of mixtures
with a higher HFC-32 content. This is mostly visible in subcategory 2.F.1.f. In 2020, the replacement of
HFC-404A with the blends HFC-448A and HFC-452A occurred in an increased extent. Also the
replacement of HFC-410A with HFC-452B was more significant than in the previous year. The
replacement of HFC-134a with the HFC-513A blend is negligible, yet. The use of blends containing
HFC-143a recorder a significant decrease. On the other hand the use of natural refrigerants is of
increased importance in this submission.

Approximately 40% of total F-gases emissions (in CO2 eq.) are allocated in 2.F.1.a — Commercial
Refrigeration followed by 2.F.1.e — Mobile AC (28%) in 2020 (Figure 4.13). This relates to the high share
of automotive industry in last years in Slovakia. About 19% emissions are allocated in 2.F.1.f — Stationary
AC, 8% in 2.F.1c, 4% in 2.F.1.d and below 1% in 2.F.1.b — Domestic Refrigeration. Time series of F-
gases consumption in the category 2.F.1 is summarized in the following Tables 4.42-4.47.
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Figure 4.14: The share of individual gases in the category 2.F.1 in 2020
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Table 4.43: Aggregated data on HFCs use in the subcategory 2.F.1.a in particular years

EMISSIONS FROM:

NEW
VEAR FILLINGS ADDITION | - BANK REaUp. | NEW Ak | oispo. | RECOV- | TOTAL
FILLINGS :
Gg CO; eq.
1990 NO NO NO NO NO NO NO NO NO
1995 2535 4.470 4.470 NO 0.025 0.844 NO NO 0.870
2000 33.933 59.330 122.778 NO 0.339 18.169 NO NO 18.509
2005 83.295 109.242 | 622.122 3.443 0.833 88.347 2.630 0.814 92.464
2010 116.909 | 137.032 | 1334.966 | 35.169 1.169 199.273 28.608 6.561 229.808
2011 85.433 135.156 | 1398.752 | 52.985 0.854 183.755 43.211 9.774 228.608
2012 73.018 141.758 | 1452.349 | 67.501 0.730 204.167 55.143 12.358 260.833
2013 80.593 154.303 | 1504.274 | 79.572 0.806 214.459 65.107 14.465 281.170
2014 101.631 91.859 | 1485.629 | 85.709 1.016 212.214 67.612 18.097 281.690
2015 113.639 | 105.765 | 1466.922 | 96.739 1.136 236.164 81.040 15.699 319.280
2016 106.929 | 128.564 | 1451.400 | 101.619 1.069 227.766 73.095 28.524 302.943
2017 71.960 81.544 | 1388417 | 120.250 0.720 216.750 | 110.470 9.780 328.868
2018 52.969 49.643 | 1264.469 | 139.486 0.530 194.630 | 124.872 14.614 320.904
2019 43.632 43210 | 1140.230 | 134.707 0.436 180.633 | 125.290 9.416 307.359
2020 13.246 35.309 | 1007.779 | 138.080 0.132 140.340 | 119.629 18.451 261.544
Table 4.44: Aggregated data on HFCs use in the sub-category 2.F.1.b in particular years
NEW EMISSIONS FROM:
NEW RETIRED
VEAR | FILLINGS f\rgné'z'?x BANK EQUIP. NEW BANK DISPO. RECOV. | TOTAL
FILLINGS
Gg CO; eq.
1990 NO NO NO NO NO NO NO NO NO
1995 NO NO NO NO NO NO NO NO NO
2000 14.443 14.298 62.415 NO 0.144 0.312 NO NO 0.457
2005 1.745 1.495 82.436 NO 0.017 0.412 NO NO 0.430
2010 NO 0.208 76.972 4.719 NO 0.385 2.831 1.888 3.216
2011 NO 6.357 70.825 9.695 NO 0.354 5.817 3.878 6.171
2012 NO 10.523 65.300 12.555 NO 0.326 7.533 5.022 7.859
2013 NO 13.734 60.333 14.700 NO 0.302 8.820 5.880 9.121
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2014 NO 1.827 48.326 10.826 NO 0.242 4.915 5.911 5.157
2015 NO 0.019 39.832 6.618 NO 0.199 4.745 1.873 4.944
2016 NO NO 34.733 4.079 NO 0.174 2.871 1.207 3.045
2017 NO NO 31.942 2.233 NO 0.160 1.585 0.648 1.745
2018 NO NO 29.817 1.700 NO 0.149 1.411 0.289 1.560
2019 NO NO 28.589 0.982 NO 0.143 0.935 0.048 1.078
2020 NO NO 27.697 0.714 NO 0.138 0.658 0.056 0.796

Table 4.45: Aggregated data on HFCs using in the sub-category 2.F.1.c in particular years

NEW EMISSIONS FROM:
NEW RETIRED
VEAR | FILLINGS /;(D)Déﬂb(l)x BANK EQUIP. NEW BANK oispo. | RECOV- | TOTAL
FILLINGS
Gg CO; eq.

1990 NO NO NO NO NO NO NO NO NO
1995 3.766 0.721 0.721 NO 0.038 0.107 NO NO 0.144
2000 39.539 8.608 17.426 NO 0.395 2.297 NO NO 2.693
2005 96.033 15.966 90.928 NO 0.960 11.727 NO NO 12.687
2010 134.236 13.852 203.027 0.115 1.342 25.957 0.070 0.045 27.370
2011 146.067 142.687 345.232 0.346 1.461 33.344 0.232 0.114 35.037
2012 95.305 77.158 421.615 0.544 0.953 54.013 0.380 0.164 55.347
2013 86.625 57.588 477.928 0.923 0.866 56.516 0.678 0.244 58.061
2014 53.384 55.605 531.453 1.411 0.534 47.637 0.971 0.440 49.142
2015 50.895 54.105 581.819 2.673 0.509 54.476 2.196 0.477 57.181
2016 49.189 53.309 629.151 4.268 0.492 55.937 3.070 1.198 59.499
2017 49.646 51.971 672.514 6.534 0.496 60.840 5.973 0.561 67.310
2018 58.899 98.449 760.025 8.292 0.589 50.342 7.429 0.863 58.361
2019 22.308 64.846 811.348 10.583 0.223 45.938 9.885 0.698 56.045
2020 6.488 15.527 811.700 11.760 0.065 45.368 10.221 1.539 55.654

Table 4.46: Aggregated data on HFCs using in the sub-category 2.F.1.d in particular years

NEW EMISSIONS FROM:
NEW RETIRED
YEAR | FILLINGS l;gDBI‘TAI'(‘l)IE BANK EQUIP. NEW ST DISPO. RECOV. TOTAL
FILLINGS
Gg CO; eq.

1990 NO NO NO NO NO NO NO NO NO
1995 NO 1.271 1.271 NO NO 0.267 NO NO 0.267
2000 2.895 4.414 13.036 NO 0.029 2.331 NO NO 2.360
2005 6.708 9.689 48.245 0.760 0.067 7.294 0.480 0.280 7.841
2010 10.539 13.034 95.354 3.347 0.105 15.059 2.527 0.820 17.691
2011 13.163 18.316 105.337 3.796 0.132 14.667 2.863 0.933 17.662
2012 11.273 15.661 111.532 4.277 0.113 16.153 3.237 1.040 19.503
2013 5.184 6.413 107.369 4.796 0.052 15.700 3.650 1.146 19.402
2014 1.803 1.795 97.125 5.581 0.018 12.925 3.971 1.610 16.914
2015 4.929 4.929 88.388 5.981 0.049 22.878 4.813 1.167 27.740
2016 3.488 9.971 83.414 6.934 0.035 23.970 4.887 2.047 28.892
2017 2.881 6.314 73.581 8.437 0.029 21.202 7.436 1.002 28.666
2018 3.661 4.605 62.437 7.583 0.037 20.550 6.655 0.928 27.242
2019 1.216 2.187 49.781 7.837 0.012 20.547 7.305 0.532 27.864
2020 0.649 1.390 38.891 8.494 0.006 15.185 7.445 1.049 22.637
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Table 4.47: Aggregated data on HFCs using in the sub-category 2.F.1.e in particular years

N NEW ST EMISSIONS FROM:
YEAR | FILLINGS {.\rgDBIZIr?I? BANK EQUIP. ; PS,“’JVGS BANK S RECOV. TOTAL
Gg CO; eq.

1990 NO NO NO NO NO NO NO NO NO

1995 23.627 65.128 65.128 NO 0.236 7.125 NO NO 7.361

2000 70.880 84.504 425.276 NO 0.709 46.525 NO NO 47.234
2005 118.134 127.856 986.570 NO 1.181 107.931 NO NO 109.112
2010 264.693 128.391 | 1445.796 33.058 2.647 182.350 19.835 13.223 204.832
2011 302.645 143.363 | 1514.098 34.456 3.026 164.830 20.673 13.782 188.529
2012 438.012 76.648 1 509.551 35.599 4.380 150.559 21.359 14.239 176.298
2013 454154 62.491 1480.852 40.593 4.542 144.204 24.356 16.237 173.102
2014 357.195 62.297 1442.423 45.600 3.572 165.511 20.703 24.898 189.785
2015 533.434 74.259 1407.014 50.569 5.334 169.631 36.258 14.311 211.223
2016 445.105 34.295 1323.547 55.590 4.451 116.533 39.135 16.455 160.120
2017 215.818 26.471 1226.017 59.183 2.158 136.535 42.020 17.163 180.713
2018 286.510 13.389 1109.647 62.491 2.865 117.564 51.867 10.623 172.296
2019 248.058 24.825 1 000.835 64.805 2.481 118.541 61.662 3.143 182.684
2020 175.167 18.353 882.094 67.118 1.752 115.951 61.823 5.296 179.526

Table 4.48: Aggregated data on HFCs using in the sub-category 2.F.1.f in particular years

NEW EMISSIONS FROM:
NEW RETIRED
VEAR | FILLINGS ,?gnéﬂml BANK EQUIP. NEW BANK bispo. | RECOV- | TOTAL
FILLINGS
Gg CO; eq.

1990 NO NO NO NO NO NO NO NO NO
1995 13.982 13.982 13.982 NO 0.140 2.441 NO NO 2.581
2000 35.474 23.322 103.369 NO 0.355 16.870 NO NO 17.225
2005 78.509 40.914 293.972 NO 0.785 43.634 NO NO 44.419
2010 116.843 40.231 560.648 12.606 1.168 76.729 7.736 4.870 85.633
2011 116.089 109.959 653.410 13.213 1.161 88.927 8.241 4.971 98.330
2012 132.554 125.023 759.002 14.532 1.326 67.343 9.339 5.192 78.008
2013 98.089 88.265 823.904 17.342 0.981 63.654 11.395 5.947 76.030
2014 50.715 94.492 889.505 21.851 0.507 67.417 12.810 9.041 80.735
2015 107.496 143.378 998.754 26.315 1.075 61.575 19.378 6.936 82.029
2016 59.545 103.314 | 1063.523 30.008 0.595 64.149 19.730 10.278 84.474
2017 274137 193.437 1215.134 32.506 2.741 69.813 26.183 6.324 98.737
2018 104.111 154.098 1 322.667 35.798 1.041 60.255 29.297 6.502 90.592
2019 71.636 83.854 1 355.104 38.761 0.716 76.353 34.703 4.058 111.772
2020 58.668 52.707 1347.390 47.368 0.587 84.238 40.683 6.685 125.508

4.12.9.1 Methodological issues

The IPCC 2006 GL describe two tiers for estimating emissions. The bottom-up approach takes into
account the time lag between consumption and emissions explicitly through emission factors. The top-
down approach, the time lag is taking into account implicitly, by tracking the amount of virgin chemicals
consumed in a year that replaces emissions from the previous year.

The web reporting system used in Slovakia allows calculating emissions in both approaches. The
bottom-up approach is combined with the top-down approach. The procedure is as follows:

1. Using the bottom-up approach (tier 2a) from the Logbook Leaklog;
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2. Calculation of the total consumptions of individual gases in Slovakia based on the Leaklog
(tier 2a);

3. Calculation of the total consumption of individual gases in Slovakia according to the top-down
approach (tier 2b);

Comparison of the total consumptions calculated by these two approaches;

If differences above 2% occur, the data for bottom-up approach are corrected as follows
(expert judgement based on the QA activity introduced in 2011):

R134a: Difference is added to leakage from mobile AC,
R404A: Difference is added between new charge/recharge 0.2/0.8,
R407C: Difference is added to new charge of stationary AC,

R410A: Difference is added to leakage from industrial refrigeration and stationary AC
0.1/0.9.

6. If differences below 2% occur, the data for bottom-up approach are corrected proportionally
according to the operational emissions.

7. Calculation of emission estimates by the bottom-up approach using the corrected data.

In 2020, no significant corrections were necessary, the differences between top-down and bottom-up
approaches were up to 2%. Following formulas (tier 2b, top-down approach) based on the structure of
the reporting systems were used:

Emissions = Annual Sales of New Refrigerant — Total Charge of New Equipment + Disposal Emissions

where Annual Sales and Total Charge of New Equipment are calculated by formulas presented in the
IPCC 2006 Guidelines, Chapter 3, p. 7.54 (not simplified formulas).

Following formulas (tier 2a, bottom-up approach) based on the structure of the reporting systems were
used:

Emissions = Emissions from new fillings + Operational emissions + Disposal emissions

where: Emissions from new fillings represent 1% (EF) of the new charges filled in Slovakia (Chemicals
to Charge Domestically Manufactured and Assembled Equipment + Chemical to Charge Equipment that
is not Factory-Charged).

Operational emissions: The approach described in IPCC 2006 GL assumes that servicing of equipment
restocks the bank of single chemical and thus the amount of gas used for servicing represents the
operational emissions. Slovakia adopted this assumption with a modification. The servicing of equipment
restocks the bank of chemical and its amount used at servicing equals to the emissions. However,
equipment that is few years before decommissioning is not serviced and bank is not restock at this
equipment. Therefore, the operational emissions are composed from two terms in this submission: (i)
data from servicing of equipment; (ii) emissions from non-serviced equipment few years before its
decommissioning. The first term in the operational emissions represents the consumption of gases for
servicing and container management (these data are reported in Leaklog). It is assumed that the
chemical used for servicing restocks the emissions from the bank and thus the bank of the chemical
remains constant. The second term in operational emissions represents emissions from non-serviced
equipment few years before its decommissioning. These emissions decrease the amount of chemical
in equipment and the equipment contains only a part of the chemical at its decommissioning. The
emissions are calculated by using product life factor that are presented in Table 4.49. The product life
factors, number of years when the equipment is not serviced and fraction of gas remaining at the
decommissioning of equipment presented in Table 4.49 are consistent and they are based on the default
factors presented in IPCC 2006 GL. These emissions do not restore the bank of the chemical and are
subtracted from the bank.
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Table 4.49: Product life factor of not serviced equipment; number of years, when the equipment is not
serviced and ratio of initial charge that is remaining at decommissioning of equipment

CATEGORY PRODUCT LIFE YEARS BEFORE INITIAL CHARGE REMAINING
FACTOR RETIREMENT AT RETIREMENT
2.F.1.a 10% 2 80%
2.F1.b 0.5%" 12-15* 80%*
2.FA1.c 20% 1 80%
2.F1d 25% 2 50%
2F.1.e 16.67% 3 50%
2.Ff 10% 2 80%

* Default IPCC 2006 GL values

Disposal emissions represent the emissions from the retired equipment. Since 2014, the recycling
companies report the data about recovery of gases in database Leaklog. There is available amount of
gas that is recovered, reused and destroyed in recycling factories. All these terms are covered in CRF
term “recovery”’. The amount of recovered gas is known and comparison with the amount of gas in
decommissioned equipment can be made. The fractions of gases that are recovered from disposed
equipment in 2020 are presented in Table 4.50. Differentiating of the gases among the subcategories
is not possible, only total data for each gas is available. Therefore, the same fraction of recovered gas
is assumed in all categories. The annual data of the recovery ratio of the individual gases for whole time
series is presented in Table 4.51. For years before 2013, the average value of the years 2014 and 2015
is assumed.

Table 4.50: Comparison of amount of gases in retired units and amount of recovered gases in 2020

G AMOUNT IN RETIRED EQUIPMENTt RECOVERY AMOUNT YT

HFC-23 0.014 NO -

HFC-32 11.358 1.8104 15.9%
HFC-125 26.676 4.2514 15.9%
HFC-134a 58.964 4.6533 7.9%
HFC-143a 19.680 2.3083 1.7%
HFC-152a NO NO -

Table 4.51: Aggregated data on HFCs recovery ratio (%) in the category 2.F.1. in particular years

VEAR HFC-23 | HFC-32 | HFC125 | HFC-134a | HFC-143a | HFC-152a
%
2013 AND BEFORE - 55.0 25.0 40.0 13.0 -
2014 - 68.2 27.3 54.6 15.6 -
2015 - 43.7 227 28.3 11.9 -
2016 - 49.5 34.6 296 24.4 -
2017 - 298 12.6 29.0 3.9 -
2018 . 30.5 16.0 17.0 6.3
2019 . 17.5 11.1 4.9 4.0 -
2020 - 15.9 15.9 7.9 11.7 -

For the consistency of operational emissions, it is necessary to follow the bank of chemical. The bank
is calculated as follows:

Bankin year t = Bankin year -1 + New additions to bank — Chemical in retired equipment — Operational
emissions from non-serviced equipment

Where: New additions to bank = Chemicals to Charge Domestically Manufactured and Assembled
Equipment + Chemicals to Charge Equipment that is not Factory-Charged + Chemicals Contained in
Imported Equipment Already Charged — Chemicals Contained in Exported Equipment Already Charged.
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It should be mentioned that due to the last two terms in the above relationship the using of the data
about new fillings from CRF reporter is not possible for the calculation of the bank (stock). Calculation
of the bank has to contain data that includes import and export of already filled equipment.

Emissions factor from the filling chemicals into new equipment (product manufacturing factor) is
assumed 1% (based on the producers’ data) for all categories and gases in the 2.F.1.

Operational emission factor (product life factor) is calculated annually based on the reported operational
emissions and the respective bank.

Disposal emission factor (disposal loss factor) is based on the data of recycling companies. The fractions
of gases that are recovered from disposed equipment are presented in Table 4.51. The average value
of the years 2014 and 2015 is assumed since 2013 and back to base year 2013.

Activity data were collected via web reporting system and treated as described above and
in the Annex 4.2 of this Report.

2.F.1.a — Commercial Refrigeration: This category includes emissions from manufacturing, assembly,
installation of small refrigeration equipment mostly for export (“stand-alone” commercial application
including also some equipment for domestic refrigeration) and emissions from refrigeration in
supermarkets and other commercial refrigeration. Only one company manufactures smaller “stand-
alone” equipment for commercial and refrigeration (fridges, freezers) with the HFC R-134a and
R-404A as cooling agents. This equipment is mostly exported. Data on F-gas consumption are reported
through web reporter. Emissions from commercial refrigeration manufacturing, assembly, installation
are estimated to equal 1%. No detailed figure on the installed equipment is available. Data on
consumption for new systems and refilling were provided by the main service companies through web
reporting; the stocks were calculated accordingly. Used refrigerants R-134a, R-404A, R-32, R-407C, R-
410A, R-448A, R-406, R-449A, R-452A, R-600A, R-290, R-507, R-407A, R-407F, R-407H, R-23, R-
508B, R-422A, R-422D, R-417A, CO2 and R-143a. Lifetime of equipment was assumed 9-12 years.
Nameplate capacity of retired equipment was calculated as follows:

Retired equipmentin yeart = New addition to stockin yeart-12 / 4 + New addition to stockin yeart-11 / 4 + New
addition to stockin yeart-10 / 4 + New addition to stockKin yeart-o / 4

The fraction of the gas that remained in the retired equipment is presented in Table 4.49 and the
recovered fraction is presented in Table 4.51.

2.F.1.b — Domestic Refrigeration: Partially also the HFC-134a is used for domestic use as refrigerant in
refrigerators (fridges and freezers). HFC-134a as refrigerant was introduced by industry at the end of
1995 as replacement of CFC-12. In the following years (starting in 1999) it was gradually replaced by
R600a (isobutane). Charging of refrigerators with R134a was stopped by the end of 2006. The
calculation of operational emissions is different in this category. The domestic refrigeration units are not
serviced usually. Therefore, we used the default product life factor (0.5%) and it is assumed that the
emissions decrease the bank of the chemical. Lifetime of domestic refrigeration equipment was
assumed 12-15 years. Nameplate capacity of retired equipment was calculated as follows:

Retired equipmentin yeart = New addition to stockin yeart-15 / 4 + New addition to stockin yeart-14 / 4 + New
addition to stockin yeart-13 / 4 + New addition to stockin yeart-12 / 4

The fraction of the gas that remained in the retired equipment is presented in Table 4.49 and the
recovered fraction is presented in Table 4.51.

2.F.1.c — Industrial Refrigeration: In industrial refrigeration, refrigerants are used for production process,
e.g. in chemical industry to keep definite process temperatures or in food industry for cooling/freezing
partly inosculating with commercial refrigeration. In contrast to commercial refrigeration, in the IPPU
sector not only HFC/HCFC refrigerants play the significant role, but also NHs and COz, as well. The
refrigeration systems are normally maintained by service companies. Refrigerants are R-134a, R-407C,
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R-404A, R-407F, R-417A, R-449A, R-452A, R-32, R-410A, R-407A, R-422D, R-448A, R-600a, R-407H,
R-437A, R-290, R-507 and R-1234ZE. Lifetime of equipment was assumed 15-19 years. Nameplate
capacity of retired equipment was calculated as follows:

Retired equipmentin yeart = New addition to stockin yeart-19 / 5 + New addition to stockin yeart-18 / 5 + New
addition to stockinyeart-17 / 5 + New addition to stockin yeart-16 / 5 + New addition to stockin yeart-15/ 5

The fraction of the gas that remained in the retired equipment is presented in Table 4.49 and the
recovered fraction is presented in Table 4.51.

2.F.1.d — Transport Refrigeration: This group includes refrigerated road vehicles. Recently used
refrigerants are: R-134a, R-404A, R-410A, R-452A, R-407C, R-32, R-449A and COz. Manufacturing of
refrigeration units takes place in Slovakia only in very small scale. Emissions occur mainly from stock
and from disposal. Lifetime of equipment was assumed 8-9 years. Nameplate capacity of retired
equipment was calculated as follows:

Retired equipmentin yeart = New addition to stockin yeart-o / 2 + New addition to stockin yeart-s / 2

The fraction of the gas that remained in the retired equipment is presented in Table 4.49 and the
recovered fraction is presented in Table 4.51.

2.F.1.e — Mobile AC: Mobile air conditioning includes passenger cars, trucks, busses, agricultural
machines, rail and manufacturing of vehicles for construction sites. The use of R-134a for mobile air
conditioning started in 1995. New charges filled into vehicles are taken from the automobile producers
in Slovakia. New additions to stock are calculated from the registrations of vehicles in Slovakia and
compared with the records of official manufacturers and importers of cars. The following time series of
the share of cars with MAC is assumed: (i) in years 1995 — 1999, 70% of registered cars contained
MAC; (ii) in 2000 — 2003, 80% of registered cars contained MAC; (iii) in 2004 — 2011, 90% of registered
cars contained MAC; (iv) 100% of registered cars contained MAC since 2012. The presented shares
are based on the data of car manufacturers in Slovakia. We assume that the share is a typical one and
it is applied to the rest of cars.

In 2020, 84 909 new vehicles were registered in Slovakia. In these vehicles, the average charge was
assumed 0.123 kg of HFC per one new car in 2020. The average charge is based on the data from car
manufacturers in Slovakia (number of produced cars; consumption of HFC-134a and HFO-1234yf
necessary to fill them. In 2020, the average charge was 0.572 kg while the share of HFC-134a was
21.6%). We assume that a similar average charge can be used for cars that are not produced in
Slovakia. The number of imported and registered second-hand vehicles was 19 119 pcs. HFC-134a
charge in these vehicles was assumed to be as in new registered vehicles. The time series of the HFC
load into new vehicles is presented in Table 4.52.

Table 4.52: [ oads of HFCs into new vehicles

YEAR UNIT 2016 2017 2018 2019 2020
Number of produced vehicles No. 1095191 | 1266289 | 1093215 | 1122067 | 990 598
Amount of HFC-134a used in new vehicles t 310.517 150.150 199.950 173.113 122.211
Amount of HFO-1234yf used in new vehicles t 354.577 386.606 532.000 461.324 444738
Fraction of HFC-134a from total HFC use 0.4669 0.2797 0.2732 0.2729 0.2156
Average HFC load per one vehicle kg 0.607 0.424 0.670 0.565 0.572
Average HFC-134a load per one vehicle kg 0.284 0.119 0.183 0.154 0.123

Lifetime of equipment was assumed 12-15 years. Nameplate capacity of retired equipment was
calculated as follows:

Retired equipmentin yeart = New addition to stockin yeart-15 / 4 + New addition to stockin yeart-14 / 4 + New
addition to stockin yeart-13 / 4 + New addition to stockin yeart-12 / 4
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The fraction of the gas that remained in the retired equipment is presented in Table 4.49 and the
recovered fraction is presented in Table 4.51.

2.F.1.f — Stationary AC: This category includes stationary air conditions, room air conditions and heat
pumps. Plants for waste heat recovery are included in this category, as well (we are not able to
distinguish between them and heat pumps). Stationary air conditions includes large equipment
>20 kW. Data on consumption for new systems and refilling are provided by service organizations since
2009 via web reporting, the stocks are calculated accordingly. Room air conditions are in the contrast
with the stationary AC (a comparable sector in terms of HFCs consumption for new and refilling). Room
AC systems include small mobile and compact equipment to be installed at windows or walls, fixed split-
and multisplit systems up to 20 kW and larger Variable Refrigerant Flow (VRF) or Multi Air Conditioning
systems. Small equipment, split- and multisplit systems and VRF systems are imported already charged
with refrigerant. The installation of heat pumps with the HFCs started in Slovakia mainly in the 2004.
Heat pumps are manufactured in Slovakia and imported, as well. Used F-gases in this subcategory are:
R-134a, R-32, R-407C, R-410A, R-404A, R-449A, R-407H, R-417A, R-437A, R-600A, R-1234YF, R-
407A, R-290, R-507, R-422D, CO2, R-401A and R-513A. Lifetime of air conditioning equipment and
heat pumps was assumed 12-15 years. Nameplate capacity of retired equipment was calculated as
follows:

Retired equipmentin yeart = New addition to stockin yeart-15 / 4 + New addition to stockin yeart-14 / 4 + New
addition to stockin yeart-13 / 4 + New addition to stockin yeart-12 / 4

The fraction of the gas that remained in the retired equipment is presented in Table 4.49 and the
recovered fraction is presented in Table 4.51.

4.12.9.2 Uncertainties and time-series consistency

A consistent time series of HFCs import-export exists since 1995 and is well documented. In previous
submissions, the data on banks were not consistent because of use of extrapolation in 2010. The
recalculation of banks was made according to the discussion with the ERT during six weeks’ period after
in-country review in 2012. In that submission, this extrapolation was useful in order to differentiate the
banks among different subcategories. The inconsistency was caused by two types of formula used for
bank calculation. In the 2015 submission, the inconsistent bank data were corrected, the bank data were
recalculated by the same formula (as presented above) in the whole time series.

In 2017 submission, the bank data were recalculated again. The reason of recalculation was new way
of operational emission estimation. It was assumed that equipment few years before its
decommissioning is not serviced and the operational emissions from this equipment has to be subtract
from the bank. New product life factors were estimated based on this assumption. Product life factors
for the time series 1990 — 2009 were assumed average of product life factors in the period 2010 — 2013
(outliers were excluded from the average). The used product life factors are presented in Table 4.53
and they are within the range presented in the IPCC 2006 GL. The reported emissions are also
influenced by the recalculation of the disposal emissions in last reporting years. Amounts of HFCs in
retiring equipment were calculated consistently according to the previous presented formulas for all
subcategories.

The changes in trend in new fillings in 2.F.1.e are caused by manufacturers of cars. Three factories exist
in Slovakia. One of them has been producing cars since 1995, the others since 2006. Since 2015
submission the new fillings emissions are calculated from the data provided by the car producers (HFCs
used for new fillings) for the years since 2009. For the rest of the time series the new fillings were
estimated based on car production. The following time series of the share of cars with MAC is assumed:
(i) in years 1995 — 1999, 70% of registered cars contained MAC; (ii) in 2000 — 2003, 80% of registered
cars contained MAGC; (iii) in 2004 — 2011, 90% of registered cars contained MAC; (iv) 100% of registered
cars contained MAC since 2012.
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The emissions in the category 2.F.1.f have stable trend since 2012 (inter-annual changes are up to 5%).
The decrease in 2.F.1.ain 2011 was caused by the economic situation on the market and decrease in
use of R404A in that year from service. The decrease in 2.F.1.cin 2014 is caused by decrease in service
of units containing R404A and by starting to use units with the mixtures containing R152a with lower
GWP.

Table 4.53: Product life factors of individual gases in the category 2.F.1 in 1990 — 2009

CATEGORY HFC-125 HFC-134a HFC-143a HFC-152a HFC-23 HFC-32
%
2F1.a 14.20 19.20 13.93 22.30 10 NO
2.F1.b NO 0.50 NO NO NO NO
2FA1.c 12.46 15.00 12.92 NO NO 9.72
2.F1d 12.59 21.04 12.28 NO NO 12.95
2.F1.e NO 10.94 NO NO NO NO
2.FAf 12.97 17.48 8.61 NO NO 9.62

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.12.10 FOAM BLOWING (CRF 2.F.2)

This category is not significant and includes F-gases used in industry as follow:
= PU foam appliances (transferred from blowing agent R141b directly to cyclopentane in 1998).

» Injected PU foams in commercial cooling (started in 1999 and transferred from blowing agent
R134a to water in 2007).

= Sprayed PU foams for roofs (transferred directly from ODS to HFC245fa and 365mfc in 2002).

= PU panels for containers, store rooms, etc. Big importers imported only panels with
hydrocarbons, water blowing agents; smaller importers (in opened market) imported panels
with R134a from 1999 up to 2007. In the main application areas of PU hard foam (rigid foam
insulating panels, flexibly coated; rigidly faced sandwich panels) hydrocarbons and CO: are
usually used as blowing agent. In the area of PU insulating foam for pipes HFC-245fa and
HFC-365mfc cover a small share of the market whilst CO2 and pentane are dominating.

Total HFCs emissions in this category were 1.93 Gg CO:2 eq. in 2020 (Table 4.54).

4.12.10.1 Methodological issues

HFCs emissions from open cells are not occurring in Slovakia. For closed cells, the blowing agents
remain longer in foam; the half life time is calculated with >20 years and depends on the panel's
thickness. According to the IPCC 2006 GL, product life of the used cells should be 50 years except of
injected foams where product life is 15 years. These values are used in the calculation of emissions
estimates. Emissions estimates are calculated based on first-year emissions and annual losses as
described in the IPCC 2006 GL (emissions from decommissioning do not occur in Slovakia, yet).
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Bank of used HFCs is monitored since the first year of their use as follows:

Bankin yeart = Bankin year -1 + New fillingsin year t1 — Emissions from new fillingsin year -1 — Emissions from
bankin yeart-1 — Decommissioned equipmentin yeart

The relationship for bank is different from that used for refrigeration category because no servicing
occurs for foams.

Emission factors are based on the data provided by producers. First-year loses are assumed to be 10%,
annual losses 0.5%. These values are the same or close to the default values according to the IPCC
2006 GL. Activity data were collected via the web reporting system as described in the Annex 4.2 of
this Report. Import-export of bulk chemicals and products were collected in order to obtain annual sales
data, which were then assumed be equal to new fillings. It was decided to use conservative approach
for the first-year emissions from all new fillings occurred in Slovakia. In 2014, the using of HFC-227ea
was reported for the first time in Slovakia.

Table 4.54: Aggregated data on HFCs using in the category 2.F.2 in particular years

TS SETEED EMISSIONS FROM:
T FILLINGS BANK EQUIP. ; I[ﬁxves TR TS RECOV. TOTAL
Gg CO; eq.

1990 NO NO NO NO NO NO NO NO
1995 NO NO NO NO NO NO NO NO
2000 58.916 53.024 NO 5.892 0.265 NO NO 6.157
2005 37.685 302.363 NO 3.769 1.512 NO NO 5.280
2010 4.013 384.517 NO 0.401 1.923 NO NO 2.324
2011 4.789 386.206 NO 0.479 1.931 NO NO 2.410
2012 8.209 388.584 NO 0.821 1.943 NO NO 2.764
2013 3.724 394.030 NO 0.372 1.970 NO NO 2.343
2014 2.126 395.411 NO 0.213 1.977 NO NO 2.190
2015 0.014 395.348 NO 0.001 1.977 NO NO 1.978
2016 NO 393.384 NO NO 1.967 NO NO 1.967
2017 NO 391.417 NO NO 1.957 NO NO 1.957
2018 NO 389.460 NO NO 1.947 NO NO 1.947
2019 NO 387.513 NO NO 1.938 NO NO 1.938
2020 NO 385.575 NO NO 1.928 NO NO 1.928

4.12.10.2Uncertainties and time-series consistency

A consistent time series of HFCs import-export exists since the first years of HFCs using in foams and
is well documented (the collection of data started in 1995 by using questionnaires — before the start of
using of HFCs in foams). The same method was used for the whole time series. The decrease in
emissions (and new fillings) in 2008 was caused by replacing of blowing agent R134a with water in new
injected PU foams in 2007.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.
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4.12.11 FIRE PROTECTION (CRF 2.F.3)
This category is not significant and includes F-gases used in the following industry:
= HFC134a used as fluid in operating systems since 1994 in very little amount;

= HFC227ea (FM 200) is used as extinguishing media and suitable alternative for halon H1301
in fixed extinguishing systems since 2004. After 1993, halons are not imported into Slovakia;

= HFC 236fa (FE36) started to be used for portable extinguishing systems since the year 2000;

» PFCs extinguishing media are not imported into Slovakia. PFC 410 and PFC 614 have been
never used in stabile extinguishing equipment.

Prices of new extinguishing medias are quite high (approx. 40 Euro/kg), so the consumption and
emissions are minimal. Stationary fire protection systems for flooding indoor spaces mainly use inert
gases at present. Formerly used ozone layer depleting halons have been replaced in some cases by
HFCs. HFC-227ea in the fire extinguishers was firstly introduced on the Slovak market in 1994.
F-gases for firefighting are imported in cylinders and filled in fixed installed systems.

Total HFCs emissions in this category were 22.15 Gg CO: eq. in 2020.

4.12.11.1Methodological issues

Annual sales of single HFC gases are calculated based on import — export of bulk chemicals and
products. Detailed data on consumption for new equipment, the stock in existing fixed flooding systems,
annual losses (refilling) and recovered F-gases from disposal were obtained directly from the fire
protection companies. Stabile extinguishing systems (flooding a streaming systems) used to protect
electronic equipment have pressure vessels with lifetime from 10-12 years (given by the producer). After
this time, extinguishing media are recovered, recycled and used again. In systems with working pressure
25 or 40 bar, the lifetime of pressure vessels is supposed to be at least up to 25 years.

HFC emissions occur from filling in fixed systems, from the bank (in case of false alarm, fire, leakage,
accidents etc.) and from disposal. Test flooding, in former times an important source of emissions, have
not taken place since 2000. The product manufacturing emission factor for filling of fixed systems is 1%.
The emissions from bank are equalized with the company reports for refilling of losses. The product life
factor from bank is 5% based on this assumption. Both factors were consulted with the fire protection
companies and are in agreement with references. Used product life factor was used as a country specific
one and it is slightly higher than the default value provided in the IPCC 2006 GL for installed flooding
systems (1-3% per year). Emissions from disposal are reported since 2016.

Activity data were collected via web reporting system as described the Annex 4.2 of this Report. Import-
export of bulk chemicals and products data were collected in order to obtain annual sales data (which
are equal to new fillings + service). Detailed data on consumption for the new equipment, the stock in
existing fixed flooding systems, annual losses (refilling) and recovered F-gases from disposal were
obtained directly from the fire protection companies and the Association of the Fire Extinguishers
Producers in the Slovak Republic. These data served as tools for differentiating of annual sales data
into new fillings and operational emissions (from bank).

Table 4.55: Aggregated data on HFCs used in the category 2.F.3 in particular years

e, NEW SEEES) EMISSIONS FROM:
YEAR | FILLINGS fl\'gDBTr?I? BANK EQUIP. ; ES,‘GVGS e . RECOV. TOTAL
Gg CO; eq.
1990 NO NO NO NO NO NO NO NO NO
1995 32.499 32.361 35.395 NO 0.325 1.770 NO NO 2.095
2000 31.170 31.057 148.665 NO 0.312 7.433 NO NO 7.745
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NEW NEW RETIRED EMISSIONS FROM:
YEAR | FILLINGS ,;\_(D)DBI'R"(J)IE BANK EQUIP. . ELE,‘GVGS BANK BISPo! RECOV. TOTAL
Gg CO; eq.
2005 22.969 22.908 274.578 NO 0.230 13.729 NO NO 13.959
2010 16.616 16.255 367.681 NO 0.166 18.384 NO NO 18.550
2011 40.996 40.761 389.892 NO 0.410 19.495 NO NO 19.905
2012 10.712 10.236 380.223 NO 0.107 19.011 NO NO 19.118
2013 11.992 11.529 372.633 NO 0.120 18.632 NO NO 18.752
2014 21.861 21.539 375.421 NO 0.219 18.771 NO NO 18.990
2015 40.939 46.356 402.788 NO 0.409 20.139 NO NO 20.549
2016 30.736 26.062 400.248 6.442 0.307 20.012 1.933 4.510 22.252
2017 36.178 15.873 386.583 7.374 0.362 19.329 2.212 5.162 21.903
2018 20.658 11.593 369.259 7.382 0.207 18.463 2.286 5.096 20.955
2019 37.199 27.296 358.067 15.855 0.372 17.903 4.582 11.273 22.857
2020 23.611 7.772 340.958 5.285 0.236 17.048 4.867 0.419 22.151

4.12.11.2Uncertainties and time-series consistency

A consistent time series of HFCs import-export data exists since 1995 and is well documented by using
questionnaires. The same method was used for the whole time series. The increasing trend (since 1994)
in actual emissions from HFC-227ea and HFC-236fa was stabilized and emissions are approximately
at the same level. The purchase of new fire extinguishers depends mostly on the building of new server
rooms.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.12.12 AEROSOLS (CRF 2.F.4)

The producers of aerosols in Slovakia changed directly from ODS to mechanical principles and use of
hydrocarbons and dimethyl ether in 1990. The group of aerosols gases includes medical aerosols, i.e.
Metered Dose Inhalers (MDlIs), only. The HFC-134a and HFC227ea are used as propellant for such
aerosols in Slovakia. However, since 2015, HFC-134a occurs only in Slovakia. Total HFCs emissions
in this category are not significant and were 9.13 Gg of COz eq. in 2020. The production of MDI does
not occur in Slovakia.

4.12.12.1 Methodological issues

Aerosol emissions are considered prompt because all the initial charge escapes within the first two years
after manufacture, typically six months after sale for most sub-applications (due to the short expiration
time). It is assumed that the initial charge escapes approximately during two years. Therefore, the total
amount of aerosol initially charged in product containers prior to sale in actual year and year before were
taken into consideration in emissions estimation.
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The production of MDI does not occur in Slovakia. The initial charge (new fillings, import to Slovakia)
escapes during two years. This calculation of emission estimates corresponds to the equation:

Emissionsinyeart = Initial chargein yeart-1 * (1-EF) + Initial chargein yeart * EF
In a similar way a bank of chemicals is calculated:

Bankin yeart = Initial chargein yeart-1 * (1-EF) + Initial chargein yeart * (1-EF)
EF is the same in both equation and equals to 0.5.

The basic philosophy of the calculation of bank is that the bank refers to the amount of gas that is not
released as an emission in the previous and current year. In order to increase transparency, the
numerical exercise is provided.

The content of HFC-134a in sold MDI in 2017 and 2018 were 6.175 t and 6.292 t, respectively. For
emission calculation in 2018 the following way is used:

1. Due the fact that EF=0.5, the half of the amount sold in 2017 was used in 2017 and this amount
is not of interest for 2018 calculation.

2. The rest of the gas sold and not used in 2017 was moved to bank of chemicals (3.087 t).

3. Emission calculation for 2018: the term Initial chargein yeart-1 * (1-EF) in the equation represents
the gas that was moved to the bank in 2017 (3.087 t). The term Initial chargein yeart * EF in the
equation represents the gas that was used in 2018 (the half of the gas sold in 2018: 3.146 t).

4. Bank calculation for 2018: the term Initial chargein yeart-1 * (1-EF) in the equation represents the
gas that was moved to the bank in 2017 (3.087 t). The rest of the gas that was sold in 2018 (and
not used this year) is also added to the bank (3.146 t) and will be used for emission calculation
in 2019.

5. It should be noted that the same numbers for emissions and bank are due the fact that EF=0.5.
E.g. if we assume that EF=0.6 the values for emissions and bank will not be the same.

The State Institute for Drug Control of Slovakia is in the position to provide activity relevant data for
emissions estimation. The activity data represents the number of containers with aerosols imported to
Slovakia. The State Institute for Drug Control (SUKL) provided this data on behalf of the Act No 286/2010
Coll. Data are available since 2000. Based on the statement of the SUKL experts, no MDIs had been
imported to Slovakia before the year 2000.

Table 4.56: Aggregated data on HFCs using in the category 2.F.4 in particular years

EMISSIONS FROM:
YEAR FILI;i%g“JngEW BANK NEW FILLINGS BANK TOTAL EMISSIONS
Gg CO; eq.

1990 NO NO NO NO NO
1995 NO NO NO NO NO
2000 NO 2.667 NO 2.667 2.667
2005 NO 6.800 NO 6.800 6.800
2010 NO 7.816 NO 7.816 7.816
2011 NO 8.376 NO 8.376 8.376
2012 NO 8.466 NO 8.466 8.466
2013 NO 8.899 NO 8.899 8.899
2014 NO 9.238 NO 9.238 9.238
2015 NO 9.960 NO 9.960 9.960
2016 NO 10.178 NO 10.178 10.178
2017 NO 9.157 NO 9.157 9.157
2018 NO 8.914 NO 8.914 8.914
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EMISSIONS FROM:
YEAR FILIE'E%:;JJST';EW BANK NEW FILLINGS BANK TOTAL EMISSIONS
Gg CO; eq.
2019 NO 9.141 NO 9.141 9.141
2020 NO 9.133 NO 9.133 9.133

4.12.12.2Uncertainties and time-series consistency

A consistent time series of HFCs import-export data exists since the first years of MDIs use (2000) and
is well documented. The same method for emissions estimation is used for the whole time series. HFC-
134a is used since 2000. MDIs containing HFC-227ea are imported into Slovakia since 2008 and ended
in 2015.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.12.13 SOLVENTS (CRF 2.F.5)

The HFCs emissions are not occurring in this category, recently. There is no import of F-solvents to
Slovakia because they are rather expensive. SP-255, which contains distilled oil and methyl acetate, is
used as a flushing material. The solvents L113 and S316 used in Slovakia are not obliged to include in
the emissions inventory. The solvents with HFCs are not used in cleaning machines for flushing
refrigeration circuits. The emissions of PFC14 (CFa) in solvents were estimated for the years 1997 —
2006 and then PFC14 was replaced with the SFs gas. No PFCs or SFs emissions were occurring in this
category in 2020. Used amount of SFe is negligible (below 0.2 t/year). In the production process, the
SFs is used for Si wafers etching after previous operation (Si wafers cutting on chips). Technological
process can be described as follows:

= Siwafers are put into chamber of plasma equipment and after that air is exhausted from
chamber for required vacuum,

= etching process starts with high-frequency burning SFs what cause etching of Si wafers
surface,

= SFes and remains after etching process are exhausted from plasma equipment,
= these by-products go into special washing tank with NaOH where HF is neutralized.

According to the measuring of the semiconductor producer Semicron Vrbové, SFs emissions during
etching are not emitted into atmosphere. Therefore, notation key “NO” is used for time series. PFC14
emissions from the solvents use are reported for the period 1997 — 2006.

Table 4.57: PFC14 emissions in the category 2.F.5 in 1997 — 2006

EMISSIONS FROM:
YEAR FILIB%%:;‘JSTQEW BANK NEW FILLINGS BANK TOTAL EMISSIONS
Gg CO; eq.
1997 NO 0.680 NO 0.680 0.680
1998 NO 2.253 NO 2.253 2.253
1999 NO 2.857 NO 2.857 2.857

206



EMISSIONS FROM:
YEAR FILIE'E%qungEW BANK NEW FILLINGS BANK TOTAL EMISSIONS
Gg CO; eq.
2000 NO 1.420 NO 1.420 1.420
2001 NO 2.501 NO 2.501 2.501
2002 NO 3.695 NO 3.695 3.695
2003 NO 1.774 NO 1.774 1.774
2004 NO 0.776 NO 0.776 0.776
2005 NO 0.443 NO 0.443 0.443
2006 NO 0.111 NO 0.111 0.111

Emissions are considered prompt. It was considered that the new fillings escape during two years.
Therefore, the total amount of PFC114 used in actual year and year before was used for emissions
estimation. Due to this fact (the rest of the previous year’s new fillings has to escape in the next year),
the emission factor from bank is 100% (the bank is calculated in the same way as described in the

Chapter 4.12.12). The emission calculation corresponds to the equation:

Emissionsinyeart = New fillingSin yeart-1 * (1-EF) + New fillingSin yeart * EF, where EF=0.5.

41214

OTHER APPLICATIONS (CRF 2.F.6)

Emissions in this category are not occurring for the time series 1990 — 2020.

4.13 OTHER PRODUCT MANUFACTURE (CRF 2.G)

4131

SOURCE CATEGORY DESCRIPTION

Emissions of SFs from the high voltage switchgears and emissions of N2O from use for anaesthesia and
in food industry (aerosol cans) are reported in this category. Total emissions in COz eq. were 82.43 Gg
in 2020, increased by 10% in comparison with the previous year. The increase is caused by increased
service emissions of electrical equipment. Comparing with the base year, the increase is nearly 500%.
This increase is mostly caused by the increase in N2O emissions from aerosol cans. Emissions from
SFs from other product use (2.G.2) are included in 2.G.1 electrical equipment.

Table 4.58: Emissions in the category 2.G according to the subcategories in particular years

2.G.1 ELECTRICAL EQUIPMENT

2.G.2 SFs AND PFCs FROM

2.G.3 N,O FROM PRODUCT USE

YEAR OTHER PRODUCT USE
Gg of CO; eq.

1990 0.06 IE 16.39

1995 10.15 IE 29.79

2000 13.04 IE 19.36
2005 16.38 IE 83.01

2010 19.62 IE 77.66
2011 20.80 IE 72.91

2012 21.24 IE 87.76
2013 22.30 IE 122.23
2014 14.17 IE 80.03
2015 14.31 IE 68.11

2016 5.82 IE 69.43
2017 7.08 IE 69.67
2018 9.39 IE 69.49
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veag | 261 ELECTRICAL EQUIPMENT 282 o N oM 2.G.3 N,O FROM PRODUCT USE
Gg of CO; eq.

2019 8.86 IE 65.83

2020 17.20 IE 65.23

Figure 4.15: The trend of individual subcategories (Gg of CO; eq.) in the category 2.G in 1990 — 2020
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The major share (79.1%) in emissions belongs to the N2O emissions from the product use, 20.9%
belongs to SFe emissions from electrical equipment.

Figure 4.16: The share in GHG emissions on individual categories of the 2.G in 2020
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4.13.2 ELECTRICAL EQUIPMENT (CRF 2.G.1)

Emissions of SFs from the thermal insulation of windows and from the high voltage switchgears are
reported in this category. The Nitrasklo Ltd. company for windows used SFs since 1994 for anti-noise
and thermal isolation. It was mixed with argon in the rate 30:70. Due the more effective production,
consumption decreased. It was filled in close cycles without emissions from production. Consumption
of SFe in Nitrasklo Ltd. continually decreased and it was phased out in the year 2002. Amount of stored
gas annually in windows in the Slovak Republic was 10 kg from 80 kg filled into windows annually (70
kg were exported in windows). For the stock of gas remaining inside, an annual leakage rate is 1%. SFs
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emissions from window insulation are very negligible when compared to the emissions from electrical
equipment (approx. 0.09% of total SFs emissions. Since the production of windows stopped in 2002, we
considered it unfeasible to report disaggregated emissions. Data on windows are reported together with
the emissions from isolating gas in high voltage switchers.

Most of the SFs is used as insulation media in high and low voltage electric equipment because of higher
safety level and enable to reduce dimension of equipment. SFs is used as an arc quenching and
insulating gas in high-voltage (>36 kV [110-380 kV]) and medium-voltage (1-36 kV) switchgear and
control gear. The equipment — mainly Gas-Insulates Systems, GIS — has not been manufactured during
the report period in Slovakia, but has been completely imported. High-voltage GIS (HV GIS) operate
with a high operating pressure (up to seven bar) and large gas quantities. They are imported with a
transport filling and are filled up on site. The systems are “closed for life” and have to be replenished in
their lifetime. Emissions from operating HV systems are higher than emissions from the medium-voltage
GIS (MV GIS). These operate with lower overpressure and small gas quantities of only some kg per
system. They are already charged with SFs when imported and are hermetically closed (“sealed for life”).

Total actual emissions of SFs were 17.20 Gg CO2 eq. (0.754 t SFs) in 2020 (Table 4.59). In 2013, old
equipment started to be disposed. Servicing of the electrical equipment was lower than in previous
years, therefore the operational emissions decreased. It was verified by top-down approach (balance of
annual sales etc. of SFs).

Table 4.59: SFs emissions in the category 2.G.1 in particular years

e NEW SETEED EMISSIONS FROM:
YEAR | FILLINGS fl\_gDBI'R"?:: BANK EQUIP. ; L'\ILE,Y]VGS TR S RECOV. TOTAL
Gg CO; eq.
1990 2,918 2,918 2,918 NO 0.029 0.029 NO NO 0.058
1995 69.973 61.131 945.498 NO 0.700 9.455 NO NO 10.155
2000 53.147 41.047 1251.253 NO 0.531 12.513 NO NO 13.044
2005 85.956 71.145 1552.461 NO 0.860 15.525 NO NO 16.384
2010 67.511 49.015 1 898.805 NO 0.675 18.949 NO NO 19.624
2011 99.271 80.286 1979.090 NO 0.993 19.809 NO NO 20.802
2012 82.627 62.839 2 041.929 NO 0.826 20.417 NO NO 21.244
2013 62.472 47.880 2 079.321 10.488 0.625 21.500 0.178 10.31 22.303
2014 45.809 60.863 2006.765 | 133.419 0.458 11.442 2.268 131.15 14.168
2015 117.429 148.235 | 2144.193 10.806 1.174 12.956 0.184 10.623 14.314
2016 6.505 160.275 | 2286.855 17.614 0.065 5.454 0.299 17.314 5.818
2017 17.106 83.992 2 361.321 9.526 0.171 6.750 0.162 9.364 7.083
2018 39.159 72.272 2411.738 21.856 0.392 8.618 0.383 21.473 9.393
2019 9.060 45.445 2 436.303 20.880 0.091 8.421 0.353 20.527 8.865
2020 4.071 37.535 2 460.870 12.969 0.041 16.935 0.226 12.743 17.201

4.13.2.1 Methodological issues

The IPCC 2006 GL describe two general approaches for estimating emissions, which occur during the
year mass-balance (top-down) and emission-factor (bottom-up) approach, respectively. The bottom-up
approach takes into account the time lag between consumption and emissions explicitly by the emission
factors. The top-down approach takes the time lag into account implicitly, by tracking the amount of
virgin chemical consumed in a year that replaces emissions from the previous year.

The web reporting system allows calculating emissions in both approaches. The bottom-up approach in
a combination with the top-down approach was used. The procedure is as follows:

1. Using the bottom-up approach from the Logbook Leaklog (described in the Annex 4.2);
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Calculation of the total consumption of SFe in Slovakia based on the Leaklog;
Calculation of the total consumption of SFe in Slovakia according to the top-down approach;
Comparison of calculated results by different approaches;

S SAIIN

If differences occur, the data in bottom-up approach are corrected by correction of operational
emissions (no correction was necessary in 2020);

6. Calculation of emission estimates by the bottom-up approach using the corrected data.

For the top-down approach, the following formula based on the structure of the reporting systems was
used:

Emissions = Annual sales of SFe — Total charge of new equipment + Disposal emissions

where: Annual sales and Total charge of new equipment are calculated by formulas presented in the
IPCC 2006 Guidelines, Chapter 3, p. 7.54 (not simplified formulas). This formula corresponds to the
formula described in Chapter 3, p. 8.14.

For bottom-up approach, the following formulas are used:
Emissions = Emissions from new fillings + Operational emissions + Disposal emissions

where: Emissions from new fillings represent 1% (EF) of the new charges filled in Slovakia (SFs to
Charge domestically manufactured and Assembled equipment + SFe to Charge equipment that is not
Factory-Charged).

Operational emissions represent the consumption of gases for servicing (these data are reported in
Leaklog). It is assumed that the SFs used for servicing restocks the emissions from the bank and thus
the bank of the chemical remains constant.

Disposal emissions represent the emissions from the retired equipment.

For the consistency of operational emissions, the bank of SFe is necessary to follow. The bank is
calculated as follows:

Bankin yeart = Bankin yeart-1 + New additions to bank — SFe in retired equipment

where: New additions to bank = SFs to Charge Domestically Manufactured and Assembled Equipment
+ SF¢ to Charge Equipment that is not Factory-Charged + SFe Contained in Imported Equipment Already
Charged — SFs Contained in Exported Equipment Already Charged.

Emission factors from the filling SFe into new equipment (product manufacturing factor) is assumed 1%
(based on the producers’ data). Operational emission factor (product life factor) is calculated yearly
based on the reported operational emissions and the respective bank.

Disposal emission factor (disposal loss factor) is based on the survey of recycling factories. It follows
that 98.3% of SFs is recovered for repeated used or destroyed (in 2020, 0.086 t was destroyed). Thus,
the disposal loss factor is 1.7%. The activity data are collected together with the other F-gases data as
described in the category 2.F and in the Annex 4.2 of this Report. Amount of SFe in disposed systems
was taken directly from recycling factories.

4.13.2.2 Uncertainties and time-series consistency

A consistent time series of SFe import-export data exists since 1993 and is well documented. Data were
collected in questionnaires. In previous submissions, the data on banks were not consistent because of
use of extrapolation in 2010. The inconsistency was caused by two types of formula used for bank
calculation. In the 2015 submission, the inconsistent bank data were corrected, the bank data were
recalculated by the same formula (as presented above) in the whole time series. Product life factor for
the time series 1990 — 2009 was assumed average of product life factors of 2010 — 2014 (1%). Product
life factor is higher than the default value (0.2%) provided in the IPCC 2006 GL.
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In 1994, the owner of the Slovak electrical power system began with the modernization of grids and
transformer stations. Therefore, the sharp increase in SFs emissions is visible in 1994,

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.13.3 USE OF SFs AND PFCs IN OTHER PRODUCTS (CRF 2.G.2)

SFs can be used as an extinguishing medium in electronics, protection against explosion, isolation,
sterilization, detection gas, alloying of Al and Mg and in tobacco production. SFe gas is rather expensive
and therefore it was never used as an extinguishing medium in industry in Slovakia. Shoes and tires
with F-gas cushions are not manufactured or imported to Slovakia for the time series 1990 — 2020.
Emissions from in windows insulation are reported in 2.G.1.

4.13.4 N0 FROM PRODUCT USES (CRF 2.G.3)

Medicine (anaesthesia) and food industry (aerosol cans) N2O emissions are reported in this category in
2020. There is also the consumption of N20 for analytical purposes, but the gas is burned after use, so
this source is not included into inventory. Total N2O emissions from aerosol cans were 199.1 t and total
N20 emissions from anaesthesia were 19.8 tin 2020.

4.13.4.1 Methodological issues

The methodology is based on the default tier 1 due to less significant of this category (it is not a key
category). The final N2O emissions from these sources are equal to the consumed gas in medicine and
food industry in the reporting year. The time series was reconstructed based on the statistical data on
production. The N20O emissions according to the categories are summarized in Table 4.60.

Table 4.60: N>.O emissions from product use in particular years

TOTAL N.O
YEAR 2.6 2.G.3.a MEDICAL APPL. (ANAESTHESIA) 2.G.3.b OTHER (AEROSOL CANS)
Gg

1990 0.0550 0.0550 NO

1995 0.1000 0.1000 NO

2000 0.0650 0.0650 NO

2005 0.2785 0.0656 0.2129

2010 0.2606 0.0528 0.2078

2011 0.2447 0.0490 0.1957

2012 0.2945 0.0445 0.2500

2013 0.4102 0.0190 0.3912

2014 0.2686 0.0176 0.2510

2015 0.2285 0.0275 0.2010

2016 0.2330 0.0190 0.2140

2017 0.2338 0.0178 0.2160

2018 0.2332 0.0182 0.2150

2019 0.2209 0.0186 0.2023

2020 0.2189 0.0198 0.1991
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Used N20 EFs in medicine and food industry are based on approximation, that emissions are equal to
consumed gas (EF =1 t/t). It is assumed that all gas is evaporated into the atmosphere in the reporting
year. This assumption is in line with the IPCC 2006 GL for medical applications and aerosol cans in food
industry. The activity data in the category 2.G.3 come from the distributors of N2O liquid gas — Messer-
Tatragas, Linde, Air Products and SIAD companies. The disaggregation of gas utilization is based on
direct information from the gas distributors.

4.13.4.2 Uncertainties and time-series consistency

Consistent methodology and tier method were used for the whole time series.

As described in the Chapter 4.2, tier 2 approach to the uncertainty analysis of the subcategories was
chosen. The uncertainty analysis is presented in the SVK NIR 2017 and 2018. This approach has been
chosen because no changes of uncertainties in IPPU subcategories and no changes in methodology of
any subcategory have been made. The results of the uncertainty analysis of the subcategories
(probability density function, percentiles, overall uncertainty) are nearly the same as in the previous
submission. Therefore, the calculation of the statistical characteristics in the subcategories will be made
every third year since this submission or it has been made in the case when the methodology or
uncertainties of any used data is changed.

4.14 OTHER PRODUCTION (CRF 2.H)

The NMVOC emissions mainly from food industry were reported in this category in 2020. Total
emissions of NMVOC were 2 998 t and are consistent with the CLRTAP inventory. No GHG emissions
occurred in the time series 1990 — 2020.
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ANNEX 4.1: CO2 REFERENCE APPROACH AND COMPARISON
WITH THE SECTORAL APPROACH, AND RELEVANT
INFORMATION ON THE NATIONAL ENERGY BALANCE

A4.1.1 METHODOLOGY FOR CARBON BALANCE OF IRON AND STEEL PRODUCTION

The country specific methodology is implemented in the inventory (see Chapter 4.9.1 of this Report).
Pig iron and steel are produced in iron and steel integrated plant and by the EAF method. Iron and steel
integrated production is a complex with many energy-related installations (coke ovens, heating plant,
etc.). Several available data for integrated iron and steel can be found in: (i) questionnaires provided by
the producers (data on raw materials, pig iron and steel produced and limestone used); (ii) the NEIS
database (detailed data on fuels used and their flows); (iii) the EU ETS reports (data on total carbon
balance of all inputs and outputs). The EU ETS reports were used during QA/QC process to verify
estimates. The allocation of sources into IPCC subcategories cannot be provided based on data
available in the EU ETS reports. In order to prepare carbon balance, the simplified scheme of the plant
was proposed (Figure A4.1.1). Occasional sale of produced pig iron was considered, too. In some
cases, parts of coking gas and blast furnace gas were sold to the nearby brickyard plant, which was
also considered during estimation. Total carbon balance was calculated according to the proposals
depicted in the Scheme. All the streams were estimated using plant specific conversion units and carbon
EFs taken from the category 1.A.2.a of the Energy sector or based on carbon content in materials.

Figure A4.1.1: The simplified distribution scheme of the complex plant for pig iron and steel
production
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Carbon balance consists of four steps: (1) balance of 2.C.1, (2) balance of 1.A.1.c, (3) balance

of 1.A.2.a and (4) balance of 1.A.2.g.viii - Other.

Table A4.1.1: Balance of the category 2.C.1 in 2020

AD NCV EF (C) CARBON

STREAM
kt; mil. m? TJ /m.j. t/TJ; mass fraction kt

Coking coal 1 905.69 29.534 25.484 1434.31
Anthracite 9.11 26.415 28.407 6.84
Coke surplus 92.42 24.272 29.428 66.01
Natural gas 17.15 35.009 15.207 9.13
Tar and wastes -1 385.41 NA 0.043 -60.22
Coking gas -477.18 16.011 11.458 -87.54
Blast furnace gas -2 687.21 3.014 74.855 -606.27
Iron ore 5347.99 NA 3.273E-03 17.50
Steel -3 119.01 NA 7.990E-04 -2.49
Pig iron sold NO NA NO 0.00
Limestone used 650.71 NA 1.201E-01 78.14

TOTAL

855.41

CO2 emissions estimation in the 2.C.1 is based on the carbon balance (from that plant) and represents

the value 3 136.29 Gg (total carbon x 44/12).

Table A4.1.2: Balance of the category 1.A.1.c in 2020

AD NCV EF (C) CARBON
STREAM
kt; mil. m® TJ/m.j. t/TJ; mass fraction kt
Natural gas 0.162 35.009 15.21 0.09
Coking gas 110.36 16.01 11.46 20.25
Blast furnace gas 1052.79 3.01 74.86 237.52

TOTAL

257.85

CO2 emissions estimation in 1.A.1.c is based on the carbon balance (from that plant, not total 1.A.1.c)

and represents the value 945.46 Gg (total carbon x 44/12).

Table A4.1.3: Balance of the category 1.A.2.a in 2020

AD NCV EF (C) CARBON
STREAM
kt; mil. m® TJ/m.j. t/TJ; mass fraction kt
Other bituminous coal 293.55 26.113 25.492 195.41
Natural gas 13.91 35.009 15.207 7.41
Coking gas 212.89 16.011 11.458 39.06
Blast furnace gas 1394.27 3.014 74.855 314.57

TOTAL

556.44

CO2 emissions estimation in 1.A.2.a is based on the carbon balance (from that plant, not total 1.A.2.a)
and represents the value 2 040.27 Gg (total carbon x 44/12).

Table A4.1.4: Balance of 1.A.2.g.viii — Other in 2020

AD NCV EF (C) CARBON
STREAM
kt; mil. m® TJ/m.j. t/TJ; mass fraction kt
Natural gas 95.32 35.009 15.207 50.75
Coking gas 153.68 16.011 11.458 28.19
Blast furnace gas 240.15 3.014 74.855 54.18

TOTAL

133.12
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CO2 emissions estimation in 1.A.2.g.viii - Other is based on the carbon balance (from that plant, not total
1.A.2.g.viii - Other) and represents the value 488.10 Gg (total carbon x 44/12).

The output from the plant was 0.249 mil. m3 of coking gas and 0 mil. m? of blast furnace gas in 2020. In
the years, when output is reported from the iron and steel plant, it means, that gases are sold to nearby
brickyard and they are balanced in the category 1.A.2.g.viii - Other.

Carbon balance presented in this Annex is only from the integrated iron and steel plant. The CO2
emissions estimation presented here is allocated in the categories 2.C.1, 1.A.1.c, 1.A.2.a and 1.A.2.g.viii
- Other. The presented Energy sector includes also other productions or technologies in Slovakia.
Therefore, total CO2 emissions calculated via this approach will be lower than those presented in each
individual CRF table. In comparison with the verified CO2 emissions under the EU ETS, the emissions
estimated for the integrated iron and steel plant by using this country specific input-output approach
differ by 0.06%: (i) NIR: 6 612.32 Gg COg; (ii) EU ETS: 6 608.22 Gg CO:x. It should be noted that in both
values compared the CO2 from desulphurization and DENOX applications are included (1.57 and 0.63
Gg CO2).
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ANNEX 4.2: METHODOLOGY OF ACQUISITION AND DATA PROCESSING
ON F-GASES CONSUMPTION IN THE CATEGORIES 2.F, 2.G.1
AND 2.G.2

Fluorinated greenhouse gases (F-gases) are used in numerous applications and include three types of
gases: HFCs, PFCs and SFe. F-gases emissions are mainly released from refrigeration and air
conditioning equipment, foams, aerosols, solvents, fire protection equipment, from halocarbon
production, from certain industrial processes in semiconductor and non-ferrous metal industry and from
equipment for transmission of electricity during manufacture, use and at disposal.

Due to their relatively high global warming potentials, F-gases are addressed by international
conventions such as the United Nations Framework Convention on Climate Change (UNFCCC) and its
Kyoto Protocol (with post-2012 amendment), as well as by policies at the European and at national
levels. The EU committed to reduce overall greenhouse gas emissions by 20% compared to the base
year 1990 during the second commitment period 2013 — 2020.

The EU policy targets are based on further reduction of halocarbon refrigerant usage, on the
substantially decreased leakage percentage and energetically efficient operation of air conditioning
systems, heat pumps and refrigeration installations. Success of the EU Regulation No. 517/2014
depends on effective measures. This new regulation, which replaces the first EU Regulation No.
842/2006 was applied from 1st January 2015, strengthens the existing measures and introduces a
number of far-reaching changes. By 2030, it will cut the EU’s F-gas emissions by two-thirds compared
with 2014 levels. Described solutions are based on data recorded in the log-book according to EN 378
Regulation (EC) No 1516/2007. Advantages of electronic data logging and reporting are shown on the
possibilities of automatic analysis, fault detection and comparison of, fast access to the full history of
leak checks and various forms of output. Value added of electronic logbook is indirect detection of
refrigerant leak. The fault detection classifier estimates the probability of refrigerant leak.

In the year 2003, Slovakia started software with access to the processing and data assessment. This
software system is based on the activities of the Slovak Association for Cooling and Air-conditioning
Technology (SZCHKT). The electronically led documentations have been developed from the previous
paper questionnaires. Evaluated data were collected from the service organizations and customers. The
backward running contact with inventoried companies enabled cooperation that is more effective. The
companies can find their data reported in the previous years in the questionnaires. It enables the mutual
control of the used data. Next step was data processing in Access database.

Database of original data was processed in following tables:

01 Adresy organizaci s pohybom latok | 01 Addresses of companies with move of substances
02 Kody druhu importu a exportu lakak 02 Code of the type of import and export

03 Latky HFC SF6 PFC 03 Substances

04 Zlozky zmesi latok 04 Components of the substances (mixtures)

05 Druh latky 05 Type of substance

06 Emisne koeficienty podla pouzitia latky 06 Emission factors

07 Roky 07 Inventory years

03 Pohyby latak za rak 08 Move of substances during the year

Database was prepared for processing according to the suggested algorithm. This way of data reporting
was the only one used up to the end of the year 2009. In 2009, a new internet reporting system Leaklog
started. This system is based on the activities of the Slovak Association for Cooling and Air-conditioning
Technology (SZCHKT) and is available. The SZCHKT is the “Notified Body”, the body officially
authorized by the Ministry of Environment to certified companies and organizations for the activities in
this area. Evaluated data are collected from the service organizations.
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Figure A4.2.1: System of data transfer from customer to Notified Body
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The reporting and data processing system consists of:
» Annual reporting of F-gases (new charges and leakages) by certified companies;

= Annual reporting of F-gases imported in bulks by certified companies;
= Annual reporting of F-gases in products by importers, exporters, producers by companies.

All companies dealing with the F-gases have access to the electronic system based on certificate
provided by the Notified Body. Advantages of electronic data logging and reporting are in the possibilities
of automatic analysis, fault detection and comparison of, fast access to the full history of leak checks
and various forms of output. Service engineers get quick survey of the customers, cooling circuits,
details of all maintenance work and repairs, refrigerants in store, refrigerants added, recovered,
reclaimed, and disposed of. Value added of electronic logbook is indirect detection of refrigerant leak.
The fault detection classifier estimates the probability of refrigerant leak. Electronic way of the data
records enables summarizing, reporting and analysing important data in a chosen period in connection
with the internet (Figure A4.2.2). Documented, consistent time series of HFCs import-export data exists
since 1995. They were collected using the questionnaires (more than 250 companies). The institutions
included in data collection are:
- Refrigerants, air-conditioning, heat pumps: SZCHKT. This institution is appointed for
personnel and company certification required by 842/2006/EC. This certification activity was
started by the Slovak association for cooling and AC Technology (SZCHKT) in the year 2009;

- Firefighting: Association of extinguishing appliances producers (ZVHP);
- MDI: State Institute for Drug Control (SUKL);

- Mobile AC: Automotive Industry Association (ZAP);

- Solvents: (SZCHKT);

- SFesuse: (SZCHKT).

Reports to the database in subcategories refrigeration, air-conditioning and heat pumps, solvents and
SFs include two web systems:
- import, export, sales data of bulk chemicals and products (database used since 2003),

- data on type of use (for new equipment or for recharge/service, recovery, reclaimed, disposal)
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Figure A4.2.2: Diagram of data flow in reporting (data flow direction: top to down)
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A4.2.1 REPORTING OF F-GASES IMPORTED IN BULKS

Refrigerant movements reporting is required according to EU legislation. Every certified company shall
restore its certificate annually. Company has to enter website of the Notified Body with its name and
password. Table on Figure A4.2.3 is showing front-pages which appear after the signing up of company
to the system. In this table, the certified company has to declare the competencies of the employees,
possession of technical equipment, regular checking of electronic detectors, and movement of
refrigerants from the previous year. The confirmed data are saved and sent to the Notified Body until
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the end of January annually. After receiving the report, the Notified Body will restore the certificate.
Certified companies and competent persons are listed on the website of the Notified Body. This is a part
of the web system used since 2003.

Figure A4.2.3: Declaration of certified company with the legal status in the EU and in Slovakia about
competencies of the employees, technical equipment, regular checking of electronic
detectors, and refrigerant management categorized by field of application on the
website of notified body
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Reporting of refrigerant movements in products is required according legislation. Every importer,
producer or exporter shall report annually. Company has to enter the website of notified body with its
name and password.

Figure A4.2.4 presents table of data reporting for products, which will be shown to the company after
entering its account and this shall be filled in. In this table, the company has to report movements of
refrigerant in products from the previous year. The confirmed data are saved and shall be sent to the
Notified Body until the end of January. After receiving the report, data are automatically processed.
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Reporting companies are listed on the website. All reported data are available for the reporting
organizations. Historical development in all monitored refrigerants with emission projections up to 2025
are part of the web system since 2003.

Figure A4.2.4: Data reporting of importers, producers and exporters on products used
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Important notice: Producers have to confirm, that they filed into products only refrigerants from certified companies (bought in
Slovakia or by own import). In this way doubled counting of refrigerants and reported amounts from products and containers is
avoiding.

A4.2.3 REPORTING OF TYPE OF USE (FOR NEW EQUIPMENT OR FOR
RECHARGE/SERVICE, RECOVERY, RECLAIMED, DISPOSAL) -
LOGBOOK LEAKLOG

Almost complete activity data used for inventory preparation in the category 2.F is covered by the web
reporting system Leaklog. Especially the refrigeration is very complex, there are numerous of small
enterprises. This web reporting system receives data from more than 1 200 companies. This system
was introduced in 2009 and is still in operation. Therefore, also trends are consistent.
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Reporting is made by the Logbook software Leaklog. It includes:

. Quick overview, survey;

. List of customers;

. Cooling circuits;

. Details of all maintenance work and repairs;

. Leakage ratio;

. Refrigerants in store;

. Refrigerants added, recovered, reclaimed and disposed.

Each contractor has to enter the website of notified body with its name and password. Which data are
filled in and all details are listed above (Figures A4.2.5 and A4.2.6).

Figure A4.2.5: Main outputs of logbook

File Edit View Database Customer Coolingcircuit Inspection Repair Inspector Help

ftierjﬂ B /08 = =)

New Open, Save e company | Basic kiabook  Detadedlogbook  Add, Modfy, Fnd  Export, Pt Lodk
Service company Customers Statistics and reparts Inspectors Filter

[T Ustofaustomers | [ Operator repart ][5 Ustof inspectors |

[FoAddastomer |  [[iiesagesbysopicston |  [JiAddimspecior |

[ Modfyastomer | [* Agenda ]| | et

[FxRemove astomer | [Reportdata to thenotfiedbody| | B Remove nspects snce: Al

Service company

Name: SZCHKT Rovinka Phone: 00421 2 45646971
ID: 34000836 E-mail: zvazchki@istemet.sk
Address: Hlawna 325, Rovinka Slovakia 90041 Website: www szchkt otg
Store
Year Refrigerant New in store Recovered in store Leaked in store
2010 R407C 143 50 0
2009 R40TC 195 100 0

Refrigerant management

Date Refrigerant Evechesed S0k New charge Added Recovered Reclaimed Disposed of Leaked in stora
Hew Recovered New Recovered Mew Recovered

2010 R407C 50 2 30 20

2010.03.19-08:14 R407C 2

2010.03.13-07:45 R40TC 50 30 20
2009 R407C 200 100 5

2009.03.19-08:04 RAOTC 5

2009.03.19-07:41 R40TC 200 100
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Figure A4.2.6: Procedure of data reporting of

‘L Yeds> X B

New Open, Sme  Unda Back Forward  Senvice Company  Basic Logbook

F-gases

|15/ 12/ 1999 09:52)0 o I i
ooz o e o o

13/03/2005 12:42
03/03/2005 12:58 _ |No
U3/03/2005 13:00_|No

[11/2006 13:01_|No
fo4/04/2007 13:13 |

Customers crcuits. Filter
[Sustofcustomers | [ Ustof Grauts |
[, Add Customer.. 4 Add Circuit..
 Ede Customec.. | [/ EdiGroit. |
["x Remove Customer.. | [ = Remove Girast.. Since: All 2
| m Address | E-madl | Phone
fpoconoc [OBAL 2.5 Hové Mesto nad vahom { | [
m [ Mame | Device I Manufacturer [ _Type | Vear of Commissioned on ol
1 |eHu-1 |Prosey -zvéradia nka |Praey. | J1996 7/05/2008 |8 kg R22 |1 kg AB (Alkybenzene oil)

Inspector Remedies  Assembly record
0.0 atid edici[Vylstenie wiparnis
0 0.0 Matid rredio
o .0 [Pater rol
5 0.0 tid vedic |8 vadny schreder...
0.0 [Peter arol i veril... 12-1-8-oprava
0.0 pastaE bedic
0.0 Matid bedia |
— .0 MatE pedic  [Bisterve kondenzs .,
0.0 il edic [vjmens matice at.
N 0.0 s vedia
0.0 s bedic
278 0.0 MatiE ledic |vadny pertel 80...
) .0 pMatd pedio _|praskds trubks
0.0 hid redic
18.75 0.0 0.0 [Matid vedics
0.0 0.0 Dozef hymena tesnenia
[5.72222 o o

The inserted data can be presented in table with differentiation by category (Figure A4.2.7).

Figure A4.2.7: Table of leakages by application

Tables of Leakages by Application
Back Tables % Charts by refrigerant « Charts by field of application «
Weighted mean leakage
Commercial Industrial Transport Air Heat pumps Domestic
Refrigerant refrigeration refrigeration refrigeration conditioning p L refrigeration
Average Average
Average leakage Average leakage Average leakage e e Average leakage

R134a 5.1 2.4 0.0 3.9 7.3 0.0

R22 2.5 0.7 0.0 0.2 16.9 0.0

R404A 8.8 9.5 0.0 17.5 0.0 0.0

R407C 6.3 6.9 0.0 4.7 9.3 0.0

R410A 18.0 8.5 0.0 2.2 20.8 0.0

R417A 33.3 14.6 0.0 25.0 0.0 0.0

R422D 30.5 0.0 0.0 2.3 0.0 0.0

R424A 0.0 0.0 0.0 14.9 0.0 0.0

R507 0.0 31.8 0.0 0.0 0.0 0.0

Weighted mean leakage
By refrigerant
40 %

a

o 30%

S

4

3

c

3 5

E 20%

-

o

E

-

£ 10% | |

o h II I || II || I I ]
R134a R22 R404A R407C R4104A R417A R422D R424A R507
b I @8 commercial refrigeration [l Industrial refrigeration @@ Transport refrigeration @ Air conditioning Bl Heat pumps
| @@ Domestic refrigeration
Highcharts.com
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Figure A4.2.8: Conversion of mixtures to single substances according to the new charges (NN), leaks
(U) and calculated leaks (UV) for different subcategories — Leaklog
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A4.2.4 DATA PROCESSING - INVENTORY PREPARATION

The 2006 IPCC GL describe two tiers for estimating emissions. The bottom-up approach takes into
account the time lag between consumption and emissions explicitly through emission factors. The top-
down approach (mass balance) takes the time lag into account implicitly, by tracking the amount of virgin
chemical consumed in a year that replaces emissions from the previous year. The using of two web-
reporting systems allows estimation emissions in both approaches. The bottom-up approach combined
with the top-down approach was used during emissions estimation in Slovakia. The process was based
on the following steps:

1. Using the bottom-up approach based on the Logbook Leaklog;
2. Calculation of the total consumptions of individual gases in Slovakia based on the Leaklog;

3. Calculation of the total consumption of individual gases in Slovakia according to the top-down
approach based on the older web reporting system available since 2003 (import, export, sales
data of bulk chemicals and products);
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4. Comparing of the total consumptions calculated by these two approaches;

5. If differences occur, the data for bottom-up approach will be corrected as follows (expert
judgement based on the QA process in 2011):

R134a: Difference is added to leakage from mobile AC;

R404A: Difference is added between new charge/recharge 0.2/0.8;

R407C: Difference is added to new charge of stationary AC;

R410A: Difference is added to leakage from industrial refrigeration and stationary AC 0.1/0.9;

6. If differences below 2% occur, the data for bottom-up approach are corrected proportionally
according to the operational emissions.

7. Calculation of emissions inventory by the bottom-up approach using the corrected data.
For the top-down approach the following formulas based on the structure of the reporting systems are:
Emissions = Annual Sales of New Refrigerant — Total Charge of New Equipment + Disposal Emissions

where Annual Sales and Total Charge of New Equipment are calculated by formulas presented in the
2006 IPCC Guidelines, Chapter 3, p. 7.54 (not simplified formulas).

For bottom-up approach the following formulas are used:
Emissions = Emissions from new fillings + Operational emissions + Disposal emissions

where: Emissions from new fillings represent 1% (EF) of the new charges filled in Slovakia (Chemicals
to Charge Domestically Manufactured and Assembled Equipment + Chemical to Charge Equipment that
is not Factory-Charged).

Operational emissions: The approach described in IPCC 2006 GL assumes that servicing of equipment
restocks the bank of single chemical and thus the amount of gas used for servicing represents the
operational emissions. Slovakia adopted this assumption with a modification in 2017 submission. The
servicing of equipment restocks the bank of chemical and its amount used at servicing equals to the
emissions. However, equipment that is few years before decommissioning is not serviced and bank is
not restock at this equipment. Therefore, the operational emissions are composed from two terms in this
submission: (i) data from servicing of equipment; (ii) emissions from non-serviced equipment few years
before its decommissioning. The first term in the operational emissions represents the consumption of
gases for servicing and container management (these data are reported in Leaklog). It is assumed that
the chemical used for servicing restocks the emissions from the bank and thus the bank of the chemical
remains constant. The second term in operational emissions represents emissions from non-serviced
equipment few years before its decommissioning. These emissions decrease the amount of chemical
in equipment and the equipment contains only a part of the chemical at its decommissioning. The
product life factors, number of years when the equipment is not serviced and fraction of gas remaining
at its decommissioning is consistent. These emissions do not restore the bank of the chemical and are
subtracted from the bank.

Disposal emissions represent the emissions from the retired equipment.

For the consistency of operational emissions, the bank of chemical is necessary to follow. The bank is
calculated as follows:

Bankin year t = Bankin year -1 + New additions to bank — Chemical in retired equipment — Operational
emissions from non-serviced equipment

where: New additions to bank = Chemicals to Charge Domestically Manufactured and Assembled
Equipment + Chemicals to Charge Equipment that is not Factory-Charged + Chemicals Contained in
Imported Equipment Already Charged — Chemicals Contained in Exported Equipment Already Charged.
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ANNEX 4.3: BALANCE OF UREA: IMPORT-EXPORT-PRODUCTION-USE

BALANCE

In the GHG inventory, the downstream of CO2 emission from ammonia production to urea production is
reported. The comparison of CO2 emissions from the ammonia production and net CO2 emissions
reported is shown in Table A4.3.1. The difference is caused by using of the part of “produced” COz: to
urea production. In Slovakia, the urea is used in the agriculture as fertilizer (reported under 3.H) and
DeNOx application (in cars and in plants, reported in 2.D.3). The difference among the CO2 used for
urea production and COz reported is shown in Table A4.3.2. This difference is attributed to the export
of urea in Slovakia. This Annex deals with the comparison of “CO2 exported in urea” from Slovakia and
the above-mentioned difference. The comparison was made since 2010 because no older data were
obtained from the Statistical Office of the Slovak Republic due to the change in statistical methodology
of import-export data.

Table A4.3.1: Comparison of technological and net CO2 emissions since 2010

AMMONIA PRODUCTION

CO; EMISSIONS FROM THE

NET CO, EMISSIONS

YEAR AMMONIA PRODUCTION
Kt

2010 233.56 484.65 387.58
2011 455.48 779.42 577.96
2012 377.30 717.42 545.98
2013 474.91 888.08 674.48
2014 346.27 660.68 529.65
2015 476.94 884.82 638.58
2016 403.96 787.01 563.81
2017 458.88 873.80 632.94
2018 516.74 1028.79 790.46
2019 491.95 822.68 688.35
2020 545.23 883.52 703.09

Table A4.3.2: Comparison of CO used for urea production and CO: reported from the use of urea

since 2010

CO; USED FOR

CO, EMISSIONS

CO; EMISSIONS

CO; EMISSIONS

vear | pmomicron | "CanIspNSH | [ REPORTEDIN, | sLovaiAFRoM | (MISSING Co.)
e USE OF UREA
kt
2010 97.074 30.939 2.012 32.951 64.123
2011 201.465 39.708 3.484 43.192 158.273
2012 171.446 45418 3.925 49.343 122.103
2013 213.603 51.993 3.903 55.896 157.707
2014 131.033 57.941 4.200 62.141 68.893
2015 246.239 60.920 7.731 68.651 177.588
2016 223.200 63.071 9.583 72.6541 150.546
2017 240.860 63.534 9.514 73.0471 167.812
2018 238.324 65.966 9.660 75.6261 162.698
2019 134.339 63.539 9.601 73.140 61.199
2020 180.420 63.666 7.096 70.762 109.660

Data for the comparison were obtained from the urea producer and from the Statistical Office of the
Slovak Republic. Data provided by the producer deals with the use of urea for DeNOx application and
the composition of urea containing fertilizers. Urea is used for DeNOx application as the product AdBlue
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(solution containing 30% of urea) and as the so-called technical urea (solution containing 40% of urea).
Data were provided as pure urea (Table A4.3.3). According to the producer it can be assumed that all
urea for DeNOx application was exported (except of data that are reported in the NIR in 2.D.3 category).
Import and export data about fertilizers were obtained from the Statistical Office of the Slovak Republic
under the commodity codes: (i) 31021010, “Urea containing more than 45% by weight of nitrogen on
the dry anhydrous product”; (ii) 31028000, "Mixtures of urea and ammonium nitrate in aqueous or
ammoniacal solution". Because urea contains 46% of nitrogen, it can be assumed that the commodity
code 31021010 represents the pure urea and export-import difference can be easily calculated from the
export and import data (Table A4.3.3). On the other hand, the content of urea in products reported under
commodity code 3102800 can varying. According to the Slovak law 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 import data are reported as kilograms of nitrogen, the amount of urea imported to
Slovakia was calculated using this range. According to the data provided by the Slovak fertilizer
producer, the fertilizer DAM-390 represents more than 98% of the export of this commodity. It is the
mixture of ammonium nitrate and urea containing 29-30% of N, from which 15.5% N origins from urea,
the rest is from AN. To ensure conservatism we assumed that 50% of nitrogen origins from urea. Data
about import and export of the commodity 31028000 are provided in Table A4.3.4.

Table A4.3.3: Amounts of exported urea for DeNOx application and import-export data
for the commodity code 31021010 since 2010

IMPORT OF THE EXPORT OF THE
DN ASED FOR | COMMODITY CODE | COMMODITY CODE EXPORT-IMPORT
YEAR 31021010 31021010
Kt KN

2010 24.781 63.758 87.885 24127
2011 51.43 51.999 110,524 58.525
2012 42538 61218 95.638 34.419
2013 52.997 42736 127.442 84.706
2014 32.309 75.848 77.108 1.259
2015 56.983 67.233 159,628 92.395
2016 47,605 88.352 139.278 50.926
2017 64.982 88.158 144.782 56.623
2018 69.252 63.520 107.337 43.817
2019 56.789 85.887 78.164 7.723
2020 35.675 61.421 91333 29.912

Table A4.3.4: Import-export data for the commodity code 31021010 since 2010.

IMPORT OF THE | EXPORT OF THE "(Vl'a?‘gfg XSREE;\ '?éiﬁg;"g':&f
YEAR | conb minnono | cooEwiotone | ONTHE PossiBLE | EXPORTEDUREA | o 1HE possiBLE
UREA CONTENT) UREA CONTENT)
Kt N Kt
2010 8.622 25.367 2.062-9.559 27,573 18.014-25.512
2011 8.145 46.889 1.948-9.031 50.966 41.935-49.018
2012 7.970 37.384 1.906-8.837 40.635 31.799-38.729
2013 3.929 51.481 0.939-4.356 55.957 51.602-55.018
2014 4519 36.075 1.081-5.01 39.212 34.202-38.131
2015 5.540 63.135 1.325-6.142 68.625 62.483-67.300
2016 6.242 54.192 1.493-6.92 58.904 51.983-57.411
2017 6.242 54110 1.493-6.92 58.816 51.895-57.323
2018 5.243 64.114 1.254-5.813 69.689 63.876-68.436
2019 4306 50.128 1.030-4.774 54.487 49.713-53.458
2020 1.741 50.121 0.416-1.930 54.479 52.549-54.063
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Emission factor of CO2 from urea is based on the stoichiometry and itis 0.73 t CO2/ t of urea. Calculated
data on the “CO2 exported” based on the data presented in Table A4.3.4 — A4.3.5 and their comparison
with the difference in the reporting data (so called “missing CO2” in Table A4.3.2) are listed in
Table A4.3.6. The negative values in the last column represent the “good” result, it means that there is
not missing COz in this balance. In an ideal balance the difference should be zero, however, there were
made several assumptions in this balance and change in stocks were also not considered. The red
values (for years 2012 and 2014) mean that there is missing COz in this import-export balance. However,
when looking to the difference in years 2013 and 2015, the difference is much higher than usual. It can
be assumed that the positive value of missing COz2 is caused by the time lag between the production

and export of the urea products.

Table A4.3.6: Balance of the “export/import CO,” from the use of urea

RO To'E | CO, FROM THE | CO, FROM THE “co
APPLICATIONS
Gg

2010 18.09 38.289 13.150-18.623 | 69.529-75.002 64123 |(-5.406)-(-10.879)
2011 37.544 92.877 30.613-35.783 | 161.033-166.204 | 158.273 (-2.76)-(-7.93)
2012 31.053 54.621 2321328272 | 108.887-113.946 |  122.103 13.216-8.156
2013 38.688 134.425 37.669-40.163 | 210.782-213.276 |  157.707  |-53.075)-(-55.569)
2014 23.586 1.998 24.968-27.836 | 50.551-53.419 68.893 18.341-15.473
2015 41.598 146.627 4561249129 | 233.837-237.354 |  177.588  [-56.249)(-59.766)
2016 34.752 80.817 37.048-41.910 | 153.517-157.479 |  150.546 | (-2.971)-6.934)
2017 47.437 89.858 37.884-41.846 | 175.179-179.141 167.812  |(-7.366)(-11.328)
2018 50.554 69.536 46.630-49.958 | 166.719-170.048 | 162698 | (-4.021)(-7.350)
2019 41.456 12.256 36.201-39.024 | 65.490-68.224 61.199 (-4.292)-(-7.025)
2020 26.043 474659 38.361-39.466 | 111.872-112.977 | 109.661 (-2.211)-(-3.316)
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ANNEX 4.4 NMVOC RECALCULATIONS AND METHODOLOGICAL CHANGES
IN CRF 2.D.3 CATEGORY

This annex presents a brief description of recalculations and methodological changes made in the NECD
and CLRTAP inventory in 2021 submissions. During several recent years thorough QA/QC procedure
was implemented for the preparation of CLRTAP inventory in the frame of the National Program for
Emission Reduction of Non-Methane Volatile Organic Compounds in the Slovak Republic. Due the fact
that the emissions of NMVOC are the source of indirect CO2 emissions in the GHG inventory, the QA/QC
process resulted also in the recalculations of CO2 emissions in this category. During the QA/QC process
approximately 1 000 sources of NMVOC emissions were checked and, if necessary, corrected in
categorization.

The QA/QC process of harmonisation finished in 2020. The main recalculation occurring in this
submission was the recalculation of the Domestic solvent use including fungicides category. To see how
NMVOC emissions have evolved over time during QA/QC process, the comparison of NMVOC
emissions in 2.D.3 — solvents category per submissions 2015 — 2020 is depicted in Table A4.4.1. As
can be seen, significant changes have occurred in NMVOC emission during QA/QC process. However,
it should be noted that the QA/QC process has been performed for years after 2000. The most significant
changes occurred in the 1990 — 2000 period as the result of the extrapolation of the corrected data. As
an example of the influence of the extrapolation, comparison of the NMVOC emissions from two last
submissions for the category 2.D.3.i — Other solvent use is shown on Figure A4.4.1.

In previous submissions there were problems with the consistency of CLRTAP and GHG inventory. It
was caused due to different reporting deadlines of inventories (submission of CLRTAP inventory is
February 15™). Therefore the last-minute revisions have not been included in the GHG inventory (or
vice-versa). To avoid this problem, since this submission, reporting of the emissions in both inventories
perform the same work team.

In order to retain the transparency, this Annex is the same as in previous submission, only data for 2020
are added.

Table A4.4.1: NMVOC emissions in 2.D.3 Solvents in GHG inventory, comparison of the submissions

2015 — 2021
SUBMISSION | SUBMISSION | SUBMISSION | SUBMISSION | SUBMISSION | SUBMISSION | SUBMISSION
YEAR 2015 2016 2017 2018 2019 2020 2021
NMVOC in kt
1990 65.75 52.66 93.59 83.72 57.61 67.78 38.39
1991 57.43 44.31 86.23 81.82 57.15 66.75 37.86
1992 50.95 37.80 79.68 79.91 56.69 65.72 37.33
1993 47.83 34.69 75.48 78.01 56.23 64.70 36.81
1994 49.19 36.04 74.79 76.11 55.78 63.68 36.29
1995 49.93 36.72 73.74 74.22 55.33 62.67 35.77
1996 46.76 33.51 70.63 72.31 54.87 61.64 35.25
1997 42.20 28.92 65.61 70.41 54.41 60.61 34.72
1998 43.07 29.82 64.44 68.50 53.95 59.59 34.19
1999 41.37 28.06 61.22 66.59 53.48 58.55 33.30
2000 39.92 26.68 62.66 63.92 51.81 56.32 29.57
2001 42.58 28.53 59.18 60.94 50.42 54.36 28.63
2002 45.92 30.78 61.59 62.26 53.11 56.48 31.73
2003 48.50 32.11 58.70 59.08 51.42 54.23 30.43
2004 51.10 32.62 60.29 59.01 52.66 54.91 32.13
2005 52.31 33.37 50.79 48.18 47.30 47.48 30.71
2006 54.02 34.48 59.84 51.67 50.92 51.14 32.75
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SUBMISSION | SUBMISSION | SUBMISSION | SUBMISSION | SUBMISSION | SUBMISSION | SUBMISSION
YEAR 2015 2016 2017 2018 2019 2020 2021
NMVOC in kt
2007 53.45 33.43 53.98 47.90 47.12 47.47 26.03
2008 54.05 33.64 55.09 51.93 51.21 51.50 28.43
2009 53.55 33.18 51.14 47.53 46.89 47.10 26.70
2010 52.00 31.70 67.91 44.01 51.62 43.80 22.40
2011 56.99 36.72 60.26 45.23 51.82 45.21 26.13
2012 51.01 30.88 49.92 38.02 46.31 39.79 21.18
2013 52.28 32.06 46.12 28.04 38.77 27.67 21.07
2014 39.95 45.70 24.54 37.60 2412 22.49
2015 47.21 28.12 41.03 27.69 25.62
2016 25.45 37.72 25.04 23.90
2017 33.16 21.69 21.70
2018 22.15 24.13
2019 20.53

Figure A4.4.1: Comparison of the NMVOC emissions in 2.D.3.i Other solvents use in submissions
2020 and 2021
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A4.41 METHODOLOGY OF NMVOC EMISSION ESTIMATES USED IN CLRTAP

—&— submission 2020

INVENTORY

—8— submission 2021

The NEIS is covering almost all industrial sources (see the Energy sector). Thus, several categories
and sources concerned to domestic use are logically not occurring in the NEIS. Therefore, the long-term
activity data from the Statistical Office of the Slovak Republic for export, import and production for
particular items was obtained. However, the first step required to arrange a revision of existing
Agreement on cooperation in the field of statistics between the Ministry of Environment (MZP SR) and
SU SR and create closer cooperation. The Agreement was amended and enlarged for historical timeline
and new data. Data in statistical database before 2001 is not available.

In CLRTAP inventory, 2.D.3 category consists of following subcategories:

2.D.3.a Domestic solvent use including fungicides

2.D.3.b Road paving with asphalt

2.D.3.c Asphalt roofing

2.D.3.d Coating application
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e 2.D.3.e Degreasing

e 2.D.3.f Dry cleaning

e 2.D.3.g Chemical products
e 2.D.3.h Printing

e 2.D.3.i Other solvent use

All categories except 2.D.3.b and 2.D.3.c are reported under 2.D.3 Other — solvent use. The share of
the subcategories in the Solvent use category is shown on Figure A4.4.2 for the whole time series.
Categories 2.D.3.b and 2.D.3.c are reported separately in 2.D.3 Other — Road paving with asphalt and
2.D.3 Other — Asphalt roofing, respectively.

Figure A4.4.2: The NMVOC emissions from the 2.D.3 — Other solvent use category
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As a main source of the NMVOC emission calculation is NEIS database. When other source is used
(Statistical Office of the Slovak Republic), the methodology is described separately in the following
chapters.

Table A4.4.2: The overview of activity data, method and tier used for solvents categories
in NMVOC inventory

NMVOC NFR TIER ACTIVITY DATA NEIS CATEGORIES METHODOLOGY USED
2.D.3.a T2 SU SR - Em toraL = Sources * EF
2.D.3.b T3 NEIS NEIS: 3.5 Em roraL = 100% NEIS
2.D.3.c T3 NEIS NEIS: 4.37 Em toraL = 100% NEIS
2.D.3.d T3+ T2 SU SR + NEIS NEIS: 6.1; 6.2; 6.3; 6.9 Em roraL = Small sources * EF + Emygis
2.D.3.e T3+ T2 SU SR + NEIS NEIS: 6.4 Em toraL = Small sources * EF + Emygis
2.D.3.f T3 NEIS NEIS: 6.5 Em toraL = 100% NEIS
2.D.3.g T3 NEIS NEIS: 4.19; 4.20; 4.33; 4.38 Em toraL = 100% NEIS
2.D.3.h T3+ T2 SU SR + NEIS NEIS: 6.7 Em toraL = Small sources * EF + Emygis
2.D.3.i T3+ T2 SU SR + NEIS NEIS: 4.35; 6.6 Em toraL = Small sources * EF + Empgis

A4.4.2 DOMESTIC SOLVENT USE INCLUDING FUNGICIDES (NFR 2.D.3.a)

This category was calculated by the combination of Tier 2a and 2b method. Activity data representing
data on the production/import/export of the products were obtained from the Statistical Office of the
Slovak Republic. Due to the lack of detailed composition of the products, recommended data on the
content of solvents in different applications the default values from EEA/EMEP GB2o19 were used. Where
available in EEA/EMEP GB2019 amount of product was recalculated into amount of solvent and then
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appropriate EF was was used (tier 2a). When the composition of solvent was not presented in
EEA/EMEP GBzo19, EF for the specific product was taken from GB2019.

A4.4.3 COATING APPLICATIONS (NFR 2.D.3.d)

This category in Slovak legislation covers more activities concerning to the wood processing as defined
in the NFR. Therefore, it is not possible to separate mechanical processing of wood from the category.
Decree No 410/2012 Coll. as amended defined limit > O for obligation of solvents evidence and
registering into the NEIS as a source of air pollution. Numbers of operators that covers large and medium
sources vary around 450 yearly. Moreover, small sources have to be balanced. The balance of small
sources is performed by top down approach. The statistical data is processed and total solvents
consumption is calculated according to the studies on specific solvents content. Emissions taken from
the NEIS database are processed by the system and abatement of environmental technology, recovery
fluxes or separators are already taken into account in final emissions. For the small sources the
assumption of no separator technology is used, thus the conversion of solvents used to the air is 100%.

Emissions calculation:
Em totaL = Small sources * EF + Emneis

Small sources calculation:
Production + Import — Export = Total Product Consumption
Total Product Consumption — Total Solvents Consumption

Total Solvents Consumption - Industrial Solvents Consumption = Small Sources

A4.4.4 DEGREASING (NFR 2.D.3.e)

This category is included in the NEIS database, sources assigned to the category 6.4 according to the
Annex No 6 of Decree No 410/2012 Coll. as amended are defined as degreasing and cleaning of metal
surfaces, electrical component, plastic and other materials, including paint stripping organic solvents
with projected consumption in t/year. Annual numbers of operators were declined from 65 to 51 in recent
years. Decree No 410/2012 Coll. as amended defined similarly the limit > O for obligation of solvents
evidence and registering into the NEIS as a source of air pollution. Therefore, the calculation of small
sources is balanced likewise in 2.D.3.d. The balance of small sources is performed by top down
approach. The statistical data is processed and total solvents consumption is calculated without the step
of calculating the VOC specific content due to specific pure solvents used for this purposes in the SR.
Emissions taken from the NEIS database are processed by the system and abatement of environmental
technology, recovery fluxes or separators are already taken into account in final emissions. For the small
sources the assumption of no separator technology is used, thus the conversion of solvents used to the
air is 100%.

Emissions calculation:
Em totaL = Small sources * EF + Emneis

Small sources calculation:
Production + Import — Export = Total Product Consumption
Total Product Consumption = Total Solvents Consumption

Total Solvents Consumption - Industrial Solvents Consumption = Small Sources
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A4.4.5 PRINTING (NFR 2.D.3.h)

This category source is included in the NEIS database, sources assigned to the category 6.7 according
to the Annex No 6 of Decree No 410/2012 Coll. as amended are defined as polygraphs on projected
consumption of organic solvents in tonnes / year:

a) Publication rotogravure;

b) Other rotogravure;

c) Thermal rotary offset;

d) Flexography;

e) Varnishing and laminating technology;

f) Rotary screen printing on textiles, paperboard,;

g) Other printing techniques, such as cold offset, sheet-fed equipment and other.

The combination of bottom-up approach (tier 3) and top-down approach (tier 2) is used in accordance
with equation Em toraL = Em neis + small sources * EF, where small sources are balanced in the category
2.D.3.d. From the total balance of 2.D.3.d the printing inks has been separated and allocated into 2.D.3.h
as small sources. The drivers for the emissions decline are the implantation of effective techniques in
the industrial sources.

A4.4.6 OTHER SOLVENT USE (NFR 2.D.3.i)

Category covers Industrial extraction of vegetable oil and animal fat and vegetable oil refining with a
projected consumption of organic solvents and Adhesive coating - bonding materials other than wood,
wood products and agglomerated materials, leather and footwear production with a projected
consumption of organic solvents.

The combination of bottom-up approach (tier 3) and top-down approach (tier 2) is used in accordance
with equation Em toraL = Em neis + small sources * EF, where small sources are balanced in the category
2.D.3.d. From the total balance of 2.D.3.d the adhesive coatings have been separated and allocated
into 2.D.3.i as small sources.

According to the ESD review, recommendation SK-1A3b-2018-0001, lubricant consumption in road
transport was calculated for the first time and allocated into this category. Emissions of SOx and heavy
metals were added.

A4.47 METHODOLOGY OF CO, EMISSION ESTIMATES BASED
ON THE NMVOC EMISSIONS

During the QA/QC process a great effort was made to identify the chemical compounds in NMVOC
emissions. 98 chemical compounds were identified. Due to this big number, the list of the chemical
compounds is not presented in the report, however, it is available to the ERT. Carbon content in the
chemical compounds was calculated based on the stoichiometry of the molecule. For the others NMVOC
emissions the carbon content was assumed to be the default value (0.6). The identification of so high
number of chemical compounds in the NMVOC emission made the CO2 emission estimate more
accurate than in the previous submissions where only several groups of the chemicals were used. CO2
emissions were calculated for each subcategory separately (2.D.3.a — 2.D.3.i) since 2000. Extrapolation
by the trend was used for the years 1990 — 1999 for each category, as well. The results are presented
in Tables A4.4.3-A.4.4.11. Comparison of CO2 emissions from the solvent use for submission 2020 and
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2021 is presented in Table A4.4.12 (except of 2.D.3.b and 2.D.3.c categories that are presented
separately in the GHG inventory). The share of the subcategories in the Solvent use category is shown
on Figure A4.4.3 for the whole time series.

Table A4.4.3: NMVOC and CO; emissions in 2.D.3.a — Domestic solvent use including fungicides

A NMVOC EMISSIONS CO, EMISSIONS IEF (CO,)
Gg t/t of NMVOC
1990 4.689 10.315 2.2
1991 4.699 10.338 2.2
1992 4.709 10.360 2.2
1993 4.720 10.383 2.2
1994 4.739 10.426 2.2
1995 4.759 10.470 2.2
1996 4.770 10.495 2.2
1997 4.781 10.518 2.2
1998 4.790 10.538 2.2
1999 4.436 9.759 2.2
2000 4.448 9.785 2.2
2001 4.478 9.852 2.2
2002 4.490 9.878 2.2
2003 4.484 9.865 2.2
2004 4.550 10.010 2.2
2005 4.686 10.309 2.2
2006 4.758 10.468 2.2
2007 4.715 10.372 2.2
2008 4.878 10.733 2.2
2009 4.663 10.259 2.2
2010 3.680 8.095 22
2011 4.722 10.389 2.2
2012 5.816 12.794 2.2
2013 4.073 8.961 2.2
2014 3.858 8.488 2.2
2015 4.440 9.768 2.2
2016 5.333 11.733 2.2
2017 6.496 14.292 2.2
2018 6.324 13.913 2.2
2019 6.161 13.553 2.2
2020 6.447 14.184 2.2
Table A4.4.4: NMVOC and COz emissions in 2.D.3.b — Road paving with asphalt
I NMVOC EMISSIONS CO; EMISSIONS IEF (CO,)
Gg t/t of NMVOC
1990 0.070 0.155 2.2
1991 0.031 0.069 2.2
1992 0.038 0.083 22
1993 0.025 0.054 2.2
1994 0.029 0.064 2.2
1995 0.033 0.072 2.2
1996 0.037 0.080 22
1997 0.027 0.060 22
1998 0.027 0.059 2.2
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VEAR NMVOC EMISSIONS CO, EMISSIONS IEF (COy)
Gg t/t of NMVOC
1999 0.029 0.064 2.2
2000 0.012 0.026 2.2
2001 0.011 0.024 2.2
2002 0.011 0.025 2.2
2003 0.014 0.031 2.2
2004 0.014 0.031 2.2
2005 0.019 0.042 2.2
2006 0.028 0.061 2.2
2007 0.020 0.045 2.2
2008 0.025 0.054 2.2
2009 0.015 0.034 2.2
2010 0.014 0.032 2.2
2011 0.018 0.040 2.2
2012 0.015 0.033 2.2
2013 0.015 0.033 2.2
2014 0.014 0.030 2.2
2015 0.020 0.044 2.2
2016 0.019 0.042 2.2
2017 0.019 0.041 2.2
2018 0.020 0.044 2.2
2019 0.016 0.036 22
2020 0.015 0.033 22
Table A4.4.5: NMVOC and CO; emissions in 2.D.3.c — Asphalt roofing
e NMVOC EMISSIONS CO; EMISSIONS IEF (CO,)
Gg t/t of NMVOC
1990 0.047 0.103 2.2
1991 0.030 0.066 22
1992 0.030 0.066 22
1993 0.018 0.040 2.2
1994 0.022 0.049 2.2
1995 0.024 0.052 2.2
1996 0.022 0.048 2.2
1997 0.021 0.045 2.2
1998 0.018 0.040 2.2
1999 0.022 0.049 2.2
2000 0.016 0.036 22
2001 0.015 0.032 2.2
2002 0.015 0.034 2.2
2003 0.010 0.023 2.2
2004 0.006 0.013 2.2
2005 0.006 0.013 2.2
2006 0.004 0.009 22
2007 0.004 0.009 2.2
2008 0.003 0.007 2.2
2009 0.003 0.006 2.2
2010 0.002 0.005 2.2
2011 0.002 0.005 2.2
2012 0.002 0.005 2.2
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VEAR NMVOC EMISSIONS CO, EMISSIONS IEF (CO,)
Gg t/t of NMVOC
2013 0.003 0.006 2.2
2014 0.003 0.006 2.2
2015 0.001 0.002 2.2
2016 0.002 0.004 2.2
2017 0.001 0.003 2.2
2018 0.002 0.005 2.2
2019 0.002 0.004 2.2
2020 0.002 0.005 2.2
Table A4.4.6: NMVOC and CO; emissions in 2.D.3.d — Coating application
A NMVOC EMISSIONS CO, EMISSIONS IEF (CO,)
Gg t/t of NMVOC

1990 16.292 41.218 2.530
1991 16.244 41.098 2.530
1992 16.197 40.978 2.530
1993 16.150 40.859 2.530
1994 16.102 40.739 2.530
1995 16.055 40.619 2.530
1996 16.007 40.499 2.530
1997 15.960 40.379 2.530
1998 15.913 40.259 2.530
1999 15.865 40.139 2.530
2000 12.617 30.865 2.446
2001 13.111 33.928 2.588
2002 15.184 38.610 2.543
2003 14.000 35.400 2.529
2004 17.486 44.587 2.550
2005 14.625 32.448 2.219
2006 17.647 39.111 2.216
2007 13.294 29.600 2.227
2008 15.902 35.309 2.220
2009 15.569 34.457 2.213
2010 13.574 30.060 2.215
2011 11.085 24.563 2.216
2012 10.709 23.748 2.218
2013 11.473 25.415 2.215
2014 13.362 29.569 2.213
2015 15.184 33.570 2.211
2016 13.164 29.122 2.212
2017 11.126 24.645 2.215
2018 12.014 26.603 2.214
2019 9.334 20.651 2.212
2020 10.784 23.828 2.210
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Table A4.4.7: NMVOC and CO; emissions in 2.D.3.e — Degreasing

L NMVOC EMISSIONS CO; EMISSIONS IEF (CO,)
Gg t/t of NMVOC
1990 10.524 20.733 1.970
1991 10.265 20.223 1.970
1992 10.007 19.713 1.970
1993 9.748 19.203 1.970
1994 9.489 18.693 1.970
1995 9.230 18.183 1.970
1996 8.971 17.673 1.970
1997 8.712 17.164 1.970
1998 8.454 16.654 1.970
1999 8.195 16.144 1.970
2000 7.936 14.517 1.829
2001 6.700 12.115 1.808
2002 7.940 14.142 1.781
2003 8.066 14.101 1.748
2004 6.443 12.949 2.010
2005 6.882 14.029 2.038
2006 7.044 14.552 2.066
2007 5.935 12.196 2.055
2008 5.580 11.892 2.131
2009 4.985 10.771 2.161
2010 3.737 7.834 2.096
2011 8.821 19.326 2.191
2012 3.036 6.383 2.102
2013 4.156 8.984 2.162
2014 3.808 8.299 2.180
2015 4.632 10.014 2.162
2016 4.011 8.609 2.146
2017 2.648 5.396 2.038
2018 4.410 9.506 2.156
2019 3.870 8.550 2.209
2020 2.259 4.904 2.171
Table A4.4.8: NMVOC and CO, emissions in 2.D.3.f— Dry cleaning
N NMVOC EMISSIONS CO; EMISSIONS IEF (CO,)
Gg t/t of NMVOC
1990 0.064 0.141 2.200
1991 0.063 0.139 2.200
1992 0.062 0.137 2.200
1993 0.061 0.135 2.200
1994 0.060 0.133 2.200
1995 0.059 0.131 2.200
1996 0.059 0.129 2.200
1997 0.058 0.127 