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ES 2 Background information on greenhouse gas (GHG)
inventories and climate change

As a Party to the United Nations Framework Conventionlioma@ Change (UNFCCC), the Czech Republic

is required to prepare and regularly update national greenhouse gas (GHG) inventories. In addition, as a
result of membership in the European Union, the Czech Republic must also fulfil its reporting requirements
concerning GHG emissions and removals followirgmfrthe Regulation (BUNo 20181999 and
Commission Implementing Regulation 2020/120khis edition of National Inventory Report (NIR) deals
with national greenhouse gas invemtes for the period 1990 t@021 with specific accent on the lage
year2021 while keeping track odlready performed/planned changes according to the previous versions.

By the tem Submission 2@ (occurring in the following text) are meammissionsand removalsof
greenhouse gasdsr the time series1990;2021 submittedin 2023.

Inventories of emissions and removals of greenhouse gases were prepared inaawewith the IPCC
methodology: IPCC 2006 Guidelinespplication of this general methodology on country specific
circumstancs is described in categoeppecific chapters. When a method used to estimate emissions is
improved or when some gaps are identified, a need to recalculate the whole time series may arise in order
to maintain consistency. This means that data presentedythds can be changed in the next submission.

The National Inventory Report is elaborated in accordance with the UNFCCC reporting guidslif@sQ,)
2013.

This submission is the first using the global warming potentials provided byiftheAssessmentdport
of IPCC. The most apparent is the chang&tdrand N>O while computationCQ ekvivalent.

Both parts of thesubmission, which is National Inventory Report gmeldata output- Common Reporting
Format (CRF) Tables, are submitted annually ByM&rchto European Commission and by™A&pril to
UNFCCC

Executive Summary 10
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ES 3 Summary of national emission and removal related
trends

ES 3.1 GHG inventory

In 2021 the most important GHG in thézech Republic w&Q contributing82.9%to total national GHG
emissions and removals expressedCi@® eq., followed byCH 10.4%and N,O 3.7% PFCs, HFC3k and
NF; contributed for3%to the overall GHG emissis in the country.

Tab. ES provides data on GHG emissions in comparidaverall trend from 1990 to 202For overview
of GHG emissions and removals by categories please see cE&p8r

Tab. EQ GHG emission/removal overall trends

Base year 2021 Base year 2021 Trend
[kt CQeq.] %

CQ emissions without netCQ from LULUCF 164 250.44 96 665.23 82.63 81.66 -41.15
CQ emissions with netCQ from LULUCF 155 568.54 105 007.32 81.80 82.85 -32.50
CH emissions withoutCH, from LULUCF 26 813.57 13 223.99 13.49 11.17 -50.68
CH emissions withCH, from LULUCF 26 870.31 13 232.72 14.13 10.44 -50.75
N2O emissions withoutN,O from LULUCF 7 624.44 4 683.99 3.84 3.96 -38.57
N2O emissions withN,O from LULUCF 7 663.85 4691.18 4.03 3.70 -38.79
Fgases 86.83 3808.48 0.04 3.00

Total (without LULUCF) 198 775.27 118 381.69 -40.44
Total (with LULUCF) 190 189.53 126 739.70 -33.36
Total (without LULUCF, with indirect) 200 727.48 119 035.64 -40.70
Total (with LULUCF, with indirect) 192 141.74 127 393.65 -33.70

Over the period 19902021 CQemissions and removals decreadgd32.5% CH emissions decreased by
50.7% during the same period mainly due to lower emissidrem 1 Energyand 3 Agriculture N,O
emissions decreasdual 38.8%over the same period due to emission reductior® Agriculture Emissions
of HFCs and PFCs increased by orders of magnitude, wHakeamissionskept steady trend over the
whole period
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ES 4.1 GHG inventory

Tab. E2 Overview of GH@mission/removal trends by CRF categories

Base year 2021 2021 2021 Trend
kt CQeq. kt CQ eq. Total share Sectoral %
[%] share [%)]

1. Energy 163204.26 88662.03 69.96 100.00 -45.67
A. Fuel combustion (sectoral approach) 149368.96 86046.76 67.89 97.05 -42.39
1. Energy industries 56830.03 41053.53 32.39 46.30 -27.76
2. Manufacturing industries and construction 47105.11 12892.67 10.17 14.54 -72.63
3. Transport 11249.60 18937.28 14.94 21.36 68.34
4. Other sectors 33989.81 12844 .44 10.13 14.49 -62.21
5. Other 194.42 318.83 0.25 0.36 63.99
B. Fugitive emissions from fuels 13835.30 2615.28 2.06 2.95 -81.10
1. Solid fuels 12637.63 1933.17 1.53 2.18 -84.70
2. Oil and natural gas and other emissions from ener 1197.66 682.11 0.54 0.77 -43.05
production

C.CQ transport and storage NO NO NA NA 0.00
2. Industrial Processes 17115.22 16173.01 12.75 100.00 -5.51
A. Mineral industry 4082.45 3443.96 2.71 21.29 -15.64
B. Chemical industry 2825.39 2134.01 1.68 13.19 -24.47
C. Metal industry 9811.61 6447.73 5.08 39.87 -34.28
D. Nonenergy products from fuels and solvent use 125.56 139.44 0.11 0.86 11.06
E. Electronic industry NO,NE 35.08 0.03 0.22 100.00
F. Product uses as ODS substitutes NO 3710.56 2.93 22.94 100.00
G. Other product manufacture and use 270.21 261.57 0.21 1.62 -3.19
H. Other NO 0.65 NA NA 100.00
3. Agriculture 15136.37 7844.54 6.18 100.00 -48.17
A. Enteric fermentation 6611.86 3628.43 2.86 46.25 -45.12
B. Manure management 2571.36 778.25 0.61 9.92 -69.73
C. Rice cultivation NO NO NA NO 0.00
D. Agricultural soils 4607.91 3115.96 2.46 39.72 -32.38
E. Prescribed burning of savannas NO NO NA NO 0.00
F. Field burning of agricultural residues NO NO NA NO 0.00
G. Liming 1236.71 146.29 0.12 1.86 -88.17
H. Urea application 108.53 175.61 0.14 2.24 61.81
I. Other carborcontaining fertilizers NO NO NA NA 0.00
J. Other NO NO NA NA 0.00
4. Land use, landise change and forestry -8585.74 8358.01 6.59 100.00 -197.35
A. Forest land -7222.05 10997.34 8.67 131.58 -252.27
B. Cropland 115.93 47.78 0.04 0.57 -58.79
C. Grassland -143.84 -496.87 -0.39 -5.94 245.42
D. Wetlands 24.11 26.69 0.02 0.32 10.73
E. Settlements 318.81 239.32 0.19 2.86 -24.93
F. Other land NO,NA NO,NA NA NO 0.00
G. Harvested wood products -1680.47 -2456.74 -1.94 -29.39 46.19
H. Other NO NO NA NA 0.00
5. Waste 3319.42 5702.11 4.50 100.00 71.78
A. Solid waste disposal 2007.82 3724.92 2.94 65.33 85.52
B. Biological treatment of solid waste NE,IE 803.80 0.63 14.10 100.00
C. Incineration and open burning of waste 20.43 106.65 0.08 1.87 422.08
D. Waste water treatment and discharge 1291.18 1066.74 0.84 18.71 -17.38
E. Other NO NO NA NA 0.00

TotalCQ equivalent emissions without land use, lardse
change and forestry
Total CQ equivalent emissions with land use, lanase
change and forestry

198775.27 118493.75

190189.53 126851.76

Total CQ equivalent emissions, including indirec€Q,
without land use, landuse change and forestry

Total CQ equivalent emissions, including indirec€Q,
with land use, landuse change and forestry

200727.48 119059.04

192141.74 127417.05
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In2021, 88 774.09kt CQ eq., thatare 69.96% of national total emissions (includidd.and Use, Landse
Change and Forestry) arose froreidergy97.03% of these emissions arise from fuel combustion activities.
The most important sugategory of 1 Energywith 46.24% of total sectoral emissions 2021 is
1.A1 Energy IndustriesLA2 Manufacturing Industries and Constructioasponses forl4.54% and
1.A3 Transportfor 21.36% of total sectoral emissions. From 19902021 emissions from IEnergy
decreased by5.67%.

2 Industrial Processés thesecond largest category witt2.75% of total GHG emissions (includéigand
Use, LandJse Change and Forestry)2021(16 17301 kt CQ eq.); the largest susategory is ZMetal
Production with39.87% of sectoral shareFrom 1990 to2021 emissions from Andustrial Processes
decreased b¥%.51%.

3 Agricultureis the third largest categoriyn the Czech Republic with1l8% share of total GHG emissions
(including4 Land Use, Landse Change and Forestry) 2021 (7 844.54 kt CQ eq.); 46.25% of these
emissions arose fror®.D Agricultural SoilsFrom 1990 t@021emissions fron8 Agriculturedecreased by
48.17%

4 Land Use, Landse Change and Forestscontributing with 659% to the total GHG emissior&358.01
kt CQ eq.). Subcategory 4.A. Forest Land contributes to these emissiom®igythan 100%; the total
emissions are lowered thanks to the removal in 4.G Harwested Wood Prahet#.C Grassland

5 Waste contribution to the total GHG emissions is (includihgitl Use, Landse Change and Forestry)
4.5%in 2021; 65.33%share of thesemissions arose fro.A Solid waste dispos&missions frord Waste
increased from 1990 t8021 by 85.52%to 3 72492kt CQ eq.
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ES 5 Other information

ES 5.1 Overview of emission estimates and trends of indirect GHGs and SO »

Emission estimates of indirect GHGs and f8Cthe period from 1990 to 221 are presented ifmab. ES.

Tab. ES Indirect GHGs and S@r 1990 to 204 [kt]

NOx (6{0) NMVOC S& NHs

1990 734.28 2040.03 495.66 1753.81 12.80
1991 698.44 1939.85 439.14 1649.74 12.17
1992 658.64 1902.32 422.12 1381.40 11.56
1993 536.13 1692.64 396.98 1302.42 10.95
1994 443.50 1621.78 384.16 1158.97 10.56
1995 375.08 1545.82 350.18 1058.82 7.51
1996 356.44 1600.67 348.65 914.32 5.95
1997 328.91 1478.76 331.92 694.35 6.26
1998 311.53 1271.64 307.67 425.28 6.02
1999 287.71 1144.31 291.29 231.87 6.01
2000 295.75 1104.06 282.76 233.69 5.88
2001 291.91 1069.55 269.97 228.67 5.88
2002 284.08 1023.97 258.82 223.37 5.88
2003 286.94 1042.55 256.60 218.36 5.97
2004 287.37 1027.40 247.86 215.08 5.81
2005 284.09 944.58 239.85 208.47 6.38
2006 276.12 932.80 238.66 206.76 6.40
2007 274.27 930.45 231.73 212.07 6.55
2008 256.83 873.56 225.79 170.10 6.76
2009 240.79 890.93 224.52 168.77 6.89
2010 238.30 927.22 222.43 163.88 6.91
2011 224.19 890.57 211.19 167.51 7.10
2012 211.41 878.81 205.19 160.20 7.35
2013 197.93 890.32 202.66 145.25 7.50
2014 191.71 858.92 197.41 134.49 7.45
2015 184.33 852.94 196.98 129.38 7.46
2016 175.18 852.06 193.10 115.14 7.62
2017 172.00 852.11 192.97 109.97 7.56
2018 165.80 860.79 191.67 96.60 7.84
2019 153.28 828.54 179.44 79.94 8.18
2020 137.20 788.73 155.99 67.22 7.89
2021 141.12 790.20 146.84 69.10 7.86
Trend % -80.78 -61.27 -70.38 -96.06 -38.62
NEC 286 - 220 265 101

Emissions of indirect greenhouse gases decreased from the period from 19901td@0RQ by 80.8%,
for CO by 6.3%, for NMVOC by0/54% and for SO2 by 984. The mosimportant emission source for
indirect greenhouse gases and>&@ fuel combustion activities, for details see chapter 9 in Pakinnual
inventory report.
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1 Introduction

1.1 Background information on GHG inventories and climate change

1.1.1 Climate change

Greenhouse gases (i.e. gases that contribute to the greenhouse effect) have always been present in the
atmosphere, butn recent historythe concentrations of a number of them are increasing as a result of
human activity. Over the past century, the atmospih concentrations of carbon dioxidEQ), methane

(CH), nitrous oxide N2O) and halogenated hydrocarbons, i.e. greenhouse gases, have increased as a
consequence of human activity. Greenhouse gases prevent the radiation of heat back into space and cause
warming of the climate. According to theftR Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC,12)) the atmospheric concentrations &Q have increased by0%, primarily

from fossil fuels emissions and secondarily from nedlaise change emission€H concentrations
increased by 150% ang,O concentrations have risen by 2§ compared with the prandustrial era.
Groundlevel ozone also contributes to the greenhouse effect. The amount of ozone formed in the lower
atmosphere ha increased as a result of emissions of nitrogen oxides, hydrocarbons and cayboxide

Relatively new, mamade greenhouse gases that are entering the atmosphere cause further
intensification of the greenhouse effect. These include, in particular,nabeun of substances containing
fluorine (Fgases), among them HFCs (hydrofluorocarbons). HFCs are used instead ofapepne
depleting CFCs (freons) in refrigerators and other applications, andeiimésisionsare on rapidincrease.
Compared with carbon dkide, all the other greenhouse gases occur at 1@, N.O) or very low
concentrations (fgases). On the other hand, these substances are more effective (per molecule) as
greenhouse gases than carbon dioxide, which is the main greenhouse gas.

The threatof climate change is considered to be one of the most serious environmental problems faced
by humankind. Theglobally averaged land and ocean surface temperahas risen by about 85¢c / A Y
the period 1880 to 2012ccording to the IPCAR5. The increasef the average surface temperature of

the Earth, together with the increase in the surface temperature of the oceans and the continents, will
lead to changes in the hydrologic cycle and to significant changes in the atmospheric circulation, which
drives minfall, wind and temperature on a regional scale. This will increase the risk of extreme weather
events, such as hurricanes, typhoons, tornadoes, severe storms, droughts and floods.

In consequence of scientific indications that human activities influémeelimate and an increasing public
awareness about local and global environmental issues during the middle of the 1980s, climate change
became part of the political agenda. Thetergovernmental Panel on Climate Chan@eCC) was
established in 1988 and, two years later, it concluded that anthropogenic climate change is a global threat
and asked for an international agreement to deal with the problem. Umited Nationsstarted
negotiations to create &N Framework Conméon on Climate Chang&NFCCC), which came into force

in 1994. The longerm goal consisted in stabilizing the amount of greenhouse gases in the atmosphere at
a level where harmful anthropogenic climate changes are prevented. Since UNFCCC came jriteeforce
Framework Convention has evolved and a Conference of the Parties (COP) is held every year. The most
important addition to the Convention was negotiated in 1997 in Kyoto, Japan.Kyb& Protocol
established binding obligations for the Annex | coigdr(including all EU member states and other
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industrialized countries). Altogether, the emissions of greenhouse gases by these countries should be at
least Bolower during 20082012 compared to the base year of 1990 (for fluorinated greenhouse gases,
1995can be used as a base year). In 2001 the Czech Republic ratifiégdteeProtocoand it came into

force on February 16, 2005, even though it has not been ratified by the United States.

Under theKyoto Protocolthe Czech Republic wasmmitted to decrase its emissions of greenhouse
gases in the first commitment period, i.e. from 2008 to 2012, ¥yc8mpared to the base year of 1990
(the base year for-gases is 1995puring the second commitment period (CP2) of Kyoto Protocol, the EU,
its member stats and Iceland should reduce average annual emissions during 2043 by 20%
compared to base year.

Further, in 2015 the Paris Agreement was negotiated by the UNFCCC Rdmtid2aris Agreement is a
legally binding international treaty on climate chan@eir reporting follows the requirements of the Paris
Agreement and specifically negotiatedodalities, procedures and guidelinésegotiated in Katowice,
20138.

1.1.2 Greenhouse gas inventories

Annual monitoring of greenhouse gas emissions and removals is ¢ne albligations following from the

UN Framework Convention on Climate Chaagd its Kyoto Protocol In addition, as a result of
membership in the European Union, the Czech Republic mustfalffloits reporting requirements
concerning GHG emissions ardnovals following fronREGULATION (EU) 2018/1999 OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL of 11 December 2018 on the Governance of the Energy Union and
Climate Action, amending Regulations (EC) No 663/2009 and (EC) No 715/2009 of the EuropeamParliame

and of the Council, Directives 94/22/EC, 98/70/EC, 2009/31/EC, 2009/73/EC, 2010/31/EU, 2012/27/EU
and 2013/30/EU of the European Parliament and of the Council, Council Directives 2009/119/EC and (EU)
2015/652 and repealing Regulation (EU) No 525/20%BetEuropean Parliament and of the Council

TheCzech Hydrometeorological Institt@HMI) was appointed in 1995 by tMinistry of Environment

(MoE), which is the founder and supervisor of CHMI, to be the institution responsible for compiling GHG
inventaries. Thereafter, CHMI has been the official provider of Czech greenhouse gas emission data. The
role of CHMI was improved following implementation of NIS in 2005, when CHMI was designated by MoE
as the coordinating institution of the official national Gi&entory.

The inventory covers anthropogenic emissions of direct greenhouse §&3e€H, N,O, HFC, PFGF,

NF; and indirect greenhouse gasB&, CO, NMVOC argl3. Indirect means that they do not contribute
directly to the greenhouse effect, btiat their presence in the atmosphere may influence the climate in
various ways. As mentioned above, ozone) (© also a greenhouse gas that is formed by the chemical
reactions of its precursors: nitrogen oxides, hydrocarbons and/or cammmoxide

The dligations of theKyoto Protocohave led to an increased need for international supsion of the
emissions reported by the parties. The Kyoto Protocol therefore contains rules for how emissions should
be estimated, reported and reviewed. Emissionshef direct greenhouse gas€9, N.O, CH, HFCs, PFCs,

Sk and NF; are calculated a€Q equivalents and added together to produce a total. Together with the
direct greenhouse gases, also the emissiond@f CO, NMVOC argD are reported to UNFCCC.

Invertories of emissions and removals of greenhouse gases were prepared according to the IPCC
methodology:2006 Guidelines for National Greenhouse Gas Inventories (IPCG,adgpation of this
general methodology under countgpecific circumstances will bdescribed in the sectespecific
chapters.Since this submission the inventory was prepared using new updated methodology. Ale changes
were conducted in the whole timseries. Details of specific changes are provided in specific chapters in
this report. When a method used to estimate emissions is improved or when some gaps are identified, a
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need to recalculate the whole time series may arise in order to maintain consistency. This means that data
presented this year can change in the next submission.

The1% / 2y FSNBYyOS 2F t I NIAS&E F3INBSR 2y 5S0Aa
2y Fyydzrt AYy@Syi2NASa F2NJ tF NIAS&a AyOf dzRSR
requirements.This report attempts to follow thimethodical handbook.

AZ2Y HINK
Ay by

The current data submissio2(23) contains all the data sets for 199@021in the form of the official
UNFCCC software called CRF Repddiace submission reported in 2015 the CRF Reporter was updated
based on the new methodology scope 6 different categorization and \BPs.

1.2 A description of the national inventory arrangements

1.2.1 Institutional, legal and procedural arrangements

The National Inventory System (NIS), as required byKgmo Protoco(Article 5.1) and byregulation
No. 5252013/EC, has been in place since 2005. As approved hylithistry of EnvironmentMoE), which
is the single national entity with overall responsibility, the founder of CHMI and its superior institution

TheCzech Hydrometeorological InstitfeHMI), under the supervision of thMinistry of the Environment

is designated as the coordinating and managing organization responsible for the compilation of the
national GHG inventory and reporting its results. The main tasks of CHMI consist inipveabagement,
general and crossutting issues, QA/QC, communication with the rel@vdNFCCC arteU bodies, etc.
Ms.%dzl | y I isvtBe@$pBr@ible person at CHMI

Sectoral inventories are prepared by sectoral experts from sestving institutions which are
coordinated and controlled by CHMI:

1 KONEKO marketingd. (KONEKO), Prague, is responsible for congpilati the inventory in
sector 1.Energy, for stationary sources including fugitive emissions

1 Transport Research Centre (CDV), Brno, is resple for compilatin of the inventory in sector
1. Energy, for mobile sources

1 Czech Hydrometeorological Institute (CHMI), Prague, is responsible for compilation of the
inventory in secto®. Industrial Processes and Product Use

9 Institute of Forest Ecostam Research Ltd. (IFER), Jilove u Prahy, is responsible for compilation
of the inventory in sectors 3Agricultureand4. Land Use, Land Use Change and Forestry

1 Crop Research Institute (CRI), Pragus-iesponsible for compilation of the inventorysector
3. Agriculturg(IFER has the main responsibility)

I Global Change Research Institute of the Czech Academy of Sciences BB@RI)sco-
responsible for compilation of the inventory in sector 4. Land Use, Land Use Change and Forestry
(IFER has the an responsibility)

1 Czech Environmental Information Agency (CENIA), Prague, is responsible for compilation of the
inventory in sector 5. Waste

Official submission of the national GHG Inventory is prepared by CHMI and approved\byniitey of
Environmeh Moreover, the MoE secures contacts with other relevant governmental bodies, such as the
Czech Statistical Officthe Ministry of Industry and Tradend theMinistry of Agricultureln addition, the

MoE provides financial resources for the NIS perforoean the CHMI, which annually concludes contracts
with sectorsolving institutionsin 2019 the national inventorgystem was enhanced by increased fundign
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and inclusion of another two organisations, which are newly officially part of the NIS and a@tsugpp
the inventory in sectors 3. Agriculture (CRI) and 4. LULUCF (GCRI).

coordination
Energy Waste
Stationary Combustion Czech environmental
Koneko marketing Litd. information agency

Energy Agriculture
Mobile Combustion Imstitute of forest ecosystem research
Transport research centre Crop reseach institute

Institute of forest ecosystem research
Global Change Research Institute of
the Czech Academy of Sciences

and Product Use

Industrial Processes
CHMI

] LULUCF

Data providing organizations,
agencies, institutions or single
pollution sources

Fig.1-1 Institutional arrangements of National Inventory System in the Czech Republic

1.2.2 Overview of inventory planning, preparation a nd management

UNFCCC, th€yoto Protocahnd the EU greenhouse gas monitoring mechanism require the Czech Republic
to annually submit @National Inventory RepoifNIR) andCommon Reporting Formé&RF) tables. The
annual submission contains emission estimates for the second but last year, 02ZBeubmission
contains estimtes for the calendar year of 202The organisation of the preparation and reporting of the
Czech greenhouse gas invent@myd the duties of its institutions are detailed in the previous section
(1.21).

The preparation of the inventory includes the following three stages:
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1 inventory planning
9 inventory preparation
1 inventory management.

During the first stage, specific respdbvilities are defined and allocated: as mentioned before, CHMI
coordinates the national GHG inventory, including the planning period. Within the inventory system,
ALISOATAO NBaALMAYE MONEA MAYRAIA (WA QY ANIZ  teNBlegdR&T A Y SR
aswell as for all activities related to the preparation of the inventory, including QA/QC, data management
and reporting.

During the second stage, the inventory preparation process, experts from ssdtong institutions collect

activity data, emission factors and all the relevant information needed for final estimation of emissions.
They also have specific responsibilities regarding the choice of methods, data processing and archiving. As
part of the inventory plan, the NIS coordinator appes the methodological choice. Secgmiving
institutions are also responsible for performing Quality Control (QC) activities that are incorporated in the
QA/QC plan, (see Chapte13). All data collected, together with emission estimates, are archigee

below) and documented for future reconstruction of the inventory.

In addition to the actual emission data, the background tables of the CRF are filled in by the sectoral
experts, and finally QA/QC procedures, as defined in the QA/QC plan, arenpexifbefore the data are
submitted to the UNFCCC.

For the inventory management, reliable data management to fulfil the data collecting and reporting
requirements is necessary. As mentioned above, data are collected by the experts from the sector solving
institutions and the reporting requirements increassgpidly and may change over time. The data and
calculation spreadsheets are stored in a central network server at CHMI, which is regularly backed up to
ensure data security. The inventory management includes a control system for all documents and data,
for records and their archives, as well as documentatio®&QC activities (see Chaptel B).

1.2.3 Quality assurance, quality control and verification plan

The QA/QC system is an integrated part of the national system. It ensures that the greenhouse gas
inventories and reporting are of high quality and meet the criteria of timeliness, completeness,
consistency, comparability, accuracy, transparency and improvement set for the annual inventories of
greenhouse gases.

The objective of the national inventory sgst (NIS) is to produce higiuality GHG inventories. In the
context of GHG inventories, high quality provides that both the structures of the national system (i.e. all
institutional, legal and procedural arrangements) for estimating GHG emissions andailsnaon the
inventory submissions (i.e. outputs, products) comply with the requirements, principles and elements
rising from the UNFCCC, Kyoto ProtoPakis AgreementPCC guidelines and Etporting requirements
(Regulation Eu 2018/199%nnexA5. 4provides general form for QC procedures which is used in CR by
each sectoral expert. Possible findings are examined and if possible corrected or included in Improvement
plan for future submissions.

Annuall meetings are held with Slovak National Inventegt in order to discuss the similar difficulties

that the both teams are facing while processing their GHG inventddesng the yearseveral general

issues wererosscheckedfor instance improving the cooperation in the field of QAMIGIN the tears.

Each year specific sectoral issues are presentedcamimon approach is find to s@whem. Since 2017
quatrolateral meeting also with national inventory teams from Hungary and Po&adrganised. In 2018

the meeting was focused mainly on Waste issues and was held in PilagR@19 the meeting was
organised in Poland and was focusing mainly on uncertainty issues and LULUCF. Due to the COVID
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pandemic, no meeting like this was orgaadsn 2020In 2021 the meeting was organised in online mode
only with Slovak National Inventory team.

1.2.3.1 CHMI as a coordinating institution of QA/QC activities

The NIS coordinator (NIS manager) and QA/QC manager from the Czech Hydrometeorological Institute
(CHMI) control and facilitate the quality assurance and quality control (QA/QC) process and nominate
QA/QC guarantors from all secteolving institutions. NIS coordinator cooperates with the archive
administrator on implementation and documentation of @#lé QA/QC procedures.

The Czech NIS team, which consists of involved experts from CHMI and experts frorsdeirigr
institutions, cooperates in addressing QA/QC issues and in development and improvement of QA/QC plan.
QA/QC issues are discussed reduléabout four times in a year) between CHMI experts and sectoral
expert on bilateral meetings. At least once a year a joint meeting for all involved experts is organised by
CHMI (by NIS coordinator). The work of the Czech inventory team is regularlgaiia@cleast three times

per year) by the Ministry of Environment (MoE) at supervisory days. There NIS coordinator provides MoE
with information about all QA/QC activities and consults the possibilities for any further improvements.
MoE also annually appves the QA/QC plan prepared by CHMI in cooperation with sactiorng
institutions.

An electronic quality manual including e.g. guidelines, plans, templates and checklists has been developed
by CHMI and is available to all participants of the nationaritory system via the Internet (FTP box for
NIS). All relevant documentations concerning QA/QC activities are achieved centrally at CHMI.

In addition to consideration of the special requirements of the guidelines concerning greenhouse gas
inventories, thedevelopment of the inventory quality management system has followed the principles
and requirements of the 1ISO 9001:2015 standard.

The CHMI ISO 9001:2015 working manual encompasses NIS segment, which is obligatory for relevant
experts from CHMI and recamended also for experts from sectsolving institutions. NIS segment is
developed in the form of flovcharts (diagrams) and consists of three s@gments: (i) Planning and
management of GHG inventories (ii) Preparation of sectoral inventory (iii) Cdiompitd data and text
outputs.

In this way the NIS segment defines the rules for cooperation between CHMI as coordinating institution
and the experts from sectesolving institutions. It involves the phase of inventory planning (including
QA/QC procedurgsand gives instructions for the inventory compilation and for preparation of data and
text outputs (CRF Tables, NIR). All main principles mentioned above are incorporated also into the
contracts between the CHMI and the seegmlving institutions.

Tab. 1-1 CHMI staff for QA/QC coordination

Person Activity

Mr. Risto Saarikivi Coordinator of all QA/QC activities carried out within NIS and QA
Jdzl NI yi2NI 2F aDSYSNIft FyR ONRA&aaC

ada® %dz Iyl w201 2 3t | NIS coordinatarinventory compiler and archive administrator

Ms. 9 @I YNIi | 2 Ot

1.2.3.2 Inventory process

The annual inventory process describes at a general level how the inventory is produced by the national
system. The quality of the output is ensured by the inventory experts in the course of compilation and
reporting, which consist of four main stages:rplang, preparation, evaluation and improvement (Fig. 1).
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The quality control and quality assurance elements are integrated into the production system of the
inventory; each stage of the inventory includes the relevant QA/QC procedures.

A clear set of doauents is produced on the different work phases of the inventory. The documentation
ensures the transparency of the inventory: it enables external evaluation of the inventory and, where
necessary, its replication.

Reporting:
Final submission to the EU
by 15 March and to the
UNFCCC by 15 April
January - April | May - June
4. Inventory Improvement 1. Inventory Planning N

sGualityassessmient edefining and allocating specific

emeetings and discussion on the techonibiltiog
effectiveness of the inventory R depterminin ho——
system € y

. . processes and resources
esuggestions for improvements for

selaboration of C plan
different step of the process gajoce
Continuous
Improvement
3. Inventory Evaluation 2. Inventory Preparation
simplementing QA activities ecollecting activity data, EF
eexpert peer reviews eselecting methods
everification edata processing and storage
sinternational expert review einternal QC procedures
November- "~ v e August -
February e Discisimber

Reporting:

Preliminary data to the EU by 15

January

Fig.1-2 Timeschedule of submissions and QA/QC prodedures

1.2.3.3 Procedures for data acquisition and communication with data suppliers

In general, collection of activity data is based mainly on the official documents of the Czech Statistical
Office (CzSO), ich are published annually, where the Czech Statistical Yearbook is the most
representative example. The Czech Statistical Yearbook is published usually in the late November, but
some relevant data tables appear even earlier on the CzSO website. Intoridgorove the process of

data acquisition from CzSO, CHMI and CzSO concluded the Memorandum of understanding (2009), which
is focused mainly on prompt delivery of energy statistics data and on closer cooperation on compilation of
GHG inventory in this star.

However for industrial processes, due to the Czech Act on Statistics, production data are not generally
available when there are less than 4 enterprises in the whole country. In such cases, inventory compilers
have to rely either on specific statisél materials, edited by sectoral associations or, in some cases, the
inventory experts have to carry out relevant inquiries. For example, data from chemical industry (including
technology specific data) are obtained from contracted externabperators & CHMIc the Institute of
Chemical Technology (prof. B. Bernauer and Dr. M. Markvart). Sector specific information concerning the
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RFEGI I OljdzAaAaidAazy AyOfdzZRAy3dI GKS O2yaGl OG LISNm2ya |
vikv/ LIIYyED

The ckadlire for all data acquisition i$5" Novenber. However, CzSO in some cases carries out data
corrections which are presented later. In such cases it is not possible to include corrected data into the
output for EU, which is submitted by 13anuary ananust be considered as a preliminary output of the
Czech national GHG inventory. However, practically all corrected data are incorporated into the final
submission for UNFCCC by Bpril (which is also resubmitted to EU).

1.2.3.4 Inventory principles z the frame work for quality

The starting point for accomplishing a highality GHG inventory is consideration of the expectations and
requirements directed at the inventory. The inventory principles defined in the UNFCCC and IPCC
guidelines, that is, timeliness, completeness, cdesisy, comparability, accuracy, transparency and
improvement, are dimensions of quality for the inventory and form the set of criteria for assessing the
output produced by the national inventory system. In addition, the principle of continuous improvement

is included.

1.2.3.5 Quiality objectives as an integral part of planning the QC and QA procedures

The inventory planning stage includes the setting of quality objectives and elaboration of the QA/QC plan
for the coming inventory preparation, compilation and repog work. The setting of quality objectives is
based on the inventory principles. Quality objectives are concrete expressions about the standard that is
aimed at in the inventory preparation with regard to the inventory principles. The aim of objectitees is

be appropriate and realistic while taking account of the available resources and other conditions in the
operating environment. Where possible, quality objectives should be measurable.

The quality objectives regarding all calculation sectors forrikieritory submissions are the following:
1) Continuous improvement
1 Treatment of review feedback is systematic

1 Improvements promised in the National Inventory Report (NIR) are introduced

1 Improvement of the inventory should be systematic. An improvement fdara longer time
horizon focused on gradual implementation of higher tiers for almost all key categories is being
developed.

2) Transparency
9 Archiving of the inventory is systematic and complete
9 Internal documentation of calculations supports emission esrdoval estimates

1 CRF Tables and the National Inventory Report (NIR) include transparent and appropriate
descriptions of emission and removal estimates and of their preparation.

3) Consistency

9 The time series are consistent

1 Data have been used in a catent manner in the inventory.
4) Comparability

1 The methodologies and formats used in the inventory meet comparability requirements.
5) Completeness

9 The inventory covers all the emission sources, sinks and gases

Part 1: Annual inventory submission 25



CHMI NATIONAIGHGNVENTORREPORT OF TREECHREPUBLIA990:2021

6) Accuracy
1 The estimates are systematically their greater nor less than the actual emissions or removals
1 The calculation is correct
1 Inventory uncertainties are estimated.

7) Timeliness
1 Highquality inventory reports reach their recipient (RUINFCCC) within the set time.

The quality objectives arttie planned general QC and QA procedures regarding all the calculation sectors
are recorded as the QA/QC plan. The QA/QC plan specifies the actions, the schedules for the actions and
the responsibilities to attain the quality objectives and to provide i@rfce in the Czech national system's
capability and implementation to perform and deliver highality inventories. The QA/QC plan is updated
annually.

1.2.3.6 Quiality control procedures

The QC procedures, which aim at attainment of the quality objectives, aferpeed by the experts during
inventory calculation and compilation according to the QA/QC plan.

The QC procedures used in the Czech GHG inventory comply with the IPCC good practice guidance. General
inventory QC checks (IBQ006 Guidelines, Table pidclude routine checks of the integrity, correctness

and completeness of data, identification of errors and deficiencies and documentation and archiving of
inventory data and quality control actions. In addition to general QC checks, catguemsific QC atks

including technical reviews of the source categories, activity data, emission factors and methods are
applied on a casby-case basis focusing on key categories and on categories where significant
methodological and data revisions have taken place.

Orce the experts have implemented the QC procedures, they complete the QA/QC form for each
source/sink category, which provides a record of the procedures performed. Results of the completed QC
checks are recorded in the internal documents for the calcutadiod archived in the expert organisations

and at the CHMI (under responsibility of M&uzana RO | 32.®¢y findings are summarised in the sector
specific chapters of the NIR.

Specifically, OC procedures in the sectors are organised as described below:

Each sectesolving institutiong KONEKO, CDV, CHMI (Industrial processes), GRERGCRhd ENIAC
will suggest to the NIS coordinator/manager (CHMI, NBuzana RO | 2 #heir QA/QC guarantors,
responsible for the compliance of all the QA/QC proceduin the given sectowith the IPCC 2006
Guidelines and 2003 and also with tQ&/QC plan.

At the basic level of control (Tier 1) individual steps should be controlled according T@ble 6.1 (IPCC
2006) The first step is carried out by the personpessible for the respective stdector (autecontrol).

Then follows the 2nd step carried out by the expert familiar with the topic. The reporting on the realized
controls is documented in a special form prepared by CHMI. The completed form with all tndsre¢

the carried out checks is, in case of QC, Tier 1, submitted to the NIS coordinating insgt@idNil,
together with data outputs: (i) XML file generated by the CRF Reporter, (ii) detailed calculation spreadsheet
in MS Excel format, containing, &ddition to all calculation steps also all activity data, emission factors
and other parameters, as well as further supplementary data necessary for emission determination in the
given category. All these files are then submitted to the central archi@&iI. The records of the carried

out QC checks, Tier 2, are submitted later (see the schedule below).
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Sectoral QA/QC guarantor, in cooperation with the NIS coordinator, will assess the conditions for Tier 2 in
the given sector (e.g. comparison with EU Bat& or with other independent sources). If everything is in
order, the sectoral QA/QC guarantor organizes the QC check according to Tier 2.

CHMI, as the NIS coordinating institution, carries out mainly formal control of data outputs in the CRF
Reporter,d A Y A f | Synthiedis dnkAssegsment O2 Yy i N2t OF NNASR 2dzi o6& K¢
means that CHMI controls the consistency of time series, and the possible IEF exceedance of the expected
intervals (outliers), as well as the completeness andability of the use of notation keys and
commentaries irCRF Reporter (mainly in case of NE and IE), etc. The calculation files with detailed results
are controlled in CHMI only randomly.

In addition, the QC activities directed to the Member States subarissunder the European Community

GHG Monitoring Mechanism (e.g. completeness checks, consistency checks) produce valuable information
on errors and deficiencies that is taken into account before Czech final annual inventory submission to the
UNFCCC.

1.2.3.7 Schelule for quality control procedures

In addition to the UNFCCC provisions and obligatory documents the EU member states have to observe
the relevant EU legislation, in this case the Decision of the European Parliament and of the Council No.
525/2013/EC corerning a mechanism for monitoring and reporting greenhouse gas emissions and for
reporting other information at national and Union level relevant to climate change. Article 7 of the decision
sets that the member countries have to submit the results ofrésgpective national inventories, incl. the
accompanying text to the European Commission up tbJemuary. The schedule of the inventory and the
follow-up schedule of QA/QC procedures must respect this.

Tab.1-2 The schedule of QC activitiesTier 1 of the data output for EU (output deadline 15 January). The output for EU, after
further controls (see below) and possible updates is used as the output for UNFCCC (deadline 15 April)

| Time period Activity Responsike person
15¢20 Final update of all detailed calculation sheets for the given cate¢ Compiler of the category
November using the new data. Autoontrol (1st step of QC procedure) carrie from the sectorsolving
out by the expert responsible for the given category. institution
21¢25 2nd step of QC procedure carried out by the expert from the sec Expert from the secter
November solving institution familiar with the topic solving institution familiar

with the topic

26-30 Data from thecalculation sheets are submitted to the sectoral modt Compiler of the category

November of the CRF Reporter and are controlled by the person responsibli and the expert from the
the given category and by the expert from the seesolving institution sectorsolving institution
familiar with the topic. familiar with the topic

1¢5 December  Finalization of the QC control of the data output and completion of Sectoral QA/QC guarantor
control form for the given category

6¢10 December Submission of all sectordhta outputs as well as records of the carric Main compiler of the secter

out QC procedures to CHMI solving institution
10¢15 Inventory compiler from CHMI (administrator of CRF Repor Inventory compiler from
December receives all data files and the records from the seswving CHMI& | NJ SiGl Y

institution for archiving, carries out the formal control of data
the CRF Reporter. If necessary, the sectoral QA/QC expert is cont
to remedy possible drawbacks.
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Time period Activity Responsite person
16¢20 Inventorycompiler from CHMI (administrator of CRF Reporter) car NIS coordinator (managet
December out the final control of data ithe CRF Reporter and informs on tt (a I NO IS Y dyat 6

results the NIS coordinator who carries out independent control ¢
informs MoE on the results.

Up to5January CRF Tables submission to MoE for the approval MoE and Secto
coordinating group

Upto 15 CRF Tables submitted to the European Commission within MoE
January reporting procedure pursuant to Article 7of the Decision M
525/2013/EC

The reporting pursuant to the Article 7 of the Decision No. 525/2013/EC includes also the text output
containing several NIR elements. The text is created in the NIS coordinating institution (CHMI) and the
control is carried out by the Nt®ordinator. The text is submitted to MoE together with the CRF tables by
5" January

The prepared output for the European Commission will contain only the QC procedures, Tier 1, realized by
5" January. The final submission for UNFCCC has the deadfit8"April and thus the EU member states

can carry out further controls (e.g. QC, Tier 2), and, if necessary, to further specify the results of their
national inventories. The European Commission is informed about the final output for UNFCCC.

As mentionel above the sectoral QA/QC guarantor in cooperation with thectBdinator, will assess if

the given sector meets the conditions for the application of the QC procedure, Tier 2. This assessment and
discussion on the way of application will be carried loytl3" December. QC procedures, Tier 2, are then
applied and controlled according to the similar schedule as presented in Table 1, however with the
different deadline for the submission of the control results and the record of the carried out contrad to
coordinating institution, and namely by ®3-ebruary. If there are serious drawbacks, the competent
representative of the sectesolving institution, together with theNIS coordinator, will consider the
possibility of the correction of the data outpdior the given category prior to the final submission to
UNFCCC (and simultaneously EU).

Similar procedure is applied in case of potential drawbacks detected within the control carried out by
European Environmental Agen(lyEA on behalf of the European Commission. In this case the January
data outputs will be corrected and included into the final submission for UNFCCC.

1.2.3.8 Quality assurance procedures

Quiality assurance comprises a planned system of review procedures. The QA r@dagverformed after

the implementation of QC procedures to the finalised inventory. The inventory QA system comprises
reviews and audits to assess the quality of the inventory and the inventory preparation and reporting
process, to determine the conforigiof the procedures taken and to identify areas where improvements
could be made. While QC procedures are carried out annually and for all sectors, QA activities are expected
to be performed by individual sectors and not so frequently. Each sector sheuleviewed by the QA

audit approx. once in three years as far as possible. Besides, QA activities should be focused mainly on key
categories.

Peer reviews (QA procedures) are sector or categespecific projects that are performed by external
experts @ expert groups. The reviewers should preferably be external experts who are independent of the
inventory preparation. The objective of the peer review is to ensure that the inventory results,
assumptions and methods are reasonable, as judged by thosel&dgeable in the specific field. More
detailed information about peer reviews will be given in the sector specific part of this QA/QC plan.
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Peer reviews may also based on bilateral collaboration. For example, the Czech and Slovak GHG inventory
teams have bout once a year meetings to exchange information, experience and views relating to the
preparation on the national GHG inventories. This collaboration also provides opportunities for bilateral
peer reviews (QA audits). An example of such collaboratidheisQA audit focused on General and
crosscutting issues and on the Transport, which was carried out by Slovak GHG inventory experts in
November 2009. The objectives of this QA review were (i) to judge suitability of General and crosscutting
issues (incluaig uncertainty) and to check whether the used national approach for road transport is in line
with the IPCC methodology, and (ii) to recommend improvements in both cases. Similar bilateral QA
reviews concentrated more on individual sectors are plannedifture with the expected frequency a

one QA audit for about &fth of sectors per year. Further, in later yedine cooperation was focused on
different sectors, i. e. Energy (2013), Agriculture and LULUCF (2015qnkPBhtertaintieg2016),Waste

and QAQC procedures (2018) and LULUCF and uncertainties (2019). Due to the COVID pandemic, no peer
review meeting was organised in 2020. In 2021 the meeting was organised, but only with Slovak National
Inventory team in online mode focused on Energy, EU ElBS@AQC procedures and cooperation with

the air pollutant team regarding indirect emissions. Sectoral experts have expressed a need for in person
peer cooperation with the Slovaks, and purpose is to continue in person meetings again in 2022.

The annual NFCCC inventory reviews have similar and even more important impact on improving the
guality of the national inventory. Therefore, the Czech team analyses very carefully the comments and
recommendations of the international Expert Review Té&RTand stives to implement them as far as
possible.

1.2.3.9 Implementation of QA/QC procedures in cases of recalculations

The QA/QC procedures described to date are related particularly to standard situations, where the
emission data from previous years remain unchanged only emissions for the currently processed year

are determined. The IPCC methodology requires that, in some cases, the emissions for previous years also
be recalculated. These recalculations should be performed when an attempt is made to increase the
accuracy by introducing a new methodology for the given category of sources or sinks, when more exact
input data has been obtained or when consistent application of control procedures has revealed
inadequacies in earlier emission determinations. In additirecalculation should be performed in
response to recommendations of the international inspection teams organized by the bodies of either the
UN Framework Convention or the European Commission.

While new data are available roughly ten or eleven montfisrahe end of the monitored year for
standard emission determinations for the previous year, reasons for recalculation mostly arise well
beforehand. If the methodology is changed during recalculation, the task becomes far more difficult than
in standarddetermination of the previous year, as the new method must be thoroughly studied and tested.
In addition, in order to maintain consistency of the time series, the recalculation is generally introduced
for the entire time period, i.e. beginning with the ezénce year 1990. It is thus obvious that the danger

of potential errors or omissions is greater in recalculation than in standard determination of the previous
year using a welried methodology.

For these reasons, in recalculation, greater attentiorsirie paid to QA/QC control mechanisms where,

in addition to technical QC controfirét step), it is necessary to employ more demanding control
procedures gecond stepand, where possible, also independent QA control by an expert not participating
in the emission inventory in the given sector. While, for standardly performed QA/QC procedures, longer
time validity is assumed, planning control procedures for recalculation must be tailored for the specific
recalculation by the sector manager in cooperatioithvthe NIS coordinator and QA/QC NIS guarantor.

Specific examples of recalculation are given in the semtented chapters and in Chapter 10.
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1.2.3.10Final approval of the inventory before submission

Regarding the national GHG inventory submission to the UNBEGCGDril.) the same procedure will be
applied as for the corresponding reporting to the EC. The following approval procedure is within the
authorization of the Ministry of the Environment of the Czech Republic. The procedure involves that the
report is €nt by the Ministry of the Environment, well ahead via email, to the relevant ministries in the
Czech Republic (e.g. Ministry of Finance, Ministry of Transport, Ministry of Foreign Affairs, Ministry of
Education, Youth and Sports, etc.), organizations. (€gech Environmental Inspectorate, Czech
Environmental Information Agency, ngovernmental organizations, etc.), as well as to the unions of
different producers (e.g. Czedhoravian Confederation of Trade Unions, Confederation of Industry of the
Czech Raublic, Association of Chemical Industry of the Czech Republic, Union of Czech and Moravian
Production Ceperatives, Czech Cement Association, etc.) before the official submission to the UNFCCC
for their comments and observations. This is the so calledgmding of external comments. Thereafter,
comments and observations must be resolved by the Climate Change Department of the Ministry of the
Environment in consultation with CHMI. Such procedure is in accordance with the Provision no. 11/06 of
the Ministry of the Environment, regarding the procedure for preparation and kaver of reporting
information

1.2.3.11Sectoral specifications of QA/QC plan

1.2.3.11.1 Energy z stationary combustion
KONEKO, Ltd is a seesmlving institution for this category.

The plan of QA/QC predures in the company KONEKO Ltd. is based on the internal system of quality
control ensuing from the general part of the QA/QC plan for GHG inventory in the Czech Republic and is
harmonized with the QA/QC system in the Transport research centre (CDig fisdamental/primary

data sources for the processing of activity data are based on the energy balance of the Czech Republic the
main emphasis is given to a close cooperation with the Czech statistical office (CzSO). This cooperation is
based on the comact between CHMI, as the NIS coordinator, and CzSO. CzSO is a state institution
established for statistical data processing in the Czech Republic, which has its own control mechanisms
and procedures to ensure data quality.

Sectoral guarantor of QA/JQC p@R dzNB &= +f | RAYNNI bSdzOAf 6Yhb9Yh Yl y
1 processes and updates the sectoral QA/QC plan
1 organizes QC procedure (Tier 1)
1 ensures QC procedure (Tier 2) and is responsible for its realization
1

is responsible for the submission of all documents and data fodesthfe storing in the
coordinating institution

suggests external experts for QA procedure
is responsible for the compliance of all QA/QC procedures with the IPCC 2006 Guidelines and
QA/QC plan.
Sectoral administratorAndrea+ S &:S t
1 ensures data input ithe CRF Reporter
9 carries out autecontrol (1st step of QC procedure, Tier 1)
1 ensures and is responsible for the storing of documents
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The QC procedures at the Tieafe related with the processing, manipulation, documentation, storing

and transmission oiihformation. The first step of the control (autmontrol) is carried out by the expert
NBalLlyairofsS FT2N) 6§KS &aSOG2NXf | LILINRPFOK o6+flF RAYNNJ
QA/QC expert familiar with the topi@dfdrea+ S &)SAt this contol level (Tier 1) individual steps are
controlled according to the table 6.1 (IPCC 2006).

Data transmission to the CRF Reporter is carried out by the data administrator. After data transmission to
the CRF Reporter the control of correct data transmisbiased on the summary values of activity data
and emission data is carried out. If there are any discrepancies, the erroneous data are detected and
corrected without delay.

QC procedures at the Tiera2e included upon the suggestion of the QA/QC sectaratantor after the
consultation with the NIS coordinator. They are aimed mainly at the comparison with independent data
sources that are not based on data processing from the CzSO energy balance. The relevant independent
sources in the Czech Republic aepresented by data published and verified within the EU Emission
Trading Scheme (ETS) from the national system REZZO, used for the registration of ambient air pollutants,
and based mainly on data collection from individual plants. In addition to emissitan the REZZO
database includes also activity data, independent of CzSO data. The way how to optimally use the above
data sources is determined on the basis of systematic research and is covered in the national inventory
improvement plan.

Also external emipyees of KONEKO familiar with the assessed topic participate in the QC procedures (Tier
2). The cooperation is based on ad hoc contracts ensured by the QA/QC sectoral guarantor. As already
mentioned above, also experts from CzSO, closely cooperatingOkithl and KONEKO, take part in the
control procedures.

The QA procedures are planned in a way described in the general part of the QA/QC plan, i.e.
approximately once in three years.

The QA/QC staff members for this categ@@nergyc stationary combustionare given in the following
table:

Tab.1-3 QA/QC staff members for Energystationary sources

aNXp +fl RAYANI bSdzOA ¢ Sectoral QA/QC guarantor responsible for the compliance o
QA/QCprocedures with thdPCC 2006 Guidelines and QA/QC pilz

Ms.Andrea+ S& St | Emission calculation in stationary sources, acootrol (1st step of
QC procedure, Tier 1)

Ms. Barbora Vota2 @t Control carried out by a colleague familiar with the topic (2tep
of QC procedure, Tier 1)

Ms.Andreax S& St t X Control of the correct uploading of data from calculation sheets

aNIpP +fl RAYNNI b SdzOA f the respective module of CRF Reporter

External KONEKO employees QC procedures, Tier 2

(based on contract)

Externalexpert QA procedure assurance

1.2.3.11.2 Energy z mobile sources
TransportResearchCentre (CDV) is a sectsplving institution for this category.

The plan of QA/QC procedures in CDV is based on the inner quality control procedure system, which is
harmonized witlithe QA/QC system of KONEKO company. Since the transport sector belongs to the energy
sector, there is a close amperation of CDV and KONEKO in the field of energy and fuel consumption data
as well as specific energy data used (in MJ/kg fuel). The KONERaNy, in close coperation with CzSO,
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ensures that thelransport ResearchCentre works with the most updated data about total energy and
specific energy consumed.

Routine and consistent checks are performed to ensure data integrity, correctness, cengsietand to

identify and address errors. Documentation and aritigof all QC activities is carried out within CDV. QC
activities include methods such as accuracy checks on data acquisition and calculations, and the use of
approved standardised procedwgdor emission calculations, measurements, estimating uncertainties,
archiving information and reporting. QC activities also include technical reviews of categories, activity data,
emission factors, other estimation parameters, and methods. QA and védficare guaranteed in CDV

by comparing activity data with world and European databases.

The sectoral expert from CDV is responsible for coordinating the institutional and procedural
arrangements for inventory activities, including data collection fromOZzfgciding on emission factors
(default or CS) and estimation of emissions from mobile sources. The uncertainty assessment is carried out
also by the sectoral export. The last step is documentation and archiving of data.

The responsibilities for complety the QA/QC procedures for mobile sources are divided between the
sectoral guarantor, sectoral expert, and external expert. The sectoral guam@in@i/QC procedures for
mobile sourcegMr. Led® t S)fis kebgonsible for the sectoral QA/QC plan and ¢henpliance of all
QA/QC procedures, provides for the QC procedure and is responsible for its implementation.

The sectoral expert from mobile sourcédré. ¥2dzi | y I Y)lpaifofrnsNi® énhission calculations for
the transport in emission model, provides fdata import in the CRF table, provides for and is responsible
for the storing of documents, carries out autontrol and control of data consistency, performs the
uncertainty calculation, introduces improvements.

External expert § NB ® + A f Y lcontrtld i RoRtélt timeliness, completeness, consistency,
comparability, and transparency.

The QA/QC staff members for this category (Enengybile sources) are given in the following table:

Tab.1-4 QA/QC staff members for Energymobile sources

Person Activity

M. S20 tStAltY Sectoral QA/QC guarantor responsible for the compliance of all Q/
(Headof Sustainable Transport Sectipn procedures with th€2006IPCC Guidelines and QA/QC plan.
Mrs.%dzl Iy Y| 6 Yt NB Ot Inventory compiler for transport sector. Calculations of emissif

from traffic based on emission model, autontrol (1st step of QC
procedure, Tier 1). Uploading data from the detailed emiss
calculation model to the CRF Reporter, do@f 2 F {(KS

Syraarzy TFlLOG2NRaTE O2yGNBRE 27
aad +xAftYlF WFyR2Jt Control carried out by a colleague familiar with the topic (2nd stey
(Transport yearbook compiler) QC procedure, Tier 1)

1.2.3.11.3 Energy z fugitive emissions
KONEKO, dis a sectosolving institution for this category.

The plan of QA/QC procedures in the KONEKO Ltd. is based on the internal system of quality control
resulting from the general part of the QA/QC plan of the GHG inventory in the Czech Republic. A the bas
data sources for activity data are taken from thikning Yearbook and are supplemented and controlled

by the data from the source part of the energy balance of the Czech Republic, the main emphasis is given
to a close cooperation with the CzSO. Thispepation is ensured by the contract between CHMI as the

NIS coordinator, and CzSO. CzSO is a state institution established for the processing of statistical data in
the Czech Republic and as such it uses its own control mechanisms and procedures tdaasguelity.
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{ SOG2NIf 3JdzZr NI yG2NI F2NJ v! kv/ LINRPOSRdzNBaAX +fl RAYNL!
91 develops and updates the sectoral QA/QC plan

9 organizes the QC procedure (Tier 1 and Tier 2) and is responsible for the compliance of all QA/QC
procedures with the IPCZD06 Guidelines and the QA/QC plan

1 suggests external experts for QA procedures

1 is responsible for the submission of all documents and calculation sheets for the storing in the
coordinating institution

Sectoral administratorAndreat S a:S € t
9 ensures the uplading of data to CRF Reporter
9 carries out autecontrol (1st step of QC procedure, Tier 1)
1 ensures and is responsible for the storing of documents

QC procedures at Tier are related to the processing, manipulation, documentation, storing and
transmission 6 information. The first step of the control (autmntrol) is carried out by the expert
responsible for the sectoral approachrdrea: S a)Sahd is followed by the control of the QA/QC

O2t t S 3dz2S FLEYAEtAIN 6AGK (KS edelXTiék 1, thé individiaisyeps de b S dzO
controlled according to the table 6.1 (IPCC 2006).

Data transfer to the CRF Reporter is carried out by the data administrator. After data transmission to the
CRF Reporter the control of correct transmission basedhensummary values of activity data and
emission data is carried out. If there are any discrepancies, the erroneous data are detected and corrected
without delay.

The QC procedures at Tiera2e included on the proposal of the sectoral QA/QC guarantor dffte
consultation with the NIS coordinator. They are aimed mainly at the comparison with independent data
sources. The relevant independent sources in the Czech Republic are represented by data published in the
Mining Yearbook, the source part of the eggrbalance of the Czech Republic, by the separate
examinations in the gas industry plants and in the companies, mining the energy raw materials.

The QA procedures are planned as described in the general part of the QA/QC plan, i.e. approx- in three
year cyles.

The QA/QC staff members for this categ@inB Fugitive emissions) are given in the following table:

Tab.1-5 QA/QC staff members for Energyfugitive emissions

Person Activities |
aNXp +fl RAYANI bSdzOA f | Sectoral QA/QC guarantor responsible for the compliance of all Q/
procedures with thdPCC 2006 Guidelines and the QA/QC.plan
Ms.Barborax 2 (i I @2 @t Calculations of fugitive emissions in coal mining, oil and gas industry,
control (1st step of Q@rocedure, Tier 1).

aNX +fl RAYNNJI b SdzOA f | Control of an expert familiar with the topic (2nd step of QC procedure,
1) and QC, Tier 2

Ms.Barborax 2 (i | @2 @t Control of the correct data input from calculation sheets to the respec
module of CRF Reporte
External expert Ensuring the QA procedure

1.2.3.11.4Industrial processes and product use

Czech Hydrometeorological Institute (CHMI) is a sesbdring institution for this category. The guarantor
of the QA/QC procedures in this sector is Md. ND 2 Nthd MEWE N1 I .{ f t Y2 O
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The plan of QA/QC procedures is in compliance with NIS general QA/QC plan and is based on the overall

/'1aL L{h dnamYunmp ljdzr fAGe& &adGlyRINRAZI ¢yndustBal & LINP
LINE OS&daSaé¢dd ¢KA a2 LINROS a3 NIRd a41A0 HncHM G5F 0F LINE
600 HNCHH a! LIRFGS 2F GKS bliA2ylf LYy@Syiz2NER NBLRI

The QA/QC system is based on the inner quality control procedure system witlséateral cooperation
mainly with KONEKO on theltl of norenergy use of fossil fuels in the sectors Chemical Industry and Iron
and Steel and with Ministry of the Environment and Czech Accreditation Institute on the field of EU ETS
data processing and verification.

The QA/QC system is based on the imipgality control procedure system with intsectoral cooperation:

As for norenergy use of fossil fuels in 2.B and 2.C the relevant QA/QC procedures at the CHMI are
performed in cooperation with KONEKO company. QA/QC procedures in the field of Chethostay lare
performed in ceoperation with Dr. Markvart and Prof. Bernauer from the Institute of Chemical Technology
(VSCHT), Prague. Besides, close cooperation with the Ministry of the Environment, as a competent
authority for EU ETS, and with the CzechkrAditation Institute is developed for the usage of the EU ETS
data for implementation of the QC Tier 2 procedures.

Activity data are supplied mostly by state statistical bodies (CzSO, Ministries etc.) which have their own
control mechanisms to ensure dlitg of published data. In the case of EU ETS, the use of data is consulted
with appropriate professional association (e.g. Czech Cement Association). In the cgasesd,Flifferent
sources of data are used (import/export statistics, direct questiomngarall importers/exporters, MoE
guestionnaire on fgases use) and compared.

The inner quality assurance and quality control procedure consists of the setting of responsible person for
emission calculation and quality check. Summary of involved expegisan in the following table. In
general, the responsibility is divided between the persons who implement the IPCC methodology and
control the results, data consistency and documentation process.

The QA/QC staff members for this categ@ndustrial proceses and solvent and other product use) are
given in the following table:

Tab.1-6 QA/QC staff members for Industrial processes and solvent and other product use

Sector Emission Estimate and the firs QC, Tier 1 (the second ste QC, Tier Z, verification

step of QC procedure, Tier 1 of QC procedure)
(auto-control)

ME&® . FNB2NF Y2|MsWAGTLIl {f1t Yg Mr Gemrichg2A.1
Mr. Prokopeq; 2.A.2

2.B Ms.WAGTEF {f1Y2@| Ms.. | ND2NJI Y2{d MrBernaue
2.C Ms.. F ND2NJI Y26N|MsWAGTF {1t YZd Mr.Toman
2.D Ms.WAGTEF {f1 Y20 Ms.. F ND2NI Y2daNXd +fF RAYNNI b S dx
2.E aad® WAGLlF {f+ Y| Ms .l Nb2NF Y2d MrMartin Beck
2.F aaod Yodzl F Y w2|Ms.. I ND 2N} Y2 {g Mr. Martin Beck
2.G Ma&® . ND2NI Y2 Ms Jitka{ t + Y2 Bt Mr. Bernauer

1.2.3.11.5 Agriculture

The Institute of Forest Ecosystem Research (IFER) is a-selwiog institution for this categorylhe
experts (DrY f D¢.Nilinerov) representing the Crop Research Institute (GR\Iejoined the teansince
2019. These expertzave been alsivolved in the QA/QC procedures.

The sector specific QA/QC plan for Agriculture is an integral part of the general QA/QC plan. The
agricultural greenhouse gas inventory is compiled by the experienced expert from tReitfeiuding

Part 1: Annual inventory submission 34



CHMI NATIONAIGHGNVENTORREPORT OF TREECHREPUBLIA990:2021

performing autacontrol. Direct inputs and independent controlling were performedthg experts from
CRI (ChapteManure Management and Agricultur&bils).

The Slovak agricultural experts (SHMI) also participate in discussions concerairigrinimprovements.

The procedure of inventory compiling is initiated by IFER where all necessary data, obtained from the
Czech Statistical Office (CzSO), are inserted into the excel spreadsheets. The excel files are then checked
by other IFER expertsll Aifferences are discussed and if necessary also corrected.

Ministry of Agricultureof the Czech Republi€zech University of Life Sciences, Institute of Animal Science
Prague, Researdhstitute for Cattle Breeding, Research Institute of AgricultEradineering, Institutef
Agricultural Economics and Czech Hydrometeorological Institute thee additional institutions
contributing information used iagriculture secto inventory.

For calculation of CS EF for cattle (Tier 2) some specific paramegeesjailable from CzSO, are needed.
The appropriate values in calculation spreadsheets are updated at IFER replacing the older ones. This work
is archived by sector expert (IFER).

The final checked and verified data are transferred into the CRF Repbh®ICRF tables are sent to the
NIS coordinator for the final checking and approval. All information used for the preparation of the
inventory report is archived by the author and by the NIS coordinator.

The QA/QC staff members for this categ@igricultue) are given in the following table:

Tab.1-7 QA/QC staff members for Agriculture

Person Activity \
aad WEyl . SNIy2@t 6L { Sector QA/QC guarantor

Emission estimation in Agriculture sector (1st step ofp@dcedure,
auto-control)

Checking of CRF tables and tisezies consistency

Mr. Emil Cienciala (IFER) QC verification of other expert familiar with agricultural problem (2
step of QC procedure)
Experts from CRI Consultation of QA/QC procedures and Gd$@mation

1.2.3.11.6 LULUCF
Institute of Forest Ecosystem Research (IFER) is a-settarg institution for this category.

The sector specific QA/QC plan for LULUCF is an integral part of the general QA/Q@epladLUCF
greenhouse gas inventory is compiled by an experienced exymrt the IFER, including autmntrol
procedure The sector specific QC, Tier 1 was prepared by another LULUCF expeartdadrarwith help
from other sectoral experts.

The procedue of inventory compiling is initiated by IFER. IFER collects the required data from the Czech
Statistical Office (CzSO), the Czech Office for Surveying, Mapping and Cadastre (COSMC) and the Forest
Management Institute (FMI). The latter two institutes preicountry specific information used for Tier 2

and Tier 3nventory estimates COSMC provides the annually updated areas for altdaadcategories.

FMI reports the recent data on forests (harvest, increment, felling, etc.) that are used in thedand
categories involving forest land. The preparatory calculation is mostly performed in excel spreadsheets
and in some instances in the specific software application prepared byTieER estimates are facilitated

by CBMCFS3 modelling tool (Kurz et al020Kull et al. 20194l files are then checked by other IFER
experts. All differences are discussed and if necessary, appropriate corrections are made. The appropriate
values in calculation spreadsheetsd other softwareare updated at IFER replacirgetolder ones. This

work is archived by an IFER expert.
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The final data files including the checked and verified data are transferred into the CRF Reporter. The
sectoral CRF files are sent to the NIS coordinator for the final checking and approvairiktioh used
for the preparation of the inventory report is archived by the author and by the NIS coordinator

The QA/QC staff members for this categ@rLUCF) are given in the following table:

Tab.1-8 QA/QC staff members for LULUCF

Person Activity |
Mr. Emil Cienciala (IFER) Sectoral QA/QC guarantor and expert with overall techn
responsibility for the LULUCF inventory

Emission estimation in LULUCF sector, 1st step of QC procedure
control)

Checking of CRF tables and tisezies consistency

adad® 9@k al O]l 2@t 0oL C9w Emission estimation in LULUCF sector, 2nd step of QC procedure

aNP hyRnS2 2SNyeé oLCOY

adad WFyl . SNIy2gi 0 L Technical verification of emission factors and time series ih theUCR
sector

FMI Selected data on forests

COSMC Selected cadastral data

Experts from GCRI Consultation of QA/QC procedures and GHG estimation

1.2.3.11.7 Waste
CENIA, Czech Environmental Information Agé@&NIAjs a sectoisolving institution for this sector.

The sectoral plan of QA/QC procedures is in compliance with the NIS general QA/QC plan. The inner quality
assurance and quality control procedure consists of the setting of responsible persons for emission
calculatonca NX» a A NP & | 3D |t Séddlavir SRistbAStarikivi (who is focusing on waste in
Y2NBE 3ISYSNIf GSN¥Yaooe aNXP | I @NI ydsdculdted ediisSion&Iy2028.R {1 K &
{ AYyOS HnHwM an dpdate¥ tha dseDddblries From autumn 2022, the agenda was gradually
KI'yRSR 2 @S Nwho perfarn$ed thé caldul@ibidf the emissions fothe referenceyear 2021.

Mr. Risto Saarikivi supervises the results and their consistency

Activity data are supplied mostly lsyate statistical bodies (CzSO, Ministries, CENIA etc.) which have their
own control mechanisms to ensure the quality of published data. It is beyond the scope of this sector
review to list them all as they are used by the whole NIS.

CREF is filled biir. B- Ouiitli help of Ms. Kopedkl y R a NJb , furkhé¥ ik gbBsistency between

sector worksheets, CRF and NIR are controlled by the sectoral expert (Tiercoatrtd) and a reviewer

from NIS coordination teamMr. | | @GN} yS1 KSf LJA ¢ Apiokosed antl @egoyhdends a & dzS ¢
improvements.He has a longime experience in this sectowWorksheets and all activity data are stored

(so far indefinitely) by both NIS coordinator and CENIA. €rgting issues from this sector are discussed
regularly with theexperts from the relevant sectors (Energy, Agriculture etc.).

Some findings from waste greenhouse gas inventories are published in scientific publications, in papers,
articles or in various project reports which gives the additional layer of QA/QC $qudHicular sectar
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The QA/QC staff members for this categfiyaste) are given in the following table:

Tab.1-9 QA/QC staff members for Waste

Person Activity |
aNX¥» aANRatl @ | I @NI | Sectorguarantor of QA/QC implementation.

MNXP t SGNJ . OAt 1st step of QC procedure, Tieafd Tier Jauto-control)

Mr. Risto Saarikivi 2nd step of QC procedure, Tier 1 and Tier 2

1.2.3.11.8 Template for documentations of performed QC procedures

For the documentation of the QCINE OS RdzNB & G KS dzy A T2 NMhecklistd yA a 6 dzdi &R
All used templates of the form are attachéske the Annex).

1.2.4 Changes in the national inventory arrangements since previous annual GHG
inventory submission

In the Czech national inventpteamthere was a change of coordinator and national inventory compiler
and there are two new sector experts for IPPble Thain pillars of the national ipventory system dgcjared A
Ay GKS /1 SOK wSLlzotA0Qa LYAGAI f ala@binNg dzy RSNJ G KS

1.3 Inventory preparation, and data collection, processing and storage

1.3.1 Activity data collection

Collection of activity data is based mainly on the official documents o€ttexh Statistical Offi¢€zS0),

which are published annually, whereetlCzech Statistical Yearboiskthe most representative example.
However for industrial processes, because of@zech Act on Statistigeroduction data are not generally
available when there are fewer than 4 enterprises in the whole country. In sueb,dagentory compilers

have to rely either on specific statistical materials edited by sectoral associations or, in some cases,
inventory experts have to carry out the relevant inquiries. In a few cases, the Czech register of individual
sources and emigsis, called REZZO, is utilized as source of activity data.

Emission estimates from SectorAlFuel Combustion Activitiesre based on the official Czech Energy
Balance, compiled by thézech Statistical OfficBata from the Czech Energy balance are pse@both

in the Reference Approach (TPE®Bimary sources data are used) and in the Sectoral Approach (data for
fuel transformations and final consumptions). However, in the latter case, some additional data are
required (e.g. data on transportation ststics).

Recently data from EU ETS system are used as well. For the purposes of Energy sector are these data used
more for control purposes, more detailed information is given in relevant chapter for Energy sector.
Furthermore, for the emission estimatesIiPPU sectors are EU ETS data used in much higher extend. For
some subcategories, e.g. Cement Production or Lime Production is these data used for the complete
inventory; in the subcategories is EU ETS data used for improving emission factors and dsga. The
improvements are listed in the Improvement Plan.

Furthermore across different sectors are used specific sectoral associations. In each chapter for subsectors
are listed data providers for the specific subsectors.
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1.3.2 Data processing and storage

Data Secto1.A Fuel Combustion Activities are processed by the system of interconnected spreadsheets,
O2YLIAE SR Ay a{ 9EOSt T2t 2 ®00§Giiddire W\ 4 WErdok. Fhe LINB &
system is extended by incorporating sheets with modiéedrgy balance: these sheets represent an input

data system. This system was recently a bit modified to be more transparent.

Also, in the majority of other sectors, data are processed in a similar- Wwgysing a system of joined
spreadsheets taken fromhe Workbookand slightly modified in order to respect national circumstances.
The following examples of such cases of processing can be mentioned: agriculture, waste, fugitive
emissions. For LULUCF, a specific spreadsheet system is used, respectinignia¢é mathodology.

Archiving of the inventory is carried out annualy, the archive consist of the all necessary calculation sheets
and models including relevant background information, methodologies descriptions and sectoral chapters
as well as the wholdral inventory. The archive is stored in the official archive depository at CHMI, is
bcked up 3x times on different servers and in regularly saved in the overall CHMI archive.

Archiving process scheme

The NIS coordinator is responsible for the adminigtratand functioning of the archive. The archiving
system is administered in accordance with the provisions of the Kyoto Protocol and the IPPC methodical
recommendations.

The archiving system was updated in 2017. Currently the archive is stored at s@cwithfaccess only
for the inventory coordinator and IT responsible expert. The archiving servers are backed up 3 times on
secure servers owned by CHMI.

Material archived by the sectesolving organizations
1 Input data in unmodified form
Files for transfamation of original data to calculation sheets (if used)
Calculation sheets
Outputs from CRF
Outputs from QA/QC
Other relevant documents

= =4 =4 4 =

Material archived by the coordinator
1 All administrative agenda with text outputs (contracts, orders, invoices)
1 Importantcorrespondence related to the operation and functioning of NIS
1 Outputs from QA/QC
1 Other relevant documents

Structural arrangements of the NIS Archive

The archiving system contains and connects 4 individual units.

1) The archive of the sectesolving organiz#on
1 Functionality and administration are based on contracts with the sesbring organizations
1 Administration is provided by the sectoral organizations

2) Central storage site for sharing material in the context of NIS
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1 Storage site accessible at privatp f
1 Administered by the NIS coordinator
1 Contains working materials for current submissions intended for archiving
3) Central closed archive of the NIS Coordinator
Internal central archive, administered by the NIS coordinator
Contains all the officially archigematerials
The content of the archive is stored in duplicate on special media designed for data archiving
The archive is located in the seat of the coordinator (CEHMINI 3 dzS Y 2 Y2 njl y &0

Entries in the archive are always performed as of 30 June of thearglggar of submission and
a detailed records of them is also archived.

=A =4 =4 =4 =

1 Entries in the archive are also performed after the end e$ubmissions or during any other
unplanned intervention into the database or text part of already archived submissions.

9 Prior to archiving, data for archiving must be checked and authorized by the QA/QC guarantor
of the relevant sectoral organization.

4) Central accessible archive

Mirror image of the central closed archive, available on the internet

Does not contain sensitive doments, but does contain a complete list of archived files
Available at http://portal.chmi.cz

Administered by the NIS coordinator

=A =4 =4 =4 =

Updating corresponds to the entries in the Central closed archive, available a maximum of 3
working days after completion @frchiving.

1.4 Brief general description of methodologies (including tiers used) and data
sources used

The methods used in the Czech greenhouse gas inventory are consistent with the IPCC methodology, which
has been prepared for the purpose of compilation dfioaal inventories of anthropogenic GHG emissions

and removalsThe updated 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 2006)
are used for the inventory since this submissieor LULUCF sector IPCC Good Practice Guidance for Land
Use, LandJse Change and Forestry (IPCC 2003) was used as well.

Depending on the complexity of the calculation and types of emission factors used (generally
recommended default, countryspecific, sitespecific and technologgpecific), the approaches de#med

in the IPCC methodology consist of three tiers. Tiés typically characterized by simpler calculations,
based on the basic statistical data and on the use of generally recommended emission teftouk) (of

global or continental applicabilityabulated directly in above mentioned methodical manuals.

Tier2 is based on sophisticated calculation and usually requires more detailed and less accessible statistical
data. The emission factors (counspecific or technologgpecific) are usually deed using calculations

based on more complex studies and better knowledge of the source. Even in these cases, it is sometimes
possible to find the necessary parameters for the calculation in IPCC manuals. Procedures in Tier 3 are
usually considered to cois$ in procedures based on the results of direct measurements carried out under
local conditionsand locally parameterized models
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Methods of higher tiers should be applied mainly for key categories. Key categories (key source categories)
are defined as dagories that cumulatively contribute 90% or more to the overall uncertainty either in

level or in trend. Apparently, procedures in higher tiers should be more accurate and should better reflect
reality. However, they are more demanding in all respectsl, especially they are more expensive. An
overview of the methods and emission factors used by the Czech Republic for estimation of emissions of
IAINSSYyK2dzaS 3FrasSa Aa 3IAPGSY Ay GKS /wC ¢FoftS a{dzyvyl

Because of the aboveescribed problems encountered ihe application of the methods of higher tiers,

these procedures have so far been introduced only for some key categories. For example, for combustion

of fuels,country-specificfactors are employed only for Brown/Hard&, Brown Coal Hdnite, Bituminous

QGoal, Coking @al, GasWorks Gas, Refinery Gas, LPG anbatural Gas, while the default emission factors

are employed for the rest ahe other fuels. For Bituminouso@l, Brown Coal + Lignite and Brown Coal
Briquettes are used country specific oxidatitacttors as well. Similarly, for Industrial Processes, only the

Tier 1 method is used for the production of iron and stéekontrast, the methods of higher tiers and/or
country-specific factors are employed far more frequently for other key categortespt€r 10 describes

GKS AGLYLINRBOSYSylG tflyés gKAOK gAff Ffaz2z SyO2YLI a:
of higher tiers.

All direct GHG emissions can also be expressed in terms of total (or aggregated) values, which are
calculated as a sumf the emissions of the individual gases multiplied by the Global Warming Potential
values (GWP). GWP correspond to the factor by which the given gas is more effective in absorption of
terrestrial radiation thanCQ (1 for CQ, 25for CH and 298for N;O). The total amount of Hgases is
relatively small compared t€Q, CH andN2O; nevertheless their GWP values are larger #ydders of
magnitude. Consequently, total aggregated emissions to be reduced according Kyake Protocoare
expressed as #hequivalent amount of2Q with the same radiation absorption effect as the sum of the
individual gases.

On the other hand, in preparing this inventory, somewhat less attention was paid to emissions of the
precursors N@ CO, NMVOC and $Which are covexd primarily by theConvention on LorBange
Transboundary Air PollutidLRTAP) and are not directly related to the Kyoto Protocol. Their inventories
are compiled for the purposes of CLRTAP by NER Format of Reportindoy another team at CHMI.

Thus enissions of precursors in the GHG inventory (CRF) have been fully taken over and transferred from
NFR to CRF. A detailed description of the methodology used to estimate emisgiocesuo$orss provided

in the Czech Informative Inventory Report (IIR)brfission under the UNEZHERTAP Convention
(submitted annually by ¥S5February)and shortly in chapter 9 of the NIR

In Septemberof 205 G KS /1 SOK ylGA2ylt 3ANBSycnaizedSevied @ Ay O
The Czech national inventory teaecteived annual inventory report in April 2015. Since the delay caused

by notfully functioning reporting software occurred in this submission, the recommendations were
implemented in the submission to as high extend as possible. Other recommendatioparaue the
Improvement plan for the future improvement of specific categories.

Methodical aspects are described in a greater detail in semt@nted Chapters 3 to 8 and in Chapter 10
GwS Ol f Odzf ¥LUIMRFRY SyWiRA £Ld déaks Witdihs MNttions of thé Gzech team to the
comments and recommendations of the recent international review organised by UNFCCC.
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1.5 Brief description of key categories

ThelPCC 2006 Guidelines (IPCC, 2p0&yides twoapproaches of determining thkey categoriegkey
sources). Key categories by definition contribute98% percent of the overall uncertainty in a level (in
emissions per year) or inteend. Approacl® follows from this definition, and requires thorough analysis
of the uncertainty and use of sophisated statistical procedures and evaluation of sources in terms of the
appropriate characteristics.

Tab.1-10Identification of key categories by level assessment (LA) and trerebasment (TA) for 2Q2evaluaed with LULUCF
(Approach?)

IPCC Source Categories GHG Cumulative  Cumulative KC type
Total (LA, %) Total (TA, %)

1.A.1 Energy industriesSolid Fuels CQ 45.56 97.28 LA
1.A.2 Manufacturing Industries and Constructiersolid Fuels CQ 92.94 77.49 TA
1.A.2 Manufacturing Industries and ConstructieiGaseous Fuels CQ 90.05 97.17 LA
1.A.2 Manufacturing Industries and Constructie®ther Fossil 75.35 83.18 LA, TA
Fuels CQ

1.A.3.b Road Transportation CO 60.19 79.64 LA, TA
1.A.3.b Road Transportation N>O 82.73 86.50 LA, TA
1.A.4 Other SectorsSolid Fuels CcQ 84.19 71.78 LA, TA
1.A.4 Other SectorsSolid Fuels CH 89.32 81.51 LA, TA
1.A.4 Other SectorsGaseous Fuels CcQ 80.94 88.23 LA, TA
1.A.4 Other SectorsBiomass CH 77.22 85.23 LA, TA
1.B.1.a Coal Mining and Handling CH 63.28 50.25 LA, TA
1.B.2.b Fugitive Emissions from Fuel®il and Natural Gas 85.60 95.45 LA
Natural Gas CH

2.B.8 Petrochemical and Carbon Black Production CO 79.23 90.94 LA, TA
2.C.1 Iron and Steel Production CQ 56.87 94.52 LA
2.F.1 Refrigeration and Air conditioning Fgases 39.66 58.36 LA, TA
3.A Enteric Fermentation CH 71.45 92.78 LA
3.B Manure Management CH 93.76 89.96 TA
3.B Manure Management N2O 88.18 87.13 LA, TA
3.D.1 DirectN,O Emissions From Managed Soils N.O 68.93 99.52 LA
3.D.2 IndirectN,O Emissions From Managed Soils N,O 86.83 98.85 LA
3.G Liming CQ 96.46 89.28 TA
4.A.1 Forest Land remaining Forest Land CcQ 21.42 40.06 LA, TA
4.C.2 Land converted to Grassland CO 87.31 98.21 LA
4.E.2 Land converted to Settlements CO 88.69 97.72 LA
4.G Harvested wood products CcQ 53.03 83.88 LA, TA
5.A Solid Waste Disposal CH 31.81 65.20 LA, TA
5.B Biological treatment of solid waste CH 66.22 74.83 LA, TA
5.D Wastewater treatmentnd discharge CH 73.73 93.68 LA

Tab. 1-11 Identification of key categories by level assessment (LAY drend assessment (TA) for 202valuated without
LULUCEF (Approach 2)

IPCC Source Categories Cumulative Cumulative KC
Total (LA, Total (TA, %) type
%)
1.A.1 Energy industriesSolid Fuels CQ 35.20 80.47 LA, TA
1.A.1 Energy industriesSolid Fuels N.O 88.56 97.70 LA
1.A.2 Manufacturing Industries and Constructiersolid Fuels CQ 91.04 62.35 TA
1.A.2 Manufacturing Industries and Constructietiquid Fuels CcQ 97.67 87.97 TA
1.A.2 Manufacturing Industries and Constructieiaseous Fuels CQ 87.74 91.97 LA
1.A.2 Manufacturing Industries and Constructie®ther Fossil Fuels CQ 67.74 69.37 LA, TA
1.A.3.b Road Transportation cQ 45.64 66.40 LA, TA
1.A.3.b Road Transportation CH 94.31 90.32 TA
1.A.3.b Road Transportation N.O 78.51 77.07 LA, TA
1.A.4 Other SectorsSolid Fuels cQ 80.63 52.88 LA, TA
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IPCC Source Categories Cumulative Cumulative KC
Total (LA, Total (TA, %) type
%)

1.A.4 Other SectorsSolid Fuels CH 86.67 72.21 LA, TA
1.A.4 Other SectorsLiquid Fuels CQ 92.80 89.82 TA
1.A.4 Other SectorsGaseous Fuels CQ 75.89 79.14 LA, TA
1.A.4 Other SectorsBiomass CH 70.46 74.72 LA, TA
1.B.1.a Coal Mining and Handling CH 50.14 29.89 LA, TA
1.B.2.bFugitive Emissions from Fuel©il and Natural GasNatural Gas CH 82.69 98.97 LA
2.B.2 Nitric Acid Production N.O 98.93 88.68 TA
2.B.8 Petrochemical and Carbon Black Production cQ 73.39 82.42 LA, TA
2.C.1 Iron and Steel Production CQ 40.80 95.51 LA
2.F.1 Refrigeration and Air conditioning Fgases 26.59 14.36 LA, TA
2.G Other Product Manufacture and Use N,O 90.04 94.89 LA
3.A Enteric Fermentation CH 62.05 96.50 LA
3.B Manure Management CH 92.24 87.02 TA
3.B Manure Management N.O 85.75 84.88 LA, TA
3.D.1 DirectN,O Emissions From Managed Soils N.O 58.39 89.26 LA, TA
3.D.2 IndirectN,O Emissions From Managed Soils N.O 84.48 96.98 LA
3.G Liming CQ 95.17 84.04 TA
5.A Solid Waste Disposal CH 15.14 42.75 LA, TA
5.B Biological treatment oolid waste ChH 54.43 58.27 LA, TA
5.D Wastewater treatment and discharge ChH 65.38 86.02 LA, TA
5.D Wastewater treatment and discharge N,O 89.35 95.78 LA

Tab.1-12Identification of key categories by level assessment (LAYl &rend assessment (TA) for 202valuated with LULUCF
(Approach 1)

IPCC Source Categories Cumulative Cumulative
Total (LA, Total (TA, %)
%)

1.A.1 Energy industriesSolid Fuels CQ 27.57 88.87 LA, TA
1.A.1 Energy industriesLiquid Fuels CQ 96.54 90.75 TA
1.A.1 Energy industriesGaseous Fuels CcQ 70.91 82.09 LA, TA
1.A.2 Manufacturing Industries and Constructiersolid Fuels CcQ 74.66 39.08 LA, TA
1.A.2 Manufacturingndustries and ConstructionLiquid Fuels CcQ 95.11 79.55 LA, TA
1.A.2 Manufacturing Industries and Constructieiaseous Fuels CQ 65.53 86.99 LA, TA
1.A.2 Manufacturing Industries and Constructie®ther Fossil Fuels CQ 93.31 93.95 LA, TA
1.A.3.bRoad Transportation cQ 41.43 63.24 LA, TA
1.A.4 Other SectorsSolid Fuels cQ 81.85 51.91 LA, TA
1.A.4 Other SectorsSolid Fuels CH 97.55 92.04 TA
1.A.4 Other SectorsLiquid Fuels cQ 89.37 88.24 LA, TA
1.A.4 Other SectorsGaseous Fuels cQ 55.67 72.88 LA, TA
1.A.4 Other SectorsBiomass CH 92.40 95.56 LA
1.B.1.a Coal Mining and Handling CH 88.43 68.41 LA, TA
1.B.2.b Fugitive Emissions from Fuel®il and Natural GasNatural Gas CH 94.18 98.56 LA
2.A.1 Cement Production CQ 85.34 97.93 LA
2.A.2 Lime Production CQ 92.90 97.64 LA
2.A.4 Other Process Uses of Carbonates CQ 94.69 95.06 LA, TA
2.B.2 Nitric Acid Production N>O 99.42 92.61 TA
2.B.8 Petrochemical and Carbon Black Production cQ 90.13 96.30 LA
2.C.1 Iron and Steétroduction cQ 60.50 93.42 LA, TA
2.F.1 Refrigeration and Air conditioning Fgases 68.29 76.48 LA, TA
3.A Enteric Fermentation CH 79.60 89.57 LA, TA
3.B Manure Management CH 96.23 90.16 TA
3.B Manure Management N>O 95.44 94.47 TA
3.D.1 DirectN,O Emissions From Managed Soils N.O 83.87 99.57 LA
3.D.2 IndirectN,O Emissions From Managed Soils N,O 90.75 99.33 LA
3.G Liming CQ 98.26 93.28 TA
4.A.1 Forest Land remaining Forest Land cQ 50.13 20.55 LA, TA
4.A.2 Land converted to Forest Land cQ 93.75 95.83 LA
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4.G Harvested wood products CQ 87.19 94.17 LA, TA
5.A Solid Waste Disposal CH 77.16 84.17 LA, TA
5.B Biological treatment of solid waste CH 91.85 91.39 LA, TA
5.D Wastewater treatment and discharge CH 91.35 98.44 LA

Tab. 1-13 Identification of key categories by level assessment (LAp drend assessment (TA) for 202valuated without
LULUCF (Approach 1)

IPCC Source Categories GHG Cumulative Cumulative KC
Total (LA, Total (TA, type
%) %)

1.A.1 Energy industriesSolid Fuels CQ 31.20 55.61 LA, TA
1.A.1 Energy industriesLiquid Fuels CQ 96.81 90.96 TA
1.A.1 Energy industriesGaseous Fuels CQ 70.40 75.30 LA, TA
1.A.2 Manufacturing Industries and ConstructiersolidFuels CQ 74.64 20.42 LA, TA
1.A.2 Manufacturing Industries and Constructiefiquid Fuels CQ 95.20 78.71 LA, TA
1.A.2 Manufacturing Industries and Constructieiaseous Fuels cQ 64.31 82.81 LA, TA
1.A.2 Manufacturing Industries and Constructie®ther Fossil Fuels CcQ 93.66 88.38 LA, TA
1.A.3.b Road Transportation CQ 46.89 35.77 LA, TA
1.A.4 Other SectorsSolid Fuels CQ 82.78 49.98 LA, TA
1.A.4 Other SectorsSolid Fuels CH 97.69 89.71 TA
1.A.4 Other SectorsLiquid Fuels CcQ 89.20 86.88 LA, TA
1.A.4 Other SectorsGaseous Fuels CcQ 53.16 61.69 LA, TA
1.A.4 Other SectorsBiomass CH 92.62 92.37 LA, TA
1.B.1.a Coal Mining and Handling CH 88.13 67.35 LA, TA
1.B.2.b Fugitive Emissions from Fuel®il and Natural GasNaturalGas CH 94.15 99.75 LA
2.A.1 Cement Production CcQ 86.73 92.95 LA, TA
2.A.2 Lime Production CQ 93.19 98.26 LA
2.A.4 Other Process Uses of Carbonates CcQ 94.72 93.71 LA, TA
2.B.2 Nitric Acid Production N,O 99.45 90.34 TA
2.B.8 Petrochemical and Carbddiack Production CQ 90.06 94.39 LA, TA
2.C.1 Iron and Steel Production CQ 58.62 95.77 LA
2.F.1 Refrigeration and Air conditioning Fgases 67.43 71.94 LA, TA
3.A Enteric Fermentation CH 80.23 97.78 LA

3.B Manure Management CH 96.46 89.00 TA
3.BManure Management N.O 95.57 95.07 TA
3.D.1 DirectN,O Emissions From Managed Soils N.O 85.06 94.78 LA, TA
3.D.2 IndirectN,O Emissions From Managed Soils N.O 90.76 98.79 LA
3.G Liming CQ 98.34 91.70 TA
5.A Solid Waste Disposal CH 77.48 85.62 LA, TA
5.B Biological treatment of solid waste CH 92.00 87.70 LA, TA
5.D Wastewater treatment and discharge CH 91.44 96.35 LA

The procedure of thé\pproach2 is based on theesults of the uncertainty analysi¥he key categories
were considered to be thosethose cumulate contribution is less than 90. For trend assessment, a
similar procedure is used; with the difference that here the decisive quantity is defined as the product of
the relative contribution to the total emissions (determined in the previoase) and the absolute value

of the relative deviation of the individual trends from the total trend.

For the right identification of key categories, also assessment without consideration of the LULUCF
categories was employed. It is obvious frdrab. 111 (Approach 1and Tab. 113 (Approach 2, that1.A.2
Manufacturing Industries and Constructiebiquid Fuelsl.A.2 Manufacturing Industries and Construction

- Solid Fuels1.A.3.b Road Transportatiph.A.4 Other SectorsLiquid Fuels2.B.2 Nitric Aicd Production

3.B Manure Managemenivere considerel additionally as key categories trend assessmentWhen
applying the Approach 1 the categoriesA.1 Energy industried_iquid Fuelsl.A.4 Other SectorsSolid

Fuels 2.B.2 Nitric Acid Productio.B Manure ManagemenB.G Limingvere considered additionally as

key categories in trend assessmeviten the LULUCF categories were not considénéakn applyng the
Approach 2and categoried..B.2.b Fugitive Emissions from FudDsl and Natural GasNatural Gas2.A.2

Lime Production2.C.1 Iron and Steel ProductidhA Enteric Fermentatigr3.D.2 IndirectN.O Emissions
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From Managed Soiland 5.0 Wastewater treatment and discharge the level assessmenthen the
LULUCF categories were not considered.

On the whole,34 (Approach 1) and28 (Approach 2)key categories were identified either by level
assessment or by trend assessment. A summary of the assessed numbers concermiaggd@yes is
given in Tab.14. Complete tables for key category anadyare presented in Annex 1 of this report.

Tab.1-14 Figures for key categories assessed

Approach 1 Approach 2 |
Key categories (KC) with LULUCF 34 28
KC identified by LA 28 25
KC identified by TA 25 18
KC identified by LA + TA concurrent 19 15
KC identified by only LA 9 10
KC identified by only TA 6 3
Key Categories (KC) without LULUCH 31 31
KC identified by LA 25 24
KC identified by TA 25 23
KC identified by LA + TA concurrent 19 16
KC identified by only LA 6 8
KC identified by only TA 6 7

1.6 General uncertainty evaluation, including data on the overall uncertainty
for the inventory totals

Uncertainty analysis characterizes th&tent (i.e. possible interval) of results for the entire national
inventory and for its individual components. Knowledge of the individual and overall uncertainties enables
compilers of emission inventories better understanding of the inventory procelSghwencompasses
collection of suitable input data and their evaluation. Uncertainty analysis also help in identifying those
categories of emission sources and sinks that contribute most to the overall uncertainty and thus establish
priorities for furtherimprovement of the quality of the data.

A method of uncertainty determination based on the error propagation method (Tier 1), using calculation
sheets obtained according to the prescribed metbtmdyy (IPCC2006), has been used in the Czech
national invenbry for a number of years. The accuracy of the calculation algorithm has been sufficiently
verified, uncertainty in the activity data and emission factors for the individual categaresipdated
every submissiorExperts from CHMI and all the contribudisectoral organizationare participaing in

this work. The individual experts investigated the uncertainty parameters coming under their field of work
and proposed new ones or defended the original ones in discussions. Details are descriledant
subchapters

Uncertainty analysis of Tier 1, which is presented in this volume of NIR, employs the same source
categorization as used in key categories assessment. Actual results of the uncertainty anaB@18 for
after above mentioned revision of thepgat parameters are given iinnex 2

Further, uncertainty bases are yearly evaluated for LULUCF, Wasknargly sectqwhich are then used
for the overall uncertainty analysis.

Results of uncertainty assessment were obtained (i) for all sectors inglutdLUCF and (ii) for comparison
also for all sectors without LULUCF. The estimated overall uncertainty in level asse@smsenwith
LULUCF) reacheti1l4%. The correspating uncertainty in trendsi4.35%. For the case without LULUCF
the estimated overall uncertainty in level assessms2t98% andl.5% in trend.
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The same source categories used in key sources assessment have also been used even in uncertainty
analysis. In this way, the uncertainty analysis resas used laterApproach2 key source analysi$he
uncertainty analysis is provided in Annex 2 tables.

1.7 General assessment of completeness

CRF Table 9 (Completeness) has been used to give information on the aspect of completeness. This part of
the text includes additionainformation. All the categories of sources and sinks included in the IPCC
Guidelines are covered. No additional sources and sinks specific to the Czech Republic have been
identified. Both direct GHGs as well as precursor gases are covered by the CzetcinyinVée geographic
coverage is complete.

Additionally this year was used thieO 2 Y LI S (i Sy S &RFRepbrtizy/ idoivdver yit was Hiscovered,
GKIFIG GKAA TFTdzyOlAazyltAde R2SayQild Fftglea IADBS LINELE
the completeness checks. Example of this form is given in AnBegecifically, there are some empty
GFroftSa NBLR2NISR Ay (GKAA&A adoYAdarzys airyoS GKS / w
information filled in subcategories. Thisue is occurring only for categories, which are not occurring in

the Czech Republic.

1.7.1 Notation keys

The sources and sinks not considered in the inventory but included in the IPCC Guidelines are clearly
indicated and the reasons for this exclusion are aix@din Documentation box in CRF Reporter and in
relevant chapter of NIRn addition, the notation keys presented below are used to fill in the blanks in all
the CRF Tables. Notation keys are used according to the UNFCCC guidelines on reportingvand revie
(FCCCICP/2002/8).

Allocations to categories may differ from Party to Party. The main reasons for different category allocations
are different allocations in the national statistics, insufficient information on the national statistics,
national methods, ad the impossibility of disaggregating the reported emission values.

IE (included elsewhere):

GL9¢ A& dzaSR FT2NJ SYAééAZYé 08 &2dz2NOSa FyR NBY2JI f
but included elsewhere in the inventory instead of in tBeE LISOG SR a2 dzZNOSk aiayl OF -
used in the inventory, the CRF completeness table (Table 9) indicates where (in the inventory) these

emissions or removals have been included. This deviation from the expected category is explained.

NE (not estnated):

G ¢ Aad dzaSR FT2NJ SErA&alAy3d Syraarzya o6& &az2dzNOSa |
0SSy SA0AYIGSR® 2KSNB Gb9¢ A& dzZASR AYy |y Ay@Syidz2l
completeness table indicate why the emass or removals have not been estimated. For emissions by
a2dz2NOS& yR NBY2@lIta o0& aiayla zupsasNp&pessodsiadlistal &S a
AT G(GKSe | OGdzZrftte FNB abhé o6y2i 2 O0O0dzNNIR yiayidis | & LI
LX FyYySR (KFd GKS&S &d2dz2NOS 2N aiAy]l OFGSA2NRSAE GAff

» O
y ©

Overview of not estimated (NE) categories of sources and sinks and categories included elsewhere (IE) and
the relevant explanations are given in CRH& ab
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2 Trends in greenhouse gas emissions

Asit is apparent from the graphs below, thietal emissionshad anslightincreasing trend from 2014 to
2019.In 2020 the emissitsdecreased in comparison with previous yeahis derease vas causednainly
by the derease in emissiafrom Energy sector which was affected by Ca@\@pandemic situationn
2021 the emissions had slightly increased adRli@ase see details in the respective chapter of the NIR.

2.1 Description and interpretation of emission tre  nds for aggregated GHG
emissions

Tab.2-1 presents a summary of GHG emissions excl. bunkers emiésiahe period from 1990 to 2021
ForCQ, CHandN;Othe base yar is 1990; for fgases the base year is 1995.

Tab.2-1 GHG emissions frorh990;2021excl. bunkers [kiCQ eq.]

cat CH? NoO? HFCs PFCs NR Sk Total emission$ |
excl. LULUCF incl. LULUCF

1990 164250.44  26870.31  7624.44 86.83 200727.48 192141.74
1991 148883.27  25470.94  6459.90 NO 86.66 182629.01 172694.08
1992 145705.80 23519.27  5766.47 88.03 176672.61 166603.02
1993 140124.04 22981.25 5182.96 89.22 169978.92 159291.70
1994 132668.04 21570.01  5137.37 90.35 160995.00 151612.06
1995 131622.22  21206.37  5414.42 86.87 0.01 NO 91.40 159914.11 150236.87
1996 135018.67  21217.99 5217.96 215.43 0.68 NO 101.32 163237.28 153824.14
1997 130941.62  20620.17 5221.27 388.92 1.62 NO 99.06 158687.40 150223.13
1998 125608.82  19708.88  5143.84 529.34 1.54 NO 97.89 152468.54 144313.17
1999 116671.89  18736.52  4967.55 635.90 1.08 NO 98.88 142387.89 134000.80
2000 127235.99  17660.61  5372.59 799.77 4.43 NO 111.73 152392.44 143224.57
2001 127144.37 16997.68  5585.50 997.94 9.15 NO 101.85 151937.44 142776.88
2002 123969.96  16637.44  5201.96 1098.28 15.17 NO 125.00 148107.87 139178.98
2003 127571.70 16505.88  4811.80 1211.48 8.36 NO 149.14 151274.67 142957.05
2004 128291.63  15955.20  5393.34 1327.48 12.41 NO 124.32 152090.42 143947.30
2005 125690.74  16587.31  5270.18 1346.93 14.38 NO 115.28 150064.01 141805.92
2006 126555.14  16822.60  5175.02 1586.29 29.02 NO 108.34 151340.23 144262.44
2007 128382.09 16281.80 5232.51 1943.85 27.20 NO 96.67 152951.02 146443.55
2008 122951.00 16331.96 5261.22 2202.65 37.05 NO 91.39 147860.74 140017.34
2009 114999.01 15505.13  4513.51 2221.14 42.14 NO 91.79 138263.06 130477.32
2010 117490.71 15770.66  4435.97 2438.10 44.34 0.14 85.30 141156.01 134001.15
2011 115201.99  15673.76  4990.98 2648.54 8.08 0.55 91.36 139535.68 132016.41
2012 111298.44  15610.99  4898.58 2751.78 6.17 0.83 95.28 135533.90 127839.89
2013 106732.70 14920.32  4672.49 2880.61 4.18 1.32 85.59 130079.36 122997.74
2014 104256.20 14912.89  4815.86 3060.06 3.12 2.22 82.36 127913.14 120878.77
2015 105022.27  14972.21  5173.94 3309.69 2.11 2.01 80.67 129312.28 122348.18
2016 106680.87  14526.36  5310.70 3528.34 1.78 2.01 81.04 130878.00 124770.72
2017 107776.57  14288.09  5090.67 3742.04 1.97 3.12 76.30 131682.84 127184.01
2018 106358.39  14190.41  4800.54 3793.36 2.07 2.91 72.72 129889.85 130891.68
2019 101032.69 13830.19 4741.16 3823.44 1.57 2.36 70.09 124109.59 131887.66
2020 91697.36  13131.58  4492.15 3734.29 0.97 2.02 67.16 113719.52 124987.37
2021 96665.23  13232.72  4691.18 3711.40 0.31 1.46 64.68 119035.64 127393.65
%) -41.15 -50.75 -38.79 417254 34761924 NA -25.50 -40.70 -33.70
Note: Global warming potentials (GWPs) used (100 years time hoi@dr):28 N.O = 265; Sk = 23 500; Nk = 16 100; HFCand PFCs consist (
different substances, therefore GWPs have to be calculated individually depending on substances
GHG emissions excluding emissions/removals from LULUCF
?relative to base year
Sincl. LULUCF
4incl.indirect emissions

GHG emissions and removals have significantly decreased in the period 1998, mainly driven by the
economy transition and pursuing major dropdown in heavy industry activities in the country. The fast
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decrease has stopped around 158 00K} eqg. and continues fluctuating ever since ($8g.2-1). From
2010 to 2021the total GHG emissions (incl. inditeemissions and incl. LULUCF)cda®d by
approximately5% or 6 607.5kt CQ eq. resulting in total emissions o271 393.65kt CQ eq. The total
emissions excluding LULUCF decreased®y or-22 120.37kt CQ eq. Thedifferencein the trend
between including/excluding LULUCF is caused Qg mcrease in emissions from LULWOEcent years

The total GIG emissions and removals in 202&re -33.70% below the base year level incl. LULUCF and
indirect emissions anel0.70%, when excl. LULUCF.

200000

150000

100000

[kt SO, el

50000

0
1980 1995 2000 2005 2010 2015 2020
Fig.2-1 Total trend of GHG emissions, [RQ eq.]

In 1989 then Czechoslovak economy was one of the centrally planned economies with high level of
monopolization. All economic processes were controlled through central planning. IFpraatical
purposes, there was no real market and this situation resulted in an ever deepening economic and
technological lag which resulted in high energy and material inefficiency. Since 1989 to the present the
economy transformed successfully to a deyped marketdriven economy. The transformation led to a
decline in production, investment in environmental protection, energy efficiency, fuel switch and
increasing use of renewable energgreenhouse gases emission trend between 2007 and 2009 and
supposelly up to present days passed through significant change driven mainly by economic recession.
Apparent is also decrease in 2020 cause€ByIB19 pandemic.
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2.2 Description and interpretation of emission trends by sector

2.2.1 Description and interpretation of emi  ssion trends by gas

40
0
1990 1905 2000 2005 2010 015 2020 1990 1995 2000 2005 2010 2015 2020

— HFCs PFCs — NF3 — SF6 — F-gases -— €02 CH4 — N20 — Total_incl.LULUCF

Fig.2-2 Trend inCQ, CH and N2O emissions 1990 2021in index form (base year = 109 and Trend in HFCs, PFC9882021)
and Sk (1990¢ 2021) actual emissions in index form (bagear = 1006

Themajor greenhouse gas in the Czech Repubswhich represents 8% of total GH1G emissions and

removals in 202, compared to 83% in the base year (excl. indirect emissions, excl. LULUCF). It is followed

by CH (11% in 202, 13% in the base yeaiN.O (4% in 20215%in the base year) anddases (3% in 2021

0.04% in 1990)The trend of individual GHG emissions relative to emissions in the respective base years is

presented in Fig.-2.
CQ

CQ emissions have been rapidl 100
RSONBFaAy3a Ay
1994 the emisions have kept at
average of 7% of the amount
produced in 1990. Inteannual
decrease inCQ emissions (excl.
LULUCF, ek indirect emissions)
from 2010 to 202by 18%results
the total decrease of B15%
from 1990 to 2021 Quoting in
absolute figures,CQ emissions
and removals decrased from
16425044 tO 96665.23 kt CQ in 1890 1995 2000 2005 2010 2015 2020
the_ period from 1990 to_20_2 [ [P —
mainly due to lower emissions
from the 1 Energy category F_ig.2-3 Percentual share of GHGs-éXis begins at70% - part of CQ share i
. . hidden)
(mainly 1.A.2 Manufacturing
Industries &  Constructign
1.A.4.aCommercial/lnstitutional and.A.4.bResidentig|.

a0

3 Agriculture . 5 Waste

The main sorce of CQ emissions is fossil fuel combustion; within the Eéel Combustiorcategory,
1.A.1Energy Industrand 1.A.40ther sectorsre the most importantCQ emissions increase@markably
between 1990 and 2QRfrom the 1.A.3Transportcategory froml1 077.61to 18 733.60 kt CQeq.
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CH

CHemissions share decreased almost steadily during the period from 1990 to 2004, from 2004 methane
fluctuated around 60% of its base yeanigsions. In 202CH emissions were 50.26 below the base year

level (ircl. LULUCHMainly due to lower contribution of 1.Bugitive Emissions from Fuelsd emissions

from 3 Agriculture andlespite increase from the \B/astecategory. Thenain sources o€H emissions are
1.BFugitive Emissions from Fuétolid fuel), 3.Anteric Fermentatiomnd 5.ASolid Waste Disposal on
Land.

N0

N>O emissions strongly decreased from 1990 to 1994 by 32% over this period and then shows slow
decreasing trend with inteannual fluctuationN.O emissiors decreased between 1990 and 202om 7
624.44t0 4 68399kt CQ eq. (incl. LULUCF). In 20,0 emissions wer88.5®% below the base year level,
mainly due to lower emissions fromAriculture and 2.Bhemical Industry andespite increase from the

5 Waste

The main source d,O emissionis category 3.DAgricultural Soils (others less important sources are
1.AFossil Fuel Combustion aB@dndustrial Processes2.G Other product manufacture and gse

HFCs

HFCs actual emissions increasedharkably between 1995 and 202rom 86.87 to 3 71140 kt CQ eq.

The rapid increase of emissions was driven mainly by increased consumption of HFCs in subcategory 2.F.1
Refrigeraion and Air Conditioning. In 202HFCs emissions were more théitimes higher than in the

base year 1995.

The main sources &fFCs emissions are 2.F Product Uses as ODS substitutes (specifically above mentioned
subcategory 2.F.1 Refrigeration and Air Conditioning). HFCs and PFCs have not been imported and used
before 1995.

PFCs

PFCs emissions rapidly increased between 1995 @hd. Since 2010, PFCs emissivae decreasingip
to 2020 (0.9kt CQ eq.), however in 2021 there is apparent rapid increase again to 300Bldq. Rapid
decrease of emissions is caused by reduced consumption of PFCs.

The main sources of PFCs emissiare 2.E5Semiconductor Manufacture arlF.1Refrigeration and Air
Conditioningequipment

Sk

Sk emissions in 1995 accounted for .80 kt CQ eq. Between 1995 an@021 they inter-annualy
fluctuated with maximum of 1494 kt CQ eq. In 2@1 Sk reachedamount 0f64.68 kt CQ eq., the level
was25.50% lower than the base year (1995).

The main sources @kemissions is 2.G Other product manufacture and use.
N

With the technological progress a new gas is used since 2010 in semiconductor manufabliriaca
gas, used mainly for manufacturing of LCD displays, solar panels and etching semiconductoesarBase y
for this gas is 1995. In 20#he emissions oNF; equalled tol.46kt CQ eq.
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2.2.2 Description and interpretation of emission trends by  categories

Tab.2-2 presents a summary of GHG emissionsdtggoriedor the period from 1990 to 20R
9 Categoryl Energy
9 Categon? Industrial Processes and Product Use
9 Categony3 Agriculture
1

Category 4 Land Use, Labde '8
Change and Forestry

9 Categons Waste

160
140

The dominant category is the 120
1 Energy which causedor 74.6% of
total GHG emissions in 20881.3% in  '>° \
1990) irl. LULUCF and indirec so
emissions, followed by the sectors

2 Industrial Processes and Product Us
and 3AgriCUIture WhICh Caulsed fOI’ 401990 1995 2000 2005 2010 2015 2020
13.6% and 6.6% of total GHG

emissions 2021 (8.5% and7.5% in
1990, resp.), BNaste sector covered
48% (1.7% in 1990) andt LULUCF Fig.2-4 Emission trends in 1992021 by categoried index form (base year
category cawed ®b6 (removals 100)

prevailed in 1990)Thetrend of GHG emissions loptegoriess presented irFig.2-4 (indexed relative to
the base year).

— 1Energy — 2IPPU 3 Agriculture 5 Waste

Tab.2-2 Summary of GHG emissions bgtegory1990¢2021[kt CQ eq.]

1 Energy 2 IPPU 3 Agriculture 4 LULUCF 5 Waste
1990 163204.26 17115.22 15136.37 -8585.74 3319.42
1991 150464.89 13767.97 13143.94 -9934.93 3482.86
1992 145724.81 14522.80 11318.44 -10069.58 3468.80
1993 141387.77 13351.21 10041.84 -10687.22 3542.85
1994 132043.98 14607.00 9070.07 -9382.93 3689.59
1995 131369.57 14160.51 9170.80 -9677.24 3671.07
1996 134178.42 14955.97 8876.50 -9413.14 3698.76
1997 128902.25 15981.64 8500.75 -8464.27 3815.72
1998 122822.28 16137.84 8140.04 -8155.36 3934.44
1999 115394.71 13547.35 8186.73 -8387.08 3933.21
2000 123740.91 15136.89 8281.61 -9167.87 3979.80
2001 123673.45 14423.90 8544.77 -9160.56 4118.03
2002 120402.12 14193.17 8139.80 -8928.89 4230.67
2003 122943.66 15279.97 7550.38 -8317.62 4378.88
2004 122614.70 16238.04 7841.83 -8143.12 4315.41
2005 121844.35 14913.51 7814.76 -8258.09 4362.37
2006 121945.78 16051.34 7744.25 -7077.79 4425.41
2007 122756.13 16782.17 7950.73 -6507.47 4340.86
2008 117528.02 16678.58 8015.36 -7843.40 4546.62
2009 111397.68 14033.36 7190.49 -7785.74 4658.77
2010 113218.32 14880.08 7146.92 -7154.86 4922.25
2011 110728.26 15217.04 7650.75 -7519.27 4971.95
2012 106916.41 14975.35 7572.90 -7694.01 5145.52
2013 101483.57 14852.00 7484.56 -7081.62 5431.57
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1 Energy 2 IPPU 3 Agriculture 4 LULUCF 5 Waste

2014 98467.15 15627.44 7559.94 -7034.38 5425.52
2015 99474.44 15355.43 8164.50 -6964.10 5512.08
2016 100718.69 15437.81 8405.22 -6107.28 5545.24
2017 101495.95 15685.00 8191.44 -4498.83 5579.54
2018 99321.78 16237.99 7989.79 1001.83 5630.50
2019 94310.67 15537.88 7933.44 7778.07 5669.27
2020 84914.69 14763.80 7717.83 11267.85 5675.72
2021 88662.03 16173.01 7844.54 8358.01 5702.11
1 Difference relative to previous year

2 Difference relative to base year

Tab.2-3 Overview of trends in categories and subcategor{és CQ eq ]

GREENHOUSE GAS SOURCE AND 1990 1995 2000 2005 2010 2015

CATEGORIES

1. Energy 163204.26 131369.57 121844.35 113218.32  99474.44 84914.69 88662.03

A. Fuel combustion (sectoral approach) 149368.96 120105.03 114219.28 106782.40 94541.41 82292.18 86046.76

1. Energy industries 56830.03 61734.87 63138.26 62175.65 53666.27 41 591.71 41053.53

2. Manufacturing industries and construction 47105.11 24464.51 18842.92 12112.49 9869.85 10 266.13 12892.67

3. Transport 11249.60 10410.03 17365.33 16795.00 17480.41 17 721.56 18937.28

4. Other sectors 33989.81 23278.66 14605.37 15377.55 13152.44 12 397.78 12844.44

5. Other 194.42 216.95 267.40 321.70 372.43 315.00 318.83

B. Fugitive emissions from fuels 13835.30 11264.54 7625.07 6435.93 4933.04 2622.51 2615.28

1. Solid fuels 12637.63 10337.18 6623.56 5436.18 4246.64 1938.58 1933.17

2. Oil and natural gas and other emissions fror 682.11

energy production 1197.66 927.35 1001.51 999.75 686.39 683.93

2. Industrial Processes 17115.22 14160.51 14913.51 14880.08 15355.43 14763.80 16173.01
A. Mineral industry 4082.45 3019.09 3345.75 3048.42 3084.24 3218.44 3443.96
B. Chemical industry 2825.39 2694.75 2706.44 2330.82 2035.86 1611.91 2134.01
C. Metal industry 9811.61 7981.27 7080.15 6610.22 6496.16 5796.14 6 447.73
D. Nonenergy products from fuels and solvent

use 125.56 103.75 120.85 123.73 145.37 133.31 139.44
E. Electronic industry NO,NE NO,NE 6.17 38.28 5.20 4.51 35.08
F. Product uses as ODS substitutes NO 86.88 1356.30 2445.92 3311.42 3734.87 3710.56
G. Other product manufacture and use 270.21 274.78 297.50 282.43 276.61 263.78 261.57
H. Other NO NO 0.36 0.26 0.57 0.84 0.65
3. Agriculture 15136.37 9170.80 7814.76 7146.92 8164.50 7717.83 7844.54
A. Enteric fermentation 6611.86 4275.50 3376.57 3309.43 3492.23 3631.11 3628.43
B. Manuremanagement 2571.36 1760.28 1311.80 939.40 730.91 777.56 778.25
D. Agricultural soils 4607.91 2909.89 2912.78 2672.69 3502.62 2988.33 3115.96
G. Liming 1236.71 115.86 67.18 64.53 171.20 164.87 146.29
H. Urea application 108.53 109.27 146.42 160.86 267.54 155.97 175.61
4. Land use, landise change and forestry -8585.74 -9677.24 -8258.09 -7154.86 -6964.10 11267.85 8358.01
A. Forest land -7222.05 -9009.86 -6878.69 -5543.70 -6325.46 14 239.51 10 997.34
B. Cropland 115.93 153.47 98.23 108.65 82.65 49.39 47.78
C. Grassland -143.84 -301.83 -361.93 -354.20 -426.22 -477.26 -496.87
D. Wetlands 24.11 12.16 24.61 41.15 27.36 36.35 26.69
E. Settlements 318.81 294.74 292.62 212.78 154.32 211.55 239.32
G. Harvested wood products -1680.47 -827.19 -1433.82 -1620.46 -477.68 -2792.16 -2 456.74
5. Waste 3319.42 3671.07 4362.37 4922.25 5512.08 5675.72 5702.11
A. Solid waste disposal 2007.82 2440.80 3072.49 3468.89 3582.05 3689.00 3724.92
B. Biological treatment of solid waste NE,IE NE,IE 62.64 218.67 749.71 806.82 803.80
C. Incineration and open burning of waste 20.43 59.97 107.20 120.24 106.36 113.37 106.65
D. Waste water treatment and discharge 1291.18 1170.29 1120.05 1114.44 1073.95 1066.53 1066.74
Memo items:

International bunkers 674.58 583.49 977.37 961.51 904.39 349.06 377.62
Aviation 674.58 583.49 977.37 961.51 904.39 349.06 377.62
CQ emissions from biomass 6445.39 5788.68 8758.22 12487.52 16536.42 19 212.76 20 685.64
Longterm storage of C in wastdisposal sites 15558.30 19691.70 30258.81 36422.71 41699.66 47 428.97 48 667.97
Indirect N,O 964.84 493.90 379.10 322.62 254.96 197.68 206.29
Indirect CQ 1952.21 1542.16 1129.02 988.43 805.85 553.74 653.95
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Energy (IPCC Category 1

The trend for GHG emissions from
1 Energy category shows decreasing
trend of emissions. They strongl
decreased from 1990 to 1994 and the
fluctuated by 2002. After 2002 they
stayed relatively stable by 2007. In th
period 20022007 emissions kept
around 120 000 KEQ eq. Totl decrease
between 1990 and @0 is 4.6%.

Between 2017 to 202Emissions from
category 1Energyrapidly decreased by
12.5%.

60

40

Mt C02 eq

20

18

From the total 8 662.03kt CQ eq. in
2021 97% comes from 1.AFuel
Combustion, the rest are 1.Bugitive
Emissions from Fuels (mainly Solid Fuél®Fugitive Emissions from Fuédsthe largest source faCH,
which represente®0% of allCH emissions in 202

Fig.2-5 Trends in Energy by categories 192021 [MtCQ eq.]

CQ emissions from fossil fuels combustion (category En&rgy are the main source in Czech Repuibli
inventory with a share of @ in btal emissions from Energy sect@Q emissions from categoryHEnergy
contributesfor 71% to total GHG emissionSH for 3% and\,Ofor 1% in 2021excl. LULUCF).

Industrial Processes and Product Use (IPCC Category 2)

GHG emissions from the 2hdustrial
Processes and Product Useategory
fluctuated with decreasing trend during
the whole period 1990 to 20R In early '®
N Q assidBsydecreaskrather rapidly.
They reached decade minimum in 19¢
and snce then they have fluctuatedBy
the end of nineties they reached their
decade minimundue to global economic
recession Between 1990 and 202
emissiongrom this category decreased b
5.51%. In2021 emissions amounted for
1617301 kt CQ eq. 0o 2A 28 20 2D 2E 2F 2.6

Fig.2-6 Trends inlPPU by categories 1992021 [MtCQ eq.]

Mt CO2 eq]
n
z

25

The main categories in the hdustrial
Processes and Product Usategory are 2.®/etal Industry(40%) 2.FProduct Uses as OB38bstitutes
(23%), 2.AMineral Industry(21%) and 2.EChemical Industr{13%)of the sectoral emissions in 202Fig.
2-6).

The most important GHG of thel@dustrial Processes and Product Wsdegory wasCQ with 74% of
sectoral emissions, followed bygases (2%).
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Agriculture (IPCC Category 3)

GHG emissions from the categor |

3 Agriculturedecreased relatively steadily

over the period from 1990 to 2003 ant

then fluctuated. In 2010 emission:

reached minimum levelvhich is 53% 3*

below the base year level.

Agriculture amounted to 7 84454

kt CQ eq. in 2021which corresponds to

7% of national total emissions (exc

indirect emissions, excl. LULUCF). T L

most important sukcategory 3A Enteric
Fermentation (N.O emissons)
contributed by46% to sectoral total in
2021, followed by the 3.DAgricultural
Soils(CH emissions, 4%).

MtCO2eq]

iy sossieeielling
G 3H

3

Fig.2-7 Trends inAgriculture by categories 1992021 [MtCQ eq.]

3 Agricultureis the largest source fax,O and second largest source f@H emissions 15% of total
emissions ofN,O and 3®6 of total emissios of CH, excl. LULUCF). However it's emission trend steadily
decreases over the whole observed period.

Land Use, Lantlse Change and Forestry (IPCC Category 4)

GHG removals from theldand Use, Land

Use Change and Forestocategory vary

through the whole time series with

maximumof-10687.22 kt CQ eq. in 093

and minimum in 2017 (-4 49883 kt .

CQeq.)

Emissions andremovals amounted to r"-w“‘
8 35801 kt CQ eq. in 2024, which

corresponds to 7% of total national s

emissions.

LULUCF category fi® longer asink for

4A 4C 4G
CQ. Starting with 2015 the removals
4B 4D 4E

MC02eq)

=)

04

bark-beetle outbreak calamity o3
experienced in the Czech forestry in thiz
recent years (since 2015).

Moo e

01

decreaed and resulted in emissions sinc | |

2018. The situation is causeby the
extreme droughiinduced accelerating

Fig.2-8 Trends in LULUCF by separate sounoe sink categories 199¢
2021 [Mt CQeq.]

0.0
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Waste (IPCC Category 5)

GHG emissions from categoryVBaste
substantially increaseduring the whole
period. In 202 emissions amounted for 3
570211 kt CQ eq., which is72% above
the base year level. The increase
emissions is mainly due to highe
emissions ofCH from 5.A Solid Waste
Disposal and due higher emissionsii
Biological treatment of solid wast&he
share of category 5 Wasten total
emissions was 5% in 20

n

Mt CO2 eq]

0

5A 5B 5.C 5D

The main source is solid 53vlid Waste

Disposal, W_hic_h aC_Counted fors® of Fig.2-9 Trends inWasteby categaies 19902021 [MtCQ eq]
sectoral emissions in 202Xollowed by

5.D Wastewater Treatment and Discharg&9%) ands.B Biological treatment of solid wagte4%) Trends
of the separate sultategoriesn Waste sector can be observed on Fi§. 2

94% of all emissions from Waste category @td emissionsCQ contributes by 2% anblbO by 4%.

2.2.3 Description and interpretation of emission trends of indirect greenhouse gases and
SG

Description of trends oémissions of indirect greenhouse gases is provided in Chapter 9.
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3 Energy (CRF Sector 1)

3.1 Overview of sector

The energy sector in the Czech Republic is driven by the combustion of fossil fuels in stationary and mobile
sources; howeverfugitive emissions are also important source of emissions. The two main categories are
1.A Fuel Combustion and 1.B Fugitive Emissions from Fuels.

Activity data are based on the energy balance of the Czech Republic prepared by the Czech Statistical Office
(CzSO0O). Data from the energy balance form the basic framework for processing greenhouse gas emissions
from combustion in stationary and mobile sources. Greenhouse gas emissions from stationary sources are
calculated from the activity data and the emissiactors.

Processing of the activity data is based on the total energy balance of the Czech Republic. The energy
balance is prepared by CzSO, and is divided into issues for Solid Fuels, Liquid Fuels, Natural Gas, renewable
energy sources and productiontodéat and electrical energy. Information on the energy balance forms the

basis for preparing a database of activity data in the Reference and Sectoral Approaches. The Reference
Approach is based on data from the source part of the energy balance; ther&@e&pproach involves
processing of data on fuel consumption in a structure corresponding to the requirements of the IPCC
categorization.

Default emission factors from the IPCC methodology have been for key categories gradually substituted
by country spedic emission factors.

Inventories ofCQ, CH and N,O emissions from subsector 1.A.3 Transport are performed using the CDV
model for mobile sources. This model is fully harmonised with activity data from the official CzSO Energy
balance mentioned above.

Fugitive emissions in sector 1.B are determined by calculation from activity data and cepetrific or
default emission factors. The activity data are obtained first of all from the official CzSO energy balance.
The sector statistics and annual targetsdrveys are used in special cases, when data missing or are
insufficient.

3.1.1 Key categories in sector 1 Energy

Combustion processes included in category 1.A make a decisive contribution to total emissions of
greenhouse gases. &IQ, CH and N;O emissions a derived from the combustion of fossil respectively
biofuels and other fuels in stationary and mobile sources.

On thewhole, 17 key sources have been identified in sector 1, the niogiortant of which are the first 4
given Tab &. This grop of sourcesontributes59% to total greenhouse gas emissions (without LULUCF).

It is apparent from the tablé¢hat the first four categories are of fundamental importance for the level of
greenhouse gas emissions in the Czech Republic and, of these, the combtiSadid &uels constitutes a
decisive source. This consists primarily in the combustion of Solid Fuels for the production of electricity
and supply of heat. Another important category consists in the combustion of Liquid Fuels in the transport
sector and tle combustion of Natural Gas has approximately the same importance. This corresponds
mostly to the direct production of heat for buildings in the private and public sector and for households.
Consequently, increased attention is paid to it.
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The results oflie inventory, including the activity data, are submitted in the standard CRF format. For
RANBOU 3INBSYyK2dzaS Il aSas GKS O2yadzyLliaAzy 27F TFdzSt
for stationary sources, the fuel consumption is given in@fF format in aggregated structure, i.e. as Solid,
Liguid and Gaseous Fuels according to IPCC definition. All the CRF Tables in sector 1.A were appropriately
completed for the entire requed time interval of 1990 to 2020

In 1.BFugitive Emissions fronu€&ls category, especially 1.B.LCaal Mining and Handling was evaluated
as a key category 6b.3-1). Category 1.B.2\wasalsoidentified as a key category by the latest assessment.

Tab.3-1 Overview ofkey categories in 1 Energy (2020

1.A.1Energy industries Solid Fuels CQ LA, TA LA, TA Yes Yes Yes Yes 29.13 31.20
1.A.3.b Road Transportation CQ LA, TA LA, TA Yes Yes Yes Yes 14.64 15.69
1.A.4 Other SectorsGaseous Fuels CQo LA, TA LA, TA Yes Yes Yes Yes 5.85 6.27
1.A.2 Manufacturing Industries and CQ LA, TA LA Yes Yes Yes 5.31 5.69
Construction- Gaseous Fuels

1.A.1 Energy industriesGaseous Fuels CQ LA, TA Yes Yes 277 297
1.A.2 Manufacturing Industries anc CQ LA, TA TA Yes Yes Yes Yes 3.96 4.24
Construction- Solid Fuels

1.A.4 Other SectorsSolid Fuels CQO LA, TA LA, TA Yes Yes Yes Yes 2.38 2.55
1.B.1.a Coal Mining and Handling CH LA, TA LA, TA Yes Yes Yes Yes 1.31 1.40
1.A.4 Other SectorsLiquid Fuels CQ LA, TA TA Yes Yes Yes 1.00 1.07
1.A.4 Other SectorsBiomass CH LA, TA LA, TA Yes Yes Yes Yes 0.58 0.62
1.A.2 Manufacturing Industries anc CQ LA, TA LA TA Yes Yes Yes Yes 0.43 0.46
Construction- Other Fossil Fuels

1.B.2.b Fugitive Emissions from Fuels CH LA LA Yes Yes Yes Yes 0.46  0.49
Oil and Natural GasNatural Gas

1.A.2 Manufacturing Industries anc CQ LA, TA TA Yes Yes Yes 0.44 0.47
Construction- Liquid Fuels

1.A.1 Energy industriesLiquid Fuels CQ TA Yes Yes 0.33 0.35
1.A.4 Other SectorsSolid Fuels CH TA LA, TA Yes Yes Yes Yes 0.18 0.20
1.A.3.b Road Transportation N2O LA, TA Yes Yes 0.16 0.17
1.A.1 Energy industriesSolid Fuels N.O LA Yes 0.13 0.14

KC: key category
1 including LULUCF
2excluding LULUCF

3.1.2 Emissions Trends

CQ emissions from the 1.A sector decreadeg 43% from 147 MCQ in 1990 to 84 MtCQ in 2021.
FurthermoreCQ emissions from the 1.B sector decreadsd®% from 458 kt in 1990 tolskt in 2021 as
well asCH emissions from 1.B sectors decreased8d¥o from 85 kt in 1990 to71 kt in 2021 Fig.3-1
indicates overall trend i€Q and CH emissions in the whole time series for both sectdfarthermore
Fig.3-1 provides data for trends in 1 Energy for each gas reported in sector.
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Fig.3-1 Trend total CQ(Sectoral Approach) in 1.A and trend of CO2 and CH4 from 1.B sector in periodg18E0l

Tab.3-2 Emissions of greenhouse gases and their trend from 1§2021 from IPCC Category 1 Energy

~ colk  CHK]  NOK]
1990 147 099 552.81 2.36
1991 135613 509.57 2.20
1992 132 067 467.33 2.16
1993 127 484 476.50 212
1994 118 935 448.36 2.09
1995 118 523 438.74 212
1996 121 234 441.37 221
1997 116 383 426.51 2.18
1998 111 022 401.14 2.14
1999 104682 362.08 2.17
2000 113 903 329.19 2.34
2001 114 655 303.12 2.00
2002 111 696 292.05 2.00
2003 114 333 287.98 2.07
2004 114 299 277.23 2.09
2005 113 050 294.45 2.07
2006 112 884 303.91 2.08
2007 114 195 285.34 2.16
2008 109 093 281.43 2.10
2009 103 750 254.41 1.98
2010 105 464 258.11 1.99
2011 103 009 256.68 2.01
2012 99 428 248.57 1.99
2013 94 929 215.39 1.97
2014 91 954 213.67 2.00
2015 93 095 208.57 2.03
2016 94 782 192.34 2.08
2017 95 868 181.07 211
2018 93 967 171.39 2.10
2019 89348 157.63 2.07
2020 80 695 132.03 1.97
2021 84 322 138.95 2.12
Trend 1990/2021  -43% -75% -10%

3.1.2.1 Emission trends by subcategories

The individual subsectors have different contributions to trends in emistag8-2 illustrates the trends
in emissions on the example 6fQ emissions and the share &fQ emissionsn different subsectors in
2021

The greatest increase in emissions was recorded in subsg&do3 Transport between 1990 and 2007,
when emissions increased by 264In absolute values, this corresponded to an increase from TIOlg
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in 1990 to 18 Tg in 2007. A slight decrease has been apparent since 2008 etthidern2014 and 2(

is apparentslight increase by 2.3 T§or the last year 2021 occurs slight increase agaitissions from
subsector 1.A.1 Energy Industries are almost constant with slight fluctuations over the entire period; the
greatest reduction occurred in subsectors 1.A.2 a4 from46 and 2 TgCQ in 1990 to Band12Tg

CQin 2021, respectively

Share of CO, emissions [% of 1990]

\\_/
® 1A1 Energy Industries

s 141 Energy Industries

= 1A2 M. facturing Industri d Constructi
s 1A2 Manufa cturing Industries and Construction anutacturing industries an nstruction

1A3 Transport
1A4 Other Sectors

1A3 Transport
1A4 Other Sectors

Fi1g.3-2 Share and development a€Q emissions from 199@ 2021 in individual subsectors; share o€Q emissions
in individual subsectors in 202[kt]

Fig.3-3 demonstrate that the fugitive emissions from Solid fuels also indicate substantial decrease in the
whole timeseries, i.e. 8% forCQ emission and4% forCH emissions. Fugitiv€H emissions from Oil

and Natural Gas also indicate decrease f8¥%4in the time series. Fugitiv@Q emissions from Oil and
Natural Gas indicates increase, however, these emissions are of minor importance in the whole
submission.
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Fig.3-3 CQ and CH trend from the sector Fugitive Emissions from Solid Fuetel from the sector Fugitive Emissions from QOil
and Natural Gas

The trends for different subcategories are also presentetiain.3-3.

Tab.3-3 Total GHG emissions in [RRQ equivalent] from 1990¢ 2021 by subcategories of Energy

1990 163204 149369 56830 47105 11250 33990 194 13835 12638 1198
1991 150465 137727 55452 39853 10191 32076 156 12738 11708 1030
1992 145725 133971 54626 43890 10613 24642 201 11753 10800 953
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1 1A 1Al 1A2 1A3 1A4 1A5 1B 1Bl  1B2
1993 141388 129297 54297 36746 10174 27891 188 12091 11157 934
1994 132044 120637 54818 29181 11093 25331 214 11407 10488 919
1995 131370 120105 61735 24465 10410 23279 217 11265 10337 927
1996 134178 122888 66489 24250 10636 21303 211 11290 10288 1002
1997 128902 117916 62782 24057 10617 20263 198 10986 9990 996
1998 122822 112321 60652 21702 11897 17899 172 10501 9451 1050
1999 115395 105894 58200 18504 12124 16900 166 9501 8471 1029
2000 123741 115192 62035 23422 12238 17318 179 8548 7570 979
2001 123673 115864 64217 20876 13022 17589 160 7810 688 924
2002 120402 112870 62772 19995 13487 16379 237 7532 6556 976
2003 122944 115551 62422 19934 15367 17587 240 7393 6482 911
2004 122615 115528 62541 19567 16077 17076 268 7086 6237 850
2005 121844 114219 63138 18843 17365 14605 267 7625 6624 1002
2006 121946 114061 62588 18542 17660 15018 254 7884 6880 1004
2007 122756 115405 66235 16657 18610 13564 339 7351 6351 1000
2008 117528 110292 61506 16072 18474 13871 368 7236 6317 919
2009 111398 105011 57437 15780 17801 13638 356 6387 5419 967
2010 113218 106782 62176 12112 16795 15378 322 6436 5436 1000
2011 110728 104340 61893 11144 16622 14303 378 6388 5454 935
2012 106 916 100778 59023 10799 16334 14314 309 6138 5377 761
2013 101484 96374 55200 10258 16205 14407 303 5110 4400 710
2014 98467 93365 53768 9731 16720 12834 312 5102 4396 707
2015 99474 94541 53666 9870 17480 13152 372 4933 4247 686
2016 100719 96277 54432 9610 18159 13679 398 4441 3758 683
2017 101496 97438 53648 10470 18660 14206 454 4058 3373 685
2018 99322 95545 52934 10221 18848 13227 315 3777 3096 680
2019 94311 90941 49176 9780 19019 12670 297 3369 2701 669
2020 84915 82292 41592 10266 17722 12398 315 2623 1939 684
2021 88774 86047 41054 12893 18937 12844 319 2727 2045 682
Total Trend  -46% -42% -28% 73% 68% -62% 64% -80% -84% -43%
1990- 2021

3.2 Fuel combustion activities (CRF 1.A)

3.2.1 Comparison of the sectoral approach with the reference approach

In addition to the Sectoral approach (SA), used commonly for determination of greenhouse gas emissions
from sector 1.A, the IPCC methodology requires also to perform a Referepoeaép (RA), whose main
objective is to control the estimation of tHeQ emissions in the Sectoral approach. The calculation does
not require a lot of input activity data, since the reference approach requires only the basic values included
in the sourcesection of the national energy balance (primary sources) and some additional information. It
provides information only on totalQ emissions without any further division into consumer sectors.

From 2015 submission onward, it is required to use the Reterefypproach in line with IPCC 2006
Guidelines (IPCC, 2006). Main difference between the new reference approach in contrast with the old
2ySs dzASR dzyGAf y26 6Lt/ / MPPTHSNKIAGENBRAQH NS PR
carbon), used for@me nonenergy fuels, now a new, broader concept is usédS E Of dzZRSR Ol Nb 2y
includes not only the stored carbon, but also carbon used and emitt€ias other sectors, not only in

1.A (most often in sector 2 IPPU). This means that from thedathbn, calculated on the base of apparent
R2YSaldAO O2yadzYLIiAzy o6! LI NByid O2yadzYLlirAz2yz /0
case of carbon contained in fossil fuels used: (i) as raw materials for further treatment in the industry
(feedgocks), (i) as reductants dn(iii) as norenergy products.Overview of materials, containing

4 SEOf dzRSR Ol Rdb34 ¢ Aa 3IAGBSYy Ay
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Tab.3-4 Products used as feedstocks, reductants, and for remergy products (IPCC, 2006)

Feedstocks Naphtha

LPG (propanebutane)
Oils usedas feedstocks
Refinery gas

Natural gas

Ethane

Reductants Metallurgical coke and petroleum coke
Coal and coal tar/pitch
Natural gas
Non-energy products Bitumen

Lubricants

Paraffin waxes

White spirit

For fuels, which are used in oth&sctors, than Energy seciqd..A (i.e. norenergy fuels: for example coke
or naphtha), it is necessary to know, what quantity of certain material is used outside 1.A (e.g. like
feedstock or reductant).

Ly GKS /TSOK ylriAz2zylt xXzRERYy O Nb 2yE2 A% VRWERRSESNE R
the following substances:

1 Naphtha

9 Bitumen

1 Paraffin waxes

9 Oils, used for production of hydrogen by partial oxidation (further for ammonia)
1 White spirit

InTab.3-5andTab.3-6 are reported values, set by the reference approach for the years 1990, 2006,

2005, 2010, 2015, 2016, 2017, 2018, 2019 and 2020 and a comparison between the reference and sectoral
approach for the same years. In Tak¥ B summarized comparison for all time period. In majority of cases
relative differences are less than 2%.

Tab.3-5 Activity data in energy units (TJ), used in reference and sectoral approach for basic groups of fossil fuels

1990 Liquid Fuels 358.54 71.77 286.78 296.35 -3.23
Solid Fuels 1315.08 86.73 1228.36 1179.22 4.17
Gaseous 219.91 219.91 205.43 7.05
Fuels
Other Fuels 0.26 0.26 0.26 0.00
Total 1893.79 158.49 1735.30 1681.27 3.21
1995 Liquid Fuels 321.28 96.96 224.31 232.95 -3.71
Solid Fuels 937.64 71.03 904.15 866.61 4.33
Gaseous 274.74 274.74 260.80 5.35
Fuels
Other Fuels 0.65 0.65 0.68 -4.15
Total 1534.31 167.99 1403.86 1361.04 3.15
2000 Liquid Fuels 312.99 87.58 225.41 240.01 -6.08
Solid Fuels 901.78 66.29 835.48 822.67 1.56
Gaseous 314.52 314.52 305.05 3.10
Fuels
Other Fuels 1.28 1.28 1.39 -7.93
Total 1530.56 153.87 1 376.69 1369.12 0.55
2005 Liquid Fuels 387.91 111.37 276.54 292.26 -5.38
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Solid Fuels 847.06 75.47 771.58 762.94 -1.12
Gaseous 323.04 323.04 318.87 -1.29
Fuels
Other Fuels 5.69 5.69 5.69 0.08
Total 1563.70 186.84 1 376.86 1379.76 -0.21
2010 Liquid Fuels 370.18 99.60 270.58 277.43 -2.47
Solid Fuels 780.54 71.50 709.05 703.19 0.83
Gaseous 338.55 3.80 334.75 309.77 8.06
Fuels
Other Fuels 5.89 5.89 6.25 -5.79
Total 1495.16 174.90 1320.26 1296.64 1.82
2015 Liquid Fuels 354.66 81.87 272.78 278.70 -2.12
Solid Fuels 682.81 73.80 607.45 595.94 1.93
Gaseous 272.03 4.02 268.01 263.19 1.83
Fuels
Other Fuels 8.14 8.14 8.62 -5.50
Total 1317.64 159.69 1156.39 1146.45 0.87
2016 Liquid Fuels 330.88 52.81 278.08 278.79 -0.26
Solid Fuels 685.73 77.19 607.46 598.68 1.47
Gaseous 294.46 4.21 290.25 285.64 1.61
Fuels
Other Fuels 9.32 9.32 9.82 -5.04
Total 1 320.39 134.20 1185.11 1172.93 1.04
2017 Liquid Fuels 381.63 102.24 279.40 287.06 -2.67
Solid Fuels 657.82 67.92 588.64 600.01 -1.90
Gaseous 302.19 3.72 298.46 294.59 1.31
Fuels
Other Fuels 9.17 9.17 9.68 -5.25
Total 1 350.81 173.88 1175.67 1191.35 -1.32
2018 Liquid Fuels 388.22 103.21 285.01 288.57 -1.23
Solid Fuels 656.34 71.45 584.28 587.85 -0.61
Gaseous 286.16 3.74 282.42 278.80 1.30
Fuels
Other Fuels 10.14 10.14 10.64 -4.67
Total 1 340.86 178.40 1161.86 1165.87 -0.34
2019 Liquid Fuels 390.69 104.02 286.66 290.20 -1.22
Solid Fuels 592.79 66.07 526.18 529.83 -0.69
Gaseous 300.38 4.08 296.30 292.60 1.26
Fuels
Other Fuels 10.64 10.64 11.19 -4.86
Total 1294.49 174.18 1119.78 1123.81 -0.36
2020 Liquid Fuels 354.36 83.99 270.37 272.78 -0.88
Solid Fuels 511.35 63.57 447.24 452.69 -1.20
Gaseous 305.33 4.00 301.34 298.26 1.03
Fuels
Other Fuels 10.01 10.01 10.61 -5.72
Total 1181.06 151.55 1 028.96 1034.33 -0.52
2021 Liquid Fuels 389.92 100.07 289.85 295.55 -1.93
Solid Fuels 536.62 71.09 465.52 465.95 -0.09
Gaseous 327.50 3.45 323.72 320.43 1.03
Fuels
OtherFuels 9.62 9.62 10.17 -5.34
Total 1263.66 174.62 1088.72 1078.10 0.99
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Tab.3-6 Results forCQ emissions (kt) according to reference approach and comparison with sectoral approach

1990 Liquid Fuels 26 349.44 5392.00 20 957.44 22 064.20 -5.02
Solid Fuels 126 345.82 9 280.00 117 065.82 113 360.35 3.27
Gaseous Fuels 11990.12 0.00 11 990.12 11 200.98 7.05
Other Fuels 24.04 24.04 24.04 0.00
Total 164 709.42 14 672.00 150 037.42 146 649.59 2.31
1995 Liquid Fuels 23431.20 7 197.00 16 234.20 17 171.53 -5.46
Solid Fuels 89 857.58 7 600.00 82 257.58 86 592.46 -5.01
Gaseous Fuels 15110.05 0.00 15110.05 14 343.44 5.34
Other Fuels 59.83 59.83 61.98 -3.48
Total 128 458.67 14 797.00 113 661.67 118 169.42 -3.81
2000 Liquid Fuels 22 778.76 6 481.00 16 297.76 17 570.20 -7.24
Solid Fuels 86 604.97 7093.00 79 511.97 79 108.45 0.51
Gaseous Fuels 17 297.33 0.00 17 297.33 16 776.79 3.10
Other Fuels 117.00 117.00 125.38 -6.68
Total 126 798.05 13 574.00 113 224.05 113 580.82 -0.31
2005 Liquid Fuels 40 144.58 20 072.29 20 072.29 21518.02 -6.72
Solid Fuels 146 735.88 73 367.94 73 367.94 73 181.95 0.25
Gaseous Fuels 35529.19 17 764.59 17 764.59 17 535.52 1.31
Other Fuels 500.73 500.73 501.09 -0.07
Total 222 910.37 111 204.82 111 705.55 112 736.57 -0.91
2010 Liquid Fuels 27 101.06 7 394.00 19 707.06 19 977.73 -1.35
Solid Fuels 74 538.80 7 296.00 67 242.80 67 549.56 -0.45
Gaseous Fuels 18 717.09 210.00 18 507.09 17 126.77 8.06
Other Fuels 512.00 512.00 539.36 -5.07
Total 222 910.37 111 204.82 111 705.55 112 736.57 -0.91
2015 Liquid Fuels 26 058.09 6 134.00 19 924.09 20 046.04 -0.61
Solid Fuels 65 174.64 7 471.00 57 703.64 57 527.58 0.31
Gaseous Fuels 15 075.90 223.00 14 852.90 14 586.54 1.83
Other Fuels 702.53 702.53 738.75 -4.90
Total 107 011.17 13 828.00 93 183.17 92 898.92 0.31
2016 Liquid Fuels 24 265.15 3980.15 20 285.00 20 117.76 0.83
Solid Fuels 65 417.75 7 825.99 57 591.76 57 804.30 -0.37
Gaseous Fuels 16 342.55 233.15 16 109.40 15 854.22 1.61
Other Fuels 804.19 804.19 841.67 -4.45
Total 106 829.64 12 039.29 94 790.34 94 617.95 0.18
2017 Liquid Fuels 27 932.59 7 526.16 20 406.43 20 669.23 -1.27
Solid Fuels 62 882.14 6 928.51 55 953.64 57 900.85 -3.36
Gaseous Fuels 16 759.76 206.53 16 553.24 16 339.36 1.31
Other Fuels 788.64 788.64 827.10 -4.65
Total 108 363.15 14 661.19 93 701.95 95 736.53 -2.13
2018 Liquid Fuels 28 436.53 7 642.59 20 793.94 20771.38 0.11
Solid Fuels 62 808.15 7 247.67 55 560.48 56 713.25 -2.03
Gaseous Fuels 15 867.30 207.40 15 659.90 15460.74 1.29
Other Fuels 875.37 875.37 912.99 -4.12
Total 107 987.35 15 097.66 92 889.69 93 858.37 -1.03
2019 Liquid Fuels 28 642.51 7 681.46 20 961.05 20 864.09 0.46
Solid Fuels 56 799.93 6 670.68 50 129.25 51 235.08 -2.16
Gaseous Fuels 16650.18 226.18 16 423.99 16 220.46 1.25
Other Fuels 903.68 903.68 944.76 -4.35
Total 102 996.30 14 578.33 88 417.97 89 264.38 -0.95
2020 Liquid Fuels 25990.24 6 240.13 19 750.10 19 619.64 0.66
Solid Fuels 48 912.60 6 467.61 42 444,99 43 590.54 -2.63
Gaseous Fuels 16 930.38 221.52 16 708.87 16 539.26 1.03
Other Fuels 845.80 845.80 891.75 -5.15
Total 92 679.02 12 929.26 79 749.76 80 641.18 -1.11
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2021 Liquid Fuels 28 659.67 7 413.99 21 245.68 21 006.83 1.14
Solid Fuels 51 052.82 7175.98 43 876.84 44 646.99 -1.72
Gaseous Fuels 18 155.76 191.45 17 964.32 17 765.23 1.12
Other Fuels 841.23 0.00 841.23 848.33 -0.84
Total 98 709.49 14 781.42 83 928.07 82 901.72 1.24

Tab.3-7 Apparent consumption in energy units (PJ) used in reference and sectoral approach for all fossil fuels and corresponding
results forCQ emissions (kt)

- [cq [wcq  [cq  [kcq

1990 1893.79 158.49 1 735.30 1681.27 321 164709 14672 150 037 146 650 2.31

1991 170258 114.01 1588.57 155351 226 148049 10766 137283 135224 1.52
1992 1640.02 120.19 1519.83 1540.26 -1.33 140211 11327 128884 131679 -2.12
1993 1579.18 108.30 1470.88 1493.13 -1.49 134585 10250 124335 127115 -2.19
1994 1511.02 130.62 1 380.40 1395.10 -1.05 127864 12125 115739 118576  -2.39
1995 153431 167.99 1 366.32 139858 -2.31 128459 14797 113662 118169 -3.81
1996 1576.75 174.02 1402.74 144854 -3.16 130456 15311 115145 120885 -4.75
1997 159193 171.18 1420.75 1396.82 1.71 132368 15251 117 117 116027 0.94
1998 1542.54 167.22 1375.32 1346.71 2.12 127082 14935 112 147 110682 1.32
1999 1424.49 149.05 1275.43 1281.17 -0.45 115474 12876 102598 104368 -1.70
2000 1530.56 153.87 1376.69 1369.12 055 126798 13574 113224 113581 -0.31
2001 1555.74 151.23 1404.50 1 389.09 1.11 127887 13262 114625 114 324 0.26
2002 1537.36 158.85 1378.51 1 356.23 1.64 126239 14023 112215 111 362 0.77
2003 1558.48 167.48 1391.01 1389.49 0.11 128122 14871 113251 114010 -0.67
2004 1527.10 195.67 1331.43 1394.02 -449 124541 17064 107 477 113984 -5.71
2005 1563.70 186.84 1376.86 1379.76 -0.21 127737 16032 111706 112737 -0.91
2006 1591.18 196.82 1394.37 1378.93 1.12 130360 17090 113270 112548 0.64
2007 1591.56 187.37 1404.19 1387.61 1.19 131364 16424 114939 113892 0.92
2008 1530.32 192.37 1337.95 1333.74 0.32 125143 16524 108619 108 795 -0.16
2009 1406.91 158.87 1 248.05 1265.47 -1.38 114661 13513 101 147 103490 -2.26
2010 1495.16 174.90 1320.26 1296.64 1.82 120868 14899 105969 105 193 0.74
2011 1416.33 167.37 1 248.95 125490 -0.47 115981 14342 101639 102742  -1.07
2012 1364.62 170.23 1194.39 121495 -1.69 111079 14512 96 567 99 157 -2.61
2013 1356.64 167.65 1188.99 1169.11 1.70 110248 14393 95 855 94 725 1.19
2014 1291.21 179.77 1111.44 1127.84 -1.45 104922 15384 89 538 91 745 -2.41
2015 1316.08 159.69 1156.39 1146.45 0.87 107085 13902 93 183 92 899 0.31
2016 1319.32 134.20 1185.11 1172.93 1.04 106838 12048 94 790 94 618 0.18
2017 1349.56 173.88 1175.67 1191.35 -1.32 108362 14660 93 702 95 737 -2.13
2018 1340.26 178.40 1161.86 1165.87 -0.34 107987 15097 92 890 93 858 -1.03
2019 1397.99 174.18 1223.81 112381 890 102996 14578 88418 89 264 -0.95
2020 1264.50 151.55 1112.95 103433 7.60 92679 12929 79 750 80 641 -1.11
2021 1363.40 174.62 1188.79 1078.10 10.27 98709 14781 83 928 82 902 1.24

In years 1990, 1992, 1993, 1994, 1995, 1996, 2004, 2009, 2012, 2014 and 2017 is difference between
referece and sectoral approach higher than 2%. These differences are mainly caused by statistical
differences (SD), how demonstralab.3-8. For some years, the ratio between RA and SA did not decrease
under 2% even though SD was substracted. This effect can be caused by stock changes which have not
been properly reported into CzS®@his assumption is based on the fact that difference between RA and

SA for the surrounding years is very low.
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Tab.3-8 Explanation of high differece between reference and sectoral approach

1990 2.31 63291.46 3.64 -1.33
1992 -2.12 12102.63 0.75 -2.88
1993 -2.19 -7623.93 -0.49 -1.70
1994 -2.39 -15358.56 -1.05 -1.34
1995 -3.81 -9473.82 -0.65 -3.16
1996 -4.76 -6 487.39 -0.43 -4.32
2004 -5.72 -14378.42 -0.98 -4.74
2009 -2.28 -13980.44 -1.02 -1.27
2012 -2.61 -3462.10 -0.26 -2.35
2014 241 6590.61 0.51 -2.92
2017 -2.13 -2236.91 -0.22 -1.90

3.2.2 International bunker fuels

In the CzectRepublic, this corresponds only to the storage of Kerosene Jet Fuel for international air
transport since the Czech Republic does not have an ocean fleet.

Basic activity data are available in the CzSO energy balance (C230T&0.3-9 gives the amount of
stored Kerosene Jet Fuel.

Tab.3-9 Kerosene Jet Fuel in international bunkers

[TJdlyear] 13182 14073 14 462 14895 14 246 13 120 12990 12 297 11 864 12 254 12 341 13 250 14 852 17 147 17 537

[Tdlyear] 4763 5153

3.2.3 Feedstocks and non-energy use of fuels

The nethodology (IPCC, 2006) clearly sets the borders between the sectors Energy and Industrial
Processes and Product Use (IPPU). Compared to the previous methodology version (IPCC, 1997), emissions
from nonenergy use of fuels is reported mainly in sectqriPPU. To prevent doubunting or omission

of resources it is necessary to carefully carry out a completeness ch€¢k efissions in the sectors 1.A
(Energy combustion) and 2, IPPU, for those kinds of fuels that are used for both energy aneenergy

purposes.

Non-energy fuels are divided into three categories:

5) Raw materials for the chemical industry (FeedstockBhese fossil fuels are used in particular in
the production of organic compounds and to a lesser extent in the production of inorganic
chemicals (e.g. ammonia) and their derivatives. For organic substances normally part of the carbon
contained in the feedsck remains largely stored in these products. Typical examples of raw
materials are the feedstocks for petrochemical industry (naphtha), natural gas, or different types
of oils (e.g. the production of hydrogen for the subsequent production of ammoniaakijalp
oxidation).

6) Reductants Carbon is used as a reductant in metallurgy and inorganic technologies. Unlike the
previous case, here when using fossil fuel as a reductant only a very small amount of carbon
remains long fixed in the products and the largairt of the carbon is being oxidized during the
reduction process. A typical example of a reductant is metallurgical coke.
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7) Non-energy products Nontenergy products are materials, derived from fuels in refineries or coke
plants, which unlike the previousvb cases, are used directly for its conventional physical
properties, specifically it is about lubricants (lubricating oils and petrolatum), diluents and
solvents, bitumen (for covering roads and roofs) and paraffin. In category IPPU emissiips of
and aher GHG occur only to a limited extent (e.g. during the oxidation of lubricants and paraffin).
Substantial emissions occur during their recovery and during disposal by incineration (in the sector
and in Waste).

Emissions from feedstocks in chemical indysire reported in subsector 2.B, from reductants primarily in
subsector 2.C and from neenergy products, used mainly for other purposes, than incineration (e.g.
lubricating oils) in subsector 2.D.

The energy balance of the Czech Republic in accordartbetlvd Regulation No 1099/2008 of the
European Parliament and of the Council on energy statistics distinguishes various types of fuels in their
use for energy and neanergy purposes. Below are listed the different kinds of fuels with a high
proportion ofnon-energy use in the Czech Republic

Some types of liquid fuels are designed mainly for-anargy use. This is primarily naphtha, for which
CzSO indicates, since 2001, that virtually the entire amount is consumed f@neogy purposes by the
chemical mdustry, mainly as petrochemicals (2.B). Less significant is themengy use of LPG. Since
Naphtha is major feedstock, the emission from sector 2.B.8 Petrochemical and Carbon Black Production is
reported in the CRF Table 1.A(d) as arising from thisfeel. Following the recommendation of the 2019
review the emissions from neenergy use od fuels from LPG and Gas/Diesel are reported in the CRF 1AD
as well. There is apparent decrease of Ethylene production in 2016 after the accident in 2015 (see also
Chapter 4), when the rest of the LPG was used for other petrochemical production.

Another important type of liquid fuels consumed for renergy purposes of fuels is a group marked as
Other Oils. Their most significant share is Other Petroleum Producishwimds application in the
production of hydrogen by partial oxidation with steam for subsequent production of ammonia and
further part of it is ale used as a Solvent Ude 202, the consumption of Other Petroleum Products for
non-energy purposes (ptcularly in suksectors 2.B, 2.D) was 15 I3 produced during ammonia
production (2.B.1) is reported in Table 1.A(d) under Other QOil. The rest of the Other Oil useetimengy

use is processed for the Solvents. Following the IPCC 2006 Gls., fvemt Sde (2.D.3) there is roQ
produced.

Less important categories are White Spirit and Paraffin Wax, which are indeed only used-érengy
purposes in 2.D and naturally their consumption is small compared to Other Petroleum Products.

The liquid fués, used specially for neenergy purposes, include also bitumen, whose consumption2d 20
was 2 PJ and lubricants with consumption inZ20f 7 PJ. While in the case of using bitumen there are
no emissions ofCQ (Stored carbon), in the case of lubritaruse, annually a part is oxidized @D
(Reported in 2.D.1onsequentlyCQ reported in Table1.A(d) under Lubricants is @@ which is arising
in2.D.1.

Solid fuels for nofenergy purposes are mainly used as reductants. These include coke (@GrkEake),
from which in 2@1were usedb1PJ in the production of iron and steel (2.CAgnsequentlyCQ reported

in Table 1.A(d) under Coke Oven Coke isG@ewhich is arising in 2.C.1 from Metallurgical colse. In
the Other bituminous coal in 20 were used7 PJ as no®nergy use. Other bituminous coal was used as
reductant in 2.C.1 as well.

Natural gas (NG) is in many countries also used as a feedstock. In the Czech Republic it was not until
recently, and since 2008 the CzSO indicates that appaigly 1% of annual consumption of natural gas

in the Czech Republic is used for rarergy purposes in the chemical industry. This-eaergy use is
reported under 2.B.10.
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Fuels for norenergy use are not accounted for into the Sectoral approach in catedgé. In the Reference
approach NEU are deducted from the apparent consumption as excluded carbon (sehaftdy 'CQ
reference approach and comparison with sectoral approach").

In Tab.3-10 are listed calorific values of the energy balance calculation of CzSO and default emission
factors, which were used in the reference approach.

Tab.3-10 Net calorific values and emission factors of feedstocks

Non-energy Fuels NCV EF

[GJ/kt] [t CQ/TI]
LPG 45945Y 65.86"
Naphtha 43 600 73.30
Gas/Diesel Oll 42600 74.10
White Spirit 40193 73.30
Lubricants 40193 73.30
Bitumen 40193 80.70
Paraffin Wax 40193 73.30
Petroleum Coke 39400 97.50
Other Petroleum Products 38778 73.30
Refinery Gas 46023 55.08)
Coke Oven Coke 28914 107.00

1 country-specific value
2 used in blast furnaces

3.2.4 Methodological issues

The chapter describes procedures, which are applied for emission estimates from combustion sources in
general. Each chapter for specific subcategories then contains (if applicable) any specific procedures used
for these specific sources.

The data for thewhole time series was constructed on the basis of data froe@@2SO Questionnaire
(CzSO0, 2022where the data on fuel consumption are provided in various ways. Data are available for
Solid and Liquid Fuels in mass units (kt p.a.), where the net cadduiesvof these fuels are also tabulated.

The consumption of gaseous fuels derived from fossil fuels is given in TJ p.a. Natural Gas is given in
thousand ni and the consumption in TJ is also tabulated; however, in this case it is calculated using the
grosscaloric value. The Energy balance in mass unitsgKtfor last reported year (2021s given in Annex

4, Tables A4 ¢ A4-7.

Since 2012 submission net calorific values for Liquid Fuels for the whole time series are available. These
are now assumed toebcorrect (agreed by CzSO) and therefore used for conversion of activity data from
natural units to energy units. Except of the official NCV provided by CzSO country specific NCVs are used,
for Refinery Gas and LPG.

The principles of preparation of the éssion inventory are further specified in detail for the individual
phases of data preparation and processing and subsequent utilization of the results of calculations with
subsequent data storage.

3.2.4.1 Collection of activity data

In collection of activity dataall the background data are stored at the workplace of the sector compiler,
where possible in electronic form. These consist primarily in datasets obtained from CzSO as officially
submitted data for drawing up the activity data. The dataset for therlgsbrted year is given in Annex 4,
Tables A4l ¢ A4-7; similar datasets for the whole time series are stored in the archive of the sectoral
expert.
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If the data are taken from the Internet, the relevant passages (texts, tables) are stored in separate files
with designation of the web site where they were obtained and the date of acquisition.

Data taken from printed documents are suitably cited, the written documents are stored in printed form
at the workplace of the sector compiler and, where possible, riflevant passages (texts, tables) are
scanned and stored in electronic form.

When the stage is completed, all the stored data are transferred to electronic media (CD, external HD,
flash disks, etc.) and stored with the sector compiler; the most importanking files that contain data
sources, calculation procedures and the final results are submitted in electronic form for storage at the
coordination workplace.

In case EU ETS data are used, the original forms are stored in archive of national invest@ry sy
coordinator, as well as officially at Ministry of Environment.

3.2.4.2 Conversion of activity data to the CRF format

The activity data are converted from the energy balance to the CRF structure in the EXCEL format. Each
2Ny Ay3 FALS KI Hirstlsheet dJaing in®rcohdlecie8 systdmaof edickl Siles was created
computational model for emission estimates from the stationary sources in Energy sector.

The Title page shall contain particularly the following information:
1 the name and description ohe file
the author of the file
the date of creation of the file
the dates of the latest wglating, in order
the source of the data employed
description of transfer of specific data from the source files
the means of aggregation of the data base employetbimversion

=A =4 =4 =4 4 4 4

explanations and comments.

Separate computational files for each kind of fuels are used, which are then interconnected with the final
computational files, where are data transferred in the specific subcategories and the computation of
emissiorestimates is carried out. The operational part of the files contains whole computational approach
for estimation ofCQ, CH andN,O emissions, which includes following steps:

1 complete division of data about consumption of each kind of fuels from Enatggde provided
by CzSO into the structure compatible with CRF Reporter (for purposes of Sectoral and
Reference Approaches)

1 complete set of NCV for specific kinds of fuels and emission and oxidation factors (if applicable)
9 computation of emission estimase

I summation of activity data and emissions for each group of fuels (solid, liquid, gaseous etc.) into
specific subcategories

Outputs form the computational model are datasets, which are possible to import into CRF Reporter. All
computational sheets are managed in whole tiseries and units of input and output values are recorded
as well.
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3.2.4.3 Calculations of emissions

Original actrity data are provided in kilotons. It means that it is necessary to convert these values to energy
units ¢ terajoules. For this conversion are used calorific values listed in Annex 5.

Coke Oven Gas, Gas Works Gas and biofuels are given directly inlesyr@jotle CzSO Questionnaires
(CzSO0, 2022however, the data were calculated using the gross calorific values, so it is necessary to
recalculate these values to net calorific values.

Natural Gas is provided in the statistic reporting in the CzSO Qumatie (CzSO, 2Q) in thousand ri
and in TJ; however, the data in TJ is determined using the gross caloric value. Volume reported by CzSO in
thousandmA & NBf I 4GSR (2 GKS aliNI}YRS O2yRAGAZ2YE&AI APSO

CzSO uses for tlwnversion between gross and net calorific value coefficient NCV/GCV = 0.9. In 2014 was
carried out research in order to develop methodology for determination of precise values of this
coefficient. Details concerning the research and methodology of detextioin of the coefficient NCV/GCV

is provided in Annex 5.

It was found (see Annex 5), that the ratio NCV/GCYV for natural gas can be very preciously described by
linear dependence

oo T8t T p TJOP @ o) T

08 6 p P ™ @ oG X
where NCV and GCV are expressed imiVlih the reference temperaturesoip 6/ O0A PSP (NI RS
However, improved values of the ratio NCV/GCV is not far from the IPCC default value 0.9. For example,
to the NCV = 34.5381J/m? corresponds the ratio NVC/GCV=0.9021 calculated from the equation above.
This equation was used for calculation of NCV from GCV for all time period.

For calculation o£Q emissions are used emission factors, which are either provided in the IPCC 2006
Gudelines (IPCC, 2006), or which were determined as cowpiegific emission factors. Sin€gQ
emission factors depend on quality of specific of fuel, the values of emission factors are listed in the specific
chapters bellow. Default emission factors fraime IPCC methodology have been for key categories
gradually substituted by country specific emission factors. Moreover, in cd3@ efmission factors from

lignite (brown coal) and bituminous coal, the previous cowsigcific emission factors were ihi$
submission refined by using #p-date national data. Description of used coungiyecific emission factors
including ways of their evaluations is provided in Annex 3.

CH and N,O emissions from fuel combustion from stationary sources are not amoadkély categories.
Thus contrary taCQ emission factors, fo€CH and N2O emission factors are used always default values
from IPCC 2006 Guidelines (IPCC, 2@ rndN.Oemission factors are listed in the specific subchapters
for specific subcategories.

GeneralCQ emission factors and NCV are providediab.3-11. With regards that values in following
table are used in Czechia companies with oblayatd report their emis®n to Emission Trade System

EU ET8which is a markebased approach to controlling pollution by providing economic incentives for
achieving reductions in the emissions of pollutants), values of country specific EF are expseasg&d
years man i.e. mean of years 2072021 This adjustment decrease inaccuracies in emission reporting
to EU ETS, which are caused by time discrepancy (companies whleussues for reporting year 2023
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Tab.3-11 Net calorific values (NCVEQ emission factors and oxidation factors used in teebmission 2023

Crude Oil 42.540 73.30 1 73.3
Gas/Diesel Oil 43.019 74.10 1 74.1
Residual Fuel Oil 39.500 77.40 1 77.4
LPG) 45.945 65.86 1 65.86
Naphtha 43.600 73.30 1 73.3
Bitumen 40.193 80.70 1 80.7
Lubricants 40.193 73.30 1 73.3
Petroleum Coke 39.400 97.50 1 97.5
Other Oil 38.953 73.30 1 73.3
Coking Coa) 29.517 93.53 1 93.53
Other Bituminous Coal 26.282 94.16 0.9707 91.40
Lignite (Brown Coal) 13.537 99.45 0.9846 97.92
Brown Coal Briquettes 22.918 97.50 0.9846 96.00
Coke Oven Coke 28.879 107.00 1 107.0
Natural Gas (TJ/Gg) 48.726 55.4%5 1 55.4%5
Natural Gas (TJ/mill. A9 38.364 55.45 1 55.45

a) Emission factor without oxidation factor

b) Resulting emission factor with oxidation factor

o) TImil.rlx GTI' mp ¢/ X LI T manmdo 1tk
d) Country specific values@0 EFs and oxidation factors

3.2.5 Uncertainties and time -series consistency

The emission inventory is based on 2 types of data accompanied by different levels of uncertainty:
1 Activity data (consumption of individual kinds of fyels
1 Emission factors

Extensive research was carried out irRQ@o obtain new, more accurate values for the uncertainties.
Theresults are given ibelow andAnnex 2.

Activity data
Information on fuel consumption is taken from CzSO (CzSX2).20
Uncertainties

CzSO does not explicitly state the uncertainties in the published data. However, the uncertainty differs for
the individual groups of datastatistical reports from the individual enterprises (economic units with more
than 20 employees); ecsumption by the population is calculated on the basis of models and reports by
suppliers of network energy (gas, electricity), production of the individual kinds of fuels (especially
automotive fuels) and customs reports (imports, exports); the remainslealculated so that the fuel
consumption is balanced. Each step is accompanied by a different level of uncertainty. Overall the
uncertainty in Natural Gas activity data should be lower than uncertainty of Solid Fuels activity data since
the Natural Gassimeasured more accurately in comparison to for instance coal.

Uncertainties also arise during data processing. CzSO obtains data in magsamstper year (1 level

of uncertainty). The resultant balance is expressed in energy giiiisp.a. Recal@ation from mass units

to energy units must be performed using the fuel calorific value. The determination of these values is
accompanied by uncertainties following from the method employed (mostly laboratory expertise)
(2 level of uncertainty). The avage fuel calorific value valid for all 6zechianust be determined for
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each kind of fuel. Because the calorific value differs substantially in dependence on the mine location, it is
necessary to determine the average calorific value on the basis of ghtedi averageg 3" level of
uncertainty.

In 2020 was carried out an extensive study aiming to updatentertaintiesin the Energy sector. The
study follows that he lowest uncertaintie®f activity datashouldbe expected in sector 1.A,1sinceall
individual enterprisesn this sector arghe economic units with more than 20 employeeghich means
that all fuel consumption is subject tuestionnaire of the CzSO. Higher uncertainsiesuldbe expected
in sector1l.A2. These are a large number of smalflividual enterprisesof which only a certain number
are the economic unitsThe highest uncertaintieshouldbe expected in sector 1.A.Zhis is a diverse
group of sources that are scattered throughdezechiaand theér economicunits are relatively small.

Due to thehighvariabilitybetween subcategoriedescribed abovgthe uncertaintiesvasset for each type

of fuelandthe specificsulbcategory eg.,uncertainty of1.A.1.aSolid fuels, 1.A.1:Natural Gas etcThree
independent experts estimate of 'basic' uncertainties were diongetail scale described in this paragraph
andthen experts estimateaveraged To determine uncertainties oooarserscale (e.g, 1.A.1 or 1.A.2) is
usedweightedaverage, where fuel consumiph (TJ) is used as a weights in calculation (for details see
+SasStt SO Ff® HAWNOOD

For specific uncertainties of activity data used iftroduction into the trend in total national emissions
see Annex 2.

Emission factors

The above mentioned study had aito update uncertainties of EF as welCountryspecific EFfor
calculationCQ emissions are used for the most important type of fuels in Czechia inventory (Brown
Coal+Lignite, Bitumenous Coal, Cokign Coal, Gas Work Gas, Natural Gas, Refinery Gas and LPG). For the
rest of fuel is used default EF, from which the most important feeiiory is Coke and Fuel Oil. The
country-specific EF is determined with knowledge of carbon content in fuels and net caloric values. In this
case, theuncertainties are dependent on the accuracyaoratory determination ohet calorific values

and labaatory analyses of fuelsvherelow uncertainties could be expectedue to the fact thailCoke

and Fuel oils {n which we use default ERave a very stable composition (carbon content), regardless of
national specificst can beconsideredhat these fiels have the same composition all over the waiul

low uncertainties could be expected.

Generallythe formation ofCH andN-Ois not widelyexplore it is necessary to consider highcertainties
(up to hundred percen. According toour internal results that have been collected so far, it is not yet
confirmed thatCH emissions at small and largguipmentsignificantly differed.

The determination of E&ncertaintieswas carried out according the same methodology as in case of AD
uncertaintiesi.e. three independent experts estimate of 'basic' uncertaintiebich were averaged (see
above or fordetails S&AStt SG Ff® HAHN

For specific uncertainties of emission factors used iftroduction into the trend in total national
emissionsee Annex 2.

Time- series consistency

The time series consistency is regularly monitored by the sector compiler and evaluated as an instrument
for revealing potential errors. As the sector compilers create the data time series from external CzSO data,
they cannot affet the variation in the time series of activity data during processing.

However, feedback to the primary data processor does exist. If an anomaly is identified in the time series,
CzSO is informed about this fact and is requested to provide an explanation.
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So far, no means have been found for consistent and systematic verification of the consistency of time
series at CzSO and for analysis of the causes of fluctuations. Rather than elementary errors, preliminary
analysis indicates that the anomalies are @lisolely by the methodology for ordering the statistical data

in the energy balance structure. Assignment of the statistical data on fuel consumption to the individual
energy balance chapters is performed by the valid methodology accordingMACE (théormer Czech
equivalent was OKECBranch Classification of Economic Activities). Th&lA&ZE code is assigned to
economic entities on the basis of their Id.No. (Identification Numbers). This can result in substantial inter
annual changes in the individusubcategories.

Example:

The decisive @IACE code for entity A is that for chemical production. He operates a large boiler with a
substantial fraction of fuel in the entire 1.A.2.c subsector. The energy production is split off to independent
entity B, wlose main activity is production and supply of heat. In the final analysis, the reported fuel
consumption is shifted from 1.A.2.cto 1.A.1.a.

Ly GKS /1T SOK wSLlztAO0s GKS mdpnQa FyR 6SAAYyyAy3d 2
utilization of means of production was sought and changes in the ownership structure of energy
production facilities were quite frequent. Consequently, consistency of the time series is interrupted in
some subcategories. Justification for the exact causes of each change lies outside the current
capabilities of the sector compiler.

Changes in the consistency of time series of emission data must follow changes in activity data. If different
anomalies occur, these anomalies are verified and any errors in thendietetion of the emission data
are immediately eliminated.

Other Fuels (CRF 1.A.1-d)ncertainties and timeseries consistency

The time series comes from two data sourgeisne-series was reproduced by MIT and data about current
incineration comes froiSOH (Information system of waste management). There are no cesjmgific
uncertainties yet, as all the factors but activity data used in the equations are default IPCC factors.

3.2.6 QA/QC and verification

The general QA/QC plan was formulated since thesialsmission and is presented in the Chapter 1.2.3.

The QA/QC procedures applied in the company KONEKO Ltd. are based on the QA/QC plan for GHG
inventory in the Czech Republic and are harmonized with the QA/QC system of the CDV. As the basic data
sources ér the processing of activity data are based on the energy balance of the Czech Republic the main
emphasis is given to close cooperation with the Czech statistical office (CzSO). This cooperation is based
on the contract between CHMI, as the NIS coordaratvorkplace, and CzSO. CzSO is a state institution
established for statistical data processing in the Czech Republic, which has its own control and verification
mechanisms and procedures to ensure data quality.

Sectoral guarantor and administrator of QAZ@rocedures, Vladimir Neuzil (KONEKO manager):
1 processes and updates the sectoral QA/QC plan
9 organizes QC procedure
1 ensures verification procedures and is responsible for its realization
1

is responsible for the submission of all documents and data files for the storing in the
coordinating institution suggests external experts for QA procedure

1 ensures data input in the CRF Reporter
9 carries out autecontrol ¢ control of input data and primgrcomputations
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1 ensures and is responsible for the storing of documents

The QC procedures are related to the processing, manipulation, documentation, storing and transmission

of information. The first step of the control is carried out by the expert resipbmdor the Sectoral

Approach (Vladimir Neuzil), followed up by the control carried out by the QA/QC experts familiar with the
G2LIAO o! yRNBF +SasStt s SEGSNYIf SyLiz2&88S 2F Yhbovl
according official QA)C methodology (IPCC, 2006). To minimize technical errors both in CRF and in NIR

we set up automatically connect for values transcription. In this way we connect files of CzSO, all
computation files, QA/QC files and files for creation tables for NIR.

Datatransmission to the CRF Reporter is accomplished by the data administrator. After data transmission
to the CRF Reporter the control of correct data transmission based on the summary values of activity data
and emission data is carried out. If there are aliscrepancies, the erroneous data are detected and
corrected.

Verification procedures are included upon the suggestion of the QA/QC sectoral guarantor after the
consultation with the NIS coordinator. They are aimed mainly at the comparison with indepestaten
sources that are not based on data processing from the CzSO energy balance. The relevant independent
sources in the Czech Republic are represented by data published and verified within the EU Emission
Trading Scheme (ETS), from the national systeEZ/®, used for the registration of ambient air pollutants,

and based mainly on data collection from individual plants. In addition to emission data the REZZO
database includes also activity data, independent of CzSO data. The way how to optimally Us®/éhe a

data sources has to be determined on the basis of systematic research and will be covered in the national
inventory improvement plan.

QEGSNYLFE SyLX28S8S 2F Yhb9Yh 6! yRNBIF +S5aStt o FI YA
procedures. The @aperation is based on ad hoc contracts ensured by the QA/QC sectoral guarantor. As
already mentioned above, also experts from CzSO, closely cooperating with CHMI and KONEKO, take part
in the control procedures.

The QA procedures are planned in a way descriin the general part of the QA/QC plan, i.e.
approximately once in three years.

Other QC procedures were performed using data indicators which should have the same course as the
reported value. Where these data are available, details of this QC ame igithe following figures.

3.2.7 Public electricity and heat production (CRF 1.A.1.a)

Thiscategory is divided into 3 sahtegories:
1 Electricity Generation (CRF 1.A.1.a.i)
1 Combined Heat and Power Generation (1.A.1.a.ii)
1 Heat Plants (1.A.1.a.iii)

This divisionis used in the new methodology (IPCC, 2006). Due to the activity data (from CzSO)
inconsistency, it was decided to do not make activity data division into three subcategories as is shown
above. The activity data are moving from one subcategory to anotheraccording to new rules and for

the Energy sector it would mean to do recalculations almost every year. The sum of the data in 1.A.1.a
category remain same. Therefore the data will be reported as sum in the category 1.A.1.a.i.

The fraction ofCQ emissims from sector 1.A.1 equalletb % in 2021 in the whole Energy sector (IA)
combustion of fuels.
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In 2021, the fraction o€Q emissions in subsector 1.A.1.a equal8f¥o of totalCQ emissions in sector
1.A1.

Under source category 1.A.1.a the energjamce includes district heating stations and electricity and heat
production of public power stations.

This category encompasses all facilities that produce electric energy and heat supplies, where this
production is their main activity and they supplethproducts to the public mainsrom the total installed
capacity of electricity generatiot®.25GWe in 2@1, 10.27GWe are accounted for thermal power plants:

Nuclear 4 290 MWe

Hydro 2101 MWe
Solar photovoltaic 2 246 MWe
Wind 339 MWe
Combustiblduels 10 269 MWe
Total capacity 19245 MWe

In the final energy balance of CzSO (CzSQ@) 22 consumption of the individual kinds of fuels in this
sector is reported in section Transformation Sector under the items:

1 Main Activity Producer ElectriciBlants
9 Main Activity Producer CHP Plants
1 Main Activity Producer Heat Plants

The category includes consumption of all kinds of fuels in enterprises covered by the NACE Rev. 2:
35.11Production of electricity

35.30Steam and air conditioning supglgroduction, collection and distribution of steam and hot water
for heating, power and other purposes)

The volume of production of electricity and heat and the structure of the sources are shown in the
following overview.

Electricity production (GWh) 85 08
Main activity producer electricity plants 66 640
Main activity producer CHP plants 9 265
Autoproducer electricity plants 2818
Autoproducer CHP plants 6 359
Heat production (TJ) 121 074
Main activity producer CHP plants 93 935
Main activityproducer heat plants 20 312
Autoproducer CHP plants 7570
Autoproducer heat plants 9 257

Fig.3-4 presents an overview of development©@f3 emissions in source category 1.A.1.a.

CQ emissions indicate stable trend with only a few oscillations in the whole time series. For few years
backit can be seen tha€Q emissions have decreasing trend.

The trend in emissions is mainly shaped by the development and structures of the electricity generation
installations involved, since these installations account for the majority of the pertinergsans. As is

clear from the figure, Solid Fuels are the main driving force for emissions in this source category. Brown
Coal and Lignite are the most important, withtal consumption of428 PJ, corresponding t42 207kt
CQlyear on an average for thehwole 1990¢ 2021 period.
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Since 2007, the countygpecific emission factor for Brown Coal + Lignite has been equal to 26.97 t C/TJ; a
country-specific emission factor equal to 25.79 t C/TJ

for Other Bituminous Coal and Coking Coal has been
used to calculat€Q emissions. In 2015as conducted
research in order to update these emission factors. The
detailed description of the research is provided in
Annex 3. As mentioned above, this means that
approximately 95% of the emissions from fuels in this
category were determined using couspecific
emission factors, i.e. at the level of Tier 2.

€O, emissions [Mt]

Since submission in 2014 country specific oxidation
factors for Other Bituminous Coal, Brown Coal and

m rest of solid fuels m Liquid Fuels

Gaseous Fueks Biomass Lignite and Brown Coal Briquettes were applied. The

Other Fuels (waste)

detailed description of the research isgn in Anneg.

Fig.3-4 Development of C@emissions in 1.A.1.a categoi

The item Other Fuels ifrig. 3-4 represents waste
consumption for waste incineration.

3.2.7.1 Category description (CRF 1.A.1.a.i)

Thestructure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are shown in the following outline.

Structure of Fuels Activity CQ CH N2O

data EF OxF Emission EF Emission EF Emission

[TJ] [t Ca/TI] [ [kt] [kg CH/TJ] [Kki] [kg N2O/TJ]  [ki]
Rafinery Gas 874.44 55.08 1 48.16 1 0.00087 0.1 0.00009
LPG 367.56 65.86 1 24.21 1 0.00037 0.1 0.00004
Heating am Other Gasoil 42.60 74.10 1 3.16 3 0.00013 0.6 0.00003
Fuel Oil- Low Sulphur 355.50 77.40 1 27.52 3 0.00107 0.6 0.00021
Fuel oil- High Sulphur 79.00 77.40 1.00 6.11 3.00 0.00024 0.60 0.00005
Other Bituminous Coal 42 743.74  95.20%*) 0.9707*) 3949.96 1 0.04274 15 0.06412
Brown Coal + Lignite 315 863.42 100.37*) 0.9846*) 31 215.36 1 0.31586 15 0.47380
Coal Tars 89.62 80.70 1 7.23 1 0.00009 15 0.00013
Brown Coal Briquets 7.27 97.5%)  0.9846%) 0.70 1 0.00001 15 0.00001
Coke oven gas 5582.71 44.40 1 247.87 1 0.00558 0.1 0.00056
Natural Gas 59491.83 55.44 1 3298.07 1 0.05949 0.1 0.00595
Waste- fossil fraction 2 850.40 91.70 1 261.38 30 0.08551 4 0.01140
Waste- biomass fraction 4275.60  100.00 1 427.56 30 0.12827 4 0.01710
Wood/Wood Waste 26110.38 112.00 1 2 924.36 30 0.78331 4 0.10444
Gaseous Biomass 1208.56 54.60 1 65.99 1 0.00121 0.1 0.00012
Total year 2021 425 497.83 38 828.35 1.42475 0.67804
Total year 2020 401 095.86 36 468.00 1.30915 0.62754
Index 2021/2020 1.06 1.06 1.09 1.08
Total year 1990 568 512.77 54 560.85 0.61880 0.81167
Index 2021/1990 0.75 0.71 2.30 0.84

“) Country specific data

Liquid Fuels play a minor role in the electricity supply of the Czech Republic. They are used for auxiliary
and supplementary firing in power statioqdor instance stabilization of burners. Use of Liquid Fuels has
decreased by more than half since 1990.

Natural Gas (NG) plays a role in this source category. Use of NG does not exhibit a substantially oscillating
trend. At the beginning of the period, it shows increasing trend, but later only minor changes were
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observed, which can be considered insignificBetween years 1994 and 1995 the share of gaseous fuels

in total consumption was 1.8 and 2.4 %, which corresponds to a fluctuation of 0.6 % in terms of all fuels in
the sector. Such fluctuations are command are based on the fuel market as well aslegislative
requirements.

The origin of the data, the emission factors used and the method of calculating the level of emissions for
the individual gases are presented in detail in the following outline.

Structure of Fuels Source of Emission factors Method used
Activity data CcCQ CH N>O CQO CH N2O

Rafinery Gas CzSO D D D Tier 1 Tier 1 Tier 1
LPG CzSO D D D Tier 1 Tier 1 Tier 1
Heating and Other Gasoill CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- Low Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Other Bituminous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coal Tars CzSO D D D Tier 1 Tier 1 Tier 1
Brown Coal Briquets CzSO D D D Tier 1 Tier 1 Tier 1
Gas Works Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Coke oven gas CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Waste- fossil fraction ISOH, MTI D D D Tier 1 Tier 1 Tier 1
Waste- biomass fraction ISOH, MTI D D D Tier 1 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tierl Tier 1
Gaseous Biomass CzSO D D D Tier 1 Tier 1 Tier 1

3.2.7.1.1 Other Fuels (CRF 1.A.1.a.i): Waste Incineration for energy purposes

This category consists of emissions caused by incineration of municipal solid waste for energy purposes.
Originally thichapter was part of 5.C Waste Incineration but, based on the suggestion of {€&Rr{try

review), this chapter was shifted under the energy sector. This chapter is prepared by CENIA, Czech
Environmental Information Agenaythe organization responsiblerf the Waste sectorlf the waste is
incinerated for the purpose of obtaining energy in a dedicated facility (i.e., a waste incineration plant), it
is reported to the Energy sector. All other waste is reported in the waste category.

Source of data about waste incineration is (V)IS@idblic) information system of waste management of

the MoE. (V)ISOH contains bottom up data from wastinagement companies (individual data) and it is
consistently used as a data source by waste sector as well. Its obligatory to report in to this system and
about 60 thous. subjects reports in system each year. DaM)iBOH are crosschecked betweenjsats

and on selected cases verified by Czech

300 Environmental Inspection where
discrepancies appear. Data(MISOH are

based on evidence, data from other
sources are based on statisti¢®)ISOH is
official data source for national
environmental policiestheir design and
evaluation. Waste incineration in
inventory is split between energy and
waste sector in a way that all waste
(predominantly municipal solid waste)
GKIFG Aa AYyOAYSNIGSR Ay
(waste incinerator with energy use) is
accounted in energy sector, rest of
incinerated waste is accounted in waste

CO, eq. [kt]

Fig.3-5 trend of GHG emissions from waste incineration for ene
purposes

sector.
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This category consists of emission€63 from incinerated fossil carbon in MSW and emissions of methane
andN,O from incineration of MSW as it is shownHig.3-5.

Tab.3-12 shows fourmunicipal solid waste (MSW) incineration plants in the Czech Republic. One is
located in Prague (ZEVO Male3|ce) one in Brno (SAKO), one in Liberec (Termizo) and the newest one
sin Hnamc Ay t#£3J S/zK HEYD | gométidhek @cinerated in other facilities, too.

Tab.3-12 Capacity of municipal waste incinerationguhts in the Czech Republic, 2021

Incinerator (city) Capaciy (kt) 21
TERMIZO (Liberec) 96
t N} Oal1sS &afdzOoé | dad 6t NI KEO 310
SAKO a.s. (Brno) 224
tf1 Szalt GSLX 't NByalt Foaod otfl Szo 95

There are also several dozen facilities incinerating @m@aerating wastewithout energy useThis waste is reported undec.
3.2.7.2 Uncertainties and time -series consistency (CRF 1.A.1)a

See chapter 3.2.5.

3.2.7.3 Category-specific QA/QCand verification (CRF 1.A.1.3)

Fig.3-6 shows the correlation of fuel consumption in category 1.A.1.a and total gross electricity and heat
production. Total energy production should have a similar trend to total fuels consumpticetegory
1.Ala.

Throughout the whole time period it is
possible to seea good correlation
between the total fuel consumption
and gross energy production. There
are minor fluctuations, caused by
variation of the ratio between the

Fuels consumption [P)/year]
Energy production [PJ/year]

300 b = ] 200
| - electricity and the amount of heat
e NS e produced.

100

100 == === == m i m e mm e o e - 0
For additional information please see

chapter 3.2.6.
=N WSRO N0OVLORNWBRBGWMON®WWOO Iﬂp N w_b N0 WO R

== Fuels consumption (CRF 1A1a) Gross ele.

Gross heat production ==Total gross energy production

Fig. 3-6 The ratio between the total consumption of fuels from the he
sources in the category 1.Al.a and overall energy production

3.2.7.3.1 Other Fuels (CRF 1.A.1.a.i): Waste Incineration for energy purposes

Waste incineration is reported in the energy but in NIS it is still managed under waste sector and for this
particular chapter all relevant QA/QC procedures are described in wasptecha

3.2.7.4 Category-specific recalculations (CRF 1.A.1.9

Based on the changes of Activity data (CzSO, 2022) recalculation was done for the Solid fuels for the year
2020, see th@ab.3-13
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Tab.3-13Changes after recalculation in 1.Adlifor Sdid Fuels.

Submission 2022 TJ 337891.41 Submission 2027 TJ 0.34
Submission 2023 TJ 337955.70| Submission 202 TJ 0.34
Difference TJ 64.29 Difference TJ 0.00
Submission 2023 % 0.02| Submission 202 % 0.02
CQemissions 2020 NOemissions 2020
Submission 2022 TJ 32952.74, Submission 202 TJ 0.50
Submission 2023 TJ 32 956.35 Submissior2023 TJ 0.50
Difference TJ 3.60 Difference TJ 0.00
Submission 2023 % 0.01| Submission 202! % 0.01

IntheTab.3-14is listed the recalculation of Gaseous fuel due to the change of net calorific value of Natural
gas in CzSO, 2022 for the year 2020.

Tab.3-14 Changes after recalculation in 1.Adlfor Gaseous Fuel.

!
|

Submission 2022 TJ 61769.364( Submission 202: TJ 0.0618
Submission 2023 TJ 61769.5793 Submission 202! TJ 0.0618
Difference TJ 0.2152 Difference TJ 0.0000
Submission 2023 % 0.0003| Submission 202! % 0.0003
CQemissions 2020 NOemissions 2020
Submission 2022 TJ 3424.8858 Submission 202: TJ 0.0062
Submission 2023 TJ 3425.0400 Submission 202! TJ 0.0062
Difference TJ 0.1541 Difference TJ 0.0000
Submission 2023 % 0.0045| Submission 202! % 0.0003

3.2.7.5 Category-specific planned improvements (CRF 1.A.1.a

Furthermore, attention will be focused on determining the country specific emission factors for other
fuels, while considering the significance of thdividual types of fuel.

3.2.7.6 Category description (CRF 1.A.1.b)

The structure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are shown in the following outline.

Structure of Fuels Activity CQO CH N>O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kg N2O/TJ] [kt]
Refinery Gas 5338.67 55.08*) 1 294.03 1 0.005 0.1 0.00053
Natural Gas 3342.77 55.44%) 1 185.31 1 0.003 0.1  0.00033
Total year 2021 8681.43 479.35 0.00868 0.00087
Total year 2020 7841.17 433.12 0.01 0.00078
Index 2021/2020 1.11 1.11 1.11 1.11
Total year 1990 8705.45 492.56 0.01 0.00124
Index 2021/1990 1.00 0.97 0.85 0.70

“) Country specific data

The origin of the data, emission factors used and the method for calculating the emissions for each gas is
shown in details in the following outline.
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Structure of Fuels ~ Source of ' Emission factors ' Method used
Activity data CcQ CH N>O CQO CH N2O
Refinery Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Natural Gas CzSO CSs D D Tier 2 Tier 1 Tier 1

This category includes all facilities that process raw petroleum imported into this country as their primary

raw material. Domestic petteum constitutesapproximately % of the total amant in 2021 All fuels used

Ay GKS AYyOaSNYy!I f NEFAYSNE LINRPOSaasSaz AyOaSNyl f 02
production of electricity and heat and heat supplied to the public mains are included in emission
calculations in this subcategory. This corresponds primarily t©REENJNIPETROL RPA Ltd. company in

GKS /1TSOK wSLlzotAO0d ¢KS O2YLI ye OKFy3dISR YyICMS Ay i
emissions are included in category 1.B.2.a RugiEmissions from Fuel®il.

The fraction ofCQ emissions in subsector 1.A.1.b@G® emissions in sector 1.A.1 equalled 1% in 2021. It
contributed 0.6% taCQ emissions in the whole Energy sector.

In the CzSO Questionnaire (CzSO, pak2 consumptiorof the individual kinds of fuels in this sector is
reported under the item:

1 Refinery Fuel

1 Relevant NACE Rev. 2 code: 19 Ranufacture of refined petroleum products

Starting with submission in 2013, th
greenhouse gas emissions from combustion 120 pommmmmmmmsmmso oo oo oo
refinery gas are estimated using countn
specific emission factor. Detailed descriptic
of the research carried out in 2013 is provide
in Anne 3 of this NIR. The default emissiq .
factors were used for the rest of the liquic
fuels. A countnspecific emission factor is
used also for Natural Gassee the outlines at
the beginning of each subchapter.

200 === mmm e

CO, emission [Mt]

Fig.3-7 shows an overview of emissions trenc
in source category 1.A.1.h. = Liguid Fuels

Gaseous Fuels

No consumption of Solid Fuels occurred in thig'3'7 Development of C@emissions in 1.A.1.b category
category.

Liquid Fuels are of the greatest importance and exhibit an isgrgatrend in the whole periodThe
fluctuations that have occurred over the years can be explained as resulting from differences in producti
guantities (see alsbig.3-8). The maximum production equal to 716&® occurred in 2008, followed by

a value of 697 kEQ in 2006. Thereafter, production decreased to the resulting level of 380kin 2015,

resp. 294kt CQ in 2021 There is apparent decrsa of Ethylene production in 2016 after the accident in
2015, when the rest of the LPG was used for other petrochemical production. The explanation of the
ethylene production decrease is already included in NIR in the respective chapter in IPPU sector

The second greatest role is played by Natural Gas, witlsgions in the range between 2BBCQ in 2004
and 360 kiCQ in 1997 and resulting witdecrease to 18kt CQ in 2Q21.
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3.2.7.7 Methodological issues (CRF 1.A.1.b)

Basic methodological approaches wepeesented in the section 3.2.4. In Chapter 3.2.8. no specific
approaches were used for performing QA/QC in category 1.A.1.b.

3.2.7.8 Uncertainties and time -series consistency (CRF 1.A.1.b)
See chapter 3.2.5.

3.2.7.9 Category-specific QA/QC and verification (CRF 1.A.1.b)

Fig. 3-8 contains a comparison of fuel

consumption in the sector 1.A.1.b with the total

amount of crude oil processed in the Czech
Republic in the separate years.
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From the figure is apparent that since 2000 the
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processedand the amount of fuel used are in
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Fig.3-8 Comparison of fuel consumption in the sector LA.1b¢  were driven by the fact that, in thigeriod the

amount of crude oil processed production capacity of both refineries were
expanded (Litvinov and Kralupy nad Vitavou) towards deeper crude oil processing (especially using of
cracking units since the end of the 90s).

The other QA/QC procedures were performed as describetiapter 3.2.6.
3.2.7.10Category-specific recalculations (CRF 1.A.1.b)

Based on the change of Net Calorific value in the CzSO, 2022 for the year 2020, recalculation for the
Gaseous fuels had to be done. The recalculation is listed imahe3-15.

Tab.3-15Changes after recalculation in 1.Atlfor Gaseous Fuel.

Submission 2022 TJ 3376.9268 Submission 202: TJ 0.0034
Submission 2023 TJ 3376.9386 Submission 202! TJ 0.0034
Difference TJ 0.0118 Difference TJ 0.0000
Submission 2023 % 0.0003| Submission 202 % 0.0003
Submission 2022 TJ 187.2383| Submission 202: TJ 0.0003
Submission 2023 TJ 187.2467| Submission 202: TJ 0.0003
Difference TJ 0.0084 Difference TJ 0.0000
Submission 2023 % 0.0045| Submission 202 % 0.0003

3.2.7.11Category-specific planned improvements (CRF 1.A.1.b)

No furtherimprovements in this subcategory are currently planned.
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3.2.8 Manufacture of solid fuels and other energy industries (1.A.1.c)

This category is divided into two subcategories:
1 Manufacture of Solid Fuels (1.A.1.c.i)
9 Other Energy Industries (1.A.1.c.ii)

Given thatthis division is used in the new methodology (IPCC, 2006) and the fact that there are no precise
data for more detailed classification, in this submission, the data is reported as a summary in category CRF
1.A.1.c.ii. Production of briquettes, which woulall under 1.A.1.c.i in the Czech Republic has been
terminated and in terms of the share of the emissions, this production had, it was negligible and further
accurate data on fuel consumption in this category are now hardly accessible.

3.2.8.1 Category desaiptio n (CRF 1.A.1.c.ii)

The structure of fuels, their consumption, the emission factors and emissions of various greenhouse gases
are shown in the following outline.

Structure of Fuels Activity CQ CH N>O

data EE OxF  Emission EF Emission EF Emission

[TJ] [t CQITI] [kt] [kg CH/TJ] [kt] [kg N2O/TJ] [kt]
Heating and Other Gasoil 127.80 74.10 1 9.47 3 0.0004 0.6 0.0001
Brown Coal + Lignite 9433.43 100.37*) 0.9846%) 932.26 1 0.0094 1.5 0.0142
Coke Oven Gas 7041.79 44.40 1 312.66 1 0.0070 0.1 0.0007
Natural Gas 100.46  55.44%) 1 5.57 1 0.0001 0.1 0.0000
Total year 2021 16 703.48 1 259.96 0.0170 0.0149
Total year 2020 45 969.93 4209.13 0.0464 0.0454
Index 2021/2020 0.36 0.30 0.37 0.33
Total year 1990 28 984.58 1516.42 0.0335 0.0082
Index 2021/1990 0.58 0.83 0.51 1.81

“) Country specific data

The table shws that while the index for 2021990 of fuel consumption i6.58, the same index fo€EQ
emissions is significantly higher. It is caused by the high proportion of coke oven gas in the fuel structure
in 1990, which has a relatively low emission factor. Later, part of coke oven gas was reallocated to other
subsectors (1.A.1.a and 1.A.2.a). Evemme markedly the high proportion of coke oven gas, combined with
relatively low emission factor, compared to other fuels, occurreld.{emissions.

The origin of the data, the emission factors used and the method of calculating the level of enfigsions
each gas is presented in details in the following outline.

Structure of Fuels Source of Emission factors Method used

Activity data CQO CH N>O CQO CH N>O
Heating and Other Gasaoill CzSO D D D Tier 1 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke Oven Gas CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CSs D D Tier 2 Tier 1 Tier 1
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This category includes ddicilities that process Solid Fuels from mining through coking processes to the
production of secondary fuels, such as Bre@Gwal Briquettes, Coke Oven Gas. It also includes fuels for the
production of electrical energy and heat for internal consumptiél(d2 NIi SR o6& O2YLJ yASa

There are a number of companies in the Czech
Republic that belong to this category. These are
mainly companies performing underground and
surface mining of coal and its subsequent
processing, located in the vicinity cda deposits.
The category also includeCoke plants and the
production of Gs Works Gas. Other energy
industries, such as facilities for extraction of
Natural Gas and Petroleum are of minor
importance in the Czech Republic.

mCoals m Gas Works Gas + Coke Oven Coke Liquid Fuels Gaseous

The visible decrease for the 20 was caused by
aKdzidAy3a R2gy (GKS FdzSt 02\
was produced Gas Works Gas from brown coal. Due to this effect there was an increase of coal in the Czech
market, which led to higher consumption of Lignite in Manufacturing industries andrcatieh (1.A.2)

Fig.3-9 Development of C@emissions in 1.A.1.c.ii category

The fraction ofCQ emissions in subsector 1.A.1.c@@Q emissions in sector 1.A.1 was equalled 3 % in
2021. It contributed only 2 % t€Q emissions in the whole Energy sector 1.A.

In the CzSO Questionnaire (CzSQ2RGhe consumptiorof the individual kinds of fuels in this sector is
reported in capture Energy Sector under the items:

9 Coal Mines

Oil and Gas Extraction
Coke Ovens (Energy)
Patent Fuel Plants (Energy)
BKB Plants (Energy)
Nonspecified (Energy)

=A = =4 =4 =

There are embodied the fuetd economic part according to NACE Rev. 2
05.10 Mining of Hard Coal

05.20 Mining of Lignite

06.10 Extraction of Crude Oil

06.20 Extraction of Natural Gas

=A =4 =4 =4 =

19.20 Manufacture of refined petroleum products (this class also includes: manufatfean
Briquettes, manufacture of Harcbal and Lignite fuel Briquettes)

Fig.3-9 provides an overview of emission trends in source category 1.A.1.c. The figure siheavly the

sharp increase in emissions in 1992012 period. The use of Coal predominated in the whole period
followed by the consumption of Gas Works Gas and Coke Oven Gas. There is very low use of Liquid Fuels
and Natural Gas in this categomhe sharpncrease in the fuel consumption in 1995 is dependent on the
economic situation of the respective companies, where the fuels are used. The Czech Republic is using
official data reported by the official reporting authority in the Czech Republic and natteiseauthority

would have updated data for the activity data which occurred 20 years ago.

{212t20a1t | KStyt LyO® YI1Sa GKS INBIFIGSad O2y il N«
processing Brown Coal was established in 1950 and atstuped Gas Works Gas and other chemical
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products. Formally, the existence of this combine ended in 1974 when this facility was moved under the

| yYSR2dzKStfyS R2fé& | oNR{SOtNye O2YLIyeod ¢23SGEKSNI i
The new comimed-cycle power station started to operate in 1996. This power station was closed in
September 2020 (http://www.suas.cz).

Between 1990 and 1995, production of Coal Gas, which was distributed in the Czech Republic by Gas Work
+njSaz2 gt 3z KI & as&isyf. OFihld-Feaulbé fe@n a Hakline in production of Coal Gas and

the starting up of production of Gas Works Gas for the production of electricity angupely heat.
Pipelines used to distribute Coal Gas at that time were converted for Natural Gas and took over the role
for its longdistance transport and local distribution. Coke Oven Gas is produced in the Ostrava area where
the Coke Plants are operating.

3.2.8.2 Methodological issues (CRF 1.A.1.c.ii)

¢KS FdzS§t O2yadzyYLliAzy Ay GKS nSaz2@dt CdzSt 0O2Y0AYE
category. This fuel is used for its own gasification process, as well as for production of technological steam,
whichenters into the process as a raw material. The produced-pighsure synthesis gas is then purified

by acidic componentsCQ and HS) and is used for power generation and supplied heat. From a
methodological point of view, the whole combined productisrdivided into two partg consumption of
produced Gas Work Gas (and associated GHG emissions) for the production of electricity and heat and fuel
consumption for technological purposes (input coal to produce technological steam). Not to né@lect
emisgons and other greenhouse gases, which are produced from the gasification of pressure gas, it was
necessary to replace the consumption of Gas Work Gas in the model with coal, which enters into the
process. The emission factor for lignite was used for teutation ofCQ and the value of total coal
consumption in the technological part of the process was used as the activity data.

The amount of coal that was used for the production of technological steam is not directly accessible from
the CzSO energy laaice. Data from CHMI REZZO national emission database was used to determine the
amount of coal. The quantity of coal for production of technological steam is given in
Tab.3-16.

Tab.3-16 Consumption of Lignite for production of technological steam@dzSt 02 YO0 A y Sc2@2jSa 2 gt mddp

Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Lignite [kt/year] 1439 1596 1536 1571 1588 1651 1715 1746 1856 1931 2064
Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Lignite [kt/year] 2003 2088 2107 1938 2044 2094 2117 1994 1951 2013 2005
Year 2017 2018 2019 2020 2021

Lignite [kt/year] 2140 2054 1904 1449 2

This amount of coal is in the data calculation of CzSO included in the total fuel consumption in the sector
"Transformation autoproducer heat plants". To avoid double counting of the quantity of doalamount
was deducted from the other calculations in the model for fuels used in autoproducers.

No other specific approaches were used in this category.

3.2.8.3 Uncertainties and time -series consistency (CRF 1.A.1.c.ii)

See chapter 3.2.5.
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3.2.8.4 Category-specific QA/QCand verification (CRF 1.A.1.c.ii)

D Fig. 3-10 contains a comparison between
consumption of lignite in sector 1.A.1.c (data
from the REZZO national emission database) and
the total amount of lignite, entering the
transformation process (gasified coal) in the
Czech Republic (ta CzSO) in the period 1995

g
[=]

1500 -~

g
[=]

w
8

Lignite - steam prod. [P)/year]

2021
0
B e ES238288S885ERRER52RERE Apart from the early years, when combined cycle
~——Lignite consumption for steam production was starting to reach his full power (1995 to
Intake Lignit in gasification process 1998), the trends of the two curves are very
Fig.3-10 Comparison of lignite consumption for steam producti  Similar. The minor fluctuations are caused by
and gasification annual climatic influences, the techiogical

steam is also used as a heating medium in the entire company and its consumption also depends on the
average annual temperatures.

As a QA/QC procedure for this part of the calculations was utilized internal expertise of experts from the
Departmentof emissions and sources at CHMI. Other procedures were performed as described in chapter
3.2.6.

3.2.8.5 Category-specific recalculations (CRF 1.A.1.c.ii)

Based on the update of activity data from Cz8€alculation for Solid fueler the year 2020 was done
Forthe resulted changes see tables below for Solid Flels.8-17).

Furthermore, net calorific value was changed in CzsO, 2022 for Natural gas in 2020 and therefore
recalculation was performed, see tAab.3-18.

These recalculations resulted from the change of the activity data (CzS®), 202

Tab.3-17 Changes after recalculation in 1.A.1.c.ii for Solid Fuels

Submission 2022 TJ  45589.88 Submission 202: TJ 0.06
Submission 2023 TJ  45651.54 Submission 202! TJ 0.06
Difference TJ 61.66 Difference TJ 0.00
Submission 2023 % 0.14 | Submission 202 % 0.14
Submissior2022 TJ 4184.76| Submission 202 TJ 0.05
Submission 2023 TJ 4187.50| Submission 202 TJ 0.05
Difference TJ 2.75 Difference TJ 0.00
Submission 2023 % 0.07 | Submission 202 % 0.01

Tab.3-18 Changes after recalculation in 1.A.1.c.ii fGaseoud-uels

Submission 2022 TJ 105.3878 Submission 202: TJ 0.0001
Submission 2023 TJ 105.3881 Submission 202: TJ 0.0001
Difference TJ 0.0004 Difference TJ 0.0000
Submission 2023 % 0.0003| Submission 202:¢ % 0.0003
- 2020
Submission 2022 TJ 5.8434| Submissior2022 TJ 0.0000
Submission 2023 TJ 5.8436| Submission 202: TJ 0.0000
Difference TJ 0.0003 Difference TJ 0.0000
Submission 2023 % 0.0045| Submission 202 % 0.0003
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3.2.8.6 Category-specific planned improvements (CRF 1.A.1.c.ii)

Currently there are no plannddhprovements in this category.

3.2.9 Manufacturing industries and construction

3.2.9.1 Category description (CRF 1.A.2.a)

Zlron and Steel (1.A.2.a)

The structure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are showm the following outline.

Structure of Fuels Activity CQO CH N>O

data ElS OxF Emission EF Emission EF Emission

[TJ] [t COQ/TI] [kt] [kg CH/TJ] [kt] [kg N2O/TJ] [kt]
Anthracite 3434.95 98.30 1 337.66 10 0.03435 1.5 0.00515
Other Bituminous Coal 416.20  94.09*) 0.9707*) 38.02 10 0.00416 1.5 0.00062
Brown Coal + Lignite 435.61  99.14%) 0.9846%) 42.52 10 0.00436 1.5 0.00065
Coke 7 852.27 107.00 1 840.19 10 0.07852 1.5 0.01178
Coke Oven Gas 5217.41 44.40 1 231.65 1 0.00522 0.1 0.00052
Natural Gas 11 198.55 55.44%) 1 620.82 1 0.01120 0.1 0.00112
Wood/Wood Waste 1.25 112.00 1 0.14 30 0.00004 4.0 0.00001
Total year 2021 28 555.00 2110.85 0.13784 0.01986
Total year 2020 24 733.65 1 886.37 0.12974 0.01881
Index2021/2020 1.15 1.12 1.06 1.06
Total year 1990 155 319.22 14 860.68 1.39496 0.20941
Index 2021/1990 0.18 0.14 0.10 0.09

) Country specific data

The origin of the data, the emission factors used and the method of calculatirigwleof emissions for
each gas is sown in details in the following outline.

Structure of Fuels Source of Emission factors Method used
Activity data CQ CH N20O CQ CH N2O
Anthracite CzSO D D D Tier 1 Tier 1 Tier 1
Other Bituminous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke CzSO D D D Tier 1 Tier 1 Tier 1
Coke Oven Gas CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1

This category includes manufacturing in the area of pig iron (blast furnaces), rolling steel, cast iron, steel
and alloys and is related only to ferrous metals. In the CzSO Questionnaire (2ZQh&@onsumption

of the individual kinds of fue in this sector is reported in section Industry Sector under the item: Iron and
Steel. There are embodied the fuels of economic part according to NACE Rev. 2 Iron and steel: NACE
Divisions 24.%, 24.3 and 24.51, 24.52.

The fraction ofCQ emissions in dusector 1.A.2.a i€Q emissions in sector 1.A.2 equalled% in 202.

It contributed only3% toCQ emissions in the whole Energy sector.

Important facility belongs to this category is ArcelorMittaI“Ostredainged its name to Liberty Ostrava
¢CnNAySO1S OStSitNye
blast furnaces, coke production, iron processing in oxygen converters for steel and casting of steel in

a.s.in2Q1x> |
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electric furnaces and in tandem furnaces. Productibsteel using Siemerdartin process was stopped
before 1990.

16000

The graph irFig.3-11 shows apparent sharp decline

in emissions in the early 90s, which was mainly due
to the loss of markets, following the sharp political
changes in the country. At the same time, an impact
on the emissions was caused by the new legislation
on air pollution and other environmental
components.  Gradual implementation  and
introduction of new, more stringent requirements for
the protection of the environment is reflected in the
Fig.3-11 Development of C@emissions in source categc decrease of emissions since about 1998. On the
LA2a course of emissions after 2000 the coetition of
metallurgical plants in countries outside of Europe caused an impact. Minor fluctuations are caused by
market demand and to a lesser extent, the necessary restructuring undertaken in individual companies.
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Further, fromFig.3-11is clear that the main proportion of th€Q emissions is due to the use of fossil
fuels, which are in this sector completely dominant.

3.2.9.2 Methodological issues (CRF1.A.2.a)

All CQ emissions from metallurgical coke used in blast furnaces are reported under the Industrial
processes sector (2.C.1) and estimated from the amount of carbon in the coke (see Chapter 4.4). Most of
the blast furnace and converter gas is corstaed in the two metallurgical plants (complexes) and only
partly is used elsewhere. At present we are not able to identify exactly amount of these gases combusted
outside metallurgical complexes. In order to prevent doutienting, we report alCQ emissons coming

from metallurgical coke under 2.C.1. As a consequence of such approach we do not calculda@ any
emissions from blast furnace and converter gas.

3.2.9.3 Uncertainties and time -series consistency (CRF 1.A.2.a)

See chapter 3.2.5.
3.2.9.4 Category-specific QA/QC and verification (CRF 1.A.2.a)

As a basic indicators for verification of fuel consumption in the sector of production of pig iron and steel,
it is necessary to consider the indicators of the overall production of agglomerates of iron ore and pig iron.
This is due to their high energy intensifyig.3-12 shows the relationship between fuel consumption and
total production of sinter and iron in mill. tons.

From the graph irFig.3-12 is clear that the fuel| 1s0 T
consumption decreases faster than the actu
production. This is due to the gradual reductig
of overall energy intensity throughout the
metallurgical industry. This trend is particular
evident in the early 90s, when there was ajor

restructuring of production. This restructurin
enabled, after the decline in 1990 and 1993,

return the volume of production almost to the
level of 1990, but the decrease in total fue
consumption went further. Additional reduction:s

in energy intesity are evident then until the endFig.3-12The trend in the manufacture of agglomerates of iron «
of the period. and iron, in comparison with the development of fu
consumption in the sector 1.A.2.a

2 o B R B
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Lignite - steam prod. [Pl/year]
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Generally accepted methods of QA/QC are described in section 3.2.6.

3.2.9.5 Category-specific recalculations (CRF 1.A.2.a)

Based on changes of activity data in G282, fuel consumptions o$olidfor the yeas 2016 and 2020

were corrected. See the differencesthre Tab.3-19. Due to the change of Net Calorific value of Natural

Gas, Gaseous fuels were recalculated for tary2020, see th&ab.3-20.

Tab.3-19 Changes after recalculation in 1.A.2.a f8olid fuels.

Submission 2022 TJ 15181.® 16387.46
Submission 2023 TJ 15182.5 16422.88
Difference TJ 0.64 35.43
Submission 2023 % 0.00 0.22
CQemission 206 2020
Submission 2022 kt 1288.45 1424.50
Submission 2023 kt 1288.51 1425.49
Difference kt 0.06 35.43
Submission 2023 % 0.00 0.22
CHemisson 2066 2020
Submission 2022 kt 0.11 0.12
Submission 2023 kt 0.11 0.12
Difference kt 0.00 0.00
Submission 2023 % 0.01 -0.05
NeOemisson 2066 2020
Submission 2022 kt 0.02 0.02
Submission 2023 kt 0.02 0.02
Difference kt 0.00 0.00
Submission 2023 % 0.01 -0.06

Tab.3-20 Changes after recalculation in 1.A.2.a fGaseous fuels.

Submission 2022 TJ 8310.732
Submission 2023 TJ 8310.761
Difference TJ 0.029
Submission 2023 % 0.000
CQemission 2020
Submission 2022 kt 460.800
Submission 2023 kt 460.821
Difference kt 0.021
Submission 2023 % 0.005
CHemission 2020
Submission 2022 kt 0.008
Submission 2023 kt 0.008
Difference kt 0.000
Submission 2023 % 0.000
NeOemisson 2020
Submission 2022 kt 0.001
Submission 2023 kt 0.001
Difference kt 0.000
Submission 2023 % 0.000
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3.2.9.6 Category-specific planned improvements (CRF 1.A.2.a)
We are planning to find data makimpssible to identify portions of both blast furnace and converter

gases, which are combusted outside metallurgical complexes (see 3.2.10.2.).

3.2.10 Manufacturing industries and construction  z Non-Ferrous Metals (1.A.2.b)

3.2.10.1Category description (CRF 1.A.2.b)

Thestructure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are shown in the following outline.

Structure of Fuels Activity CQO CH N>O

data ElS OxF Emission EF Emission EF Emission

[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kg N2O/TJ] [kt]
Brown Coal + Lignite 22.80 99.14%) 0.9846 2.23 10 0.00023 1.5 0.00003
Coke 137.17 107.00 1 14.68 10 0.00137 1.5 0.00021
Brown Coal Briquets 0.35 97.50 0.9846%) 0.03 10 0.00000 1.5 0.00000
Natural Gas 4777.86 55.44%) 1 264.87 1 0.00478 0.1 0.00048
Total year 2021 4938.18 281.81 0.00638 0.00072
Total year 2020 2 437.43 142.38 0.00383 0.00046
Index 2021/2020 2.03 1.98 1.67 1.57
Total year 1990 1476.34 101.96 0.00572 0.00081
Index 2021/1990 3.34 2.76 1.12 0.88

) Country specific data

The origin of the data, the emission factors used and the method of calculating the level of emissions for
the individual gases are shown in details in the following outline.

Structure of Fuels Source of Emission factors Method used
Activity data CQ CH N2O CcQ CH N2O
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke CzSO D D D Tier 1 Tier 1 Tier 1
Brown Coal Briquets CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1

This category encompasses combustion processes in various areas of productiofferfoous metals. In
the Czech Republic, this corresponds mainly to fourmincesses; primary production of nonferrous
metals is not performed on an industrial scale in this country. In the CzSO Questionnaire (225@e20
consumption of the individual kinds of fuels in this sector is reported in the section Industry Sedesr u
the item:

Non-Ferrous Metals
There are embodied the fuels of economic part according to NACE Rev. 2

Nonferrous metals: NACE Divisions 24.4, 24.53, 24.54

7

LYLRNIOIFIYG FFrOAfAGe o0St2y3a G2 (KEQAemBdionss suBsbckor A a4 Y 2
1.A.2.b inCQ emissions in sector 1.A.2 equalled 2% in 2021. It contributed only 0.8% &missions in
the whole Energy sector.
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It can be said that this is one of the sectors
that rank according to its emissions of
greenhouse gases among the least
important in the entire sector Fuel
combustion.
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The following figure Rig. 3-13) provides
an overview of CQ emissions in the
various subsource categories in 1.A.2.b.

100

50

The trend ofCQ emissions corresponds

to the trend of consumption of individual

types of fuels. After decline in the early

90s, it is apparent a sharp increase in
emissions, which was caused by the recovery in the industry. The recovery of the industry has happened
in this sector, especially due to the increase in demand for parts, made of ferrous etadsemerging
automotive industry. Decrease in emissions at the end of the period was caused by the crisis between
2008 and 2012, as well as the reduction of the energy intensity of production. With this is also related a
shift from fossil fuels in fawor of natural gasThis effect can be seen especially in the last review year
2021.Furthermore, electrical energy is increasingly used for heating the melting furnaces, which has a
positive impact on greenhouse gas emissions.

Fig.3-13 Development of C@emissions in source category 12b

3.2.10.2Methodological issues (CRF1.A.2.b)

In this subcategory, specific methodologies are not usadlescription of the general proceduresee
Section 3.2.4.

3.2.10.3Uncertainties and time -series consistency (CRF 1.A.2.b)
See chapter 3.2.5.
3.2.10.4Category-specific QA/QC and verification (CRF 1.A.2)

In this subcategory, specific methodologies are not usadlescription of the general proceduresee
Section 3.2.6.

3.2.10.5Category-specific recalculations (CRF 1.A.2.b)

Based on the change Net Calorific Value of Natural Gas (CzSO, 2022), Gaseousdfuetaleatater for
the year 2020, see th€ab.3-21.

Tab.3-21 Changes after recalculation in 1.Atfor Solid fuels.

Submission 2022 TJ 2294.966
Submission 2023 TJ 2294.974
Difference TJ 0.008
Submission 2023 % 0.000
CQemission 2020
Submission 2022 ' kt ' 127.247
Submission 2023 kt 127.253
Difference kt 0.006
Submission 2023 % 0.005
Submission 2022 kt 0.002
Submission 2023 kt 0.0
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Difference kt 0.000
Submission 2023 % 0.000
Submission 2022 kt 0.000
Submission 2023 kt 0.000
Difference kt 0.000
Submission 2023 % 0.000

3.2.10.6Category-specific planned improvements (CRF 1.A.2.b)

Currently there are no planned improvements in this category.

3.2.11 Manufacturing industries and construction  z Chemicals (1.A.2.c)

3.2.11.1Category description (CRF 1.A.2.c)

The structure of fuels, their consumption, used emisdaxtors and emissions of individual greenhouse
gases are shown in the following outline.

Structure of Fuels Activity CQ CH N>O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kg N.O/TJ] [kt]
LPG 242.49 65.86%) 1 15.97 1 0.00024 0.1 0.00002
Fuel Oil- High Sulphur 79.00 77.40 1 6.11 3 0.00024 0.6 0.00005
Other Qil 4118.75 73.30 1 301.90 3 0.01236 0.6 0.00247
Other Bituminous Coal 122.41 94.09*) 0.9707*) 11.18 10 0.00122 1.5 0.00018
Brown Coak Lignite 21 477.04  99.14*) 0.9846%) 2 096.36 10 0.21477 1.5 0.03222
Natural Gas 14 777.34  55.44%) 1 819.22 1 0.01478 0.1 0.00148
Wood/Wood Waste 42.06 112.00 1 471 30 0.00126 4.0 0.00017
Gaseous Biomass 349.96 54.60 1 19.11 1 0.00035 0.1 0.00003
Total year 2021 40 817.02 3 250.75 0.24522 0.03662
Total year 2020 28 434.00 2 027.21 0.12465 0.01850|
Index 2021/2020 1.44 1.60 1.97 1.98
Total year 1990 33576.71 2 996.37 0.26480 0.03975|
Index 2021/1990 1.22 1.08 0.93 0.92

) Country specific data

The origin of the data, the emission factors used and the method of calculating the level of emissions for
the individual gases are shown in details in the following outline.

Structure of Fuels Source for Emission factors Method used
Activity data CQ CH N.O CQ CH N2O

LPG CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil High Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Other QOil CzSO D D D Tier 1 Tier 1 Tier 1
Other Bituminous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1
Gaseous Biomass CzSO D D D Tier 1 Tier 1 Tier 1

This subcategory includes all the processes in the organic and inorganic chemical industry and all related
processes, incl. petrochemistry. The petrochemical plants are linked to two major refinery enterprises in
Litvinov (Unipetrol RPA, sro) and in Krgl¢fynthos Kralupy as). Due to the historical linkage between the
two units, it is very difficult to determine the fuel combusted in the refinery and petrochemical parts of
the two plants separately. Furthermore, other major plants for processing orgheiistry products are
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AY 2LISNI GA2Y Ay GKS /1 Sptvessimgdioa farh SYNTHESIA/aLs. Pardubice a S
basic organic chemistry) and a number of factories for manufacturing of inorganic products (SPOLANA a.s.
Neratovice, SPOLCHEMI | @3 ~&a0N yIFIR [F06SYZ tw9/ 1 9% | dad t
also equipped with energy resources, with a significant share of electricity and heat (autoproducers); this
results in relatively high consumption of fossil fuels (5&gp 3-14). Heat is generated using abundant

natural gas and, to a lesser extent, liquid fuels or, in some cases, electrical energy. In total, thal nation
emission database recorded0DO production uits that fall within sector 1.A.2.d.he fluctuation in fuel
consumption are influenced by many factors, including economic development, the production plan of
companies and their stocks, meteorological conditions and efforts to reduce the energy mtefsit
processes in the chemical industry.)

In the CzSO Questionnaire (CzSQZRahe consumption of the individual kinds of fuels in this sector is
reported in the section Industry Sector under the item:

I Chemical (including Petrochemical)

There are embodied the fuels of economic part
according to NACE Rev. 2:

Chemicals: NACE Division 20

The fraction of CQ emissions in whsector
1.A.2.c inCQ emissions in sector 1.A.2 equalled
25% in 2021. It contributed 4% t©Q emissions
in the whole Energy sector.

CO, emissions [kt]

The following figure Kig. 3-14) provides an

overview ofCQ emissions in the subategory in
Fig.3-14 Development of C@emissions in source category 1.A.2 1 A 2.c.

m solid fuels W Liguid fuels Biomass Gaseous fuels

The course ofCQ emissions is not directly related to the volume of chemical production, since it is
primarily emissions from burning fossil fuels to produce eletyriahd heat (autoproducers). For this
reason, the development of emissions in time cannot be commented.

3.2.11.2 Methodological issues (CRF 1.A.2.c)

Given that in the IPCC 2006 GI. (IPCC, 2006) is used an updated approach to the allocation of feedstocks
and nonenergy use of fuels into IPPU. The new distribution of liquid fuels is to be considered as category
specific methodological issue. This methodological approach is in the same time based on the new
reallocation of fuel consumption for energy and remergy ug in the questionnaire from CzSO 22

The reallocation of feedstocks and renergy use of fuels in IPPU is in details described in chapter 3.2.3.

Other methodological approaches were applied as in the other subcategories, and their description is
provided in chapter 3.2.4.

3.2.11.3Uncertainties and time -series consistency (CRF 1.A.2.c)

See chapter 3.2.5.

3.2.11.4Category-specific QA/QC and verification (CRF 1.A.2.c)

In this category, no specific QA/QC procedures were used. Given that the fuel consumption in thjs sector

reported directly, is not related to the production volume of chemicals, there cannot be used the relevant
comparison with specific commodities.
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Description of the QA/QC procedures is given in chapter 3.2.6.

3.2.11.5Category-specific recalculations (CRF 1.A.2.¢

Based on changes Attivity data in CzSO, 2P2fuel consumptions of Solid fuels for the yg2016- 2020
were recalculaed. See the differences in tabl@b.3-22 below. Due to the change of Net Calorific Value

in CzSO 2022 for Natural Gas, Gaseous fuels were recalculated for the year 2020 Tsbe3t28.

Tab.3-22 Changes after recalculation in 1.A.2.c f8plid fuels

Submission 2022 TJ 9244.99  12257.87 11753.43 10395.32 9875.67
Submission 2023 TJ 9245.98 12258.92 11754.31 10395.69 9878.25
Difference TJ 0.99 1.05 0.88 0.37 2.58
Submission 2023 % 0.01 0.01 0.01 0.00 0.03
Submission 2022 kt 891.55 1188.92 1140.94 1016.27 966.26
Submission 2023 kt 891.65 1189.02 1141.02 1016.30 966.51
Difference kt 0.09 0.10 0.08 0.03 0.25
Submission 2023 % 0.01 0.01 0.01 0.00 0.03
CHemisson 2016 2017 2018 2019 2020
Submission 2022 kt 0.09 0.12 0.12 0.10 0.10
Submission 2023 kt 0.09 0.12 0.12 0.10 0.10
Difference kt 0.00 0.00 0.00 0.00 0.00
Submission 2023 % 0.01 0.01 0.01 0.00 0.03
Submission 2022 kt 0.01 0.02 0.02 0.02 0.01
Submission 2023 kt 0.01 0.02 0.02 0.02 0.01
Difference kt 0.00 0.00 0.00 0.00 0.00
Submission 2023 % 0.01 0.01 0.01 0.00 0.03

Tab.3-23 Changes after recalculation in 1.A.2.c fGaseous fuels

Submission 2022 TJ 14074.46 Submissior2022 kt 0.01
Submission 2023 TJ 14074.51 Submission 2023 kt 0.01
Difference TJ 0.05 Difference kt 0.00
Submission 2023 % 0.00 Submission 2023 % 0.00
CQemission 2020 NOemission 2020
Submission 2022 kt 780.38 Submission 2022 kt 0.00
Submissior2023 kt 780.41 Submission 2023 kt 0.00
Difference kt 0.4 Difference kt 0.00
Submission 2023 % 0.00 Submission 2023 % 0.00

3.2.11.6Category-specific planned improvements (CRF 1.A.2.c)

Currently there are no planned improvements in this category.
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3.2.12 Manufacturing industries and construction 7z Pulp, Paper and Print (1.A.2.d)

3.2.12.1Category description (CRF 1.A.2.d)

The structure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are shown in the following outline.

Structure of Fuels Activity CQ CH N2O

data EF OxF Emission EF Emission El Emission

[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kg N.O/TJ] [kt]
LPG 97.00  65,86%) 1 6.39 1 0.00010 0.1 0.00001
Fuel Oil- Low Sulphur 52.67 77.40 1 4.08 3 0.00016 0.6 0.00003
Other Bitumenous Coal 3.33  94.09%) 0.9707*) 0.30 10 0.00003 1.5 0.00000
Brown Coal + Lignite 3691.53 99.14*) 0.9846%) 360.33 10 0.03692 1.5 0.00554
Brown Coal Briquets 2.10 97.50 0.9846%) 0.20 10 0.00002 1.5 0.00000
Natural Gas 7349.77  55.44%) 1 407.45 1 0.00735 0.1 0.00073
Wood/Wood Waste 21 790.89 112.00 1 2 440.58 30 0.65373 4.0 0.08716
Gaseous Biomass 10 839.74 54.60 1 591.85 1 0.01084 0.1 0.00108
Total year 2021 11 196.40 778.75 0.70914 0.09457
Total year 2020 7158.47 472.41 0.67569 0.08987
Index 2021/2020 1.56 1.65 1.05 1.05
Total year 1990 25 900.78 2 285.33 0.18784 0.02890
Index 2021/1990 0.43 0.34 3.78 3.27

) Country specific data

The origin of the data, the emissidactors used and the method of calculating the level of emissions for
the individual gases are shown in details in the following outline.

Structure of Fuels Source of Emission factors Method used
Activity data CQ CH N2O CQ CH N>O

LPG CzSO CS D D Tier 2 Tier 1 Tier 1
Fuel Oil High Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Other Bitumenous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1
Gaseous Biomass CzSO D D D Tier 1 Tier 1 Tier 1

This subcategory includes all manufacturing processes related to the production of paper, cardboard and
print in printing plants. There are two primary paper productiactories in the Czech Republic (JIP

t I LINNYy @ +=SidnyNZ & adY az2yRA ~GSGN | dad0 gAGK |
The other plants select the kind of fuel on the basis of the same criteria as the rest of the processing
industry.

In the CzSO Questionnaire (CzSQZRGhe consumption of the individual kinds of fuels in this sector is
reported in the section Industry Sector under the item:

Paper, Pulp and Printing
There are embodied the fuels of economic part according to NR&VE2
Pulp, paper and print: NACE Divisions 17 and 18

The fraction ofCQ emissions in subsector 1.A.2.dG@ emissions in sector 1.A.2 equalle&b in 2021. It
contributed 1 % taCQ emissions in the whole Energy sector.
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From the graph ofrig.3-15is clear that at the end of the 9@isere was significant substitution, therefore
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used fossil fuels (primarily lignite) with wood and
later biogas. Both biofuels represent waste
products from the production of paper and pulp
from the two largest plants in the Czech Republic.
Following the dcline in 2003 and 2004, the

consumption of fuels after 2005 was relatively
stable, while the share of biofuels further

increased.

Biofuel consumption has a beneficial effect on the
production of CQ, which is included in the
balance of greenhouse gasesFig.3-15is shown
the development ofCQ emissions from fossil

Fig. 3-15 Development of C@emissions in source categc
1.A2d

fuels and biomasnly in sector 1.A.2.d.

3.2.12.2Methodological issues (CRF 1.A.2.d)

No specific methodological approaches were applied inghixategory, otherwise see chapter 3.2.6.

3.2.12.3Uncertainties and time -series consistency (CRF 1.A.2.d)

See chapter 3.2.5.

3.2.12.4Category-specific QA/QC and verification (CRF 1.A.2.d)

No specific methods for QA/QC in this category

were usglerwise see chapter 3.2.4.

3.2.12.5Category-specific recalculations (CRF 1.A.2.d)

Based ora changesof activity data in CzSO, 20Riel consumptions of Solid fuels for the ye2017 -
2020wererecalculaed. See the differences the Tab.3-24. Due to the change of Net Calorific Value in
CzSO 2022 for Natural Gas, Gaseous fuels were recalculated for the year 2020, Tede3H25.

Tab.3-24 Changes after recalculation in 1.A.2.d f8olid fuels

Submission 2022 TJ 1287.189 1367.261 1657.091 1723.082
Submission 2023 TJ 1287.192 1367.264 1657.093 1725.209
Difference TJ 0.003 0.003 0.002 2.126
Submission 2023 % 0.000 0.000 0.000 0.123

Submission 2022 kt 125.782 133.820 162.546 168.765
Submissior2023 kt 125.782 133.820 162.546 168.969
Difference kt 0.000 0.000 0.000 0.204
Submission 2023 % 0.000 0.000 0.000 0.121

Submission 2022

Submission 2022 kt 0.013 0.014 0.017 0.017
Submission 2023 kt 0.013 0.014 0.017 0.017
Difference kt 0.000 0.000 0.000 0.000
Submission 2023 % 0.000 0.000 0.000 0.123

0.002 0.002 0.002 0.003

Submission 2023

0.002 0.002 0.002 0.003
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Difference kt 0.000 0.000 0.000 0.000
Submissior2023 % 0.000 0.000 0.000 0.123

Tab.3-25 Changes after recalculation in 1.A.2.d f@aseous fuels

Submission 2022 TJ 5282.754 Submission 2022 kt 0.005
Submissior2023 TJ 5282.772 Submission 2023 kt 0.005
Difference TJ 0.018| Difference kt 0.000
Submission 2023 % 0.000| Submission 2023 % 0.000
Submission 2022 kt 292.909| Submission 2022 kt 0.00L
Submission 2023 kt 292.923| Submission 2023 kt 0.00L
Difference kt 0.013| Difference kt 0.000
Submission 2023 % 0.005| Submission 2023 % 0.000

3.2.12.6Category-specific planned improvements (CRF 1.A.2.d)

Currently there are no planned improvements in this category.

3.2.13 Manufacturing industries and construction z Food Processing, Beverages and
Tobacco (1.A.2.e)

3.2.13.1Category description (CRF 1.A.2.e)

The structure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are shown in the following outline.

Structure of Fuels Activity (o€} CH N>O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kg N2O/TJ] [kt]
LPG 193.99 65.86%) 1 12.78 1 0.00019 0.1 0.00002
Heating and Other Gasoil 63.90 74.10 1 4.73 3 0.00019 0.6 0.00004
Fuel Qil- High Sulphur 118.50 77.40 1 9.17 3 0.00036 0.6 0.00007
Other Bituminous Coal 472.83  94.09%) 0.9707*) 43.19 10 0.00473 1.5 0.00071
Brown Coal + Lignite 2528.66 99.14*) 0.9846%) 246.82 10 0.02529 1.5 0.00379
Coke 189.01 107.00 1 20.22 10 0.00189 1.5 0.00028
Natural Gas 15 232.44  55.44%) 1 844.45 1 0.01523 0.1 0.00152
Wood/Wood Waste 137.38 112.00 1 15.39 30 0.00412 4.0 0.00055
Gaseous Biomass 5964.87 54.60 1 325.68 1 0.00596 0.1 0.00060
Total year 2021 18 799.33 1181.36 0.05796 0.00758
Total year 2020 16 476.91 994.95 0.04282 0.00536
Index 2021/2020 1.14 1.19 1.35 1.42
Total year 1990 37 616.46 2988.18 0.21342 0.03226
Index 2021/1990 0.50 0.40 0.27 0.24

“) Country specific data

The origin of the data, the emission factors used and the method of calculating the level of emissions for
the individual gases are shown in details in the following outline.

Structure of Fuels Source of Emission factors Method used

Activity data CQ CH N.O CcQ CH N.O
LPG CzSO CS D D Tier 2 Tier 1 Tier 1
Heating and Other Gasoil CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- Low Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
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-
Structure of Fuels Source of Emission factors Method used
Activity data CcQ CH N.O CcQ CH N.O
Other Bituminous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1
Gaseous Biomass CzSO D D D Tier 1 Tier 1 Tier 1

This subcategory includes all manufacturing
processes related to the production of
foodstuffs, beverages and foodstuff

preparations. The subcategory also includes
fuel consumption in the tobacco industry. The
nature of the production processes permits
the use of a relatively high fraction of biofuels,
especially towards the end of the period.
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In the CzSO Questionnaire (CzS220the
consumption of the individual kinds of fuels in
M Liquid fuels m Solid fuels Biomass Gaseous fuels thIS SeCtor IS reported In the SeCtion IndUStry
Sector under the item:

Fig. 3-16 Development of C® emissions from fossil fue

combustion in source category 1.A.2.e
gory Food, Beverages and Tobacco

There are embodied the fuels of economic part according to NACE Rev. 2
Food processing, beverages and tobacco: NACE Divisions 10, 11 and 12

The fraction ofCQ emissions in subsector 1.A.2.e0@ emissions in sector 1.A.2 equallg® in 2021. It
contributed 1 % taCQ emissions in the whole Energy sector.

The followindfigure provides an overview of fuels consumption in the-sategory in 1.A.2.e.

It is obvious from the graph iRig.3-16 that natural gas is the dominant fuel over the entire time series

with quite balanced consumption. The high share of fossil fuels at the beginning of the period reduced
continuously and withreplacement of fossil fuels by solid and gaseous biofuels towards the end of this
period. The overall amount of fuel consumed decreased until 2008. Since 2008 there has been an increase
in fuel consumption, which is covered by increasing consumption dudix) in response to the
development of the financial crisis in the period at the end of the first decade of the 21st century. Since
2014 the consumptiomvas stable, twg/ears ago a slight decrease started.

Biofuel consumption has a beneficial effecttbe production ofCQ, which is included in the balance of

greenhouse gaseg$ig.3-16 shows the development d€Q emissions from fossfliels and bimassonly
in sector 1.A.2.e.

3.2.13.2Methodological issues (CRF 1.A.2.e)
No specific methodological approaches were applied in this subcategory, otherwise see chapter 3.2.6.

3.2.13.3Uncertainties and time -series consistency (CRF 1.A.2.e)

See chapter 3.2.5.
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3.2.13.4Category-specific QA/QC and verification (CRF 1.A.2.e)
No specific methods for QA/QC in this category were usglderwise see chapter 3.2.7 4.

3.2.13.5Category-specific recalculations (CRF 1.A.2.e)

Based ominor changes of activity data in CzSO, 2G2el consumptions of 3d fuels for the yeas 2016
2020wererecalculaed. See the differences the Tab.3-26. Due to the change of Net Calorific Value in
CzSO0 2022 for Natural Gas, Gasefuels were recalculated for the year 2020, seeThb.3-31.

Tab.3-26 Changes after recalculation in 1.A.2.e f8polid fuels

Submission 2022 TJ 2202.420 2059.242 2070.872 1795.951 1849.983
Submission 2023 TJ 2202.904 2059.802 2071.363 1796.285 1850.183
Difference TJ 0.484 0.560 0.492 0.334 0.200
Submission 2023 % 0.022 0.027 0.024 0.019 0.011
CQemission 2016 2017 2018 2019 2020
Submission 2022 kt 213.356 199.757 200.533 174.815 179.609
Submission 2023 kt 213.400 199.808 200.578 174.845 179.627
Difference kt 0.044 0.051 0.045 0.031 0.018
Submission 2023 % 0.002 0.002 0.002 0.002 0.001
Submission 2022 kt 0.022 0.021 0.021 0.018 0.018
Submission 2023 kt 0.022 0.021 0.021 0.018 0.019
Difference kt 0.000 0.000 0.000 0.000 0.000
Submission 2023 % 0.000 0.000 0.000 0.000 0.000
NeOemisson 2016 2017 2018 2019 2020
Submission 2022 kt 0.003 0.003 0.003 0.003 0.003
Submission 2023 kt 0.003 0.003 0.003 0.003 0.003
Difference kt 0.000 0.000 0.000 0.000 0.000
Submission 2023 % 0.003 0.004 0.004 0.003 0.002

Tab.3-27 Changes after recalculation in 1.A.2.e fGasous fuels

Submission 2022 TJ 14316.99C| Submission 2022 kt 0.014
Submission 2023 TJ 14317.04C| Submission 2023 kt 0.014
Difference TJ 0.050/ Difference kt 0.000
Submission 2023 % 0.000| Submission 2023 % 0.000
‘CQemission 2020 NOemission 2020
Submission 2022 kt 793.825 Submission 2022 kt 0.00L
Submission 2023 kt 793.861 Submission 2023 kt 0.00L
Difference kt 0.036/ Difference kt 0.000
Submission 2023 % 0.005| Submission 2023 % 0.000

3.2.13.6Category-specific planned improvements (CRF 1.A.2.e)

Currently there are no planned improvements in this category.

O
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3.2.14 Manufacturing industries and construction  z Non-metallic Minerals (1.A.2.f)

3.2.14.1Category description (CRF 1.A.2.1)

The structure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are shown in the following outline

Structure of Fuels Activity CQ CH N2O

data EF OxF Emission EF Emission EF Emission

[TJ] [t COQ/TI] [kt] [kg CH/TJ] [kt] [kg N2O/TJ] [kt]
LPG 97.00  65.86%) 1 6.4 1 0.00010 0.1 0.00001
Heating and Other Gasoi 63.90 74.10 1 4.7 3 0.00019 0.6 0.00004
Fuel Oil- High Sulphur 355.50 77.40 1 27.5 3 0.00107 0.6 0.00021
Anthracite 72.83 98.30 1 7.2 10 0.00073 1.5 0.00011
Other Bituminous Coal 3929.57 94.09%) 0.9707%) 358.9 10 0.03930 1.5 0.00589
Brown Coal + Lignite 174.35  99.14*) 0.9846%) 17.0 10 0.00174 1.5 0.00026
Coke 490.60 107.00 1 52.5 10 0.00491 1.5 0.00074
Coal Tars 126.96 80.70 1 10.2 10 0.00127 1.5 0.00019
Brown Coal Briquets 1244.62 97.50 0.9846%*) 119.5 10 0.01245 1.5 0.00187
Coke Oven Gas 82.17 44.40 1 3.6 1 0.00008 0.1 0.00001
Natural Gas 27 370.69  55.44%) 1 1517.4 1 0.02737 0.1 0.00274
Other fuels- liquid 581.65  73.47%) 1 42.7 30 0.01745 4 0.00233
Other fuels- solid 6191.70 81.21%) 1 502.8 30 0.18575 4 0.02477
Wood/Wood Waste 414983 112.00 1 464.8 30 0.12449 4 0.01660
Total year 2021 40 781.53 2 670.50 0.41689 0.05576
Total year 2020 39 457.40 2 628.93 0.42737 0.05726
Index 2021/2020 1.03 1.02 0.98 0.97
Total year 1990 59 962.36 4527.12 0.29373 0.04487
Index 2021/1990 0.68 0.59 1.42 1.24
LPG 97.00 65.86%) 1 6.4 1 0.00010 0.1 0.00001

) Country specific data

The origin of the data, the emission factors used and the method of calculating the level of emissions for
the individual gases are shown in details in the following outline.

Structure of Fuels Source of Emission factors Method used
Activity data CQ CH N2O CQ CH N2O
LPG CzSO CS D D Tier 2 Tier 1 Tier 1
Heating and Other Gasoill CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- Low Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- High Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Antracit CzSO D D D Tier 1 Tier 1 Tier 1
Other Bituminous Coal CzSO CSs D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke CzSO D D D Tier 1 Tier 1 Tier 1
Coal Tars CzSO D D D Tier 1 Tier 1 Tierl
Brown Coal Briquets CzSO D D D Tier 1 Tier 1 Tier 1
Coke Oven Gas CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Other fuels- liquid ETS CS D D Tier 2 Tier 1 Tier 1
Other fuels- solid ETS CS D D Tier 2 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1

Category 1.A.2.f now comprises all industrial processes for the treatment efimerals raw materials

and products such as cement, lime, burnt building materials and refractory materials, ceramicsiqlass
Category 1.A.2.f was established by dividing the original category into 2 groups, i.e. in 1.A.2.g are included
remained sources of greenhouse gases from the category "Manufacturing industries and construction.”
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The category is characterized by higlergy intensity, and for it is also typical consumption "Other fuels",
that are burned at the cement works furnaces. The cement kilns in the Czech Republic are the only one
facilities (except the industrial waste incinerators reported in sector 5 Wasteyhioh it is allowed
incinerating waste, respectively an alternative fuels made from waste.

In the CzSO Questionnaire (CzSQ2R0ahe consumption of the individual kinds of fuels in this sector is
reported in the section Industry Sector under the item:

Non-Metallic Minerals

There are embodied the fuels of economic part according to NACE Rev. 2:

NACE Divisions 23

23 Manufacture of other normetallic
mineral products

23.1Manufacture of glass and glas
products

23.2Manufacture of refractory
products

23.4Manufacture of other porcelain
and ceramic products e reduction priks porcetain

23.5Manufacture of cement, lime an
plaster

Production [Mt]

Fig.3-17 Production of the most important mineral products

The fraction ofCQ emissions in subsector 1.A.2.fQQ emissions in sector 1.A.2 equalletPR in 2020. It
contributed 3 % taCQ emissions in the whole Energy sector.

Between the most important businesses are included mainly cement (a total of 5 facilities), which are
operated in the northern, central and eastern Bohemia and Central Moravia and lime (a total of 3 facilities)
in southern and eastern Bohemia and North Moravia.

Total production of the most important mineral produdgssshown in the graph ohig.3-17.
Fig.3-18 provides an overview of fuels consutigm andCQ emissions in the subategory in 1.A.2.f.

The graph shows the evolution o€Q
emissions, that has the same pattern as tf jggg
fuel consumption. The high consumption ¢ 4000

fossil fuel at the beginning of the perio 3500

decreased gradually, and it is evident that tff e
most important fuel in this sector is natura E 2000
gas. The high consumption of fossil fue E 1333
gradually was declining and liquid fuefeom | © 5y

2002 gradually were replaced by alternativ 0
fuels (Other fuels). The increase in fu
consumption between 2005 and 2008, we mliquid fuels  m Solid fuels = Natural
interrupted by the crisis developmen_t of th‘gig.3-18 Development of C@emissions in source category 1.A.2.
economy and after some recovery in 201

2011, followed by another decline. Fr&tfi14 was recorded slight increase and from 2016 slight decrease.
Slight increase since 2017 can be observed for biomass
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3.2.14.2Methodological issues (CRF 1.A.2.1)

The category of NoiMetallic Minerals reports consumption of alternative fuels (Other fuels). The
compilation consumption balance and the determination of the emission factors are different from the
procedures used for other fuels, as described in section 3.2.4. The basic source of informatioBUs the
ETS database, where the emission factors foeudfit types of alternative fuels are available. The resulting
processed data on consumption of alternative fuels is further corrected according to the data on the server
of the Union of cement and lime manufacturers (www.svcement@zijite extense recaldation were

done for the year 2020, based on the change of the methodology. Biocomponent was separately added to
GKS Md! dHdF OF GS3I2NE aAyOS wnnod LG 61 & F2dzy R 2dz
aKSS{ daL y R?2actdallySéntaina dniktlir® & fossil and bioparticde dthough these data are
marked as nosien (information from the Ministry of Industry and TradeJhe proportion of the
biocomponent vas calculated as a linear decrease from 50% to zero. This procedure must be used, as
there was a very low proportion of solid biofuels in this subcategory, which is gradually growing. The linear
decrease between 2003 and 2012 must be chosen because today there is no longer any basis for
determining the share of the bioomponent in alterntive fuels.Due to the refinement of solid and liquid

other fossil fuels calculations quite steady consumption in years were achiéMestnative fuel
consumption is shown ifab.3-28.

Tab.3-28 Consumption of alternative fuels in sector 1.A.2.f

| | H\ | 0

Solid fuels 2 424 3 200 3 517 3 398 3 726 3 222 3 236 3224 3 885
Liquid fuels 1 266 1 156 589 1014 240 557 682 708 661
Total 3 690 4 356 4 105 4 412 3 966 3779 3 918 3 932 4 546
Solid fuels 2 279 2 904 3 739 4 640 5512 5448 6182 6 769 6 435
Liquid fuels 1029 1138 1153 1022 1091 978 1257 1118 687
Total 3 309 4 042 4 893 5 662 6 603 6 426 7 438 7 887 7 122
Solid fuels 6192
Liquid fuels 582
Total 6773

Emission factors for calculatif@® emissiongs based on the consumptiaf fuel (solid, liquid fuels). The
resulting emission factor corresponds to the relative representation of individual types of fudlabln
3-29is shown an overview of emission factors used for solid and liquid alternative fuels in different years.
It can be seen that the EF is quite stable.

Tab.3-29 CQ emission factors used in the consumption of alternative fuels in sector 1.A.2.f

Solid fuels 87.55 87.46 88.54 84.54  78.26 80.98 79.14  85.23 85.78
Liquid fuels 75.42 75.80 75.09 76.16 73.00 71.93 70.42 81.21 77.40
Solid fuels 92.61 87.46 87.52 84.98 85.20 84.83 85.43  83.31 82.26
Liquid fuels 80.08 78.75 78.78 79.30 77.91 76.79 78.86 77.81 75.64
Solid fuels 81.21
Liquid fuels 73.47

For the calculation o£H and N.O emissions were used default emission factors in line with the IPCC
2006 Gl. (IPCC 2006), for the entire time series ZI23 (Tab.3-30).
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Tab.3-30 Emission factors fo€H, and N.O emissions used in the consumption of alternative fuels sector 1.A.2.f

Solid fuels 30 4
Liquid fuels 30 4

3.2.14.3Uncertainties and time -series consistency (CRF 1.A.2.f)

See chapter 3.2.5.

3.2.14.4Category-specific QA/QC and verification (CRF 1.A.2.)

As a basic indicator for verification of fuel
consumption in the sector of production of pig
iron and steel, should be regarded indicators of
the overall production of basic goods such as
cement, lime, clay tiles and roof tiling or glass
and fine ceramics. This is a relatively large mass
flows, which also exhibit high energy demands
(Fig.3-18). Comparison of total production and
total fuel consumption in the sub sector 1.A.2.f
is shown irFig.3-19.

Fuels consumption [P]/year]
[ W B w
o o o o

,_.
o
Mineral production [mil. ton/year]

[=]

= Fuels consumption Minerals production
Fig.3-19 Trends in production of mineral products compared w Thebasic trend flow of production of mineral
the development of fuel consumption in the sector 1.A.2.f products in total corresponds well with the

total fuel consumption. Given that this is a
rough comparison, it might be that the minor variations are caused by different specific energy intensities
of the individuakinds of mineral products.

Other QA/QC procedures are set out in section 3.2.6.
3.2.14.5Category-specific recalculations (CRF 1.A.2.f)

Based ominor changes of activity data in CzSO, 2d8el consumptions of Solid fuels for the ye2016
2020wererecalculaed. See the differences the Tab.3-31. Due to the change of Net Calorific Value in
CzSO0 2022 for Natural Gas, Gaseous fuels were recalculated for the year 2020, Tsde3H32.

Tab.3-31 Changes after recalculation in 1.A.2.f for Solid Fuels

m

Submission2022  TJ 725242 843593  8099.47 7922.12  6284.66|
Submission 2023 TJ 7256.48 8441.43 8103.18 7925.34 6291.91
Difference TJ 4.06 5.50 3.71 3.23 7.25
Submission 2023 0.06 0.07 0.05 0.04 0. 12
Submission2022  kt 67235  787.75  750.40  736.96  591.58| 58
Submission 2023 kt 672.72 788.26 750.74 737.25 592.21
Difference kt 0.37 0.50 0.34 0.29 0.62
Submission 2023 0.06 0.06 0.05 0.04 0.11
Submission 2022 0.07 0.08 0.08 0.08 0.06
Submission 2023 kt 0.07 0.08 0.08 0.08 0.06
Difference kt 0.00 0.00 0.00 0.00 0.00
Submission 2023 % 0.06 0.07 0.05 0.04 0.10
Submission 2022 kt 0.01 0.01 0.01 0.01 0.01

Part 1: Annual inventory submission 100



CHMI NATIONAGHGNVENTORREPORT OF TIEECHREPUBLIA990;2021
Submission 2023 kt 0.01 0.01 0.01 0.01 0.01
Difference kt 0.00 0.00 0.00 0.00 0.00
Submission 2023 % 0.06 0.07 0.05 0.04 0.10

Tab.3-32 Changes after recalculation in 1.A.2.f f@aseoug-uels

m

Submission 2022 TJ 25463.2011 Submission 2022 kt 0.0255
Submission 2023 TJ 25463.289¢ Submission 2023 kt 0.0255
Difference TJ 0.0887| Difference kt 0.0000
Submission 2023 % 0.0003| Submission 2023 % 0.0003
CQemisson 2020 NOemisson 200
Submission 2022 kt 1411.8416 Submission 2022 kt 0.05
Submission 2023 kt 1411.9051 Submission 2023 kt 0.025
Difference kt 0.0635| Difference kt 0.0000
Submission 2023 % 0.0045| Submission 2023 % 0.0003

3.2.14.6Category-specific planned improvements (CRF 1.A.2.1)

Currently there are no planned improvements in tbégegory.

3.2.15 Manufacturing industries and construction  z Other (1.A.2.9)

3.2.15.1Category description (CRF 1.A.2.9)

The structure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are shown in the following outline.

Structure of Fuels Activity CQ CH N>O

data ERE OxF Emission EF Emission EF Emission

[TJ] [t COQ/TI] [kt] [kg CH/TJ] [kt] [kg NoO/TJ] [kt]
LPG 111545 65.86%) 1 73.46 1 0.00112 0.1 0.00011
Heating and Other Gasoll 127.80 74.10 1 9.47 3 0.00038 0.6 0.00008
Fuel Oil- Low Sulphur 105.33 77.40 1 8.15 3 0.00032 0.6 0.00006
Fuel QOil- high Sulphur 869.00 77.40 1 67.26 3 0.00261 0.6 0.00052
Anthracite 3.52 98.30 1 0.35 10 0.00004 1.5 0.00001
Other Bitumenous Coal 19.88  94.09*) 0.9707%) 1.82 10 0.00020 1.5 0.00003
Brown Coal + Lignite 893.52  99.14*) 0.9846%) 87.22 10 0.00894 1.5 0.00134
Coke 50.93 107.00 1 5.45 10 0.00051 1.5 0.00008
Brown Coal Briquets 367.68 97.50 0.9846%) 35.30 10 0.00368 1.5 0.00055
Natural Gas 39 827.34  55.44%) 1 2 207.92 1 0.03983 0.1 0.00398
Wood/Wood Waste 9363.90 112.00 1 1048.76 30 0.28092 4 0.03746
Gaseous Biomass 173.47 54.60 1 9.47 1 0.00017 0.1 0.00002
Total year 2021 43 380.45 2 496.39 0.33869 0.04423
Total year 2020 34 924.29 2 003.91 0.32369 0.04237
Index 2021/2019 1.24 1.25 1.05 1.04
Total year 1990 232 304.69 19 063.89 1.80697 0.26619
Index 2021/1990 0.19 0.13 0.19 0.17

“) Country specific data

The origin of the data, the emission factarsed and the method of calculating the level of emissions for
the individual gases are shown in details in the following outline.
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2021
Structure of Fuels Source of Emission factors Method used
Activity data CQ CH N>O CQ CH N>O

LPG CzSO CS D D Tier 2 Tier 1 Tier 1
Heating and Other Gasaoill CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- Low Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- High Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Antracit CzSO D D D Tier 1 Tier 1 Tier 1
Other Bituminous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke CzSO D D D Tier 1 Tier 1 Tier 1
Brown Coal Briquets CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1
Gaseous Biomass CzSO D D D Tier 1 Tier 1 Tier 1

This subcategory includes the remaining enterprises in the processing industry not included in
subcategories 1.A.2.a to 1.A.2.f. This is an endagganding branch with fuel consumption, such as the
textile and leather industry, wood processing and subsaquroduction processes, the entire machine
industry, incl. production of means of transport and the construction industry.

In the CzSO Qs#onnaire (CzSO, 20), the

consumption of the individual kinds of fuels in th
sector is reported in the section Industry Sect( 20000
under the item:

25000

[
%]
[=]
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I Transport Equipment

CO, emissions [kt]
=
2
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Machinery

w
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Mining (excluding fuels) and Quarrying
Wood and Wood Products
Construction
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Textiles and Leather Fig.3-20 Development of C@emissions in source categc
1A2g

=A =4 =4 =4 4 =

Nonspecified (Industry)

There are embodied the fuels of economic part according to NACE Rev. 2 Other: NACE Dividdéns 05
13¢ 16, 21¢ 22, 25¢ 33 and 41¢ 43.

The fraction ofCQ emissions in subsector 1.A.2.g0®@ emissionsn sector 1.A.2 equalled0®6 in 2022.

It contributed 3 % toCQ emissions in the whole Energy sector. Overall emissions have exhibited a
decrease since 1990. At the beginning of the period, Solid Fuels were of major importance, but this has
constantly decgased until 2020. Liquid fuels have also constantly decreased in importance since 1990.
Natural Gas is also important fuel in this categdilyis importance of NG can be seen as a slight increase
for the year 2021.

The graph ifrig.3-20 shows that the beginning of the period was characterised by highly enetgysive

types of industrial processes in this category. Social changes occurring in the Czech Repebéariy th

90s resulted in energgaving measures being introduced by newly privatized enterprises. Together, these
influences led to an end to inefficient production and suppression of consumption, particularly of fossil
fuels, which were the dominant fuelt the beginning of the period and virtually disappeared by 2005,
when they were replaced by biomass. At the same time, the importance of liquid fuels decreased. All this
was reflected very significantly by a decline in @@ emissiongand other greenhose gases). This is the
category with the largest relative decreased@® emissions from 1990 to 2021 &rdecrease).
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3.2.15.2Methodological issues (CRF 1.A.2.9)

Sector specific methodological approaches were not used, the general approaches are given in chapter
3.2.4.

3.2.15.3Uncertainties and time -series consistency (CRF 1.A.2.9)
See chapter 3.2.5.

3.2.15.4Category-specific QA/QC and verification (CRF 1.A.2.9)
See chapter 3.2.6.

3.2.15.5Category-specific recalculations (CRF 1.A.2.9)

Based ominorchanges of activity data in CzSO, 2G2el consumptions of Solid fuels for the ye2011
2020wererecalculaed. This recalculation was cause by a new consumer under Brown Coal Briquets since
2011 the activity data were change8ee the differences ithe Tab.3-33. Due to the change of Net
Calorific Value in CzSO 2022 for Natural Gas, Gaseous fuels were recalculated for the year 2020, see the
Tab.3-34.
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Tab.3-33 Changes after recalculian in 1.A.2.g for Solid Fuels.

Submission 2022 TJ 1627.13 1561.63 1540.77 1204.50 1167.34 1233.03 1132.57 1025.99 735.16 689.15
Submission 2023 TJ 1673.93 1748.83 1751.37 1461.90 1426.78 1412.95 1330.25 1224.90 948.21 919.15
Difference TJ 46.80 187.20 210.60 257.40 259.44 179.92 197.67 198.90 213.05 230.00
Submission 2023 % 2.80 10.70 12.02 17.61 18.18 12.73 14.86 16.24 22.47 25.02
CQemission 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Submission 2022 kt 153.57 152.02 151.34 118.44 114.66 120.38 112.09 101.23 72.59 67.81
Submission 2023 kt 158.06 169.99 171.56 143.15 139.56 137.78 131.23 120.48 93.23 90.02
Difference kt 4.49 17.97 20.22 24.71 24.91 17.41 19.15 19.25 20.64 22.21
Submission 2023 % 2.84 10.57 11.78 17.26 17.85 12.63 14.59 15.98 22.14 24.67
(CHemission 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Submission 2022 kt 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Submission 2023 kt 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Difference kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Submission 2023 % 3.01 11.02 12.26 18.00 18.56 12.94 14.86 16.24 22.47 25.02
NOemission 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Submission 2022 kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Submission 2023 kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Difference kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Submission 2023 % 3.02 11.03 12.27 18.02 18.57 12.95 14.86 16.24 22.47 25.02

Tab.3-34 Changes after recalculimn in 1.A.2.g for Gaseous Fuels.

Submission 2022 TJ 32202.467 Submission 2022 kt 0.032
Submission 2023 TJ 32202.579 Submission 2023 kt 0.032
Difference TJ 0.112| Difference kt 0.000
Submission 2023 % 0.000| Submission 2023 % 0.000
CaQemission 2020 NOemisson 2020
Submission 2022 kt 1785.509| Submission 2022 kt 0.003
Submission 2023 kt 1785.590| Submission 2023 kt 0.003
Difference kt 0.080| Difference kt 0.000
Submission 2023 % 0.005| Submission 2023 % 0.000
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3.2.15.6Category-specific planned improvements (CRF 1.A.2.9)

Currently there are no planned improvements in this category.

3.2.16 Transport (1.A.3)

For the purposes ofgreenhouse gas emissioralculations the type of transport modes and vehicle
categories are differed according to a certain vehicle type. A particular category consists of the transport
mode, the fuel used and the type of emission standat the vehicle must meet (in the road transport).

The categories of vehicles are not so detailed for-rwad transport.

Activity data (AD) for road transport are calculated with the help of combining Czech Car Registry (CCR)
and Database of Technic@lontrol Stations (TCS). The result is average traffic performance for each
category in vehicle kilometres per year. These data are entered into COPERdakulation program

(see chapteB.2.16.3.

The data required for calculations in other categories (aviation, railway, navigatioljeh@nsumption
statistics provided by Czech Statistical Office (CzSO). Activity data are further obtair]ed from
EURODhb¢wh|[ RFEGFIOFraAaS F2NIF@GALFGA2Y YR FTNRY /1 SOK wl

The categories of mobile sources dne following:

Domestic Aviation (CRF 1.A.3.a)

9 airplanes fuelled by aviation gasoline
9 airplanes fuelled by jet kerosene

Road Transportation (CRF 1.A.3.b)
1 motorcyclegL-category):
0 conventional, Bro 1 ¢ Euro 5,
0 petrol, diesel,
1 passenger cars (PCs)
o PRE ECE, ECE 15000 ECE 15/02, ECE 15/03, ECE 15f6dyentional,improved
conventional, open looEuro 1 ¢ Eiro 6,
0 petrol, petrol hybrid, petrol PHEMjesel,diesel PHE\L,PGhifuel, CNG bifuel

1 light duty vehicles (LDVS)
0 conventional, Bro 1 ¢ Euro 6,
0 petrol, diese]

1 heavy duty diesel vehicl¢siDVs):
0 conventional, Bro | ¢ Euro V|,
0 petrol, diese]

1 buses

0 conventional Furo | ¢ Euro V|,
o diesel, diesel hybrid, biodiesel, CNG

Railways (CRF 1.A.3.c)

1 diesellocomotives: linehaul, shunting, rail cars,
1 steam locomotivesbituminous coal, lignite.

Domestic Navigation (CRF 1.A.3.d)
9 ships with diesel engines
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3.2.16.1 Methodological issues

The methodology for road transport in
the Czech Republic is based on
COPERT methodology from 2018 (see
chapter 3.2.16.3. Other sectors
operate with emission factors {g.kg']

of fuelnot in[g.TJ}] of energy because
the countryspecific measured data of
every greenhouse gas in thiaternal
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100000 database are in the weight units. The
AD calculated for the CRF Reporter in TJ
50000 are affected by CS calorific value (which

- is variable in different years) of
— a particular fuel. The fuel consumption
entered to the CRF Reporter must be
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Road Transport - Gasoline Road Transport - Diesel Qil (using the calorific Value)Therefore
Road Transport - LPG " Road Transport - CNG ) . o
® Road Transport - Biomass | Railways - Diesel Oil the time series Of IEF dEDendS pal’tlally
Railways - Coal Navigation - Diesel Oil on the trend of calorific values and
Fig.3-21 Annual fuel consumption by all modes of transport mostly on EF ifg.kg']. In ase of road

transport, all is done automatically in COPBESIL Emission factors of transport subsectors are always
given forthe current submission year. All calorific values used for calculations in the transport sector are
presented in thechapter 3 Energy).

In the table belowactivity data by all modes of transpate displayeda graphical comparison is shown
in Fig.3-21.

Tab.3-35 Fuel consumption by all modes of transport

2000 131 8 256 79 856 74323 2852 97 2480 4 440 NO 213
2001 88 8774 81712 82493 2792 97 1842 4 066 NO 335
2002 131 7576 82574 89452 2838 97 2 586 3942 NO 168
2003 131 10 186 90191 105862 2884 146 2480 3857 NO 168
2004 131 13 097 89883 116 057 3015 146 1275 3810 NO 251
2005 88 13610 88236 135003 3104 146 106 3848 14 209
2006 88 14 116 87335 144135 3298 146 727 4107 15 257
2007 88 14 809 91071 152072 3527 195 1204 4061 13 214
2008 88 15675 87703 152639 3506 244 4 436 4501 14 171
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2009 88 14 332 85500 148039 3242 293 7 857 4083 14 215
2010 88 13423 77632 142061 3374 343 9319 3959 15 172
2011 44 13 293 74619 142631 3417 392 12 083 3869 15 129
2012 88 12 384 69511 144171 3767 489 11083 3737 15 215
2013 88 11951 65317 146333 3898 736 11155 3652 16 86
2014 88 12 341 64 662 153487 4292 1032 12755 3697 43 129
2015 131 12 427 65178 163142 4292 1528 11940 3607 43 129
2016 131 13 380 67180 170199 4336 2076 12112 3651 41 172
2017 131 15 025 66426 177510 4205 2320 12632 3737 41 172
2018 131 17 320 66466 180104 4030 2615 12427 3692 28 129
2019 131 17710 66443 182473 3854 3106 13709 3522 13 215
2020 88 4 850 60375 171421 3241 3157 14987 3142 8 172
2021 88 5239 65740 186577 3285 3205 14581 3112 11 173

3.2.16.2 Aviation (CRF 1.A.3.a, 1.D.1.a)

Burning processes in air transport are quite different from those in land and water transport. This is caused
by its operation in a wider range afmospheric conditions (hamely by substantial changes in atmospheric
pressure, air temperature, and humidity). These variables are changing vertically with an altitude and
horizontally with air masses. The categories 1.A.3.a (domestic civil aviation)addal(international civil
aviation) are reported with respect to distinctive flight phases: the LTO (Landingéfiale to 3,000 feet)

and the Cruise (above 3,000 feet). Emission from helicopters used for public and private purposes are
included in thisategory. Emissions from military aircisdind helicopters are not included in this category

but are reported under 1.A.5.b Military: Mobile Combustion.

3.2.16.2.1 Methodological issues

ForlER flightsn time series 2005 to present year, bottemp data from EURMNTRObave beerused.

These data were updated in time series 22020 by EUROCONTROime series 1932004 was
estimated by extrapolation of EUROCONTROL fuel consumption with the help of fuel consumption from
CzechOil questionnaire provided byCzSOEmissions were calculated with EUROCONTROL implied
emission factors. LTO/Cruise ratios were calculated from EUROCONBRA136). In 2023 submission,

the whole time series 1992021 was recalculated based on the updated activity data (see
chapter10.1.12).
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For VFR flightsratio between LTO a CRUM&Sobtained¥ N2 Y ~ /[ & GKSANI SELISNI
there is no database for VFR flight characteristics in CZ. The LTO/CRUISE ratio and EFs a2@fx@ling to
IPCC Guidelinesere applied on fuel consumption obtained fro@zS0n CzechOil questionnaire. Fuel
consunption for helicopterswasalso obtained fromCzSORatio between LTO and Cruisas¥ N2 Y ~“/ [ &
EFs used according 2906 IPCQGuidelineswere applied on fuel consumptiobhTO and Cruise ratios are
presented in thelrab.3-36.

Fuel consumption for aviation is fuel balanced on fuel consumption stated in Cileghestionnaire for
jet kerosene and aviation gasoline on national level, to ensure comparaifistatistics.

Tab.3-36 Ratio of fuel usage between LTO and Cruise flight mode in 2021

LTO 0.275
1.A3.a (IFR)
CRUISE 0.725
LTO 0.900
1A3a (VFR,

Helicopters) CRUISE 0.100

LTO 0.123
1D.la
CRUISE 0.877
Activity data
900 Activity data are gained fror@zSO
400 and EUROCONTROL. Data are
o0 divided between LTO and Cruise
o0 flight mode according to ratio
. which is stated in th@ab.3-36. The
z total consumption of jet kerosene

400

in the Czech Republic is divided
into five categories (Civil Aviation,
International  Aviation,  Army,
e industry and_Commercial and
’ S F S PS PR Public Se_rvices). The jet kerosene
B consumption as well as relevant
Domestic Kerosene Cruise International Kerosene Cruise emissions from categories Army,
Industry, Commercial and Public
Fig.3-22 Annual jet kerosene consumption in aviation according to flight mode Sewices are not reported in CRF
tables in Transport sector.A.3,
but in sectors 1A.5.b, LA2.gand 1A.4.a respectively. Data for Civil Aviation and International Aviation
are gained from EUROCONTROL (IFR flights3z8@VFR flights and helicopters$)ig.3-22 displays jet
kerosene consumption according to flight mode.
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Emission factors

The emission factors fdFR flights are on Tier 1 level 60 and on Tier 3 level fox,O. Those EFare
based m EUROCONTROL database. EFs for VFR flights and helaupfer€H for IFR flightsre Tierd.
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They are based on calorific value of fugbdatedevery year by Czech Oil Questionnaire for EEA) and EF

(kg/TJ) stated in 200 C suidelinesfor aviation

Tab.3-37 Emission factors fo€Q, N.O and CH, for aviation in [g.kg!] of fuel in 2021

Aviation-LTO Aviation Gasoline 3050 0.086 0.022
Aviation - Cruise Aviation Gasoline 3050 0.086 0.022
Aviation-LTO Jet Kerosene 3150 0.086 0.022
Aviation - Cruise Jet Kerosene 3150 0.086 0.022

Emissions
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Fig.3-23 Emissions of CON,O and Chlfrom aviation

gasoline include VFR flights. There are no small aircrafts fuelled by jet kerosene for VFR flights in the Czech

Republic.

CQ emissions fromdomestic air transport
make a very small contribution to overall
emissions from aviation2f6 in average for
years 20062021) asthey aremainly limited to
flights between the five largest airports in the
Czech Republic, Prague, Brno, Karlovy Vary,
Pardubice and Ostrava. Similarly to road
transport, the consumption of aircraft fuels is
not monitored centrally by the Czech
Statistical OfficeAircrafts are mainly fuelled
by jet kerosene while the consumption of
aviation gasoline andCQ emissions from
aviation gasoline are limited to small aircrafts
used in agriculture, sports and recreational
activities. Small aircrafts fuelled by aviation

Fig.3-23 showsGHGemissions from aviation irhe Czech Republithe emissions were decreasing from
2009 to 2013 as a result of the economic crisis. From 2014, the emissions were increasatyugetidrop
in 2020and 2021caused by COVAD® pandemic situation.

3.2.16.3 Road Transport (CRF 1.A.3.b)

This cagégory covers all GHG emissions from motor roadgpartin the Czech Republic. It includes all
private as well as public transport except for agricultui@estand militarytransportwhich are reported

in separate categories. Estimations are made Fa& following vehicle categories: passenger cars (PCs),
light duty vehicles (LDVs), heavy duty vehicles (HDVs), buses and motdtegategory) For calculation
purposes, the vehicle categories were broken down by a type of fuel amdchBrms.
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3.2.16.3.1 Methodol ogical issues

The appropriate distribution is necessary to assign a relevant emission factor. Sektb Road
Transport is split into four subsectors:

1.A.3.bi Passenger Cars

1.A.3.hii Light Duty Vehicles

1.A.3.hiii Heavy Duty Vehicles and Buses
1.A.3.biv Mopeds and Motorcycles

= =4 -4 =9

Methodology for the calculation of emissions from road transport was improved in 2018. COPERT 5 was
introduced for this purpose. Also, national ratios of H:C and O:C were calcbkded on thdaboratory
Fylrfeaira 62SNyéezs wnmyod ¢KSaSsS COwigha, 3o\ 0OrNdCMEB JSR Ol
Tier 3. The basis for emission calculations in COPERT 5 are number of vehicles, average annual mileage,
and average total mileage for COPER{Egories. Other important variables are:

1 CS meteorological information

1 EU average information about driver behaviour (trip length, trip duration, average speed on

different roads etc,)

9 technical parameters of vehicles (technologies for emissions rieduyds/C in vehicles, tank size,
ydzYo SNJ 2F | Ef S&aXo
fuel quality and composition of fuel
calorific value of fuels (frofczSQ
H:C and O:C ratips
share of fossil fraction in biodiesel
ETBE content in biogasoline

=A =4 =4 =8 =9

This is only a brief summary. Full description of COPERT 5 program is possible iloGOBERT
Documentation Full methodology of application of COPERT Zétltlais described in Ri&t n andBrich
2017 and Peltkn andBrich 2018.

Activity data

AD for COPERT program are gained from two large datah&3ssch Car Registry (CCR) and Database of
Technical Control Stations (TCS). CCR contains information about numbers and techaiisafdegthicles
registered in particular categories in CZ. TCS dgeéinaual traffic performance for a particular car. By
combining these two databases it is possible to obtain numbers of vehicles, average annual mileage, and
average total mileage forlaCOPERT categories which are relevant in CZ. Results are in full accuracy four
years beforghe actual reported yearThe eason is that new cars in CZ must undertakechnical control

after four years after signing in CCR. To have precise averagalanifeage and emissions estimatés

is necessary to recalculate results 4 years backward repeatedly. This calculation procedure for average
annual mileage in Czech conditions was developed by Brich in 2014 and improved in 2019. Methodology
was certified by Czech MoT. COPERT uses these ¢dlzulate fuel consumption in all categories. Fuel
consumption in categories is normalized with the help of total fuel consumption providéckz8¢ior

national level.
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Fig.3-24 shows trends of fuel consumption after 2000. General rising trend of fuel consumption by PCs
and LDVs is in line with geral trend in the whole Europe. There is an obvious influence of economic crisis
between 2008 and 2013 to fossil fuels consumptitan3-38). From 2014, there issgnificant increase of
fuel consumption of main fossil fuels.
300000 In 2017, almost 10% lower prices of
diesel and gasoline influenced

mmE n . . .
increase of fossil fuels consumption.

250000 CL

- B ]
m" L T The consumption of gasoline
200000 =t I fluctuated around 90000 TJ from
" “"I ""I 2003 to 2009, but it has atted to
l__}s"”“” n III significantly decline since 2010. This

II decline was especially caused by the

downward trend in an average fuel

consumption of modern passenger
cars. In 2013 the (gasoline
consumption decreased to/6343TJ.
Since then,it has been fluctuating
around this value. Exception is year
2020 influenced by COVID situation,
when gasoline consumption was
Fig.3-24 Trend of fuel consumpbn according tovehiclecategories 62928TJ In 2021, it jumped to almost
68000 TJ agaiiesel fiel consumption was steadily growing from 2000 until 2008. After the crisis, steep
increase kgan in 2014 and was related to economic growth and growing popularity of diesé) R =
COVID pandemic, diesel consumption dropped to 284 TJ in 2020. In 2021, it sharply increased to
199379 TJ (same trend in the last two years as for gasoline).
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Bioethanol was almost not used, and biodiesel was only used in a smallist@zech Republic until 2008
The consumption of gasolinalso includs the consumption of bioethanol, whicstarted to beadded to

all gasoline in the amount of 2% sirc@anuary2008 The share of bioethanol as a renewable resource in
gasoline reached a value 4.1% in 2010 and the share of fatty acid methyl esters (FAME) as a renewable
resource in diesel oil reached a value 6% in 2010 and both Viahwesnot changed since theBhare of
biofuels in fossil fuelsncreaed too (6.8% in 2010 and 8.5% in 2015). These facts (the reduction in
aconsumption and an increasing share of-b@mponents) have a favourable impact ©@ emissionsin
2015, bwer taxes for blends with high peotage of biodieselvere implemented, but customers slowly
accepted this chang&ince2016, the consumption of biodiesdias been steadily increasing and it reached
almost 13000 TJ in 2020 and 202Bioethanol shows no specific lotgym trend. The highst
consumption of bioethanol was before COgdhdemicin 2019 (3078 TJ).

Tab.3-38 Fuel consumptiorin road transport in the Czech Republic

2000 79 803 76 912 2905 97 2590 0
2001 81643 84 417 2862 97 1924 0
2002 82 495 92 153 2917 97 2701 0
2003 90094 108452 2981 146 2590 0
2004 89 777 117389 3121 146 1332 0

Part 1: Annual inventory submission 111



CHMI NATIONAGHGNVENTORREPORT OF TIEECHREPUBLIA990;2021

2005 88125 135114 3214 146 111 0

2006 87261 144838 3426 146 703 54

2007 90924 153330 3673 196 1258 0

2008 89003 155784 3663 245 3145 1458
2009 87789 153737 3409 294 5698 2 457
2010 79883 149313 3552 345 7252 2 430
2011 76964 152659 3608 395 10 027 2538
2012 71654 153347 3966 495 9176 2349
2013 67343 155694 4106 744 9361 2241
2014 67182 163996 4516 1044 10 508 2754
2015 67567 172910 4527 1550 9768 2 646
2016 68926 180781 4585 2106 10582 2 025
2017 68631 188166 4453 2351 10 656 2484
2018 68789 190463 4242 2 644 10 360 2565
2019 69289 193647 4057 3135 11174 3078
2020 62928 184261 3417 3181 12 839 2754
2021 67844 199379 3479 3228 12 802 2322

CNG busebave beerused in the Czech Republic from 1994 and CNGr&@<2006. The steep increase

of the CNG consumptidn 2012 wascaused by subsidies from public resources in order to encourage the
use of CNG buses. Other subsidies were determine@NG LDVs anéiCs whictwere used by local
authoritieswhat resulted insteady increase of CNG consumptiamd is continuing in the presentPG
consumption was continuously growing until 2016. After 20L®egan todecreag what was probably
caused by low prices of diesel and gasoline, and in the last gsarthanks to the introduction ohew
alternative fuels.

Emission factors

Emission factors are COPERT based. COPERT methodology is in |2@0&IthCCGuidelinesand
BG2019. EFs fa€Q are on Tier 2 level anfdr N.OandCH on Tier 3 level. Generallyi-& for all GHSare
composed fromhot EFsgcold EFs and they are additionally dependent on vehicle category and driving
mode (share of urban, rural, highway driving).
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Tab.3-39 Implied EFs fo€Q for road transport

2010 7041 7311 6895 5623 7477
2011 70.27 7320 6896 5625  75.05
2012 70.27 7324 6898 5638 75.04
2013 70.26 73.24 6898 5618 7510
2014 70.05 73.19 6898 56.09 75.02
2015 69.95 7327 6898 5595 7498
2016 7044 7325 6898 5579 7529
2017 7011 73.26 6898 5586 7512
2018 70.03 73.28 6898 5589  75.06
2019 69.71 73.25 6898 5593 7497
2020 69.74 7311 6898 5589 7519
2021 66.99 72.80 6898 5591 7531

EFs folCQ count with using A/C, SCR, and lubricant consumption. Implied EFs are additionally dependent

on calorific value of fuel (kg/TBgcause input data about primary fuel consumption providedCh$@re

2yt e | @k At | Thérorehtye pricnary fQel arysumptiordmust NS OF € Odzt | G &R G2 W
the help ofthe fuel energy content (calorific valuahich is updated based on tligzech Oil Questionnaire

for EEAevery yearCQ IEF also depends @ountry-specific HHCd@ hY/ NI GA23%hee@ &Ny é >
the parameters (A/C usage, SCR, and lubricant consumption) are influegnmn@Q production is

distributed between fuel combustion and other processes. This is implemented in COPERT methodology
which is in line wh EMEP/EEA Emission Inventory Guidel@&&)019.Implied EFs fo€Q after year

2010are shownin the Tab.3-39.

Tab.3-40 Implied EFs foCH, for road transport

o010 16:36 228 1078 5122 874
o011 1523 185  10.62 4928  6.79
o01p 1426 158 1047 4450  6.26
o013 1371 135 1040 4334  5.63
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o014 1277 1.20 10.08 40.66  5.50
o015 1239 1.03 9.99 4093 532
o016 1181 0.88 10.01 3929  3.99
2017 11:39 0.89 9.91 3940  4.40
o018 1161 0.81 9.76  38.68  4.57
o019 10.32 0.66 9.60 3842 431
o000 10.16 0.58 9.66 39.65 3.54
o0 10.06 0.51 9.67 40.33  3.26

In the Tab.3-40and Tah.3-41, there are shown implied EFs f@H and N,O for road transport after year
2010.

Tab.3-41Implied EFs foN,O for road transport

o010 192 210 234 153 2.61
o011 182 224 226 1.47 2.67
o012 169 240 212 1.27 2.78
o013 159 253 201 1.23 2.86
o014 149 2.66 1.93 1.17 2.94
o015 140 260 184 117 2.85
o016 129 267 179 1.09 2.93
o017 118 267 173 1.11 2.87
oo1g L1l 273 164  1.09 2.89
o019 095 275 154  1.09 2.83
o000 0-90 287 148 1.14 3.00
oopy 084 294 143 1.16 3.12
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CQ emissions
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Carbon dioxide emissions were
calculated on the basis of the total
consumption in all COPERT vehicle
categories which are relevant in CZ.
COPERT  separately calcusate
emissions from hot engines, cold
engines, emissions originated from
A/C and SCR usage (diesel cars) and
emissions causk by lubricant
consumption during burning
processes. Emissions from lubricants
combusted in Stroke moped and
motorcycle engines are reported
within 1.A.3.biv  subcategory

Fig.3-25 Emissions of C{rom road transport according to subcategories

and based on EIG 2019 and COPERT methodology.

accordingto 2006 IPCC Guidelines

A gadually increasing share of transport in totaQ emissions in the Czech Republic became evident
KA &
contribution to energy consumption in road trgomt (seefFig.3-25). It is obvious, according to the
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Fig.3-26 Comparison of energy consumption andogemissions from roa

transport

in CQemissions after the economaeisis.In 2021, the emissions jumped back to the value before COVID.
The carbon dioxide emissions trend is primarily a result of the changes in the traffic performance by

GNBYR O2yidAydzSR dzyiAft

methodology of calculationof CQ
emissions described above, that trend
in CQ emissions copies énd in fuel
consumption  (see Fig. 3-26).
A decrease n emissions of carbon
dioxide from road transportwas
recorded in 2008or the first time In
the sane year, a downward trend
started which continued until 2014
(Jedléka et al., 2014). From 2014 till
2019, emissions from road transport
were growing and reached almost
18500 kt of CQin 2019. The next year,
there wasa decreasdo 17 189kt due
to COVIBsituation.It was the first drop

gasoline and diesel ca According to theFig.3-26, the CQ emissiondrom road transport are following

the trend of energy consumption. There are no disproportions. Small fluctuation can be caused by the fact
that EFs are calculatdrhsed ora slightly variable calorific value of a particular fuel. These values are given

by CzSO every yeaDther factor is thaCQ emissions are dependent on the ratio of energy consumption

of a particular type of fuel.
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CH, emissions

The Czech Republic has been very successful in stabilizing and decreasing methane emissions derived from
road transportrelated greenhousegas emissions. Trends @H emission production according to
subcategoriesare shown irfFig.3-27. The annual trends in these emissions are constatgbreasing and

are very similar to other hydrocarbon emissions which are limited in accordance wilrdgulations.

35

30

Fig.3-27 Emissions of CHrom road transport according to subcategories

New vehicles must substantially
fulfil higher Hro standards for
hydrocarbons than older vehicles
(currently the Hro 6 standard for
pas®nger cars andugo VI for heavy
duty vehicles and buses). The
greatest problems are associated
with a slow renewal of the car fleet.
Average age of personal cars was
15.58 years and average age of
trucks was T.92 years in 2021
(PA,2021).Car park renewal in CZ
is still in progress and older vehicles
are frequently used in the
construction and food industries.
The potential problem in CH

emissions could be growing share of CNG vehicles (especially buses from 2012). CNG is composed of
approx. 98% ofH. On the other hand, CNG is beneficial for other GEi@l pollutants.
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Fig. 3-28 shows the opposite

trend in emission production of
CH and energy consumption in
road transport The continuous
decrease started in 1996 when
the Ruiro 2 (ll) standard was
implemented. The deceese in the

following years was intensified by
toughening the THC limits in 2005
by the Eiro 4 standard. Another

cause of the downward trend is
an increasing ratio of diesel
passenger cars within the car fleet
over the past few years, which

=== gnergy consumption CH4 emissions
produce lessCH. In 2018 and
_ _ _ o 2019, increase of energy
Fig.3-28 Comparison of energy consumption and @¢issions from road transpo consumption  continued  (not

sointensively compared to the last years) liti emissionshavestill beendecreasingln 2020 and 2021,
emissions felunder 1 kithanks to car fleet renewal.
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N.O emissions

Trends iMN;O emissions production according to salbegoriesare shown irfFig.3-29. Smilarly to carbon

0.9 dioxide emissions nitrous oxide emissions
Ej were decreasingrébm 20® as a consequence

' of reduced consumption of gasoline and diesel
oil. New vehicles exhibit higher emissions
compared to older models because they are
equipped with 3way catalytic converters
which reduce only N&emissions but noN.O
emissions. Hoever, this effect is suppressed
in new vehicles because of a lower fuel

06 -
05 -
0,4

kt

0,3
0,2
0,1 -
0,0 -

2000
2001
2002
2003
2008
2009

z 2015
2016
2017
2018
2019
2020
2021

PCs  WLDVs  “HDVs+Buses  Motorcycles consumption. Between 2008 and 2Q1he
Fig. 3-29 Emissions of BD from road transport according -~ N2O emissions were decreasing because of
subcategories economic  crisis and lower traffic
performance. From 2@ to 2019, N,O
BO000 1-ceerrr e 09 emissionswere more significantlyincreasing.
- os This fact is caused by a higher consumption of
B o7 | a diesel oil which is influenced by progress in
% 200000 - - 06| the national economy and by increase in a
g I —o,sg transport of goods and material. In 2018
2 o,4j§ increase of fuel consumption continued but
%100000 e - o03e| not so intensively a@n the last yearsThere
2 S - 0.2 was a de_crease to 0.60 kt due t_o _COVID
- o1 situation in 2020. In 2021N.O emissions

0 0,0 reached 0.6 kt what is the highest value since

O NN MNMSTUNOURODNDOANMSTNON0NO - . . B .
S8SS85588E8E8S8E88R88888¢8¢8 2001 This increase is mitigated by
——¢energy consumption N20 emissions modernization of car fleet in the Czech
Republic.

Fig. 3-30 Comparison of energy consumption and>® emission

fi dt t .
rom road franspor Over the pastgars, except for 2020 influenced

by COVIDNLO emissions haebeen increasinglhe main eason is growing share of vehicles with Hig
emissions. Consequentli>O emissions from mobile sources represent higher contribution tkth
emissions. IMN;O emissions from mobile sources, the most important source seems to be passenger
automobile transport, especially gasolifigelled passenger cars with catalystsg.3-30 shows a similar
trend in NoO emissions from road transport compared to the energy consumption trend. Between years
2009 and 2013 there was more significant decraag trend in N.O emissions compared to fuel
consumption. This effect could be relatexlibtroduction of more advanced emission control technologies.

3.2.16.4 Railways (CRF 1.A.3.c)

3.2.16.4.1 Methodological issues

The Czech railway sector is undergoing a{@mm modernization process. The aim is to make electricity
the main energy source for rail transpotiise of electricity, instead of diesel fuel, to power locomotives
has been continually increasing and electricity now provides 86% of all railway traffic volumes. Energy
consumption share of locomotives powered by electricity is 54%. Railway power stadiageneration of
traction current are allocated to the stationary component of the energy sector (1.A.1.a) and are not
included in the further text. In energy inputs used by trains, diesel fuel is the only energy source that plays
a significant role apafrom electric power.

In 2023 submission, new methodology for calculation of railway emissions from diesel oil was introduced
which increased detail and accuracy of calculation from Tier 1 to Tier 2 level as per EIG 2019. Based on the
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new activity data 0 i F AYSR FNRBY /1 SOK wlAfégle& | RYAYAAUNT GA2
CzSO0, national diesel fuel consumption statistics were broken down by locomotive type in order to apply
three different sets of emission factors (EIG, 2019). There are thesel locomotive categories:

M line-haullocomotives,
9 shunting locomotives,
M rail-cars.

Calculation of railway emissions from diesel consists of three main steps:

1) Rail traffic performance calculationAverage traffic performance of lidgaul locomotives and
ralkOF NA A& OFf OdzZ  iSR o6lFlaSR 2y GKS RFEGF FNRBY {
category, five the most frequent locomotives and their share on rail traffic performance in brtkm
was defined. Final value is weighted traffic performancetlodse locomotives. Shunting
f202Y20A3S GNIFFAO LISNF2NXIYyOS A& olaSR 2y (K.
2) Calculation of traction diesel consumptiqrSpecific traction diesel consumption is calculated for
each locomotive category. Final traction diesel eomption is a product of activity data and
specific traction diesel consumption. Based on this value, share of each locomotive category on
the total rail diesel fuel consumption given by CzSO is set.
3) EFs application Tier 2 EFare appliedon final diesetonsumption calculated for each category.

Steam locomotiveare operated in the Czech Republic as well. However, their contribution to emissions
is very small as they only serve as tourist attractions. EFs used for calculation of railway emissions from
cod are on Tier 1 level according to 2006 IPCC Guidelines.

Activity data

'OGAGAGE REGE Fo2dzi NI Af GNFFFAO LISNF2NXIYyOS 4SSN
OSt ST yaAdu YR FNRY (G(KS YI22N /1 SOK NI fohapfued 2 LISN
consumption were provided by CzSRegular railway operation uses only diesel oil. Coal is solely used
within historical rides and the percentage of its consumption is very small. In general, fuel consumption by
railways has a slightly decreagitrend from 2000. The only exception is the period 2ZD®8. After this,

the increase of fuel consumption oscillates around 85 kt per year because of the economic crisis and
replacement of diesgbowered locomotives by electric ones. In 2020, diesel gomgiondropped to73kt

due torestrictionsduring COVID pandemic which still continued in 262dal l{gnite) started to be used

at Czech railways for purposes of historical rides in 2005. From Blddshinous coalvas used too. Total

coal consumptioras beerdecreasg since 2018 (0.4 kt in 202The reason is no consumption of lignite

from 2018.

Tab.3-42 Fuel consumption by railways

Diesel Oil Consumption [kt] Coal Consumption [kt]
2000 104.0 2011 90.0 2000 0.0 2011 1.0
2001 97.0 2012 87.0 2001 0.0 2012 1.0
2002 94.0 2013 85.0 2002 0.0 2013 1.0
2003 92.0 2014 86.0 2003 0.0 2014 2.0
2004 91.0 2015 84.0 2004 0.0 2015 2.0
2005 92.0 2016 85.0 2005 1.0 2016 2.0
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| oeeoicwmmntn  coMcommpiontd
2006 96.0 2017 87.0 2006 1.0 2017 2.0
2007 95.0 2018 86.0 2007 1.0 2018 1.0
2008 105.0 2019 82.0 2008 1.0 2019 0.5
2009 95.0 2020 73.0 2009 1.0 2020 0.3
2010 92.0 2021 72.0 2010 1.0 2021 0.4

Emission factors

The emission factors for diesel aile Tier 2 for all GHGEQ EF is countrgpecific,CH andN.O EFs are
applied according to EIG 2019. EFscfoal forCQ, N.O and CH are Tier 1 They arebased on calorific
value of fuel pdatedevery year by Czech Oil Questionnaire for EEA) and EF'lsjafdd in2006 IPCC

Guidelinedor railways se@ab.3-43.

Tab.3-43 Emission factors fo€Q, N.O and CH, for railways in [g.kd!] of fuel in 2021

Line-haul Diesel Oil 3146 0.024 0.182
Shunting Diesel Oil 3146 0.024 0.176
Railcars Diesel Oil 3146 0.024 0.179
Steam Coal 2553 0.040 0.053
Emissions
150 Emissions from railways are strongly
| dependent on fuel consumption due
300 78 B Bme = to methodology.GHG enissiors are
SO R BB EEEEEEEEREEEEGEE T | given in the Fig. 3-31. Sharpest
oo NN NN BN EEEEEEEEEEN decrease in emissions took place until
t NEENEEREEREEEERERERERR 1994. This is related to decrease of
freight  transport because of
O e EE R R R R R R R R R significanty lowest coal mining
SO S EEE R R R R R R R R R R R R R R intensity compared to period before
p L E | 1989. Next factor is electrification of
ggg%%gg%%%ggg%%géggggg core network and modernization of
- . - rolling stock during these years. In
Emissions from diesel ~ ®m Emissions from coal R A
the following years, GHG emissions

Fig.3-31Trend in emissions of GOCH and NO from railways

were slightly decreasing Between
2006 and 2008 emissions were

slightly increasing in relation to economic growth. After 2008, decrease of emissions was recorded in
connection witheconomic crisisSince2012, GHGemissiongrom railways were oscillating around 2K0
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depending on transport performance agilways in the particular year. In 2020d 2021 they dropped

to 230 kt due to COVID pandemi€here are some minor emissions from burning coal which started to be
used for historical rides from 2005. In20) GHGemissionsfrom diesel oil were 27 kt and from coal
1.04 kt.

3.2.16.5 Domestic Navigation (CRF 1.A.3.d)

3.2.16.5.1 Methodological issues

Primary data on fuels available via t@gSQr other statistics do not allow a proper differentiation into
national and internationahavigation on inland waterways in the CheRepublic. Therefore, all activity
data are allocated t€RF1.A.3.dDomesticdNavigation for the time being.

Activity data

Fuel consumption bgomesticnavigation is very low (s€Eab.3-44). TheCzSOhave been providing data

about diesel oil consumption since 1997. The data before 1997 are based on the CzSO expert judgement.
All data are related taliesel oil consumption withirecreational fleet which basically represents most of

the fuel consumption bylomesticnavigation in the Czech Republic. fiehis noCzech merchant fleet.

Tab.3-44 Fuel consumption bylomesticnavigation

Diesé Oil Consumption [kt]

2000 50 2011 3.0
2001 8.0 2012 5.0
2002 40 2013 2.0
2003 40 2014 3.0
2004 6.0 2015 3.0
2005 50 2016 4.0
2006 6.0 2017 4.0
2007 50 2018 3.0
2008 4.0 2019 5.0
2009 5.0 2020 4.0
2010 40 2021 4.0

Emission factors

The emission factors fa2Q, N.O and CH are Tier 1 based on calorific value of fugbdatedevery year
by Czech Oil Questionnaire for EEA) and EF (kg/TJ) sta@@6ii°PCCGuidelinesfor navigation.
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Diesel Ol 3203 0.086

DomesticNavigation

0.303

Emissions

Emissions frondomestic navigation are strongly dependent on fuel consumption. Values are quite
fluctuating because of irregularities in traffic performance on Czech inland waterways. Guki@ll
emissions are given in tt@g.3-32.
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Fig.3-32Trend in emissions o£Q, CH and N,O from domesticnavigation

3.2.16.6 Other Transport (CRF 1.A.3.e)

The consumption of Natural Gas to power compressors for transit gas pipelines is included in this
subcategory under mobile combustion sources but it is actually a stationary combustion source. This
consumption is reported in the IEACzSQCzS0Q20229 Questionnaire in the Transport Sector section
under the item:

Pipeline Transport

There are embodied the fuels of economic part according to NACE Rev. 2 Pipeline Transport: NACE
Divisions 35.22, 49.50.

3.2.16.7 Uncertainties in Transport (CRF 1.A.3.)

Uncertainties wee calculated according tohapter A.5HG 2019. The uncertainties given here were
evaluated for all of time series (199®021) and for all reported categorigsee Annex 2)Uncertainties
of national emissions within transport sector for particular Gil&given inlrab.3-46.

Tab.3-46 Uncertainty data for transport from uncertainty analysis

1A3 Transport

cQ

11741.79

2011757

0.82

1A3 Transport

CH

87.47

28.09

59.73
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1A3 Transport  N.O 89.51 177.80 40.39

3.2.16.8 Source-specific QA/QC and verification

QC carried out in the Transport Research Centre (CDV) is based on routine and consistent checks to ensure
data integrity, correctness, completeness and to identify and address errors. Documentation and archiving
of al QC activities is carried out. QC activities include methods such as accuracy checks on data acquisition
and calculations, and the use of approved standardised procedures for emission calculations,
measurements, estimating uncertainties, archiving infation and reporting. QC activities also include
technical reviews of categories, activity data, emission factors, other estimated parameters and methods.
QA and verification of activity data is guaranteed in the CDV by comparing activity data with webrld an
European databases and third person checks.

An inventory compiler is responsible for coordinating the institutional and procedural arrangements of
inventory activities. These cover data collection from @ESQdeciding of usage of emissions factors
(according to CS or EIG) and estimation of emissions from mobile sources. The uncertainty assessment is
carried out by the inventory compiler too. The last step is a documentation and archiving of data. The
inventory compiler designs responsibilities for iemplentation QA/QC procedures among persons not
directly involved in the compilation of inventory and among organizations.

A QA/QC plan is a fundamental element of a QA/QC and verification system. The plan of QA/QC procedures
in the CDV is based on the inrgarality control procedure system, which is harmonised with the QA/QC
system of Czech Hydrometeorological Institute (CHMI). Since the transport sector belongs to the energy
sector, there has been a close cooperation between CDV and CHMI in the fieldrgy emel fuel
consumption data as well as specific energy data used in calculations in units\d.kegel. The CHMI

in close cooperation witlCzS@nsure that the Transport Research Centre works with the most updated
data about total energy and specifenergy consumed.

a. QA/QC activities

QC Activities:

1 Checking criteria for the selection of activity data, emission factors and other estimated
parameters are documented.

Checking that emissions and removals are calculated correctly.

Checking thaparameters and units are correctly recorded and that appropriate conversion factors
are used.

Checking the integrity of database files.
Checking for consistency in data between categories.
Checking that the movement of inventory data among processing segusrect.

= =4 =4 =

Checking that uncertainties in emissions and removals are estimated and calculated correctly.
1 Checking time series consistency.

QA Activities:
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1 Checking completeness (confirming that estimates are reported for all categories, all years, all
sulcategories and confirm that entire category of mobile sources is being covered).

1 Trend checks (checking value of implied emission factors and unusual, unexplained trends noticed
for activity data or other parameters across the time series).

1 Checking of irgrnal documentation and archiving.
b. Responsibilities in CDV

The sectoral guarantor of QA/QC procedures for mobile sources:
9 is responsible for the sectoral QA/QC plan and the compliance of all QA/QC procedures,
9 provides plan for the QC procedure and is rasgible for its implementation.

Inventory compiler of inventory from mobile sources:

performs the emission calculations from transport in the emission model,
provides for data import in th€RFRable,

is responsible for storing of documents,

carries outauto-control and control of data consistency,

performs the uncertainty calculation,

= =4 =4 =4 =4 =

introduces improvements.

The third person check (Mr. Jiri Dufek, MOTRAN RESEARGH), s.
1 detailed control of timeliness, completeness, consistency, comparability andpaaency.

The sectoral guarantor of QA/QC procedures for Agricultural and Forestryoadmmobile sources:
1 Martin Dedina (Research Institute of Agricultural Technology)

C. QA/QC procedure in CDV

During every submission, in the beginning of summer, the itorgrcompiler first receives preliminary
activity data fromCzS@nd makes first calculations which are compared with previous years regarding to

a trend in data from last years. If there are some discrepancies, activity data will be consulté&tz®ith

and inaccuracies will be corrected. During autur@zaS@rovides final activity data. Then final calculations

are made. Also, the QC is made by the inventory compiler, afterwards by a person responsible for
compilation of Transport yearbook in CDV and Mi.Dufek from MOTRAN RESEARCH. Every error is
described, documented and saved. The next quality control is made by an expert in CHMI. Last step of QC
are European reviews. The QA is made on activity data by comparing it with databases like Eurostat and
IEA Main discrepancies are consulted wiflzSGand explained during reviews. Emission estimates are
prepared for a submission until 5 February and send to an inventory coordinator. The Stage 1 review
guestions are processed during the second half of Marbl. Stage 2 review questions are processed
during May and June.

3.2.16.9 Recalculations and improvements

All recalculations and improvements dredetaildescribed in chaptet0.1.1.2 In this chapter, there are
onlymentionedchanges due to review process and improvement plan andimigmvementsplanned in
the future.
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3.2.16.9.1 Source-specific recalculations, including changes made in response to the review
process and impact on emission trend

3.2.16.9.1.1 Recalculations due to methodology changes

1.A3.aand 1.D.1.x Aviation

Based on the comments from the review team, it was decided to ch@rpE=F for both jet kerosene and
aviation gasoline. ThEH IEFs were corrected so that they are in the range of the IPCC default values.
Emissions were recalculated in the whole time series £2021.

Duringthe lastreviewprocess an error in fuel balance in the national emission model was identified. The
error was corrected, and emissions were recalculated in the whole time series20290

1.A.3.cc Railways

As per planned improvement, new methodology fmlculation ofrailway emissionsfrom dieselwas
introduced in 2023 submission. The new calculation masldbased on a significantly more detailed
database and increases detail and accuracy of calculation from Tier 1 to Tier 2 level as per Emission
Inventory Guidebook (EIG) 2019. In the model, fuel consumption ratios were defined according to the
different desel locomotive types. In compliance with EIG 2019, the relevant emission factors for diesel oil
were applied to the fuel consumption calculated. Emissions were recalculated in the whole time series
1990-2021.

3.2.16.10Source-specific planned improvements, includi ng tracking of those identified
in the review process

Planned improvement is to update the process of calculation of emissionsni@eigationto Tier 2. This
should be finishedby the end of 203.

3.2.17 Other Sectors z Commercial/lnstitutional (1.A.4.a)

3.2.17.1Category description (CRF 1.A.4.a)

The structure of fuels, their consumption, used emission factors and emissions of individual greenhouse
gases are shown in the following outline.

1.A4.a, 2021

Structure of Fuels Activity CQO CH N>O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kg NoO/ITJ] [kt]
LPG 413.51 65.86%) 1 27.23 5 0.00207 0.1 0.00004
Other kerosene 85.60 71.90 1 6.15 10 0.00000 0.6 0.00005
Heating and Other Gasoil 42.60 74.10 1 3.16 10 0.00043 0.6 0.00003
Fuel Oil- Low Sulphur 79.00 77.40 1 6.11 10 0.00079 0.6 0.00005
Fuel Oil- High Sulphur 197.50 77.40 1 15.29 10 0.00198 0.6 0.00012
Other Bituminous Coal 22.65 93.92%*) 0.9707%)  2.07 10 0.00023 15 0.00003
Brown Coal + Lignite 641.33 96.90%*) 0.9846*) 61.19 10 0.00641 15 0.00096
Coke 19.70 107.00 1 2.11 10 0.00020 15 0.00003
Brown Coal Briquets 383.99 97.50 0.9846*) 36.86 10 0.00384 15 0.00058
Natural Gas 43 338.42  55.44%) 1 2 402.57 5 0.21669 0.1 0.00433
Wood/Wood Waste 540.34 112.00 1 60.52 300 0.16210 4 0.00216
Gaseous Biomass 825.63 54.60 1 45.08 5 0.00413 0.1 0.00008
Total year 2021 45 224.30 2562.74 0.39971 0.00846
Total year 2020 47 467.04 2 677.94 0.39637 0.00819

Part 1: Annual inventory submission 124



CHMI NATIONAGHGNVENTORREPORT OF TIEECHREPUBLIA990;2021
S 1A4a2021
Structure of Fuels ' Activity ' CQO ' CH ' N>O
data EF OxF Emission EF Emission EF Emission
[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kgN2O/TJ] [kt]
Index 2021/2020 0.95 0.96 1.01 1.03
Total year 1990 119 864.09 9 907.15 1.00085 0.10113
Index 2021/1990 0.38 0.26 0.40 0.08

") Country specific data

The origin of the data, the emission factors used and the method of calculating the level of emissions for
the individual gases are shown in details in the following outline.

Structure of Fuels Source of Emission factors Method used
Activity data (o1} CH N>O CQ CH N2O

LPG CzSO CS D D Tier 2 Tier 1 Tier 1
Other kerosene CzSO D D D Tier 1 Tier 1 Tier 1
Heating and Other Gasoill CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- Low Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- HighSulphur CzSO D D D Tier 1 Tier 1 Tier 1
Other Bituminous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke CzSO D D D Tier 1 Tier 1 Tier 1
Brown Coal Briquets CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Wood/Wood waste CzSO D D D Tier 1 Tier 1 Tier 1
Gaseous Biomass CzSO D D D Tier 1 Tier 1 Tier 1

The whole category 1.A.4 includes emissions which are not included in the 1.A.1 and 1.A.2 categories. They

CO, emissions [kt]
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can be generally defineds heat production
processes for internal consumption.

The main driving force foEQ emissions in
category 1.A.4 is energy consumption for
purposes of space heating. The fluctuations in
consumption then can be ascribed to
differences in cold winter periad The trend
of decreasingCQ emissions is a result of
higher standards for new buildings and of

successful execution of energfficiency
oriented modernisations of existing buildings.

The trend has also been supported by shifting

to fuels with lowerCQ emissions (emission
factors). The importance of Solid Fuels at the
beginning of the period constantly decreases

in time. On the other hand, the consumption of Natural Gas increased during the period as well as Biomass
consumption. Liquid Fuels play a mimole in this category.

W Liquid fuels

W Solid fuels Biomass Gaseous fuels

Fig.3-33 Development of C@emissions in source category 1.A.4.¢

CQ emissions produced in category 1.A.4.a represent in2Zf2o of whole 1.A.4, which is 3% ©0
emissions from the Energy sector 1.A.

The 1.A.4.a subcategory includes all combustion sources that utilize heat combustion forghea
production halls and operational buildings in institutions, commercial facilities, services and trade.

In the CzSO Questionnaire (CzSQ2Rahe consumption of the individual kinds of fuels in this sector is
reported in capture Other sectors unddrd item:
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1 Commercial and Public Services
1 Nonspecified (Other)

Last point is included under 1.A.4.a Commercial/Institutional on the basis of an agreement with CzSO.
There are embodied the fuels of economic part according to NACE Rev. 2 Commercial/InatiththiaCE
Divisions 35 excluding 1.A.1.a and 1.A.3.&; 38, 45¢ 99 excluding 1.A.3.e and 1.A.5.a.

Fig.3-33shows that at the beginning of the period in the subsector 1.A.4.a predominatemtiseimption

of fossil fuels, which was coupled with liquid fuels, and gradually substituted primarilyhatitinal gas.
The share of biofuels in this subsector is a minority. The overaidse in fuel consumption is about¥%1
which resulted in a decrease @Q emissions by about B4. Higher decrease in emissions than the one in
the fuel consumption is detenined by the changes in the structure of fuels in favour of natural gas.
Estimates o€Q, CH andN.O emissions from gaseous fuels for 198294 inthe subcategory 1.A.4.a were
revised using interpolation as is described in 2006 IPCC Guidelines ¢halp 15, section 5.3.3).

3.2.17.2Methodological issues (CRF 1.A.4.a)

During processing data for the subsector 1.A.4.a among the used fuels are also included fuels, which are
in the questionnaires of CzSO, listed in section "Transport sector”. The amount ofdbsiséukls is given
inTab.3-47in TJ.

Tab.3-47 Quantities of fuels used in the sector transport in statiary sources

Year 2005 2006 2007 2008 2009 2010 2011 2012
TJlyear 12.7 35.2 33.7 35.9 12.4 125 12.1 12.2
Year 2013 2014 2015 2016 2017 2018 2019 2020
TJlyear 12.0 40.2 38.9 36.9 38.7 27.5 13.2 8.3
Year 2021

TJlyear 11.0

According tothe communication to CzSO, this is a fuel for heating the buildings of the-siated
company Czech Railways and that is why its combustion was situated in the subsector 1.A.4.a. This is the
consumption of bituminous coal and lignite worti21kt per year The amount of these fuels in the total
balance of 1.A.4.a virtually has no effect.

No other sectoispecific methodological issues are applied, the general issues are given in chapter 3.2.4.
3.2.17.3Uncertainties and time -series consistency (CRF 1.A.4.a)

See chpter 3.2.5.

3.2.17.4Category-specific QA/QC and verification (CRF 1.A.4.a)

See chapter 3.2.6.

3.2.17.5Category-specific recalculations (CRF 1.A.4.a)

Based omminor changes of activity data in CzSO, 2d2el consumptions of Solid fuels for tiiear 2020

were recalculaed. See the differences the Tab.3-48. Due to the change of Net Calorific Value in CzSO
2022 for Natural Gas, Gaseous fuels were recalculated for the year 2@2hesSeab.3-49.
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Tab.3-48 Changes afterecalculations for Solid fuels in 1.A.4.a.

Submission 2022 TJ 862.38| Submission 2022 kt 0.01
Submission 2023 TJ 865.88| Submission 2023 kt 0.01
Difference TJ 3.50/| Difference kt 0.00
Submission 2023 % 0.40| Submission 2023 % 0.40
CQemission 2020 NOemisson 2020
Submission 2022 kt 83.27| Submission 2022 kt 0.00
Submission 2023 kt 83.61| Submission 2023 kt 0.00
Difference kt 0.00/| Difference kt 0.00
Submission 2023 % 0.41| Submission 2023 % 0.40

Tab.3-49 Changes afterecalculations forGaseous fuels in 1.A.4.a.

F
«

Submission 2022 TJ 45907.74 Submission 2022 kt 0.23
Submission 2023 TJ 45907.90 Submission 2023 kt 0.23
Difference TJ 0.16/| Difference kt 0.00
Submission 2023 % 0.00| Submission 2023 % 0.00
Submission 2022 kt 2545.42| Submission 2022 kt 0.005
Submission 2023 kt 2545.53| Submission 2023 kt 0.005
Difference kt 0.115) Difference kt 0.000
Submission 2023 % 0.005| Submission 2023 % 0.000

3.2.17.6Category-specific planned improvements (CRF 1.A.4.a)

Currently there are no planned improvements in this category.
3.2.18 Other Sectors 7z Residential (1.A.4.b)

3.2.18.1Category description (CRF 1.A.4.b)

The structure of fuels, their consumption, used emission factorsesmigsions of individual greenhouse
gases are shown in the following outline.

Structure of Fuels Activity (efe) CH N2O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kgN2O/TJ] [kt]
LPG 2113.49 65.86%) 1 139.19 5 0.01 0.1 0.0002
Other Bituminous Coal 6 080.04 93.76*) 0.9707*) 553.38 300 1.82 1.5 0.0091
Brown Coal + Lignite 20 058.03 96.32*) 0.9846*) 1902.25 300 6.02 1.5 0.0301
Coke 477.23 107.00 1 51.06 300 0.14 1.5 0.0007
Brown Coal Briquets 3742.30 97.50 0.9846%) 359.25 300 1.12 1.5 0.0056
Natural Gas 87 350.47  55.44%) 1  4842.48 5 0.44 0.1 0.0087
Wood/Wood Waste 95 977.57 112.00 1 10749.49 300 28.79 4  0.3839
Charcoal 522.77 112.00 1 58.55 200 0.10 1  0.0005
Total year 2021 119 821.56 7 847.61 38.45 0.4389
Total year 2020 110 763.53 7 361.82 35.59 0.3994|
Index 2021/2020 1.08 1.07 1.08 1.10
Total year 1990 208 699.35 18 374.86 60.62 0.4149
Index 2021/1990 0.57 0.43 0.63 1.06

“) Country specific data
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The origin of the data, the emission factors used and the method of calculating the level of emissions for
the individual gases are shown in details in the following outline.

Structure of Fuels Source for Emission factors Method used
Activity data CQ CH N2O CQ CH N2O

LPG CzSO CS D D Tier 2 Tier 1 Tier 1
Other Bituminous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke CzSO D D D Tier 1 Tier 1 Tier 1
Brown CoaBriquets CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1
Charcoal FAOSTAT D D D Tier 1 Tier 1 Tier 1

Fuel consumption in households is determined
on the basis of the results of the statistical study
G9ySNBE O2yadzYLIiA2y
published in 1997 and 2004 by the Czech
Statistical  Office  accomlg to the
PHARE/EUROSTAT method.

CO, emissions [kt]

In the CzSO Questionnaire (CzS@2R0the
consumption of the individual kinds of fuels in
this sector is reported in capture Other Sector
under the item: Residential
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Fig.3-34 Development of C@emissions in source category 1.A.

The fraction of CQ emissions in subsector
1.A.4.b inCQ emissions in sector 1.A.4 equalle8% in 2@2. It contributed9% toCQ emissions in the
whole Energy sector 1.A.

At the beginning of the period, a majority of households in the Czech Republic used coal as a heating fuel
(mainly brown coal + ligniteY-his habit has changed over time and Natural Gas began to be used more
than Solid Fuels. The same trend appears in the institutional sphere. The number of households using
biomass for heating (biomass boilers) in the Czech Republic has increased st tee fgears. This trend

is also apparent in thEig.3-34.

The graph shows that at the beginning of the period in the subsector 1.A.4.b dominatsaneption of

fossil fuels, which have been gradually substituted primarily by natural gas, but also biofuels (in the case
of households, it is mainly firewood). The share of liquid fuels (LPG) is negligible. Small annual fluctuations
in fuel consumption arg¢o be attributed to the average annual temperatures. Throughout the sector
Residential, a slight decrease can be observed in fuel consumption, which was affected by the replacement
of old boilers with more modern with higher efficiency and most importahbtlilding insulations, which is
controlled by the national programs "Green Savings". Increasing share of biomass has a positive effect on
reducingCQ emissions, which are included in total greenhouse gas emissitiestotal fuel consumption
declines irthis subsector about6%,CQ emissions from theombustion of fossil fuels decreased by about

57%.

3.2.18.2Methodological issues (CRF 1.A.4.b)
No specific methodological approaches were appligdneral approaches are given in section 3.2.4.
3.2.18.3Uncertainties and ti me-series consistency (CRF 1.A.4.b)

See chapter 3.2.5.
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3.2.18.4Category-specific QA/QC and verification (CRF 1.A.4.b)
See chapter 3.2.6.
3.2.18.5Category-specific recalculations (CRF 1.A.4.b)

Due to the change of Net Calorific Value in CzSO 2022 for Natural Gas, Gaseous fuels were recalculated for
the year 2020, see th€ab.3-50.

Tab.3-50 Changes after recalculation in 1.A.4.b f@aseous fuels

%

Submission 2022 TJ 77884.73 Submission 2022 kt 0.39
Submission 2023 TJ 77885.01) Submission 2023 kt 0.39
Difference TJ 0.27/| Difference kt 0.00
Submission 2023 % 0.00| Submission 2023 % 0.00
CQemission 2020 NOemisson 2020
Submission 2022 kt 4318.42| Submission 2022 kt 0.01
Submission 2023 kt 431862 | Submission 2023 kt 0.01
Difference kt 0.19/| Difference kt 0.00
Submission 2023 % 0.005 | Submission 2023 % 0.00

3.2.18.6Category-specific planned improvements (CRF 1.A.4.b)

Currently there are no planned improvements in this category.

3.2.19 Other Sectors z Agriculture/Forestry/Fishing  (1.A.4.c)

The subsector is further dividedto:
1 Stationary sourceg 1.A.4.c.i

1 Off-road Vehicles and Other Machineryl.A.4.c.ii

The structure of the fuels throughout the subsector 1.A.4.c, their consumption, used emission factors and

emissions of individual greenhouse gases are shown in tlwioly outline.

Structure of Fuels Activity CQ CH N>O

data EF OxF  Emission EF Emission EF Emission

[TJ] [t CQ/TJ] [kt] [kg CH/TJ] [kt] [kg N2O/TJ] [kt]
LPG 321.62 65.86*) 1 21.18 5 0.00161 0.1 0.00003
Gasoline 325.26 69.30 1 22.54 15.38 0.00500 0.8 0.00027
Diesel Ol 13441.11 74.10 1 995.99 1.33 0.01783 3.1 0.04123
Fuel Oil- Low Sulphur 79.00 77.40 1 6.11 10 0.00079 0.6 0.00005
Fuel Oil- High Sulphur 158.00 77.40 1 12.23 10 0.00158 0.6 0.00009
Other Bituminous Coal 18.84 93.92*%) 0.9707%) 1.72 300 0.00565 1.5 0.00003
Brown Coal + Lignite 250.19 96.90*) 0.9846%) 23.87 300 0.07506 1.5 0.00038
Coke 7.12 107.00 1 0.76 300 0.00214 1.5 0.00001
Brown Coal Briquets 7.40 97.50 0.9846%) 0.71 300 0.00222 1.5 0.00001
Natural Gas 2223.80 55.45%) 1 123.28 5 0.01112 0.1 0.00022
Wood/Wood Waste 394.85 112.00 1 44.22 300 0.11846 4 0.00158
Gaseous Biomass 5 335.50 54.60 1 291.32 5 0.02668 0.1 0.00053
Total year 2021 16 832.34 1208.39 0.26813 0.04443
Total year 2020 17 127.57 1223.98 0.23947 0.04430|
Index 2021/2020 0.98 0.99 1.12 1.00
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Structure of Fuels ' Activity ' CQ ' CH N>O
data EF OxF Emission EF Emission EF Emission
[TJ] [t CQ/TI] [kt] [kg CH/TJ] [kt] [kg N2O/TJ] [kt]
Total year 1990 46 022.87 3671.66 5.47293 0.07847
Index 2021/1990 0.37 0.33 0.05 0.57

) Country specific data

The high emission d@H in 1990 is mainly due to the high consumption of other bituminous coal and
lignite in the early periods, that have high emission factors (300DH(J J) compared to other fuels. At the
end of the period there was a significant decrease in the consumpfigolid fossil fuels.

The origin of the data, the emission factors used and the method of calculating the level of emissions for
each gas is detailed in the following outline.

Structure of Fuels Source for Emission factors Method used
Activity data CQ CH N.O CQ CH N2O

LPG CzSO CS D D Tier 2 Tier 1 Tier 1
Gasoline CzSO D D D Tier 1 Tier 1 Tier 1
Diesel Oil CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- Low Sulphur CzSO D D D Tier 1 Tier 1 Tier 1
Fuel Oil- HighSulphur CzSO D D D Tier 1 Tierl Tier 1
Other Bituminous Coal CzSO CS D D Tier 2 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Coke CzSO D D D Tier 1 Tier 1 Tier 1
Brown Coal Briquets CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO CS D D Tier 2 Tier 1 Tierl
Wood/Wood Waste CzSO D D D Tier 1 Tier 1 Tier 1
Gaseous Biomass CzSO D D D Tier 1 Tier 1 Tier 1

This subcategory includes botombustion at
stationary sources for heating buildings,
breeding and cultivation halls and other
operational facilities. These are areas from the
agriculture (crop and livestock production),
forest and fishing. In rural areas is also about
the very energyintensive operations, such as
greenhouses, drying grain and hops.

CO0, emissions [kt]

In accordance with the IPCC 2006 Gl., data on
fuel consumption and emission data are
divided into two subcategories, as mentioned
Fig.3-35Development of C@emissions in source category 1.A.4 ghove. In rural areas is mainly about fuel

consumption for @&nd cultivation and
harvesting mechanisms, in forestry are mainly mining mechanisms. The fishing area has minor importance
in the Czech Republic and is concentrated almost exclusively on fish farming.

Gaseous fuels W Solid fuels Biomass M Liquid fuels

In the CzSO Questionnaire (CzSQZRGhe consumptiorof the individual kinds of fuels in this sector is
reported in capture Industry Sector under the item:

1 Agriculture/Forestry
1 Fishing
The distribution of fuels is done according to their naturaotor fuels are allocated to the subcategory

1.A.4.c.ii, albther fuels-into subcategory 1.A.4.c.i. This division is subsequently agreed annually with the
CzSO0 during mutual consultation.
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There are embodied the fuels of economic part according to NACE Rev. 2 Agriculture/Forestry/Fisheries:
NACE Divisions @103.

The fraction ofCQ emissions in subsector 1.A.4.cA® emissions in sector 1.A.4 equall&@ in 202.
It contributed 2% taCQ emissions in the whole Energy sector.

2500

Development of fuel consumption and the
corresponding CQ emissions throughout the
subcategory 1.A.4.c are visible Big.3-35.

2000

1500

From the graph orfFig.3-35 is evident, that the
stake in the entire subsector and in the overall
periodis for the liquid fuel (as it will be shown later,
it is mainly about propellant fuel). At the beginning
of the period a significant share is for the fossil
els  uBiomass W Liquid fuels fuels, but their consumption during the entire
Fig. 3-36 Development of C@ emissionsin source categor _penc_)d_ declines due 'FO the c_ar?CEIatlon of the
LAS.CI inefficient ways of heating of buildings and process
plants. Biofuels are increasingly used until the end

CO, emissions [kt]

of the period.

In charton Fig.3-36is shown the fuel consumption
and the correspondingCQ emissions of only
stationary sources and in the following gragg
3-37) are represented the consumption of fuels
and the correspondingcQ emissionsin off-road
transportation and other mechanisms in the
agriculture, forestry and fisheries.

CO,, emissions [kt]

In the stationary souwres decreased decisively
ool - Dresel O consumption of fossil solid and liquid fuels. The
role of natural gas throughout the period was
virtually stable and at the end of the period is
evident an increased use of biofuels, especially
biogas, produced in the biogas stat®) built on individual agricultural farms.

Fig. 3-37 Development of C@ emissions in source categc
1.A4.c.ii

To the mobile sources and other mechanisms are to a large extent attributed the consumption of diesel
fuels, motor gasoline has minor importance, other fuels are virtually absent. During the period, a
noticeabledecrease in fuel consumption roughly in the first half of the period is observed, which was
caused by higher technical level of engines and especially a decline in demand in all subsectors for
agricultural products.

3.2.19.1Methodological issues (CRF 1.A.4.c)

Thebasic requirement for processing fuel consumption from mobile sources is their division between
subsectors 1.A.3 Transport, 1.A.4.c.ii-ffid vehicles and other machinery and 1.A.5 Other. This
distribution is done in coordination with CDV. The aim i¢ timafuel is included in the balance twice, nor
that any fuel is omitted. Therefore, the following distribution is performed:

Motor fuels, which are consumed in the subsector 1.A.4.c.ii are used only fayaaffvehicles and other
mechanisms.

Motor fuels,which are consumed in the subsector 1.A.5 are allocated to 1.A.3. This is the fuel consumption
of the army (transport on and off road, kerosene jet fuel consumption for air transport), and consumption
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in the fields of construction, extraction of fuels amiherals, industry (only areal transport). Furthermore,
the consumption of motor fuels for mobile sources in the public sector (ambulance, fire brigade, etc.),
both on and off roads as well as the consumption of aviation fuel are included here.

Based on or improvementsCH and N.O emission for the categories 1.A.4.c.ii were recalculafEllis

need arised because the emission factors has not been updated for many ydach, thus cause
inaccurate reporting of emission$he aim was to unify the emissiactors with the emission factors use

in 1.A.3 for this type of fuels. Howevéaking over the EFs determined always for the year in which the
inventory is taken is currently, due to the time available for calculating the produced emissions, unfeasible
Time series analyzes have been performed, which show that the 4yeae moving average will replicate

the emission factors used well

3.2.19.2Uncertainties and time -series consistency (CRF 1.A.4.c)
See chapter 3.2.5.

3.2.19.3Category-specific QA/QC and verification (CRF1.A.4.c)

QA/QC procedures in this subsector must be coordinated with CDV. KONEKO, as the company responsible
for processing the entire sector 1.A, performs before each submission distribution of motor fuels between
the various subsectors 1.A.3, 1.A.5 and.4.c.ii. Simultaneously, after processing the data part of the
submission, checks whether the predetermined distribution of fuel was properly applied and if it is
necessary proposes corrections in order to avoid double counting of fuels, or their amissio

Other QA/QC and verificatiorsee section 3.2.6.

3.2.19.4Category-specific recalculations (CRF 1.A.4.c)

Based on changes A€tivity data in CzSO, 2BXuel consumptions of Solid fuels for the ye@016- 2020
were recalculaed. See the differences in tabl@b.3-51 below. Due to the change of Net Calorific Value
in CzSO 2022 for Natural Gas, Gaseous fuels were recalculated for the year 2020 Tsbe3the.

Furthermore, based on our improvemen@H and N>O emission for the categories 1.A.4.c.ii were
recalculated This recalculation was done for the whole time series and affected ©Hlyand N,O
emission see therab.3-53.

Tab.3-51 Changes after recalculation in 1.Acfor Solid fuels

Submission 2022 TJ 77884.73 Submission 2022 kt 0.39

Submission 2023 TJ 77885.01) Submission 2023 kt 0.39

Difference TJ 0.27/| Difference kt 0.00
Submission 2023 % 0.00| Submission 2023 % 0.00
e e S ——|
‘Submission 2022 ~ kt  4318.42 Submission2022 k0.0l
Submission 2023 kt 431862 | Submission 2023 kt 0.01

Difference kt 0.19/| Difference kt 0.00
Submission 2023 % 0.005 | Submission 2023 % 0.00

Tab.3-52 Changes after recalculation in 1.Acfor Gaseous fuels

Submission 2022 TJ 77884.73 Submission 2022 kt 0.39
Submission 2023 TJ 77885.01 Submission 2023 kt 0.39
Difference TJ 0.27| Difference kt 0.00
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Submission 2023 % 0.00| Submission 2023 % 0.00
Submission 2022 kt 4318.42| Submission 2022 kt 0.01
Submission 2023 kt 431862 | Submission 2023 kt 0.01
Difference kt 0.19 Difference kt 0.00
Submission 2023 % 0.005| Submission 2023 % 0.00

Tab.3-53 Changes after recalculation in 1.Aclii for CH and N,O emission

Submission 2022 TJ 0.12 0.12 0.12 012 011 010 010 0.09 0.09 0.08 0.12 0.11
Submission 2023  TJ 019 019 019 019 018 0.17 0.17 0.16 0.16 0.15 0.15 0.14
Difference TJ 0.0 0.07r 0.07r 0.0 007 0.07 0.07 0.07 0.07 0.07 003 0.03
Submission 2023 %  35.72 36.78 37.49 36.60 37.66 40.83 42.30 43.26 44.30 44.95 22.34 21.92

Submission 2022 kt 005 006 006 006 006 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Submission 2023 kt 005 005 005 005 005 005 0.05 0.04 0.04 0.04 0.04 0.03
Difference kt 0.00 0.00 0.00 -001 -001 -0.01 -0.01 -0.01 -0.02 -0.02 -0.03 -0.03
Submission 2023 %  -6.21 -7.70 -8.76 -10.75 -15.57 -11.45 -16.03 -25.42 -38.83 -51.73 -70.92 -103.48

Submission 2022 kt 0.10 ©0.09 0.09 0.08 0.08 0.07 0.08 0.08 0.08 0.08 0.08 0.08
Submission 2023 kt 0.13 0.12 012 012 012 011 010 0.08 0.07 0.07 0.06 0.05
Difference kt 2525 29.04 31.40 32.12 33.60 32.33 2395 10.46 -2.35 -12.29 -25.05 -39.80
Submission 2023 % -131.53 -173.35 -231.21 -295.58 -318.82 -332.00 -332.03 -294.87 -252.54 -205.22 -171.54 -141.13

Submission 2022 kt 0.06 0.06 0.07r 0.07v 007 0.07 0.07 0.07 0.07 0.07 008 0.08
Submission 2023 kt 003 003 002 002 002 002 002 0.02 002 0.03 003 0.03
Difference kt -0.03 -0.04 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.04
Submission 2023 % -115.82 -137.34 -183.21 -234.64 -241.51 -269.04 -281.05 -249.45 -216.45 -186.49 -155.58 -128.51

Submission 2022 kt 0.08 0.08 0.08 0.07 008 0.08 0.08
Submission 2023 kt 005 004 004 003 003 0.03 0.03
Difference kt -0.03 -0.03 -0.04 -0.04 -0.05 -0.05 -0.05
Submission 2023 % -60.06 -84.18 -112.21 -148.46 -175.76 -179.52 -200.56

Submission 2022 kt 0.07 0.07 0.07 0.07r 0.07 0.08 0.07
Submission 2023 kt 0.03 0.04 0.04 004 004 0.04 0.04
Difference kt -0.04 -0.04 -0.04 -0.03 -0.03 -0.03 -0.03
Submission 2023 % -116.75 -103.51 -95.72 -92.54 -85.09 -84.29 -76.33

3.2.19.5Category-specific planned improvements (CRF 1.A.4.c)

Currently there are no planned improvements in this category.

3.2.20 Other (1.A.5)

The subsector is further divided into:

Stationary sourceg 1.A.5.a (Non specified stationary; Emissions from ¢oehbustion in stationary
sources that are not specified elsewhere)

=

=

Mobile sourceg 1.A.5.b (Non specified mobile; Mobile Emissions from vehicles and other machinery,
marine and aviation (not included in 1.A.4.c.ii or elsewhere). Includes emissions febutefivered

for aviation and wateiborne navigation to the country's military as well as fuel delivered within that
country but used by the militaries of other countries that are not engaged in.)
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The structure of fuels throughout the subsector 1.A.5. thmnsumption, used emission factors and
emissions of individual greenhouse gases are shown in the following outline.

Structure of Fuels Activity CQO CH N>O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CO/TI] [kt] [kg CH/TJ] [kt] [kg NoO TJ] [kt]
Gasoline 325.26 69.30 1 22.54 15.38*)  0.00500 0.84*)  0.00027
Kerosene Jet Fuel 1948.50 7150 1 139.32 4.94*)  0.00963 1.98%)  0.00385
Diesel Oil 2 074.51 7410 1 153.72 1.33*)  0.00275 3.03*)  0.00629
Total year 2021 4 348.27 315.58 0.01738 0.01041
Total year 2020 4013.68 311.78 0.01554 0.01049
Index 2021/2020 1.08 1.01 1.12 0.99
Total year 1990 2 591.59 192.04 0.02274 0.00658
Index 2021/1990 1.68 1.64 0.76 1.58

“) Country specific data

The origin of the data, the emission factors used and the method of calculating the level of emissions for
each gas is detailed in the following outline.

Structure of Fuels Source of Emission factors Method used
Activity data CcQ CH N2O CcQ CH N2O
Gasoline CzSO D CS CS Tier 1 Tier 2 Tier 2
Kerosene Jet Fuel CzSO D CS CS Tier 1 Tier 2 Tier 2
Diesel Oil CzSO D CS CS Tier 1 Tier 2 Tier 2

Given that all stationary sources have been reported in subsectors 1.A.1., andl21.A.4., in this
subsector (starting with this submission) will be reported only mobile sources, which were not disclosed
in the subsectors 1.A.3. and 1.A.4.c.

In accordance with the IPCC 2006 Gl., the subsector 1.A.5.b. is subdivided into:
1 1.A.5.b.ic Mobile (aviation component)
1 1.A.5.b.iiig Mobile (other)
In the subsector 1.A.5.b.i is reported fuel consumption and corresponding emissions of greenhouse gases

from aviation, besides the public air transport. This is primarily the consumption of aviagtmin the
army, in state institutions (aerial vehicles from Integrated Rescue System) or private air transport.

Subsector 1.A.5.b.ii isot exploited in the

igg """""""""""""""""" submission of the Czech Republic, especially as it
400 koo _____A___. relates to maritime transport which is not
e present in the Czech Republic.
& 30 F----------------- - =
v 250 === ———— — T .
S o0 oo Subsector 1.A.5.b.iii is used for the reporting of
£ 150 all remaining fuels (and greenhouse gases) that
& 1;’3 have not ben reported elsewhere; it is mainly
¢ the consumption of motor fuels for ground
e e e ey vehicles in the military and in governmental
CSREPNWAENONOLSRENWANONOLOSRNWAUNONRNWLOR . . .
institutions ~ (Integrated  Rescue  System).
prealol | Crenesdne i Furthermore, it includes the consumption in the

Fig.3-38 Development of C@emissions in source category 1.A.E  fields of construction, mining of fuels and
minerals, industry (only areal transport).
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The fraction ofCQ emissions in subsector 1.A.5 inZA0contributed 0.4% taCQ emissions in the whole
Energy sector 1.A.

Development of fuel consumption and the correspondid® emissions throughout the subcajery
1.A.5.b. are seen iRig.3-38. Data of Kerosene Jet Fuel and Gasoline before 1998 are not available in
sufficient details. Shares of fuels and copasding emissions before 1998 are reported in the sector 1.A.3.
Transport.

The graph offrig.3-38 shows that a decisive proportion has diesel oil, ano#ignificant share is appertain
to kerosene jet fuel (mainly army), the proportion of gasoline is minor.

3.2.20.1Methodological issues (CRF 1.A.5.b)

The basic requirement for processing fuel consumption by mobile sources is their division between
subsectors 1.A.3r@nsport and 1.A.4.c.ii and 1.A.5. This distribution is carried out in coordination with
CDV. The aim is to ensure that no fuel is included in the balance twice and that no fuel is omitted.
Therefore, the following distribution was performed:

Motor fuels which are consumed in subsector 1.A.4.c.ii are used only famatf vehicles and other
mechanisms in the agricultural sector, forestry and fisheries.

Subsector 1.A.5.b.i reports fuels from aviation, which have been reallocated from consumption in 1.A.3
since 1998. This corresponds to the consumption of kerosene jet fuel by the army and aviation in state
organizations (aerial rescue equipment). Subsector 1.A.5.b.iii reports motor fuels for ground transport
systems, which have been reallocated from consumpiin 1.A.3 since 1990. This corresponds to the
consumption of motor fuels for mobile sources by the army and the public sector (ambulance, fire brigade,
etc.), both on and off road.

Based on our improvementsH and N.O emission for the categories 15\were recalculatedThis need
arised because the emission factors has not been updated for many ydach thus cause inaccurate
reporting of emissionsThe aim was to unify the emission factors with the emission factors use in 1.A.3 for
this type of fudés. Howevertaking over the EFs determined always for the year in which the inventory is
taken is currently, due to the time available for calculating the produced emissions, unfe@sideseries
analyzes have been performed, which show that the thyear moving average will replicate the emission
factors used well

3.2.20.2Uncertainties and time -series consistency (CRF 1.A.5.b)

See chapter 3.2.5.

3.2.20.3Category-specific QA/QC and verification (CRF 1.A.5.b)

QA/QC procedures in this subsector must be coordinated @Gi2V. KONEKO, as the company responsible
for processing the entire sector 1.A, evaluates the distribution of motor fuels among the various subsectors
1.A.3, 1.A.5 and 1.A.4.c.ii before each submission. Simultaneously, after processing the data pdr&on of t
submission, it checks whether the predetermined distribution of fuels was properly applied and, if
necessary, proposes corrections in order to avoid double counting of fuels or their omission.

Other QA/QC and verificatiorsee section 3.2.6.
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3.2.20.4Category-specific recalculations (CRF 1.A.5.b)

Based on our improvement€H and N>O emission for the categories 15Awere recalculated This
recalculation was done for the whole time series and affected Qillyand N,O emission see theTab.
3-54.

Tab.3-54 Changes after recalculation in 13bfor CH and N,O emission

Submission 2022 TJ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Submission 2023 TJ 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.02 0.02
Difference TJ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Submission 2023 % 40.68 43.41 43.20 4235 43.68 4399 4443 4491 43.64 4480 22.08

Submission 2022 kt 0.01 001 001 o0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Submission 2023 kt 0.01 001 001 o0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Difference kt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Submission 2023 % 3.67 5.50 3.54 178 055 -150 -5.93 -12.23 -43.58 -57.06 -76.55

Submission 2022 TJ 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.03 0.04
Submission 2023 TJ 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.03
Difference TJ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01 -0.01
Submission 2023 % 2194 -255 10.09 9.42 9.45 1659 225 -3.34 -19.19 -23.83 -49.71

Submission 2022 kt 0.01 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.03 0.03 0.04
Submission 2023 kt 0.00 0.01 001 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01
Difference kt 0.00 -0.02 -002 -002 -0.02 -0.02 -003 -0.03 -0.03 -0.02 -0.03
Submission 2023 % -107.53 -250.62 -267.71 -306.32 -376.74 -407.87 -426.78 -422.93 -426.36 -394.10 -362.54

Submission 2022 kt 0.03 0.03 0.03 0.04 0.04  0.05 0.03 0.03 0.04
Submission 2023 kt 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02
Difference kt -0.01 -001 -001 -0.02 -0.02 -0.03 -0.02 -0.02 -0.02
Submission 2023 % -36.88 -43.76 -54.19 -91.45 -109.47 -136.52 -119.97 -119.17 -141.88

Submission 2022 kt 0.03 0.03 0.03 0.04 0.04  0.05 0.03 0.03 0.03
Submission 2023 kt 0.01 0.01 001 o0.01 0.01 0.01 0.01 0.01 0.01
Difference kt -0.02 -0.02 -0.02 -0.03 -0.03 -0.03 -0.02 -0.02 -0.02
Submission 2023 %  -311.05 -267.94 -242.96 -226.55 -221.53 -224.24 -201.19 -187.08 -217.18

3.2.20.5Category-specific planned improvements (CRF 1.A.5.b)

Currently there are no planned improvements in this category.
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3.3 Fugitive emissions from solid fuels and oil and natural gas and other

emissions from energy production (CRF 1.B)
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Fig.3-39 GHG emissions trends from Fugitive emissions from fuels [kt/year]

The current inventory includeSH emissions for the following categories:
1 1.B.1 Solid fuels
1 1.B.2 Oiand Natural Gas

In 1.B Fugitive Emissions from Fuels category, especially 1.B.1.a Coal Mining and Handling was evaluated
as a key categonfab.3-1). Caegory 1.B.2 also was identified as a key category by the latest assessment,
but only in one from the four tests (LA). Moreover, identifiers placed this category just over the borderline

between key and noikey categories.

Mining, treatment
and all handling of
fossil fuels are
sources of fugitive
emissions. In the
Czech RepublicCH
emissions from
underground mining
of Hard Coal are
significant, while
emissions from
surface mining of
Brown Coal, Oil and
Gas production,
transmission, storage
and distribution are
less important.

Development of individual emissisf greenhouse gases in sector 1.B is shown on the grapitgs3-39.
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Fig.3-40 The share of individual GHG emissions from  visible fromFig.3-40.
total emissions, expressed as ¢€x. (1.B.)

Sector 1.B is dominated by methane emissions from
subcategory 1.B.L.Solid fuels, while emissiorisom
sector 1.B.2.- Oil and Natural gas represents on
average20% of the totalemissions.CQ emissions
arise primarily in subcategory 1.B-Bolid fuelsN,O
emissions originate only from the subsector 1.B2.a
Oil and there are insignificant.

The importance of individual greenhouse gases from
the total emissions expressed a€£Q equivalent, is

From the graphs ofig.3-39 andFig.3-40is also clear

that during the period occurred a significant decrease in GHG emissions across category 1.B. As it is shown

below, the decrease was mainly due to a decrease in subcategory 138lid fuels, in which vital source
of emissions is underground mining of hard coal. F&12€he decrease of total GHG emission80%o

compared to the 1990 level.
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3.3.1 Solid Fuels (CRF 1.B.1)

The category is further divided into the following subcategodaecording to IPCC 2006 Gl.:
1 1.B.1.a Coal mining and handling
o 1.B.1.a.1 Underground mines
0 1.B.1.al.i Mining
U 1.B.1.a.l.ii Pognining seam gas emissions
0 1.B.l1.a.l.ii Abandoned underground mines
o 1.B.1.a.2 Surface mines
i 1.B.1.a.2.i Mining
U 1.B.1.a.2ii Postmining seam gas emissions

T 1.B.1.b Solid fuel transformation
9 1.B.1.c Other

3.3.1.1 Category description (CRF 1.B.1)

The structure of the sector, corresponding activity data, used emission factors and emissions of individual
greenhouse gases are showrtfie following outline.

Activity CH CQ N2O
Structure of sector data EF Emission EF  Emission EF Emission
[Ggl [kgCH/] [k [tCQoi] [k  [kgNOt]  [ki]
1B.1l.a Coal mining/handl. 31.54 71.03 22.7 51.25 NO
1B.1l.a.l Undergroundmines 2.26 29.83 22.7 51.25 NA
1.B.1l.a.l.i Mining 8.122 18.36 22.7 51.25 NA NA
1.B.1.a.lii Postmining activ. 1.675 3.79 NA NE NA NA
1.B.1.a.1.iii Abandoned mines +) 3.69 NE NA NA
1B.l.a.2 Surface mines 29.28 41.20 NE NA
1.B.1.a.2. Mining 1.340 39.23 NA NE NA NA
1.B.1.a.2.i Postmining activ. 0.067 1.96 NA NE NA NA
1.B.1.b Solid fuel transformation  0.01 30 0.18 NA NE NA NA
Total year 202 67.21 iL.25 NA
Total year 2@0 67.45 49.89 NA
Index 202/2020 1.00 1.03 NA
Total year 1990 435.05 456.24 NA
Index 202/1990 0.15 0.11 NA

+) Methodology and emission factors are explained in 3.3.1.2.

The origin othe data, the emission factors used and the method of calculating the level of emissions for
each gas is shown in detail in the following outline.

Structure of sector Source of Emission factors Method used
Activity data ~ CH, cQ N.O CH CcQ N.O

1B.la Coal mining/handl. CzSO Tier 22 Tier 22 -
1B.lal Underground mines CzSO Tier 22 Tier 22 -
1.B.1.a.1l.i Mining CzSO CS CS NA Tier 2 Tier 2 -
1.B.1.a.1l.ii Postmining actvity CzSO D D NA Tier 1 Tier 1 -
1.B.1.a.l.iii Abandonedmines various) D D NA Tier 1 Tier 1 -
1.B.1.a.2 Surface mines CzSO Tier 1 Tier 1 -
1.B.1.a.2.i Mining CzSO D D NA Tier 1 Tier 1 -
1.B.1.a.2.ii Postmining actiity CzSO D D NA Tier 1 Tier 1 -
1.B.1.b Solid fuel transformation FAOSTAT D D NA Tier 1 Tier 1 -

+) Methodology and emission factors are explained in 3.3.1.2.
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The source category 1.B.1 Solid Fuels consists of thregsaulyce categories: source category 1B.1.a Coal
mining and Handling, source category 1.B.1.b Coal transformation and smategmry 1.B.1.c Other.

The main processoal mining andhandling emits 99 % of methane emissions from the category $&id

Fuels category is underground mining of Hard Coal in the OstdvaNJ3A y+ | NBIF & | £ S&aSN

Brown Coal mining by surface methods and puosgting treatment of Hard and Bwen Coal. Coal mining
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(especially Hard Coal mining) is accompanied by an
occurrence of methane. Methane, as a product of the
coalformation process, is physically bonded to the
coal mass or is present as the free gas in pores and
cracks in the coal and ihé¢ surrounding rocks.

Besides methane, during mining of coal mass a
certain amount of carbon dioxide is released, that
accompanies methane in the firedampCQ is

reported only for the underground mining of hard
coal, for surface mining of lignite emissiéactor is
not available.

Fig.3-41 The trend of GHG emissions and the relations

between emissions of Cand CH (1.8.1) The proportion of subcategory 1.B.2 Solid fuel

transformation in the total emissions of greenhouse gases is quite minor. Subcategory 1®Hec is
not used, because for reporting the previous subcategories are used.

The grph onFig.3-41shows the time trend of total emissions of greenhouse gases in the entire subsector
1.B.1.The chart also demonstrates the share @f)} emissions in the total GHG emissions, which on
average makes aboW%. The contribution of the individual subsectors to the total emission€f
depending on the volume of mining from underground mines (hard coal) and surface mines (lignite) in
categoy 1.B.1 is shown on the graphFig.3-42.

The Czech Republic has historically mined and is still mining large volumes of lignite, primarilyggr ener
purposes. Hard coal is used for energy purposes, as well as for the production of metallurgical coke.
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Fig.3-42 The ratio of methane emissions from Underground mines and Surface mines and the correspt
development of mining of Hard Coal and Lignite (1.B.1)

Hard coal mining, although its volume is about 9 % of the total volume, is accompanied by considerably
more significanCH emissions than mining afhite.

3.3.1.1.1 Coal Mining and Handling (CRF 1.B.1.a)

In the Czech Republic, mainly Hard Coal is mined in underground mines (i.e. Hard Coal: Coking Coal and
Bituminous Coal). Currently, underground mines are in operation in the Ostrav&NJ3A Yyt  O2 | f YA Y A
In the end of year 2016, the part of Ostra¥Yar NWA Yyt O2Ff YAYAy3a | NBF 41 a
decreasing of amount of mined Hard Coal and emissions. In the past, Hard Coal was also mined in the
vicinity of the city of Kladno. These mines were close@003. Brown Coal was mined in only one
underground mine in the Northern Bohemia. This mine was closed in 2016. Emissions from this mine used

to be reported together with surface mining of Brown Cohlgnite in subcategory 1.B.1.a.2 Surface Mines
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until the last submission. However, a recalculation was made and the data from underground mining of
brown coal in the Northern Bohemia were added to the 1.B.1.a.1 Underground Mines. The am@iit of
emissions from brown coal underground mine in the Northern Bolaecontribute about 6 % of average

to the CH emissions of hard coal underground mines.

Data for mining of various types of coal are taken from the CzSO report for the IEA/EUROSTAT (the report
CZECH_COAL.xIs). For control purposes are used data framirthies yearbooks issued by the State
Mining Administration and the Employers' Association of Mining and Oil Industries.

Underground Mines (CRF 1.B.1.a.1)

In underground Hard Coal miningkH is released from the coal mass and from the surrounding rocks into
the mine air and must be removed to the surface to prevent formation of dangerous concentrations in the
mine.

Underground Mining Activities (1.B.1.a.1.i)

Hardcoal mining is the principaource of fugitive emissions @H. The mine ventilation must be
regulated according to the amounts of gas released to keep its concentration on safe level. At the end of
MppnQa YAYS 3IlLa NBY2@If &aeaidsSvya 6SNB he OsirdlBcRdzOS R
Y | NJJ A yniningGaged, Which permitted separate exhaustion of partial methane released in the mining
activity in the mixture containing the mine air. The total amount of methane emitted can be balanced
quite accurately from the methane cosatrations in the mine air and their total annual volume.

PostMining Activities (1.B.1.a.1.ii)

The activity data are the same as in category 1.B.1.a.1.i Mining Activities. It is assumed that the entire
mined volume undergoes manipulation during which desil methane is released.

Abandoned underground mines (1.B.1.a.1.iii)

Abandoned underground mines in the Czédpublic are located in Kladno Basin (near Kladno, 30 km
northwest of Prague), in the Ostra¥aarvina coalfield OKR (North Moravia) and mine Hknoor

60/ SYGdNHzyo Of2aS (G2 52fyN WAnN] 2 & methanebetidslpris are 2 K S Y
relevant only abandoned mines in OKR. Coal mining in the Kladno Basin was terminated in 2002. In these
mines methane was absent, so the methane eioiss estimate is made only from OKR mines.

¢2 3ASU Y2NB AYF2NXIOGA2Y | o62dzi [ oFyR2YSR YAYySa A
contacted. Based on our request we received an official answer about this issue. Mining of coal was shut
down in 2002and within the mining period the mines were liquidated. Currently the major of all
abandoned underground mines are disposed of in accordance with mining legislation. Basically it means
that mines were filled with backfill material and the mine is closga@Ispecial mining cover. This method

reliably eliminatesCQ and CH emissions, which is also controlled by portable detection device. More
information are stated in the official letter, which can pevided upon request

In the OstraveKarvina coalfiel coal has been extracted for more than two hundred years. Crucial decline
of mining in this area started in 1991, but the closure of mines occurred in the 20s of the 20th century.

Ostrava mines have always been significant sources of coal seam gas tmchsnof mine safety
regulations they were categorized under the mines with greatest threat of occurrence of methane.
Methane is observed more than 100 years and reached its peak in the sixties when was the maximum in
mining in Ostrava. At that time, exeded the daily amount of gas is 500 thousand.Ghi. The gas was
discharged from the mines using ventilation with 17 air pits and mine degassing. Amount on the gas in
abandoned mines today, after the destruction of almost all pits, is stabilized at adutidousand. ri
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CH per day. Based on the amount of methane escaped in recent years and using the international
experience, can be forecasted that the gas will continue to be released from the underground spaces in
Ostrava for a number of years.

Parts ofabandoned mines hav€H recovery systems. There is company, which has established mining
areas for mining of firdlamp in Ostrav&¥ I NJDA Yyt | NBF ® Ly (GKS FolyR2YySR Y)
devices and firedamp stations. Firedamp arises from abandlan@ing pits and surface boreholes into
abandoned areas. Mined firedamp is used at the place of mining in autonomous cogeneration units
(aggregate for electricity energy production with an ignition combustion engint&):(/www.dpb.cz/).

Surface Mines (CRF 1.B.1.a.2)
Surface Mining Activities (1.B.1.a.2.i)

Lignite (Brown Coal) is mined in surface mines in the Czech Republic. Lignite is mined primarily in the
Northern Bohemia area. Small parts of very young Lignite naireecated in Southern Moravia.

Prior to the commencement of surface mining in northern Bohemia, where today a decisive amount of
lignite in the Czech Republic is mined, there were underground mines. The abundance of methane in these
mines has never beem problem. If there was an explosion in the mines, it was caused by swirling of coal
dust. Surface mining began in the 50s of the 20th century and in the period after 1990 the underground
mines were already not in use.

PostMining Activities (1.B.1.a.2.ii)

The activity data are the same as in category 1.B.1.a.2.i Mining Activities. It is assumed that the entire
mined volume undergoes treatment during which residual methane is released.

3.3.1.1.2 Solid Fuel Transformation (CRF 1.B.1.b)
Production of Coke from CokiGgal

Fugitive methane emissions from coal treatment prior to the actual coking process are listed under
1.B.1.a.1.ii PogsMining Activities. Emissions from the actual production of Coke are given under 2.
Industry.

Production of briquettes from Brown Coal

Fugitive methane emissions from coal treatment prior to the actual briquetting process are listed under
1.B.1.a.1.ii Postining ActivitiesCQ emissions from the actual production of briquettes are included in
subcategory 1.A.2.g.

Production of charcoal

CH emissions from charcoal production were estimated by using EF provided by the Revised 1996
Guidelines (IPCC, 1997); the value 600 kgCH/TJ of charcoal produced was used. Since there are no
available official activity data about charcoal prodontin the Czech Republic, the-official data from

FAOSTAT statistics were used. The missing data were extrapolatek:faii net calorific value 301J/kg

(Table 113 in Revised 1996 Guidelines) was used to convert activity data to the energy usitkinge

CH emissions please see inti@b.3-55¢0 ! Yy F2 Nlidzy 4§ Sft& Lt/ / wHWnnc Df®d 0oL
emissions factors for fugitive emissiofiem charcoal production. From this reason the emission factor
provided in Revised 1996 Guidelines (IPCC, 1997) is still used. Since these emissions are very low national
inventory team consider this approach to be relevant in this case.
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Tab.3-55 CH emissions from charcoal production

1990 1.00 30.00 0.03
1991 1.00 30.00 0.03
1992 1.00 30.00 0.03
1993 1.00 30.00 0.03
1994 1.00 30.00 0.03
1995 1.00 30.00 0.03
1996 1.00 30.00 0.03
1997 1.00 30.00 0.03
1998 1.80 54.00 0.05
1999 2.60 78.00 0.08
2000 3.40 102.00 0.10
2001 4.20 126.00 0.13
2002 5.00 150.00 0.15
2003 6.00 180.00 0.18
2004 6.00 180.00 0.18
2005 6.00 180.00 0.18
2006 6.00 180.00 0.18
2007 6.00 180.00 0.18
2008 6.00 180.00 0.18
2009 6.00 180.00 0.18
2010 6.60 198.00 0.20
2011 6.40 192.00 0.19
2012 6.00 180.00 0.18
2013 6.00 180.00 0.18
2014 6.00 180.00 0.18
2015 6.00 180.00 0.18
2016 6.00 180.00 0.18
2017 7.98 239.49 0.24
2018 5.60 168.03 0.17
2019 6.07 182.13 0.18
2020 6.07 182.13 0.18
2021 6.07 182.13 0.18

FugitiveCQ emissions are not estimated or are negligible and no known method is available for their
determination in this category (notation key NE). FugitNs® emissions are not estimated because,
according to the current state of knowledge, these emissions daserur (notation key NA) and also IPCC
2006 Gl. (IPCC, 2006) do not provide default emission factor.

3.3.1.1.3 Other (CRF 1.B.1.c)

No other subcategory of fugitive methane emissions is known in the Czech Republic.

3.3.1.2 Methodological issues

Underground Mines (CRF 1.Ball)

Underground Mining Activitied B.1.a.1)i

Country specific emission factors were determined for calculation of fugitive methane emissions in

dzy RENENR dzy R YAYSa Ay (GKS a8502yR KIE{F 2F KS MddnG
emissions is given fab.356x 4SS o0¢F 1t YR b2@t6S12X MPppT O D
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Tab.3-56 Coal mining andCH emissions in the OstravaKarvina coaimining area

[mil. t/year] [mil. m3/year] [m3/t]
1960 20.90 348.9 16.7
1970 23.80 589.5 24.7
1975 24.11 523.8 21.7
1980 24.69 505.3 20.5
1985 22.95 479.9 20.9
1990 20.60 381.1 19.0
1995 15.60 270.7 17.4
1996 15.10 276.0 18.3
Total 167.31 38153 20.2
1990 till 19% 50.76 927.8 18.3

Only the values for 1990, 1995 and 1996 were used from this table to determine the emission factors.

The average value of the emission factor of 1824 mas recalculated to 12.261 kg/t usingdansity of

methane of 0.67 rfikg. This emission factor is used for coal mined in the Ost¥avaNIZ A yt O2 | f YA Y )
for years 19901999. The emission factor set by estimation at 50% of this value was used for the remaining
Hard Coal from underground mén in other areas. This is valid for coal with minimum coal gas capacity
60021t FNRY GKS YflIRy2 FINBI (2 wnnuw YR O21f FNRY

For the period after 2000 were determined new, revised emission fa€bl$ mined coal.

The management foOKD, a.s. (Ostraval NIDA Yt YAySas 22Ayd akKlFNB 02YLJ
company monitors in very detail the issues about methane production. In response to a request from the
reporting team, the company provided a document in which the total amiaf gas released by OKD

mines was determined, together with the amount of methane withdrawn by degassing, the amounts of
methane used for industrial purposes, venting of methane from degassing and the total amount of
methane released into the atmospher&.summary of the information provided is giverTiab.3-57.

Tab.3-57 Methane production from gas absorption of mines and its use

year total amount pumped out by industrial venting from gas absorption released into the
of gas gas absorption use into the atmosphere atmosphere- total

2000 236.7 84.1 77.9 6.2 158.8

2001 210.7 73.9 71.1 4.0 140.8

2002 210.0 81.0 70.3 1.3 130.3

2003 200.6 74.8 72.8 2.0 127.8

2004 194.6 77.1 73.4 3.2 120.7

2005 207.7 73.9 70.3 3.6 137.4

2006 221.1 76.9 75.9 0.8 145.0

2007 194.7 71.5 71.0 0.5 123.7

2008 199.5 68.8 68.5 0.3 131.0

This data was used to calculate the emission factors and to determine the average emission factor, which
is used for the period after 2062008.

The emission factors givenTiab.3-58are used for 200Q 2008. After 2008, the emission factor calculated
as the average value from the values for 2€X@M8, i.e. 8.12 t/kt, is used. Research with aim to develop
this emission factor was perforal in 2011.
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Tab.3-58 Calculation of emission factors from OKD mines for period 2000 onwards

[kt/year] [t/lyear] [t CH/kt]
2000 11514 106 396 9.24
2001 11 844 94 336 7.96
2002 12 049 87 301 7.25
2003 11 301 85 626 7.58
2004 10 901 80 869 7.42
2005 10 822 92 058 8.51
2006 11 656 97 150 8.33
2007 10 153 82 879 8.16
2008 10 030 87 770 8.75
2000- 2008 100 270 814 385 8.12

Tab.3-56 shows the average emission factor used for the years 2198® for calculation o€H emissions
from OKD mines. For the time period 2000 to 2008 were used emission factors determined fromitige

and emissions given by OKD mines {Bale.3-58). Based on these values an average emission factor, from
the period 20002008 was set up, which was12 1CH/kt. This average value has been used since 2009
6¢l 1t YR b20t6S1Z MppTO P

This emission factor can be considered as emissions factor on tpe level iridl countryspecific
emission factor, which is applicable for Ostraa NJJA Yyt | NB I @

For other mines in the Czech Republic where hard coal was also mined, the value of 6.7 t/kt was used
the same as in previous submissions. Howgités necessary to remind that underground mining in the
mines of other areas than OKD is really minor ahdhe end of the first decade of 21st century was
completely stopped.

Country specific emission factors were determined for calculation of fugitive carbon dioxide emissions. An
extra study was performed to determine tHeéQ emission factor for undergrouhhard coal mining.
Monthly data on the concentrations and amounts@® were processed for all the exhaust air shafts in

the OKD area for 2009, 2010 and for part of 2011. These data yielded an average value of the emission
factor, which is related to th&olume of mining. The emission factor is equal to 22.Z&}kt of mined

coal and this emission factor is country spedifi€ier Il level. This value is valid for the OKD area. The
author of the study recommended that the determined emission factor1f®®0 ¢ 2009 be used. He
determined an emissiofactor 22.68t CQ/kt of mined coal for 2010 and it was recommended that this
value also be used for the subsequent years. These emission factors were used to extend the@ata for
emissions for undergrounidard coal mining; the values are given in tab.3-59.

Tab.3-59 Emission factors and emissions from undeasgnd mining of hard coal

[kt/year] [t CQOYkt] [kt CQlyear]
1990 22 415 22.75 456.24
1991 20 201 22.75 395.10
1992 18 637 22.75 392.83
1993 18 355 22.75 373.45
1994 17 376 22.75 362.60
1995 17 738 22.75 356.21
1996 17 453 22.75 343.65
1997 16 570 22.75 349.18
1998 16 112 22.75 332.53
1999 14 343 22.75 306.33
2000 14 855 22.75 315.13
2001 15138 22.75 324.03
2002 14 467 22.75 322.98
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2003 13 645 22.75 309.65
2004 15579 22.75 301.87
2005 13 254 22.75 300.85
2006 13 385 22.75 324.80
2007 12 894 22.75 293.09
2008 12 663 22.75 288.00
2009 11 001 22.75 250.22
2010 11 593 22.68 262.88
2011 11 441 22.68 259.44
2012 11 652 22.68 264.22
2013 8 746 22.68 198.32
2014 8 900 22.68 201.82
2015 8 426 22.68 191.07
2016 7 015 22.68 159.07
2017 5601 22.68 127.00
2018 4562 22.68 103.45
2019 3540 22.68 80.28
2020 2 200 22.68 49.89
2021 2 260 22.68 51.25

PostMining Activities (CREB.1.a.1.)

Methane emissions in the subcategory of RBhing Activities are calculated using a uniform emission
factor based on the default value of 1.68®BH¥/t coal; the activity data are employed at the same level as
in subcategory 1.B.1.a.1.i Mining Activities

Tab.3-60 Used emissions factors and calculation @H emissions from underground coal miningpost minesoperations in
period 1990- 2021

1990 22 415 1.68 39.98
1991 20 201 1.68 36.71
1992 18 637 1.68 33.12
1993 18 355 1.68 34.77
1994 17 376 1.68 32.64
1995 17 738 1.68 32.75
1996 17 453 1.68 32.35
1997 16 570 1.68 30.76
1998 16 112 1.68 29.61
1999 14 343 1.68 26.49
2000 14 855 1.68 26.73
2001 15138 1.68 26.04
2002 14 467 1.68 25.74
2003 13 645 1.68 24.10
2004 15579 1.68 23.51
2005 13 254 1.68 23.48
2006 13 385 1.68 25.18
2007 12 894 1.68 22.82
2008 12 663 1.68 22.16
2009 11 001 1.68 19.22
2010 11 593 1.68 19.98
2011 11441 1.68 19.65
2012 11 652 1.68 19.95
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2013 8 746 1.68 15.13
2014 8 900 1.68 15.54
2015 8 426 1.68 14.73
2016 7 015 1.68 12.02
2017 5601 1.68 9.63
2018 4 562 1.68 8.04
2019 3540 1.68 6.23
2020 2 200 1.68 3.77
2021 2 260 1.68 3.79

The amount of brown coal mined from undergralmine Kohinoorbetween 20022016 was added to the
total amount of extracted hard coaAs the EF default value was used 13 nTo converted to ICH/kt, it
was necessary to usmnversion factor 0.67 kg/inSee theTab.3-61.

Tab.3-61Used emissions factors and calculation ©H emissions from uderground coal mining; in period 20022016.

[kt/year] [t CH/kt] [kt CH/year]
2002 380 0.012 4.58
2003 460 0.012 5.55
2004 458 0.012 5.52
2005 464 0.012 5.60
2006 466 0.012 5.62
2007 467 0.012 5.63
2008 298 0.012 3.59
2009 350 0.012 4.22
2010 425 0.012 5.13
2011 430 0.012 5.19
2012 455 0.012 5.49
2013 356 0.012 4.29
2014 480 0.012 5.79
2015 408 0.012 4.92
2016 55 0.012 0.66

Abandoned underground mines (CRB.1.a.1.)

Calculation of methane emissions from abandoned mines has been carried out in accordance with the
methodology IPCC 2006 GlI. at the level Tier 1. For the purposes of this calculation, the number of closed
mines in the Ostravarvina coalfield was determidén prescribed intervals (intervals years 190825,
19261950, 19511975, 1976¢ 2000, 2001 to the present). Given that in the Ostriizavina coalfield

occur only mines with high amount of the gas, were used values for the percentage of coal mirae that
gassy from the column High (IPCC 2006 GI. (IPCC 2006): Tab. 4.1.5ABERQRONED UNDERGROUND
MINES, DEFAULT VALUEESRCENTAGE OF COAL MINES THAT ARE GASSY, page 4.24.), the following:
1901¢ 1925: 10%

1926¢ 1950: 50%

1951¢ 1975: 75%

1976¢ 2021: 100%

Emission factors from Table 4.1.6, p. 4.25 were used for calculating the emissions (TABLE 4.1:6: TIER 1
Abandoned UNDERGROUND MINESISSION FACTOR, MILLIGN&thane/MINE).

Since 2005, total emissions of methane from abandoned mines have gradually decreased in the context of
increased degassing of abandoned mines by the Green Gas company (electricity generation at
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cogeneration units, stationed for esite extraction of methaa). The overall data and the calculation
procedure are shown ifiab.3-62.

Tab.3-62 Emission ofCH, on abandned mines

1990 0.46 2.40 0.00 2.86 2.86
1991 0.46 2.36 1.79 4.60 4.60
1992 0.45 2.32 3.96 6.73 6.73
1993 0.45 2.28 7.18 9.90 9.90
1994 0.44 2.24 9.27 11.95 11.95
1995 0.44 2.21 10.49 13.13 13.13
1996 0.43 2.17 10.43 13.04 13.04
1997 0.43 2.14 9.87 12.43 12.43
1998 0.43 2.11 9.38 11.92 11.92
1999 0.42 2.08 9.46 11.96 11.96
2000 0.42 2.05 9.55 12.03 12.03
2001 0.42 2.02 9.19 0 11.63 11.63
2002 0.41 1.99 8.86 0 11.27 11.27
2003 0.41 1.97 8.56 1.18 12.12 12.12
2004 0.41 1.94 8.31 0.97 11.63 11.63
2005 0.40 1.92 8.05 0.85 11.22 5.0 10.66
2006 0.40 1.90 7.84 0.76 10.90 7.5 10.08
2007 0.40 1.87 7.62 0.69 10.59 20.0 8.47
2008 0.40 1.85 7.44 0.64 10.33 25.0 7.75
2009 0.39 1.83 7.26 1.80 11.29 50.0 5.65
2010 0.39 1.81 7.09 1.70 10.99 60.0 4.40
2011 0.39 1.79 6.94 1.61 10.73 70.0 3.22
2012 0.38 1.77 6.79 1.53 10.48 70.0 3.15
2013 0.38 1.76 6.65 1.47 10.25 70.0 3.08
2014 0.38 1.74 6.53 1.41 10.05 70.0 3.02
2015 0.38 1.73 6.41 1.36 9.86 70.0 2.96
2016 0.37 1.71 6.29 1.75 10.11 70.0 3.03
2017 0.37 1.71 6.29 2.62 10.99 70.0 3.30
2018 0.37 1.71 6.29 2.62 10.99 70.0 3.30
2019 0.37 1.71 6.29 2.62 10.99 70.0 3.30
2020 0.37 1.71 6.28 3.49 11.86 70.00 3.56
2021 0.37 1.71 6.28 3.93 12.30 70.00 3.69

Surface Mines (CRF 1.B.1.a.ii)

Total emissions, used activity data and emission factors for proper extraction of lignite (Brown Coal) from
surface mines angdost-mining related adjustments are presented in thab.3-63.

Tab.3-63 Used activity data, emissions factors and calculation ©f emissions from surface coal mining and post mines
operations in period 19906 2021

I

1990 77 169 1.34 0.067 108.58
1991 74 516 1.34 0.067 104.84
1992 66 665 1.34 0.067 93.80
1993 63 878 1.34 0.067 89.88
1994 56 929 1.34 0.067 80.10
1995 54 893 1.34 0.067 77.23
1996 57 365 1.34 0.067 80.71
1997 55 206 1.34 0.067 77.67
1998 49 151 1.34 0.067 69.16
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1999 43 047 1.34 0.067 60.57
2000 48 925 1.34 0.067 68.84
2001 50 461 1.34 0.067 71.00
2002 47 766 1.34 0.067 67.21
2003 49 326 1.34 0.067 69.40
2004 47 583 1.34 0.067 66.95
2005 47 816 1.34 0.067 67.28
2006 48 589 1.34 0.067 68.36
2007 48 824 1.34 0.067 68.70
2008 46 828 1.34 0.067 65.89
2009 44 824 1.34 0.067 63.07
2010 43357 1.34 0.067 61.00
2011 46 273 1.34 0.067 65.11
2012 43 210 1.34 0.067 60.80
2013 40 027 1.34 0.067 56.32
2014 37 704 1.34 0.067 53.05
2015 37 643 1.34 0.067 52.96
2016 38 328 1.34 0.067 53.93
2017 39121 1.34 0.067 55.04
2018 38 891 1.34 0.067 54.72
2019 37 246 1.34 0.067 52.41
2020 29 371 1.34 0.067 41.32
2021 29 279 1.34 0.067 41.20

Determination of activity data and emission factors for mining and-pasing treatment is given in the
description of the individual activities on surfacénes.

Surface Mining Activities (1.B.1.a.2)
PostMining Activities (1.B.1.a.2.ii)

Data from the source part of the questionnaire completed in the CzSO Questionnaire (C2Z850wad
employed to determine activity data on extraction of Brown Coal andtkighhe mining yearbooks and
other data sources continue to be used only for control purposes.

During surface mining, escaping methane is not related to specific flow of air and thus it is far more difficult
to monitor the amount of methane escaping irttee air. Consequently, default IPCC emission factors are
employed to calculate methane emissions from surface mining and fromrpiméhg treatment (IPCC
2006).

The emission factor for surface mining activities is used following due to the recommenddt®frdn
FCCC/ARR/2016/CZE. The description of recommendation E.19 from FCCC/ARR/2016/CZE (2016
Centralised UNFCCC Review of Czech Republic), states that the upper limit of the proposed range of the
Tier 1 EF from the 2006 IPCC GLs is applied by the Regahlic because the average overburden depths

of the surface mines varies from 120 to 200 m.

3.3.1.2.1 Solid Fuel Transformation (CRF 1.B.1.b)

Emission calculation was performed for the production of wood charcoal at Tier |, using default emission
factors- see chater 3.3.1.1.2.

CH emissions from charcoal production were estimated by using EF provided by the Revised 1996
Guidelines (IPCC 1997); the value @00 kgCH/TJ of charcoal produced was used. Since there are no
available official activity data about alw@al production in the Czech Republic, theafficial data from
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FAOSTAT statistics were used. The missing data were extrapolated. The default net calorificalkeg 30

(Table 113 in Revised 1996 Guidelines) was used to convert activity data to tkegyerunits.

'Y TF2Nlidzy 4§Ste Lt/ / wnnc Df® 6Lt/ / HnncO R2y QG LINE
charcoal production. From this reason the emission factor provided in Revised 1996 Guidelines (IPCC 1997)

is still used. Since these essions are very low the team consider this approach to be relevant in this case.

3.3.1.3 Uncertainties and time -series consistency

The inventory methods used in this inventory were consistently employed across the whole reporting
period from the base year of 1990 2021.

In 2020 was carried out an extensive study aiming to updag¢euhcertainties in thesector 1.B.1From

the study follows that in tis category higher uncertainties should be expectdn in 1.A The
uncertainties in the activitydata result primarily from inaccuracies in weighing of extracted coal.
Conversely, imports and exports of raw materials are sensitive economic data and low uncertainties should
be expected.

Uncertainties in calculating methane emissions further follow fromehession factors employed. The
emission factors for determining emissions from underground mining of hard coal are based on
measurement of the methane concentrations in the air ventilated from underground mines in the second
KFEtF 2F GKS minhdimtiededissiorkitorsizguld $eNdiite low, whilehe uncertainty in

the CQ emission factoshould be expectedigher.

The determination ofincertaintieswas carried out according the same methodology as in case of category
1.A, i.e. bree indepenlent experts estimate of 'basic' uncertaintjeshich were averaged (see chapter
3.25.orfordetails S&AStt SG D HAHnA

For specific uncertainties used fiotrodudion into the trend in total national emissiorsee Annex 2.

3.3.1.4 Category-specific QA/QC ard verification

General quality control and sour@pecific quality control (Tier 1 and Tier 2), in conformance with the
requirements of the QSE handbook and its associated applicable documents, have been performed to the
full extent.

QC activities at theslel of Tier 1 were performed according to the QA/QC plan by the sector compiler.
Routine control was performed in the framework of the following activities:

9 activity data employed,

1 emission factors employed,

9 calculation procedures employed,

i transfer of numerical data from the working set to the CRF Reporter.

During control of the activity data, the CzSO data were compared with the data from the Mining Yearbook.
Good agreement was found.

In control of the emission factors employed, the emission factors ustte Czech Republic methodology
were compared with the emission factors of Slovakia, Poland and Germany in the context with the default
emission factors. It was found that the emission factors employed for calculation of emissions in the Czech
Republianethodology correspond, in their range, to the emission factors employed in the other countries.

Furthermore, the correct usage of the methodology at Tier | level for the calculatioh emissions from
abandoned mines and the performance of own caltafes were checked. The calculation procedure was
consulted with an independent expert from the VB&hnical University of Ostrava. It was concluded that
the input data and the method of calculation are in line with the methodology.
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Control that the tranfer of numerical data from the working set to the CRF Reporter does not reveal any
differences. The final working set in EXCEL format is locked to prevent intentional rewriting of values and
archived at the coordination workplace. The protocols on the grened QA/QC procedures are stored

too.

3.3.1.5 Category-specific recalculations

Based on our improvement we unified activity data sources for fugitive emissions phowathe activity

data are taken only from CzSO questionnair6S Wl RRSR | Y2dzy (i KSWNJ 2 bzNI & aF NJ
Bituminous coal and Lignite. These amounts come from tailings piles that have been mined before, but
currently mining companies have found that they contain some coal that was not originally properly
separated, so this coal has begun torbesorted.Also, to the Lignite we added amount of coal mined from
underground mines from CzSO questionnaire. These changes affected the whole time series, see the tables
below.
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Tab.3-64 Changes after recalculation in 1.B.11dUnderground mines

Submission 2022 kt 22.37 19.52 18.48 18.30 17.38 17.17 16.53 16.07 16.11 14.34 14.86 15.14 14.47 13.65
Submission 2023 kt 24.23 22.35 20.06 21.36 20.02 20.01 19.78 18.81 18.38 16.09 16.24 15.65 15.59 14.58
Difference kt 1.86 2.83 1.58 3.06 2.64 2.84 3.25 2.74 2.27 1.74 1.38 0.51 1.12 0.94
Submission 2023 % 7.67 12.65 7.85 14.34 13.19 14.19 16.43 14.57 12.33 10.84 8.51 3.24 7.20 6.41

1991 1992 1993 1994 1995 1996 1997 ~ 1998 1999 2000 2001 2002 2003
Submission 2022 kt 301.77 264.70, 257.55 254.45] 246.13 244.02| 235.51 229.60, 226.07| 207.61 171.64| 156.43] 145.29| 144.48
Submission 2023 kt 326.44, 299.15] 277.87) 295.21] 28149  279.20| 274.41  266.59| 256.43] 230.97, 190.15] 163.22] 155.25| 150.85
Difference kt 24.68 34.46 20.32 40.77 35.36 35.18 38.90 37.00 30.36 23.36 18.52 6.79 9.96 6.36
Submission 2023 % 7.56 11.52 7.31 13.81 12.56 12.60 14.18 13.88 11.84 10.11 9.74 4.16 6.41 4.22

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Submission 2022 kt 13.30 13.25 13.39 12.89 12.66 11.00 11.44 11.27 11.44 8.59 8.68 8.24 6.79 5.42
Submission 2023 kt 16.49 14.21 14.31 13.80 13.37 11.59 12.01 11.81 11.98 9.10 9.37 8.89 7.22 5.79
Difference kt 3.19 0.96 0.93 0.91 0.71 0.59 0.57 0.54 0.54 0.51 0.69 0.65 0.43 0.37
Submission 2023 % 19.34 6.73 6.49 6.58 5.30 5.11 4.79 4.59 4.47 5.60 7.36 7.34 5.96 6.40

Submission 2022 kt 138.71 151.76 159.37 141.58 143.75 118.11 122.12 119.34 121.32 92.04 94.51 89.11 70.25 56.35
Submission 2023 kt 144.82 158.35 165.57 147.49 149.26 121.35 123.56 120.21 121.63 93.56 96.55 91.70 74.44 60.65
Difference kt 6.11 6.59 6.20 5.91 5.51 3.24 1.44 0.87 0.31 1.52 2.03 2.59 4.19 4.30
Submission 2023 % 4.22 4.16 3.75 4,01 3.69 2.67 1.17 0.72 0.25 1.62 2.10 2.82 5.63 7.09
Submission 2022 kt 4.38 3.43 2.15
Submission 2023 kt 4.86 3.77 2.26
Difference kt 0.48 0.33 0.12
Submission 2023 % 9.89 8.86 5.17
Submission 2022 kt 46.22 36.92 24.58
Submission 2023 kt 52.01 41.00 25.95
Difference kt 5.79 4.08 1.37
Submission 2023 % 11.13 9.95 5.28
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Tab.3-65 Changes after recalculation in 1.B.1.a.2 Surface mines

Submission 2022 kt 78.98) 76.68/ 68.08/ 66.88) 59.57| 57.16| 57.36| 57.45| 48.62| 41.52| 46.66| 47.96| 47.39  48.87
Submission 2023 kt 77.17| 7452| 66.67| 63.88) 56.93] 54.89| 57.37| 5521| 49.15| 43.05| 4893 50.46| 47.77|  49.33
Difference kt -1.81 -2.16 -1.42 -3.01 -2.64 -2.27 0.01 -2.24 0.53 1.52 2.27 2.50 0.38 0.46
Submission 2023 % -2.35 -2.90 -2.13 -4.71 -4.64 -4.14 0.02 -4.06 1.08 3.54 4.64 4.96 0.80 0.93
Submission 2022 kt 111.13 107.89| 95.79| 9411 83.81] 80.43  80.70, 80.83| 6841 5842 6564  67.48  66.67| 68.75
Submission 2023 kt 108.58 104.84/ 93.80| 89.88) 80.10, 77.23 80.71| 77.67| 69.16/| 60.57| 68.84  71.00  67.21|  69.40
Difference kt -2.55 -3.04 -2.00 -4.23 -3.71 -3.19 0.01 -3.15 0.75 2.14 3.19 3.52 0.53 0.65
Submission 2023 % -2.35 -2.90 -2.13 -4.71 -4.64 -4.14 0.02 -4.06 1.08 3.54 4.64 4.96 0.80 0.93
Submission 2022 kt 47.13|  47.35| 4812 4836 46.53  44.47| 42.93| 4584 42.76]  39.67 37.22| 37.24/ 38.27
Submission 2023 kt 4758|  47.82| 4859  48.82]  46.83  44.82| 43.36| 46.27| 4321 40.03  37.70| 37.64/ 38.33
Difference kt 0.46 0.46 0.47 0.47 0.30 0.35 0.42 0.43 0.45 0.36 0.48 0.41 0.06
Submission 2023 % 0.64 0.65 0.66 0.66 0.42 0.49 0.60 0.61 0.64 0.50 0.68 0.57 0.08
Submission 2022 kt 66.30,  66.62| 67.71| 68.04/ 6547 6257  60.41 6450/ 60.16/ 55.82] 52.37, 52.39 53.85
Submission 2023 kt 66.95  67.28| 6836/ 6870/ 65.89  63.07  61.00  65.11| 60.80] 56.32] 53.05  52.96/  53.93
Difference kt 0.96 0.97 0.96 0.96 0.64 0.78 0.98 0.93 1.05 0.89 1.27 1.08 0.14
Submission 2023 % 0.96 0.97 0.96 0.96 0.64 0.78 0.98 0.93 1.05 0.89 1.27 1.08 0.14
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3.3.1.6 Category-specific planned improvements

Given that the issue of emissions from abandong&des was included in the same time as the transition

to new methodology IPCC 2006 Gl., Tier 1 approach was used. Planned improvements assume a change to
a higher level, at least Tier Il. In terms of the planned improvements, was ensured cooperatidhewith
specialist on the issue of leakage of methane from abandoned mines in the OK@aviaa coalfieldind

with experts from Czech Geological Survey

In the other subsectors no improvements are planned at the present.

3.3.2 Oil and Natural Gas (CRF 1.B.2)

Thecategory is divided according to IPCC 2006 GIl. and CRF Reporter into subcategories:

1 1.B.2.a Qil
0 1.B.2.a.1 Exploration

o 1.B.2.a.2 Production

o 1.B.2.a.3 Transport

0o 1.B.2.a.4 Refining/Storage

o 1.B.2.a.5 Distribution of Oil Products
o 1.B.2.a.6 Other

1 1.B.2.bNatural Gas
1.B.2.b.1 Exploration

1.B.2.b.2 Production

1.B.2.b.3 Processing

1.B.2.b.4 Transmission and Storage
1.B.2.b.5 Distribution

1.B.2.b.6 Other

O O O O O o

1 1.B.2.c Venting and Flaring
o 1.B.2.c.1 Venting

o 1.B.2.c.2 Flaring
3.3.2.1 Category description (CRF 1.B.2)

The structure of the sector, the corresponding activity data, the used emission factors and emissions of
individual greenhouse gases can be seen on the following outline.

B2

Activity CH CQO N>O
Structure of sector data EF  Emission EF Emission EF Emission
[t
[PJ] CH/PJ] [kt] [t CQ/PJ] [kt] [kg N2O/PJ] [kt]
1.B.2.a.l Exploration NE
1.B.2.a.2 Production and Upgr. 3.57 4.735 0.017 7.576 0.0270 NA -
1.B.2.a.3 Transport 302.18 0.146 0.044 0.013  0.0040 NA -
1.B.2.a.4 Refining 302.18 0.585 0.177 NA - NA -
1.B.2.a.5 Distrib. of Oil Prod. 302.18 NA - NA - NA -
1.B.2.a.6 Other NO
1.B.2.b.1 Exploration NE
1.B.2.b.2 Production 6.87 38.65 0.265 +) 0.0001 NA -
1.B.2.b.3 Processing NO
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Activity CH Cco N,O
Structure of sector data EF  Emission EF Emission EF Emission
[t
[PJ] CH/PJ] [kt [t CQ/PI]  [ki] [kg N.O/PJ] [kt]
1.B.2.b.4 Transmission and 1575.00 3.92 6.177 +) 0.0246 NA -
Storage 191.76 2.17 0.417 +) 0.0017 NA -
1.B.2.b.5 Distribution 132.61 122.87 16.294 +)  0.0649 NA -
1.B.2.b.6 Other I.E.
1.B.2.c.1 Venting- Oil 357 2354 0.840 48.7 0.1739 NA -
1.B.2.c.2 Flaring- Oil 3.57 0.568 0.002 919.9 3.2841 0.015 0.0001
Total year 2021 24.233 3.580 0.0001
Total year 2020 24.286 3.912 0.0001
Index 2021/2020 1.00 0.92 0.91
Total year 1990 43.196 2.202 0.00003
Index 2021/1990 0.56 1.63 1.74

+) As emission factor is used the average an@@tontent in natural gas

The origin of the data, the emission factors used and the method of calculating the level of emissions for
each gas is shown in details in the following outline.

Structure of sector Source of Emission factors Method used
Activity data CH, CQ N2O CH Cca N.O

1.B.2.a.1 Exploration NE
1.B.2.a.2 Production and Upgrading CzSO CS D NA Tier 2 Tier 1 -
1.B.2.a.3 Transport CzSO D D NA Tier 1 Tier 1 -
1.B.2.a.4 Refining CzSO D NA NA Tier 1 - -
1.B.2.a.5 Distribution of Oil Products NA
1.B.2.a.6 Other NO
1.B.2.b.1 Exploration NO
1.B.2.b.2 Production CzSO CS CS NA Tier 2 Tier 2 -
1.B.2.b.3 Processing NO
1.B.2.b.4 Transmission and CzSO CS CS NA Tier 2 Tier 2 -

Storage ERU CS CS NA Tier 2 Tier 2 -
1.B.2.b.5 Distribution ERU CS CS NA Tier 2 Tier 2 -
1.B.2.b.6 Other NO
1.B.2.c.1 Venting- Oil CzSO D D NA Tier 1 Tier 1 -
1.B.2.c.2 Flaring- Oil CzSO D D D Tier 1 Tier 1 Tier 1

Approximately 8%of fugitiveemissions are formed in the Czech Republic from gas industry in extraction,
storage, transport and distribution of Natural Gas and in its final use. Crude Oil extraction amyrefin
processes are very less important.

Determination of methane emissions from the processes of refining of Crude Oil is based on the
recommended (default) emission factors according to the IPCC 2006 Gl. (IPCG-@0§6ars prior to

2000, the maximum vaes ofCH EFs published in the Revised 1996 IPPC Guidelines (Workbook -table 1
6) were selected, this conservative approach attempts to replicate the poor condition of refineries during
the 1990s. From 2002 to 2012, the maximum value of th€EFor developed countries was selected in

the IPCC 2006 Guidelines (vol.2 chap.4, table 4.2.4). From 2013 to 2020, the average value 6Hhe EF
for developed countries was selected in the 2006 IPCC Guidelines was used, reflecting recent
improvements in the fuelefining process taking place in Czechia.

Methane emissions from the gas industry were determined using national emission factors based on the
specific emission factors for the individual parts of the gas industry system.
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The graph ifFig.3-44 gives an overview of the trend in emissions in this category in the time series since
1990.

€O, eq. emissions 1.B.2 CH, emissions
1200 50
E 1000 E 40
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Fig. 3-44 The trend of GHG emissions and 1 Fig.3-44b The ratio of methane emissions from subsector
relationship between C@and CHemissions (1B.2) (1.B.2.a) and Natural Gas (1.B.2.b)

The graph orFig.3-44 shows that the proportion of totaCQ emissions from the total GHG emissions is
negligible (approximately 0.1%).

The contribution of the individual subsectors (Oil and Natural Gas) to the@biamissions throughout
the peiiod in the category 1.B.2 is shown Biy.3-44b.

As shown orfig.3-44 for the amount ofCH emissions in sector 1.B.2. Oil and Natural Gas are therefore
crucial the emissions, produced in the gas industry.

3.3.2.1.1 Oil (CRF 1.B.2.a)

In subcategory Oil are reported emissions from minit
processing of domestic crude oil and emissions fr¢
refining of imported crude oil. The share of domesi
crude oil is very smallbout2.4% (from 0.4 t&.9%) The el
time profile of domestic production and imports of crud
oil in the Czech Republic is shownkig.3-45.

Crude oil production and import
600 [=========mmmmmmmmmmmmee— oo

Oil [kt/year]

GHG emissions from Crude Qil transport and refining ¢
from Crude Oil production, which is performed in th
Czeclrepublic in combination with mining of Natural Ga
are reported inthis category.CQ emissions from the mimperts = Production

refinery resulting from combustion processes (includirig. 3-45 crude Oil prodetion and import in the @ in
flaring) are included in 1.A.1.b Crude Oil Refining. 1990¢ 2021

. Crude oil production
Exploration (1.B.2.a.iii.1)

T4 [ mmm e m i m e e

Emissions from this subcategory are not estimated, sir N

activity data are not aailable which means that in CR
GFrotS y2aF dA2y Exdotationib dat
regularly performed in the Czech Republic. Staement

of MND a.s. (only company with licence for exploration
Czechia) is that they perform exploration but only ve

H Y H 1 PREPEREREREREERENNNNMNRNMNNNNRNRMNNNNNRD R NN
random and this activity do not release emissions at a e e e e e et
ORNWEANONRNUVORNWAUNDNOLORNWEANONNOLOR
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Fig.3-46b Crude Oil production in the Zin 1990¢ 2021
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Level of emissions in accordance with paragraph 37(b) of the UNFCCC Annex | inventory reporting
guidelines

GoYAraairzya akKz2dZ R 2yteée 0SS 02y aAiRSNSDRssithsn 00T d FAOI
total national greenhouse gas emissions and does not exceed 50Q ldquivalent. The total national

estimated emissions for all gases and categories considered insignificant must remain below 0.1 % of total
national greenhouse gas ersiens."

The total greenhouse gas emissions of the Czech Republic are: 136.39 million@&sopf
Emissions from domestic oil production in the Czech Republic is 0.@Xdq

If the survey represented a whole tenth of mining (exaggerated assumptiuer), there would be an
emission of about 0.0051 kt, which is 0.00003% of the total annual emissions of the Czech Rémitblic
is 1 300 times lower than the recommended limit.

Production and Upgrading (1.B.2.a.iii.2)

Crude Oil is mined in the Czech Republic in Southern Moravi&igise46b gives the amount of mined
Crude Oil in the territory of the Czech Republic

The quantity of crude oil extracted in each year depends on the amount of recoverable reservebkig-rom
3-46b is visible that the maximum extraoti was in the period from 2003 to 2006. It is expected that the
decline in production unt2021will continue.

Transport (1.B.2.a.iii.3)

Transport of Crude Oil in the territory of the Czech Republic is performed only in closed systems (pipeline
transportch A f LA LISt AyS 5NHzO6F FNRY wdzaaiAl FyR Ly32ftadil
used to calculate fugitiv€H and CQ emissions in this subsector.

Refining (1.B.2.a.iii.4)

Crude Qil is processed in the territory of the Czech Republic imaimrefinery facilities. The total volume
of Crude Oil processed in the Czech Republic is presenked.845.

Distribution of Oil Products (1.B.2.a.iii.5)

Thefinal products after processing Crude Oil no longer contain dissolved methane or carbon dioxide and
thus fugitive emissions are not considered in this subcategory. For completeness, activity data
corresponding to the volume of processed Crude Oil inndéesidual years were recorded in CRF.

Other (1.B.2.a.iii.6) Natural Gas production and import
400
No other operations are considered. 350
300
250
200
150
100
50

3.3.2.1.2 Natural Gas (CRF 1.B.2.b)

In the subcategory Natural Gas are reported Gk
emissions from domestic natural gas production a
emissions related to the operation of individug
parts of the gas system (import, transit, storage a
distribution to end users). The share of the domes ®imports = Froduction

natural gasproduction is verysmall - about 2.7% Fig.3-47Natural Gas production and import in the CZ in 1
¢ 2021

Natural Gas [PJ/year]
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(from 1.7 to 4.9%)The time profile of domestiproduction and import of natural gas in the Czech Republic
is shown orfig.3-47.

Exploration (1.B.2.b.iii.1)

Emissions formed in exploratory boreholes are not reported in this subcategory. This activity is not
performed in the Czech Republic, or only completely random.

Production (1.B.2.b.iii.2)

Natural Gas production
1000 === === == m e

Natural Gas is extracted in the Czech Republic in
area of Southern Moravia, accompanying extracti e b T St
of Crude Oil, and in Northern Moravia, wheteis
derived from degassing of hard coal deposits. Fige
3-48 gives the amount of production Natural Gas
the territory of the Czech Republic.

600 | - - -

4.00

Natural Gas [P)/year]

2.00

0.00

The development of domestic extraction is relative
stable over time. Fluctuations in individual years &
due to technical and geological conditions of minirfgp.3-48 Natural Gas production in the area of CZ in 19§
and market demand. 2021

Processing (1.B.2.b.iii.3)

Gas treatments, except for drying, are not perfamunin the Czech Republic. The drying process is not a
source of GHG emissions.

Transmission and Storage (1.B.2.h.iii.4)

The calculation of GHG emissions in this subcategory is carried out in two steps: independently in the first
step is carried out amstimation of the emissions for the transit system and Righssure gas pipelines,

and in the second step emissions from underground gas storage facilities are estimated. For each part of
the gas system is used a different methodological approach.

A trangt gas pipeline runs through the territory of the Czech Republic, transporting Natural Gas from
Russia to the countries of WesteEurope, with a length of 3 974 km. In addition to this central gas
pipeline, a system of higbressure gas pipelines is ineagtion in the territory of the Czech Republic,
providing supplies of Natural Gas from the transit gas pipeline and underground gas storage areas to
centres of consumption. In 2021, the highessure gas pipelines had an overall length of 12 777 km.

Thissubcategory also includes all the technical equipment on-piglssure gas pipelines. On the transit
gas pipeline, this consists primarily of compressor stations and transfer stations, while measuring and
regulation stations are located on domestic ledigtance gas pipelines.

Methane emissions formed during controlled technical discharge of Natural Gas at compressor stations,
during inspections and repairs to pipelines and emissions from pipeline accidents are estimated. These
emissions are recorded by tlyas companies. In addition, escapes of Natural Gas from leaks in the entire
pipeline system, including technical equipment, are also evaluated.

Emissions from storage (injection and mining) of Natural Gas in the territory of the Czech Republic are
reported in thissubcategory. The total turnover (injection and mining) of Natural Gas in underground
storage areas corresponded to 5 632 mif.im2021.
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Distribution (1.B.2.b.iii.5)

Emissions from distribution gas pipelines, with an overall length il 20274 973 km, and during
consumption at the end consumer are reported in this category. The distribution networks are being
continuously lengthened and the number of customers is increasing. The large fluctuations in AD in the
period 199@2011 are because fahat period AD were collected from individual gas companies. This data
collection led to inaccuracies, which were addressed following the availability of updated official statistics
from Energy Regulatory Office since 2012. In the beginning of the magjtperiod (after 1990), it was
necessary to increase technological level of gas facilities. Emissions were calculated from EF, which arise
from the length of pipeline, number of customers and regulation stations, to the consumed amount of
natural gas in idividual years (from the CzSO questionnaire). For the yedl th@2ength of distribution
network 48741 km, the number of gas pressure station contr6D8 and number of gas use in household

and small customers @11 924, medium and large costumer8@®. These data are taken from the Energy
Regulatory Office.

Other (1.B.2.b.iii.6)

No additional emissions are reported.
3.3.2.1.3 Venting and Flaring (CRF 1.B.2.c)

In the Czech Republic there is only one deposit, which is in South Moravia. Crude oil extractiptatakes
there, along with natural gas production.

Tab.3-66 gives theCH and CQ emissions from Venting for domestic production (mining) of Crude Oil;
N-O emissions are not included in this subcategory since no emission factor is available for their
calculation.Tab.3-66 further contains values of emissisilCH, CQ and N.O from Flaring in domestic
production of Crude Oil. From the table it is clear that this is a minor proportion from the total emissions
in whole subcategory Oil and Gas (1.B.2.a).

Tab.3-66 Emissions oCH, CQ and N,O from Venting and Flaring in 19992020

1990 0.49 0.10 0.001 1.92 0.00003
1991 0.68 0.14 0.002 2.64 0.00004
1992 0.80 0.17 0.002 3.14 0.00005
1993 1.09 0.23 0.003 4.25 0.00007
1994 1.25 0.26 0.003 4.90 0.00008
1995 1.43 0.30 0.003 5.59 0.00009
1996 1.49 0.31 0.004 5.82 0.00009
1997 1.60 0.33 0.004 6.24 0.00010
1998 1.75 0.36 0.004 6.85 0.00011
1999 181 0.37 0.004 7.06 0.00011
2000 1.73 0.36 0.004 6.76 0.00011
2001 1.81 0.37 0.004 7.06 0.00011
2002 2.62 0.54 0.006 10.24 0.00016
2003 3.13 0.65 0.008 12.23 0.00019
2004 3.02 0.62 0.007 11.78 0.00019
2005 3.08 0.64 0.007 12.05 0.00019
2006 2.62 0.54 0.006 10.23 0.00016
2007 2.44 0.50 0.006 9.52 0.00015
2008 2.39 0.50 0.006 9.35 0.00015
2009 2.19 0.45 0.005 8.58 0.00014
2010 1.76 0.36 0.004 6.86 0.00011
2011 1.65 0.34 0.004 6.44 0.00010
2012 1.56 0.32 0.004 6.08 0.00010
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Venting- emissions [t/year] Flaring- emissions [t/year]
CH (efe) CH CQ N2O
2013 1.54 0.32 0.004 6.01 0.00010
2014 1.50 0.31 0.004 5.85 0.00009
2015 1.28 0.26 0.003 4.99 0.00008
2016 1.17 0.24 0.003 4.56 0.00007
2017 1.08 0.22 0.003 4.21 0.00007
2018 1.11 0.23 0.003 4.33 0.00007
2019 0.81 0.17 0.002 3.17 0.00005
2020 0.92 0.19 0.002 3.60 0.00006
2021 0.84 0.17 0.00 3.28 0.00005

3.3.2.2 Methodological issues

5dzZNAy3 GKS wMppnQasx /1 SOK NBFAYSNASaE KIF GBS dzy RSNE
reconstruction, to decrease technical losses of raw materials and final products. Comprehensive
verification has been carried ouwf the seals of the individual fittings, pumps and all the technical
equipment. This entire process, which was carried out mainly for economic reasons, also led to a decrease
in overall emissions, especially of NMVOCs. Consequently, the emission fakésrdran the IPCC Gl.
(IPCC, 2006) can be considered to correspond to the current technical condition of refineries in this
country. In this connection, it should be pointed out that fugitive emissions from refinery technology
O2dzZ Ry Qi 0S5 R&E hé&dNheftS Rs tilep areRbtNdnnected with specific air outlets or
chimneys. Thus, they can be determined only on the basis of professional estimates from balance losses
or using emission factors. The resultant emissions of the individual substaecescompared with the

data in the national emission database and are of the same order of magnitude.

In general, it can be stated that fugitive greenhouse gas emissions occur in this subcategory only in
operations in which Crude Oil saturated in carbarxdie and methane is in contact with the atmosphere.

All operations involving Crude QOil in the Czech Republic are hermetically sealed. Thus, fugitive emissions
are formed only through leaks in the technical equipment. Following thermal treatment of CiljdbeO
resultant products no longer contain any dissolved gases and no fugitive emissions need be considered in
subsequent operations.

3.3.2.2.1 Oil (CRF 1.B.2.a)

CH emissions from Crude Oil transport and refining and from Crude Oil mining, which is performed in the
Czech Republic in combination with mining of Natural Gas, are reported in this cat€gpsmissions

from the refinery resulting from combustion process(including flaring) are included in 1.A.1.b Crude Oil
Refinin

Exploration (1.B.2.a.iii.1)

Exploration is not systematically performed in the Czech Republic. For this reason, there are no known
procedures for the determination of emissions in this sulsec

Activity data: number of mined boreholesnotation key NE, default emission factors have not been
published foiICQ andCH ¢ notation key NEN>Oemissions: notation key NALOemissions are practically
not formed in exploratory work.

Production ad Upgrading (1.B.2.a.iii.2)

Activity data for determiningCH and CQ emissions are taken from the Cz&§TEA questionnaires and
controlled using data from the Mining Yearbook.
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CH emissions are determined as the product of annual Crude Oil mining anentission factor. The
emission factor has a value 0f1771 kgCH/m?® and was determined on the basis of published data in
(Zanat et al.,1997). The emission factor was determined as the sum of the individual emission factors from
pumping of raw Crude Oil dnfrom storage of raw Crude Oil. These data were obtained by direct
measurement. The resultant emission fagtamhich is used for the calculation 6H emissions is based

also on the net calorific values and density of crude oil.

CQ emissions are estimatl based on the default emission factor (IPCC 2006 Gl. (IPCC 2006), Table 4.2.4,
Tier 1 Emission factors for fugitive emissions from Oil and Gas operation in developed countries, page
4.52).

EFCQ: 2.8E04 Gg per 10dm?3 total oil production = 576 kg/PJ
For the estimation oN.O emissions, no emission factor was available.
Transport (1.B.2.a.iii.3)

In this case, the activity data correspond to the total amount of petroleum transported through the
territory of the Czech Republic by the pipeline system in the individual years. This amount corresponds to
the Total Crude Qil input to refineries. The ddfaamission factors from IPCC 2006 Gl. (IPCC 2006), Table
4.2.4, Tier 1 Emission factors for fugitive emissions from Oil and Gas operation in developed countries,
page 4.52 are employed to calculate @&} and CQ emissions.

EFCH: 5.4E06 Gg per 10m? oil transported by pipeline = 146 kg/PJ

EFCQ: 4.9E07 Gg per 10m? oil transported by pipeline = 13 kg/PJ

These emission factors were used to calculate fugitive emissions for the years since 1990.
For the estimation oN>O emissions, no emission factatas available.

Refining (1.B.2.a.iii.4)

Methane emissions from refining are calculated using IPCC Tier 1 methodology (Table 4.2.4 in IPCC 2006
Gl. (IPCC 2006 Emissions are calculated by multiplying the amount of Crude Oil input to refinery by the
emission factor. The emission factor value used was 585 kg/PJ.

This emission factor is based on the data from IPCC 2006 GI. (IPCC 2006), Table 4.2.4, Tier 1 Emission
factors for fugitive emissions from Oil and Gas operation in developed countries, page 4.52

EFCH: 2.6x1® to 41.0x1® Gg per 1dm?® oil refined = 585 kg/PJ (average)

The value decreased during years and it was due to the improvements in technology of refining. For
example for storage of crude oil, Czech companies use modern technologiethadotidle flootin roof

and the bottom of the tank is double with a vacuum gap divided into four separate sections with separate
pressure sensors that constantly monitor the tightness. Also during refining processes they follow BAT
document for refining miaral oils.

Based on ERT recommendation (2022CZEQAZ28) recalculation of emission factor was done for the
submission 2022023. For the period 19991999 the highest emission factor from Guidelines 2006 IPCC

(1 148, respectively 150 kg/PJ) was used, thenlinear transition to an average value was applied and
since 2013 the average value is used (585 kg/PJ). This average value comes from the minimum and
maximum of default emission factor stated in Guidelines 2006 P@€recalculation was held in resfzen
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to the ERT recommendatio8f22CZEQA2&nd eventhough the emission are higher, they are still under
the threshold of significance for the Czech Republic.

TKS RSONBFrasS Ay (GKS L9C Aa olFaSR 2y (KS | BeadzyLJiA
refineries and oil storage facilities, whereby oil companies invest a significant amount of money to upgrade
their equipment to minimize environmental damage. In the past, these investments were mainly aimed to
reduce the usual pollutants, including namethane volatile organic compounds (NMVOCs). The
equipment upgrades aimed to reduce NMVOCs also led to a decred3d emissions from 1.B.2.iv
(refining/storage). The operators in Czechia are legally required to estimate and report NMVOC emissions
in the integrated central system, which uses these data for national environmental policy decisions as well
as for internatioml reporting (e.g under European Monitoring and Evaluation Programifog)better
expression of the situatioa graphwhich demonstrated the correlation between the EF @ emission

from 1.B.2.iv (refining/storage) and that for NMVQ{Ssshown irFFig.3-49. The graph clearly showed that

the decrease in EF for NMVOC, which is based on direct reporting by operators (i.e. tier 3), is even more
significant than the deease inCH emission factor used for the GHG inventory.

The IPCC method does not give any EE@r
10000 or NO. Consequently, the notation key NA is
9000 .
= 8000 used in CRF.
E 7000
8 gggg Distribution of Oil Products (1.B.2.a.iii.5)
E 4000
3 2000 The available IPCC methodology does not
§ iggg provide any EF fa£Q, CH or N.O ¢ notation
0 key¢ NA. The products which originate during
1990 1995 2000 2005 2010 2015 2020 oil processing cannot contaiCQ or CH.
CS EF CH4 [kg/PJ] EF NMVOC [kg/PJ] ¢ KS N‘B 7\ é‘ y. Q u i 1 y 2 é y LJN‘E O S é‘ é
fugitive CQ or CH emissions during the

Fig.3-49 Correlation between EF for NMVOC and CH4 emissior L . .
9 distribution of oil products.

Other (1.B.2.a.iii.6)

Activity data: notation key: NGZH, CQ and N;O emissiong; notation key NO.

3.3.2.2.2 Natural Gas (CRF 1.B.2.b)

Leakage the distribution network and household distribution pipes can be considered to constitute the
most serious source of emissions. In the 1990's, the distribution network was newly constructed almost
entirely from welded plastics and the old pipeline wasanstructed to a major degree in the same
manner. Household distribution pipes are subject to strict standards and any poor seals can be identified
by the characteristic smell. In addition to safety aspects, all leakages also have an economic impact both
for the distribution company and for the end user, so this aspect is carefully monitored and, as soon as
possible, immediately remedied. As a whole, the gas distribution in ZHis & a high technical level and

it can be stated that all leakages are datly sought out and eliminated.

As a method was developed in the last few years for determining methane emissions in the gas industry
using specific emission factors, this sophisticated method of calculation continues to be used, although,
from the standint of ref. (IPCC 2006), calculation using default values would probably suffice. Qualified
estimation of methane emissions is thus carried out using specific emission factors for the individual parts
of the gas industry system (Table 4.2.8. ClassificatioGas losses as low, medium or high at selected
types of Natural gas facilities, IPCC 2006 Gl. (IPCC 2006), pag&rhigsdon factors were determined by

the International Gas Union (IGU) in 1998 in Study Group 8.1 Methane Emissions (Gas and the
Envionment, 2000). These EF were corrected on the basis of consultation with Czech Gas experts to the
Czech conditions (technical conditions of the individual parts of the gas supply system).
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The total emission value given corresponds to about 0.3% of tla ¢consumptiorof Natural Gas in the
Czech Republic. The detailed calculation given corresponds to Tier 2.

In general, it can be stated that the determined methane emissions in category 1.B.2 Gas are basically
formed in several ways:

1 through poor seals ithe flanges and joints, fittings, probes in mining and storage fields and other
parts of the pipeline system,

9 through pipeline perforation,
9 through technical discharge of gas into the air,
1 through accidents.

Exploration (1.B.2.b.iii.1)

Exploration of Natual gas is not carried out in the Czech republic regularly, but only very randomly
Therefore notation key NE was used in CRF Report tables for the emaigaibactivity data. The statement

of MND a.s. (only company with licence for exploration in Czechihpt they perform exploration but
only very random and this activity do not release emissions adedl chapteExploration (1.B.2.a.iii. 1pr

more explanation.

Production (1.B.2.h.iii.2)

Transmission and Storage (1.B.2.b)ii.4
Distribution (1.B..iii.5)

Other (1.B.2.b.iii.6)

1B2b6 is reserved for "others". We have used this "empty" category only to report the volume of stored
gas, since separately stored gas cannot be reported anywhere else. Gas storage is reported according to
the IPCC methodogly in subcategory 1B2b4 (transit and storage) together with emissions from transit
transport. The data in 1B2b6 should only be taken as additional information.

Fugitive methane emissions are calculated in these subcategories using an internal calecatzdi®n
based on the methodology proposed in 1997 in IGU (Alfeld, 1998). Calculations of emissions are
supplemented by data from the national Integrated Pollution Register (IPR) and investigations at individual
distribution companies on registered units catNral Gas.

Tab.3-67 Model calculation ofCH, emissions in the Natural Gas sector @0)

production 0.2 % vol. 202 mil. m? 0.40
high pressure pipelines 600 md3km.year 12777 km 7.53
transmission pipelined 0.22
compressorg) 0.74
storage™ 0.60
regulation stations 3000 m?3station 4500 pcs 4.42
distribution network 300 m3/km.year 48 741  km 14.36
final comsumption 3.5 m?3/consumer 2811924 pcs 5.54
Total 34.56

Emissions irGg (0.6 7/kg/m3) 23.15

") data fromIRZ (Integrated Pollution Register of Czech RepuBiech version ofERTR)company NET4GAS
) data fromoperating records of leakage Natural Gammpany RWE
) data fromoperating records of leakage Natural Gammpany RWE Gas Storage
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Emissions calculated in this model are then transformed to the structure of the sectors and subsectors
accoding to the IPCC methodology.

3.3.2.2.3 Venting and Flaring (CRF 1.B.2.c)

The estimations 0€Q, CH and N;O emissions from venting and flaring in the course of oil production
were obtained by using the default EFs provided by the IPCC 2006 GI. (IPCC 2006) (see table 4.2.4, pages
4.48¢ 4.54). In this case the following EFs were taken:

Venting (Default Weightedotal)

CH: 8.7E03 Gg per 1dm?3total oil production
CQ: 1.8E03 Gg per 1dm?3total oil production
N.O: NA

Flaring (Default Weighted Total)

CH: 2.1E05 Gg per 10m? total oil production
CQ: 3.4E02 Gg per 10m? total oil production
N,O. 5.4E07 Gg per 1dm?3 total oil production
Owing to the fact that activity data are required in kg/PJ, the value was converted to kg/PJ by using the

typical value of density for crude oil of 880 kg/t and value NCV was taken from CzSO questionnaires IAE as
a sinple average for domestic oil (42 MJ/kg):

Venting

CH: 235 390 kg/PJ
CQ: 48701 kg/PJ
Flaring

CH: 568.2 kg/PJ
CQ: 919 913 kg/PJ
N:O: 14.61 kg/PJ

3.3.2.3 Uncertainties and time -series consistency

The inventory methods used in this inventory were consisteethployed across the whole reporting
period from the base year of 1990 to 2D

In 2020 was carried out an extensive study aiming to updag¢euhcertainties in thesector 1.B.2From

the study follows that in tls category higher uncertainties should be expectkdn in 1.A During fuel
mining/production is expected relatively high uncertainties due to used measuring instruments (for large
guantities - millions of tonnes have relatively low accuracy) as well asotrerall difficult operating
conditions. Conversely, imports and exports of raw materials are sensitive economic data and low
uncertainties should be expectedenting and flaring is minor subcategory in inventories of Czechia, but
this subcategory is legxplored than others and thus the uncertainties are quite high.
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The emission factors for determining emissions in extraction of Natural Gas and Crude Oil are based on
specific measurement€Emission factors used to determine emissions in transport antitdifion of

Natural Gas are based on isolated measurements and estimates by experts in the gas industry.
Determination of gas leaks in technical operations, startipgof compressors and accidents, as
appropriate, are evaluated on the basis of calculasionith knowledge of the necessary technical
parameters, such as the gas pressure, pipeline volume, etc. The uncertainties then correspond to
knowledge of these technical parameters

The determination ofincertaintieswas carried out according the same tihedology as in case of category
1.A i.e. hree independent experts estimate of 'basic' uncertaintiefich were averaged (see chapter
3.25.orfordetails SAStt Qb Ff®X HAHnAN

For specific uncertainties used fiotrodudion into the trend in total ndonal emissionsee Annex 2.
3.3.2.4 Category-specific QA/QC and verification

General quality control and sourgpecific quality control (Tier 1 and Tier 2), in conformance with the
requirements of the QSE handbook and its associated applicable documents geavpesformed to the
full extent.

QC activities at the level of Tier 1 were performed according to the QA/QC plan by the sector compiler.
Routine control was performed in the framework of the following activities:

9 activity data employed,

1 emission factoremployed,

9 calculation procedures employed,

9 transfer of numerical data from the working set to the CRF Reporter.
In control of the activity data, the CzSO data were compared with the data from the Mining Yearbook
(Mining Yearbook, 2I®) and with data obtaiad by an investigation at the individual gas distribution
companies. Good agreement was found. In control of the emission factors employed, the emission factors
used in the Czech Republic methodology were compared with the emission factors of SlovahkidaRdl
Germany in the context with the default emission factors. It was found that the emission factors employed
for calculation of emissions in the Czech Republic methodology correspond, in their range, to the emission
factors employed in the other couriés. Comparison of the emission factors used in the Czech Republic
with the emission factors of the surrounding countries corresponds to the level of Tier 2.

Control of the transfer of numerical data from the working set to the CRF Reporter did not eaweal
differences.

The final working set in EXCEL format was locked to prevent intentional rewriting of values and archived
at the coordination workplace.

The protocols on the performed QA/QC procedures are stored in the archive of the sector compiler.
3.3.2.5 Category-specific recalculations
Recalculation for 1.B.2.a.4 Oil Refinmgs donedue to the change ofCH emission factor. More

information to this issues listed inappropriate chapter in NIR (3.3.2.2.Epr the recalculation se€ab.
3-68.
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Tab.3-68 Uncertainty estimates for fugitive emissions frohB.2.a.4 Oil Refining

Submission 2022 kt 303.89 266.62 277.52] 258.46 276.25 288.91 317.26| 292.14| 282.92| 251.25| 244.18| 254.34| 261.49 275.35
Submission 2023 kt 303.89 266.62 277.52 258.46 274.54 288.91 317.21| 293.22| 282.92| 251.25| 244.39| 254.34| 261.87 275.93
Difference kt 0.00 0.00 0.00 0.00 -1.71 0.00 -0.04 1.08 0.00 0.00 0.21 0.00 0.38 0.59
Submission 2023 % 0.00 0.00 0.00 0.00 -0.62 0.00 -0.01 0.37 0.00 0.00 0.09 0.00 0.14 0.21
Submission 2022 kt 0.85 0.75 0.78 0.72 0.77 0.66 0.73 0.41 0.40 0.35 0.34 0.34 0.30 0.32
Submission 2023 kt 0.35 0.31 0.32 0.30 0.32 0.33 0.36 0.34 0.33 0.29 0.27 0.27 0.27 0.27
Difference kt -0.50 -0.44 -0.46 -0.43 -0.46 -0.33 -0.36 -0.07 -0.07 -0.06 -0.07 -0.06 -0.03 -0.04
Submission 2023 %  -143.48 -143.48| -143.48| -143.48 -144.99 -100.00 -100.03 -21.29  -21.74| -21.74| -26.06] -23.45 -11.62] -16.10
Submission 2022 kt 281.37| 32455 330.25 312.46 349.47 312.19 335.00| 300.74/ 307.21] 28255 316.98 305.96 229.89  333.43
Submission 2023 kt 281.37| 325.18 330.25 312.46 349.47 312.45 335.00| 300.74/ 307.21] 28255 317.83 306.26] 229.89  333.98
Difference kt 0.00 0.63 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.85 0.30 0.00 0.55
Submission 2023 % 0.00 0.19 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.27 0.10 0.00 0.17
Submission 2022 kt 0.32 0.37 0.38 0.36 0.40 0.36 0.39 0.35 0.35 0.17 0.19 0.18 0.13 0.19
Submission 2023 kt 0.27 0.30 0.29 0.26 0.27 0.23 0.24 0.20 0.19 0.17 0.19 0.18 0.13 0.20
Difference kt -0.06 -0.08 -0.09 -0.10 -0.13 -0.13 -0.15 -0.15 -0.16 0.00 0.00 0.00 0.00 0.00
Submission 2023 % -21.30| -26.46] -32.60, -39.08 -46.22| -54.01| -62.96/ -72.86] -84.03 0.00 0.27 0.10 0.00 0.17
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3.3.2.6 Category-specific planned improvements

No specific improvements are planned for this category.

3.4 CQtransport and storage (CRF 1.C)

Not performed in the Czech Republic.
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4 Industrial processesand product u se (CRF Sector 2)

The sector of industrial processes of GHG emission inventory includissi@ms from technological
processes and not from fuel combustion used to supply energy for carrying out these processes. Consistent
emphasis is put on the distinction between the emissions from fuel combustion in the Energy sector and
the emissions fromechnological processes and production.

For example, in the production of cement, consideration is given only to emissions derived from the
thermal decomposition of mineral raw materials (specific@ll$ emissions from the decomposition of
limestone) and not from fuel used to heat the rotary kiln (considered in category 1.A.2.f). However, the
situation in iron and steel production is more complicated. Evaluation ofoeemissions is based on
consumption of metallurgical coke in blast furnaces, where coke is used dominantly as a reducing agent
(iron is reduced from iron ores), even though the resulting blast furnace gas is also used for energy
production, mainly in metallurgical plants.

In 2021, the toal aggregate GHG emissions from industrial processes were 16173.@Gewfuivalents,
which represent increase of 108é6mpared to the previous year. Emissions decreased by 6% compared to
the reference year 1990.

4.1 Overview of sector

4.1.1 General description and key categories identification

The major share o€Q emissions in this sector comes from ssdiurce categories 2.C.1 Iron and Steel
Production, 2.F.1 Refrigeration and Air Conditioning and 2.A Mineral Indds®ymissions coming from

2.B Chemical Ingstry are less significant. Iron and Steegjadses Use in Refrigeration and Air Conditioning,
Cement Production, Lime Production and Nitric Acid Production can be considered to be key categories
(KC) according to IPCC 2006 Gl. (IPCC 2ZDéI6).4-1 gives a summary of the main sources of direct
greenhouse gases in this sector, shows share of national emissions in 2021 and lists type of key category
analysis for key categories.

Tab. 4-1 Overview of key categories in sector Industrial Processes (2021)

2.C.1 Iron and Steel Production CQ LA, TA LA Yes Yes Yes Yes 5.10 5.46
2.F.1 Refrigeration and Ail Fgases LA, TA LA TA Yes Yes Yes Yes 2.92 3.13
conditioning

2.A.1 Cement Production CcQ LA, TA Yes Yes 1.56 1.67
2.B.8 Petrochemical and Carbo CQ LA, TA LA TA Yes Yes Yes Yes 0.81 0.86
Black Production

2.A.4 Other Process Uses « CQ LA, TA Yes Yes 0.54 0.57
Carbonates

2.A.2 Lime Production CcQ LA Yes Yes 0.53 0.57
2.G Other Product Manufacture N.O LA Yes 0.18 0.19
and Use

2.B.2 Nitric Acid Production N2O TA TA Yes Yes Yes 0.10 0.10

KC: key category
1 including LULUCF
2excluding LULUCF
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4.1.2 Emissions trends

10000 15000

Emissions [kt COs eq.]

5000

0

Fig.4-1 Trend of emissions from IPPU [kt €€x.]

This chapter describes the
emissions of greenhouse gases in
more disaggregatedway than
chapter2: Trends in Greenhouse
Gas emissions.

GHG emissions in this category
are driven mainly by economic
development, supply  and
demand of products, where
abatement technology is used
only in specific cases (e.g. nitric
acid production) or the driving
force is different (e.g. substitutes
to ozone depleting substances).

GHG emission trend from Industrial Processes and Product Use fromdaasE90 to 2021 is depicted in
Fig. 41. CQ eq. emissions have shown stable trend since 2010 with slightly increasing fluctuations.

Emissions [kt COs eq.]
2000 4000 ©000 8000

0
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O2A B 2B 8 2C B 2F
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Fig.4-2 Emissions from principal subcategories of IPPU [kb@@.]

GHG emission trends for the
principal categories of IPPU are
depicted on Fig. € for years
1990, 1995, 2000, 2005, 2010,
2015 and 2021. Emissions in
2009 and 2010 were rather
influenced by the economic
crisis. Emissions from category
2.A decreased by 16&ompared

to 1990. Decreasing trend of
emissions is observed also for
categories 2.B and 2.C. Emissions
decreased by 24% for 2.B and by
34% for 2.C compared to 1990. It
can be seen that the emissions of

fluorinated greenhouse gases from category 2.F arest@ontly increasing since 1995. A brief description
of the relevant category trends is provided for all the categories in the following chapiargi-2 lists all

categories under IPPU sector with indicated type of emissions.

Tab.4-2 Overview of categories in sector Industrial Processes and Product Use (2021)

2.A Mineral Industry X

2.B Chemical Industry X X
2.C Metal Industry X X
2.D Non Energy Products from Fuels ai

Solvent Use

2.E Electronics Industry

2.F Product Uses as Substitutes for OD

2.G Other Product Manufacture and Us

2.H Other X

1 Hydrofluoroolefins (HFO234yf and HFQ234ze)
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4.2 Mineral Industry (CRF 2.A)

This category escribes GHG
emissions from the non

combustion processes from the
following  categories: 2.A.1
Cement Production, 2.A.2 Lime
Production, 2.A.3 Glass
Production, 2.A.4 Other Process
Uses of Carbonates.

Emissions [kt CCy eq]
2000 3000 4000

1000

0

Emission trend for category 2.A
Mineral Industry is dejgted on
Fig. 43. The major share 57%
belongs to 2.A.1 Cement
Fig. 4-3 Trend of emissions from 2.A Mineral Industry and share of spe Production, 19% belongs to 2.A.2
subcategories [kt Cg) Lime Production, 4% belongs to
2.A.3 Glass Production and 16% to 2.A.4 Other Process Uses of Carblatat#s8 lists theCQ emissions
in the individual subcategories in 2.A Mineral Products in 2021.

Tab. 4-3 CQ emissions in individual subcategories in 2.A Mineral Products category in 1921

Category 2.A CQ emissions [kt]

2.A.1 2.A.2 2.A.3 2A4.a 2.A4Db
Cement Lime Production Glass Ceramics Other use of
Production Production Soda Ash
1990 2489.18 1336.65 142.75 113.86 NO NE,NO
1991 2308.92 844.66 122.40 89.98 NO NE,NO
1992 2468.42 831.46 120.77 85.36 NO NE,NO
1993 2194.55 778.67 117.14 105.49 NO NE,NO
1994 2208.38 806.53 126.65 108.31 NO NE,NO
1995 2005.01 817.53 96.05 100.49 NO NE,NO
1996 2116.49 830.73 101.01 123.10 NO 76.00
1997 2083.36 852.73 111.98 146.87 NO 240.63
1998 2067.65 797.00 116.83 200.61 NO 417.31
1999 1962.91 787.47 120.29 145.88 NO 536.94
2000 1936.86 828.53 138.18 177.02 NO 552.77
2001 1628.84 827.06 138.88 156.33 0.10 571.20
2002 1403.48 815.33 155.73 113.01 0.21 576.40
2003 1484.85 808.00 163.47 119.83 0.33 589.07
2004 1626.76 808.73 191.86 118.51 0.44 584.10
2005 1624.53 762.82 190.94 141.15 0.47 625.84
2006 1748.45 758.02 202.02 109.05 0.35 627.62
2007 2043.08 794.07 194.87 135.06 0.50 659.02
2008 1996.15 742.01 175.38 112.43 0.56 648.19
2009 1566.08 625.43 153.46 90.78 0.41 639.40
2010 1469.00 655.77 127.78 100.43 0.86 694.57
2011 1664.53 676.44 113.84 100.31 1.06 800.61
2012 1517.15 597.44 128.09 108.31 1.09 740.32
2013 1331.79 612.99 126.25 116.73 1.03 723.73
2014 1482.73 630.90 135.23 89.94 1.11 710.00
2015 1558.16 611.54 151.96 68.64 1.01 692.93
2016 1697.60 639.82 138.06 70.26 1.01 673.52
2017 1728.27 673.53 155.01 79.03 1.15 661.44
2018 1867.54 749.37 147.68 90.41 0.75 649.40
2019 1977.24 680.95 143.60 110.04 0.79 529.87
2020 1891.03 650.80 138.83 96.50 0.81 432.66
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Category 2.A CQ emissions [kt]

2A1 2.A2 2.A3 2.A4.a 2.A4Db 2A4d

Cement Lime Production Glass Ceramics Other use of Other
Production Production Soda Ash
2021 1957.87 667.02 143.92 91.17 1.00 582.98

Tab. 4-4 gives an overview of the emission factors and methodology used for computations of emissions
in category 2.A Mineral Products in 2021.

Tab. 4-4 CQ emission factors and methodology used for computations of 2021 emissions and removals in category 2.A

2.A.1 Cement Production 0.53 t CQJ/t sinter EU ETS Tier 3
2.A.2 Lime Production 0.70 t CQit CaO CS Tier 3
2.A.3 Glass Production 0.12 t CQyt Glass EU ETS Tier 3
2.A.4.a Ceramics 0.10 t CQl/tiles thousand n CS (EU ETS) Tier 3
0.05 t CQ/brick unit CS (EU ETS) Tier 3
C t CQ/roofing tiles CS (EU ETS) Tier 3
2.A.4.b Other Usesf Soda Ash C t CQ/t soda ash PS Tier 3
2.A.4.d Other
Fluegas desulfurisation 0.44 t CQ/t desulfurated fluegas CS (EU ETS) Tier 3
Mineral wool production 0.25 t CQ/t mineral wool Default (IPCC 2006) Tier 1
Denitrification 0.73 t CQ/t urea CS (EETS) Tier 3

The column source or type of EF indicates the way how was the certain emission factor determined. Detailed informatfon for ea
emission factor is given in the relevant chapters.

4.2.1 CementProduction (CRF 2.A.1)

CQ emissions from cement produon have decreased since 1990 226. TotalCQ emissions equal to
1957.87ktin2021¢ KS RSONBIF &S Ay (KS SYAadaaAzya Rdz2NAYy3I mddn
economy to market economy. This led to decline in industrial production and coestgto decrease in
emissions. Since 2003, the cement production began to recover and production has increased. Decrease

in emissions since 2008 was caused by the economic crisis and related construction constraints. Cement
production was identifiedashS& OF 4§ S3I2NE Ay (GKAa &SIFNR&a adzowYAaahi

4.2.1.1 Sourcecategory description

Cement production is one of the traditional anthropogenic sources of carbon dioxide included in
inventories; however, its importance is incomparably smaller than the total combustion of fossil fuels.
Approx. 60% of the€Q is emitted during transformation of raw materials (mainly decarbonisation of
limestone). Proceseelated CQ is emitted during the production of clinker (calcination process) when
calcium carbonate (Cag)ds heated in a cement kiln up to temperatureskob 2 dzi M pnn c¢c/ & 5
process, calcium carbonate is converted into lime (€edlcium oxide) and carbon dioxideQ emissions

from combustion processes taking place in the cement industry (especially heating of rotary kilns) have
been reported inPCC category 1.A.2.f Limestone (and dolomite). This category contains also small amount

of magnesium carbonate (Mgg)and fossil carbon (C), which will also calcinate or oxidize in the process
causingCQ emissions.

4.2.1.2 Methodological issues

CQemissions frm 2.A.1 Cement Production are calculated according to the Tier 3 methodology described
in IPCC 2006 GI. (IPCC 2006). This methodology describes an approach based on direct data from individual
operators of cement kilns.
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Four cement plants operate in thez€ch Republic. Information submitted directly by the cement kiln
operators is available for years 1990, 1996, 199802 and 2005 2021. For these years, the emission
factor value was derived from CCA (Czech Cement Association) data (activity datarabogtion of
clinker) and individual installation data about emissions. For years 19995, 1999 2001 EFs were
interpolated. Since 201@Q emissions are based on data submitted by the cement kiln operators in the
EU ETS system. EU ETS system s@lecement kiln operators in the Czech Republic. The content of
calcium/magnesium oxide (CaO/MgQ) and composition of the limestone and dolomite are measured and
independently verified. These parameters are used for calculation o€theemissions and,herefore,
substantial attention is devoted to their determination.

The methodology used f@QS YA daA2ya Ydzad 6S Ay | O0O2NRIyOS 6AGK
2 LRRYNY(1tOK 200K2R2@tyN & LR@2tSy1F YA ofltheSYAAS
Greenhouse Gas Emission Allowance Trading Act) and the EU legislation (Commission Decision of 18 July
2007 establishing guidelines for the monitoring and reporting of greenhouse gas emissions pursuant to
Directive 2003/87/EC of the European Rarlent and of the Council).

All operating cement plants in the Czech Republic are equipped with dust control technology and the dust
is then recycled to the kiln. Use of dolomite or amount of magnesium carbonate in the raw material, as
well as fissile cadn (C) content is known, all above mentioned variables are used for emission estimates
in the EU ETS system.

Data on cement clinker production is published yearly by the Czech Cement Association (CCA), which
associates all Czech cement producers. Clipkadtuction data together with interpolated EFs were used

for years without direct data from cement kiln operators (199995, 1999 2001). IEF, which is calculated
based onCQ emissions and clinker production, varies during the whole time series ftb2v¥Qo 0.553 t

CQ/t clinker.

Tab. 4-5 introduces the activity data for clinker production, emission factor &l emissions for the
whole time series.

Tab. 4-5 Activity data,CQ emission factor andCQ emissions in 2.A.1 Cement Production category in 192021

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Clinker 4

. k] 43680 46530 41220 41340 37400 39340 38290 37580 3547.0
production 726.0
EFCQ t[élﬁfér] 0527 0529 0531 0532 0534 0536 0538 0544 0550  0.553
COemissions  [ki] 48922 2308.9 24684 21946 22084 20050 21165 20834 2067.7 1962.9
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Clinker k]  3537.0 29540 2549.0 27250 3017.0 30451 3287.7 3837.0 3758.7 29232
production
EFCQ t[élﬁfér] 0548 0551 0551 0545 0539 0533 0532 0532 0531  0.536

CQemissions [ki] 1936.9 1628.8 14035 14849 1626.8 1624.5 17485 2043.1 1996.1 1566.1

Unit 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
sr':)” dkfcrtion [k 27485 31323 2837.6 24722 27921 2919.2 3188.1 3236.0 35143 37222
EFCQ t[élﬁfér] 0534 0531 0535 0539 0531 0534 0532 0534 0531 0531

CQemissions [ki] 1469.0 16645 1517.1  1331.8 1482.7 1558.2 1697.6 1728.3 1867.5 1977.2

Unit 2020 2021 |

;':)” dkjétion k] 35560 3673.0
[tCcQ/
EFCQ toinkey 0532 0533

CQemissions [kt] 1891.0 1957.9
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4.2.1.3 Uncertainties and time -series consistency

In 2012 a research was conducted in order to develop new uncertainty estimates. The uncertainties for
this category are based on the IPCC 200§IBCC 2006). Since Tier 3 method is used for determining
emissions in this category the uncertainties were estimated at the level of 2% both for activity data and
emission factors. Overall uncertainty data are given in Chapter 1.6.

Time series consistengyensured as the inventory approaches concerned are employed identically across
the whole reporting period from the base year 1990 to 2021.

4.2.1.4 Source-specific QA/QC and verification
The input information and calculations are archived by the sectoral expdrttee coordinator of NIS.

Verification is provided by comparison of the activity data obtained from CCA, CzSO, ISPOP and EU ETS.
The cement clinker production data provided by CCA, which are used as input activity data for the
submission, are compared \widata provided by CzSO, ISPOP and data obtained from EU ETS forms. The
percentage differences between cement production data for 2021 obtained from CCA and other sources
are as follows:

9 Difference between the data from CCA and CzSO: 0.00%

9 Difference b&ween the data from CCA and ISPOP: 1.01%

9 Difference between the data from CCA and EU ETS).00%

In addition to verification ofhe input data, the interannual changes in the implied emission factors are
analysedThe EU ETS reports, which have been iseemission estimates since 2010, have been
substantiated by independent verifiers.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.2.1.5 Source-specific recalculations, including changes made in response to the
review process and impact on emission trend

In this year, no recalculations were performed in this sector.

4.2.1.6 Source-specific planned improvements, including tracking of those identified
in the review process

Since the Tier 3 method is used for emission calculationssrcétegory, no significant improvements are
planned.

4.2.2 Lime Production (CRF 2.A.2)

CQ emissions from lime production have decreased considerably since 1990%y The decrease in
emissions between 1990 and 1991 was caused by the transition from a plawoedmy to a market
economy and closing of lime kilns, together with a decrease in industrial production. Since then, lime
production has varied slightly around 1 100 kt/year. In 2012 the production of lime dropped to a minimum

for the whole period of 7587 kt. In 2021, production of lime increased by 92.47 kt compared to previous
yearto 948.1&t® [ AYS LINRPRdAzOGA2Y 6+ a ARSYGAFASR I a | (Se@
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4.2.2.1 Soucecategory description

From a chemical point of view, lime is calcium oxi@€} is released during calcination. During the
production of lime, the limestone is heated up which leads to decomposition (i.e. calcination) of
CaC@MgCQi 2 GKS f AYS ¢/CBIsBkeing reléased idth the atmgsRhere.

4.2.2.2 Methodological issues

Five lime producers operate in the Czech Repul@i@ emissions from 2.A.2 Lime Production are
calculated according to the Tier 3 methodology described in IPCC 2006 Gl. (IPCC 2006) since 2010.

CQ emissions are based on data submitted by the lime produgethe EU ETS system. The ETS data are
available for time period 2012021 for each process. This data are at the Tier 3 level. Data in EU ETS take
into account the actual carbonates present, impurities in the raw material and LKD (LKD is incthded in

data and thus emission estimates also include LKD). IEF is not constant because emissions reported in EU
ETS forms are calculated separately as pure CaO and additional carbonate additives. The ratio of their
composition varies, and therefore IEF fluaties between 0.788 and 0.73&Q/t CaCQ@since 2010.

EU ETS data are also available for time period 20089, but only in the form of total emissions for each
plant (including emissions which are reported in the Energy sector) and this is noestffici their use

for this reporting. OnlYCQ emissions generated in the process of the calcination step of lime treatment
are considered in this categor@€Q emissions from combustion processes (heating of kilns and furnaces)
are reported under category.A.2.f.

For the time period 1990 2009, the
activity data is based atine data from
CLA (the Czech Lime Association) and
emissions were calculated by usirgt

900

800

5] o Tier 1 method. These data were
= : considered to be more accurate than
s g the data provided by CzSO, which do
':E: 7 not differentiate between lime and

g DM GIA EF 0 oo hydrated lime (the data from CLA

- Emissions according EU ETS differentiate  between lime and

< T T T T T ' hydrated lime). This period's

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 calculation is based2 y +t OKI U3

research, which states’According to

provided information by CLA, the

content of calcium oxide (CaO) in
manufactured lime is 93%. Particle 0.93 is added to the computation formula in order to recalculate lime

to pure 100% CaO. " The nationa) &E$ed for the time period 199®009, reflects the production of lime

and quick lime (0.7884CGQk G f AYSO 0%t OKI X HAannO® ¢RIOSis ased dddzf I G A
the following formula.

Fig. 4-5 Final emission values [kt GD with applied EF 0.7332 ai
0.7884t CQJ/t lime compared to EU ETS data

DaQi | B2 id0aé o0& RQOE QO GARNY WD 6j 06 OO0

Combination of the average purity (93%) and the national EF resuting emission factor is@Q/88re.
The reason of lower IEF for the time period 1292009 than IEF for the time period 262019 is in
different source of activity data for each time series. B)9.4-6 is depicted that emissions would be
overestimated if just national EF (without considering purity) was used.

In 2015, research was carried out related to the cowsfpgcific emission factor from lime production
(Beck, 2015). Thigsearch clarified the very small fluctuation of the emission factor (depending on the
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composition of the limestone) and further successfully defended the connection between Tier 1 data for
the 1990- 2009 period and Tier 3 data for the 2012014 periodDetailed information about the research
is provided in Annex 3.

Tab.4-6 lists activity data for lime production, emission factors @@ emissions dr the whole time
series.

Tab.4-6 Activity data, CQ emission factor andCQ emissions in 2.A.2 Lime Production category in 1992021

Unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
";'r’:guction [kt] 18230 11520 11340 10620 11000 11150 11330 11630 1087.0 1074.0
EFCQ [tt"i% 0733 0733 0733 0733 0733 0733 0733 0733 0733  0.733
gn?issions [kt] 1,336.6 8447 8315 7787 8065 8175 8307 8527 797.0 7875
2002 2003 2004 2005 2006 2007 2008
r';'r';‘guction k] 11300 1128.0 11120 11020 1103.0 10404 10338 1083.0 10120  853.0
EFCQ [ttlfn%g 0733 0733 0733 0733 0733 0733 0733 0733 0733 0733
gn?issions [kt] 8285  827.1 8153 8080 8087  762.8 7580 7941 7420 6254
Unit 2010 2011 2012 2013 2014 2015 2016 2017  2018| 2019
r';'r’;‘guction [ki] 8317 8581 7581 7780 8162 8002 8358 8880 9856  897.9
EFCQ [ttlfn%g 0788 0788 0788 0788 0773  0.764 0766  0.758  0.760  0.758
gn?issions [kt] 6558 6764  597.4 6130 6309 6115  639.8 6735 7494  680.9
Unit 2020 2021
Lime
oroduction [l 855.7 9482
EFCO [tt"(r:n?ej] 0.761  0.703
co
erssions kt] 650.8  667.0

4.2.2.3 Uncertainties and time -series consistency

The uncertainties for this category are in line with the IPCC 2006 GI. (IPCC 2006). Since activity data are
based on the EU ETS for time period 202021, which include all the lime producers in the Czech
Republc, the uncertainty in the activity data was estimated at the level of 2%.

For time period 1990 2009, the countryspecific emission factor is used and the uncertainty was
estimated to be at the same level as that for the activity data, i.e. 2%. Thalbuecertainty data are
given in Chapter 1.6.

Time series consistency is ensured as the inventory approaches concerned are employed identically across
the whole reporting period from the base year 1990 to 2021.

4.2.2.4 Source-specific QA/QC and verification
Theinput information and calculations are archived by the sectoral expert and the coordinator of NIS.

Verification is provided by comparison of the activity data obtained from CLA, CzSO and EU ETS. The lime
production data obtained from EU ETS forms (input activity data for the submission) are compared with
the data provided by CLA and CzSO. The percenliffigeences between the lime production data for

2021 obtained from EU ETS and other sources are as follows:
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w Difference between the data from EU ETS and CLA:1.52%
w Difference between the data from EU ETS and CzS@.70%

In addition to verification bthe input data, the intetlannual changes in the implied emission factors are
analysed. The EU ETS reports, which have been used for emission estimates since 2010, are substantiated
by independent verifiers. The emission estimates are compared with the afuthe emissions from
technological processes reported by the individual kiln operators. The coespégific emission factor

used for emission estimates for 19902009 was compared with the emission factors used for the
calculation by individual operats.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.2.2.5 Source-specific recalculations , including changes made in response to the
review process and impact on emission trend

In this year, no recalculations were performed iisthector.

4.2.2.6 Source-specific planned improvements, including tracking of those identified
in the review process

Since the Tier 3 method is used for emission calculations in this category, no significant improvements are
planned.

4.2.3 GlassProduction (CRF 2.A.3)

CQ emissions from glass production have decreased by 3% since 1990. The production of glass reached a
maximum value in 2006, equalling 1750.00 RQ emissions from 2.A.3 Glass production equalled
143.92kt CQin 2021.

4.2.3.1 Sourcecategory description

CQ emissions from Glass Production (2.A.3) are derived particularly from the decomposition of alkaline
carbonates added to glassaking sand.

4.2.3.2 Methodological issues

CQ emissions from 2.A.3 Glass Production were calculated according to the Tier 3 methatedogyed
in the IPCC 2006 Gl. (IPCC 2006) since 2010.

Since 2010CQ emissions have been based on data submitted by the glass producers in the EU ETS. The
ETS data are available for the time period 202021 for each process. These data are at the Jievel.
The activity data for total glass production were obtained from CzSO.

Emissions for 1990 2009 were calculated according to Tier 1 methodology with the country specific
emission factor. The country specific emission factor was calculated avénage emission factor from
data submitted directly by the manufacturers in EU ETS for 2@021. The country specific emission
factor used for emission estimates in 199Q009 equals 0.115G@Q/t glass, which indicates that the
country specific emigan factor is slightly higher than the default emission factor multiplied by cullet ratio
50%, which equals 0.1/t glass. The activity data for the emission estimates were obtained from the
Association of the Glass and Ceramic Industry for 12809.
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Tab.4-7 lists activity data for glass production, emission factors @l emissions for the whole time
series.

Tab.4-7 Activity data, CQ emission factor andCQ emissions in 2.A.3 Glass Production category in 182021

Unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Srlgjjction [kt] 1236.6 1060.2 1046.1 1014.7 1097.1 832.0 875.0 970.0 1012.0 10420
EFCQ t[tgcl:a%/s] 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115
gn?issions [kt] 142.8 122.4 120.8 117.1 126.7 96.0 101.0 112.0 116.8 120.3
S:gjjction [kt] 1197.0 1203.0 1349.0 14160 16620 16540 17500 1688.0 1519.2 13293
EFCQ t[tgcl:acsys] 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115
ca [kt] 138.2 138.9 155.7 163.5 191.9 190.9 202.0 194.9 175.4 153.5

emissions

Unit 2010 2011 2012 2013 2014 2015 2016 2017 2018 ‘ 2019

;'gjﬁction ki 10225 10555 10884 1157.6 11193 12547 12953 11945 12194 1179.0

EFCO t[tglca%/s] 0125 0108 0118 0109 0121 0121 0107 0130 0121  0.122

gr?issions [kt] 127.8 1138 1281 1262 1352 1520 1381 1550  147.7  143.6
Unit 2020 2021 |

Sr'gjjction [k  1151.7 12005

EFCO t[tglca%/s] 0121  0.120

co

ermssions [ki] 138.8 1439

4.2.3.3 Uncertainties and time -series consistency

Since activity data are based on the EU ETS for time period 202Q, the uncertainty in the activity data
was estimated at the level of 2%.

Time series consistency is ensured as the inventory approaches concerned are employed identically across
the whde reporting period from the base year 1990 to 2021.

4.2.3.4 Source-specific QA/QC and verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.
Activity data on glass production provided by CzSO werestisduvith a representative of the Association
of the Glass and Ceramic Industry, who confirmed their reliability. In addition to verification of the input

data, the interannual changes of the implied emission factors are analysed. The EU ETS reporésavhich
used for emission estimates since 2010 are proved by independent verifiers.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.2.3.5 Source-specific recalculations, including changes made in response to the
review process and impact on emission trend

In this year, no recalculations were performed in this category.
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4.2.3.6 Source-specific planned improvements, including tracking of those identified
in the review process

Since the Tier 3 method is used for emission calculations inatggary, no significant improvements are
planned.

4.2.4 Other Process Uses of Carbonates (CRF 2.A.4)

The 2.A.4 category Other Process Uses of Carbonates summarizes, in the Czech R€pehiissions
from 2.A.4.a Ceramics, 2.A.4.b Other uses of Soda Ash@ndfA.4.d OtherCQ emissions from 2.A.4
Other Process Uses of Carbonates have increased since 1990 by 493%.

CQ emissions from 2.A.4.a Ceramics equalled to 91.17 kt in 2021. The decrease in emissions from 2015
was caused by changes in methodology of laboratory analysis for emission estimates used by one of the
ceramics manufacturers in EU EC8.emissions from A.4.b Other Uses of Soda Ash amounted to kt0O

CQin 2021.CQ emissions from 2.A.4.d Other amounted to 582.9&Kk} in 2021.

4.2.4.1 Sourcecategory description

CQ emissions from 2.A.4.a Ceramics are derived particularly from the decomposition of alkaline
cabonates, fossil and biogenic carbbased substances included in the raw materials.

CQ emissions from 2.A.4.b Other Uses of Soda Ash category come from soda ash use for the Glass
production category, soda ash is used in only one other installai@emissions from this category are
small and insignificant (varied between 0.10 and 1.16®) compared to the other categories.

CQ emissions from the 2.A.4.d Other category include emissions from mineral wool productiegafiue
desulphurisation and detrification. The CRF reporter does not allow separation of these four categories
by adding new nodes under 2.A.4.d Other category. Consequently, these four categories are reported
collectively.

4.2.4.2 Methodological issues
2.A.4.a Ceramics

CQ emissions from 2.A.4.a Ceramics have been calculated according to the Tier 3 methodology described
in the IPCC 2006 GI. (IPCC 2006) since 2010.

The activity data and emissions are taken directly from EU ETS forms fe2@PILOEmissions for 1990
2009 wee calculated according to the Tier 1 methodology with the country specific emission factor, which
was derived as the average emission factor calculated from EU ETS data feR@0R0The activity data

for production were obtained from CzSO. The calooais based on the total production of ceramic
products (fine ceramics, tiles, roofing tiles, and bricks) and the emission factor value

2.A.4.b. Other Uses of Soda Ash

In category 2.A.4.b Other Uses of Soda Ash is considered, that for each mole oflsada@d one mole

of CQ is emitted, so that the mass @Q emitted from the use of soda ash can be estimated from a
consideration of the consumption data and the stoichiometry of the chemical process. The data,
considering the amount and purity of the d@ ash used, were obtained directly from the installation
operator. The activity data for soda ash use and IEF have been reported as C since 2013 because only one
manufacturer uses soda ash and thus these data are confidential.
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2.A.4.d Other

CQ emissiondrom the 2.A.4.d Other category include emissions from mineral wool productiongélae
desulphurisation, denitrification by using urea and removals from ga@@uction.

Emissions from mineral wool production are estimated according to Tier 1 metggalsing default EF.
Activity data about mineral wool production are obtained by CzSO. Activity data are available for time
period 2000- 2002 and 2007 2021.CQ emissions for time period 20032006 were interpolated. Data
before 2000 are not availabdbut, according a representative of the mineral wool industry, a small amount
of production took place before 2000. The total amoun€C& emissions before 2000 would be lower than

the total amount of emissions in 2000. The total amount of emission®@® 2 under the threshold of
significance and thus emissions before 2000 are reported as NE.

Emissions from flugas desulphurization are obtained from EU ETS forms which correspond to Tier 3
methodology with CS EEQ emissions from sulphur removal weecalculated from coal consumption for
electricity production, the sulphur content and the effectiveness of sulphur removal units between 1996,
when the first sulphur removal units came into operation, and 2005. In 2005, these data were verified by
comparson with data from the individual operators, which were collected for EU ETS preparation and
cover the years 19992005. The EU ETS data forms have been used since 2006. The methodology used
for estimation of theCQ emissions must be in accordance with® y I GA2y I f f SIA &t GA2Y
{0d %t 12y 2 LERRYNYltOK 200K2R2@t yN a LRJ2ft Syl YA
The Act on conditions for trading in greenhouse gas emission allowances) and the EU legislation
(Commission Desion of 18 July 2007 establishing guidelines for the monitoring and reporting of
greenhouse gas emissions pursuant to Directive 2003/87/EC of the European Parliament and of the
Council).

Denitrification by using urea appeared in EU ETS for the firsttipesair 2017, at the same time when this
technology was introduced in the Czech Republic, following new legislation based on the EU Industrial
Emissions Directive 2010/75/EU. Data for year 2016 were due to the transitional period negligible and thus
reporteR a4 ab9¢éd t NAR2NJ (42 HnamcX dz2NBIF gl & y234 dzaSR 7T
NBLEZ2NISR dzaAAy3 y20F A2y 1 S@ dabhéd al Ay (bhusNiddg 43S 2 7F
which are produced during combustion processes. aeducing agent in the denitrification process is

used aqueous urea solution (CO@MH Denitrification process can by described using the following
equation:

6000 ¢0O pcij ©¢b 060 OO0

It is obvious that as a side effect of this procé3, emissions are emitted. In 2021, 23 facilities (power
plants, heating plants and chemical plants) repor@@ emissions from denitrification processes. Data
(activity data, emission factors ar@Q emissions) are obtained directly from users of this process and
thus methodology used for emission estimates is Ti€2@.emissions from denitrification amounted to

6.30 kt in 2021; emissions are under the threshold of significance. The denitrificatioespg is closely
linked to heat and electricity production, and for clarity and consistency with EU ETS, it is reported in this
category together with desulphurization.

Previously, production of Cagi@ one paper mill in the Czech Republic was incluBenling this process,
CQ reacts with hydrated lime, forming CagC®or each mole of Cag@roduced, one mole o€Q is
absorbed, so the mass @fQ removal can be estimated from the produced amount of Ca&l@ the
stoichiometry of the chemical process.reality, when lime and cement products are used in construction,
the same reaction occurs, and these processes are not included in estimatimrefore it was decided
to remove the absorption o€£Q in CaC@production from the inventory.
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These three ategories (mineral wool production, flegas desulphurization and denitrification) are
reported collectively in CRF Reporter. Activity data for this category are reported as C (NK). It is not possible
to add up activity data for mineral wool productionjdtgas desulphurization, denitrification and CaCO
production because activity data describe completely different type of inputs.

Tab.4-8 lists theCQ emissions and removals in the individual subcategories in 2.A.4 Other Process Uses
of Carbonates for time period 199@021.

Tab.4-8 CQ emissions and removals in individual subcategories in 2.A.4 Other Process Uses of Carbonates categorygn 1990
2021

Category 2.A.4 CQ emissions [kt]

2.A4a 2.A4b 2.A4d 2A4d 2A4d
Ceramics G e V.VOO| Flueg_as : Denitrification
of Soda Ash production desulphurization
1990 113.86 NO NE NO NO
1991 89.98 NO NE NO NO
1992 85.36 NO NE NO NO
1993 105.49 NO NE NO NO
1994 108.31 NO NE NO NO
1995 100.49 NO NE NO NO
1996 123.10 NO NE 76.00 NO
1997 146.87 NO NE 240.63 NO
1998 200.61 NO NE 417.31 NO
1999 145.88 NO NE 536.94 NO
2000 177.02 NO 13.08 539.69 NO
2001 156.33 0.10 19.82 551.38 NO
2002 113.01 0.21 25.02 551.38 NO
2003 119.83 0.33 29.03 560.04 NO
2004 118.51 0.44 33.04 551.06 NO
2005 141.15 0.47 37.06 588.79 NO
2006 109.05 0.35 41.07 586.55 NO
2007 135.06 0.50 45.08 613.93 NO
2008 112.43 0.56 41.19 607.00 NO
2009 90.78 0.41 39.40 600.00 NO
2010 100.43 0.86 43.57 651.00 NO
2011 100.31 1.06 61.31 739.31 NO
2012 108.31 1.09 41.63 698.70 NO
2013 116.73 1.03 42.83 680.90 NO
2014 89.94 1.11 46.89 663.11 NO
2015 68.64 1.01 47.62 645.31 NO
2016 70.26 1.01 46.00 627.52 NE
2017 79.03 1.15 48.99 609.72 2.72
2018 90.41 0.75 49.78 591.93 7.69
2019 110.04 0.79 46.63 478.63 4.62
2020 104.32 0.81 47.32 380.60 4.74
2021 91.17 1.00 47.60 529.07 6.30
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4.2.4.3 Uncertainties and time -series consistency

The uncertainties for this category are in line with the IPCC 2006 GI. (IPCC 2006), i.e. at the level of 5% for
the activity data and 10% for tHéQ emission factor. Overall uncertainty data are given in Chapter 1.6.

For 2.A.4.a Ceramics the time series consistency is ensured as the inventory approaches concerned are
employed identically across the whole reporting period from the base year 1990 fio 202

For 2.A.4.b Other uses of Soda Ash the time series consistency is ensured as the inventory approaches
concerned are employed identically across the whole reporting period from 2001, when the use of soda
started, to 2021.

For 2.A.4.d Other the timseries consistency is ensured as the inventory approaches concerned are
employed identically across the whole reporting period for mineral wool production from 2000 to 2021
and for fluegas desulphurization from 1996 to 2021.

4.2.4.4 Source-specific QA/QC and veriication
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.
Data for the emission estimates, except of category 2.A.4.d Mineral wool production, are obtained from
EU ETS forms. The EU ETS forms are proved by independent verifiers. In addition to verification of the input

data, the interannual changes of the imptieemission factors are analysed.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.2.4.5 Source-specific planned improvements, including tracking of those identified
in the review process

The search for AD for mineral wool prodiact is scheduled for the period 1990999. Since the Tier 3
method is used for emission calculations in this category (except for mineral wool production), no other
significant improvements are planned.
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4.3 Chemical Industry (CRF 2.B)

From the categories of
sources classified under
the Chemical industry
.-. - (2.B), categories
| - I.. B Ammonia  Production
(2.B.1), Nitric ~ Adi
[ | Production (2.B.2),
Caprolactam  (2.B.4.a),
Titanium Dioxide
Production (2.B.6),
Petrochemical and
Carbon Black Production
S (2.B.8) are relevant for
the Czech Republic, while
Adipic Acid Production
(2.B.3), Glyoxal (2.B.4.b),
Fig.4-7 Trend of emissions from 2.B Chemical Industry and share of specific subcate  Glyoxylic - Acid (2.B.4.c),
[kt CQreq.] Carbde Production
(2.B.5), Soda Ash
Production (2.B.7) and Fluorochemical Production (2.B.9) are not occurring. The subcategory 2.B.10 Other
(please specify) includes two subcategories: Other@oergy use in chemical industry and Non selective
catalytic rediction.

Emissions [kt CO; eq.]
1500 2500

500

— o T — — —

O 2B1 @ 2BZ @ 2B4a O 2B8b @ 2BEc @ 2BSf O 2B&g O 2B10

The major share 50% belongs to 2.B.8 Petrochemical and Carbon Black Production, 33% belongs to 2.B.1
Ammonia Production, 9% to 2.B.10 Other, 5% to 2.B.2 Nitric Acid Production and 3% to 2.B.4.a
Caprolactam Production. The emission trend for thiegary 2.B Chemical Industry is depictedrig.4-7.

Tab.4-9 lists the exact amount o€Q eq. emissions fronthe individual subcategories in 2.B Chemical
Industry for time period 19962021.

Tab.4-9 CQeq. emissions in individual subcategories in 2.B Chemical industry category in 12021

1990 990.80 932.80 68.82 832.90 IE
1991 933.44 598.90 66.58 631.76 IE
1992 989.89 760.55 59.02 710.20 IE
1993 933.98 572.40 62.58 727.93 IE
1994 1055.82 749.95 53.71 907.84 IE
1995 903.19 863.90 65.88 861.68 IE
1996 989.20 829.45 63.67 906.45 IE
1997 931.15 855.95 64.24 924.21 IE
1998 886.50 922.20 55.85 1020.51 IE
1999 788.90 752.60 65.65 1061.52 IE
2000 936.02 861.25 67.68 963.68 IE
2001 761.75 850.65 63.90 1014.38 IE
2002 638.58 731.40 39.13 944.39 IE
2003 850.60 728.75 58.55 926.35 IE
2004 843.43 837.40 63.55 1156.04 IE
2005 721.70 789.70 71.10 1123.82 IE
2006 683.27 702.25 71.64 1078.12 IE
2007 617.11 575.05 71.87 971.30 IE
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2008 700.21 535.30 56.79 1 083.99 222.76
2009 744.18 402.80 58.65 985.36 136.47
2010 705.45 288.85 65.66 1 060.58 210.17
2011 628.05 328.60 70.13 968.72 220.21
2012 653.79 336.55 68.21 1 032.08 224.53
2013 601.13 188.61 57.57 996.73 214.76
2014 689.05 227.22 61.42 1140.41 219.52
2015 741.66 249.15 65.60 756.29 223.06
2016 685.72 192.47 59.18 327.48 233.58
2017 743.75 119.44 61.44 1 064.67 206.53
2018 585.60 99.81 64.36 1074.72 207.40
2019 582.93 81.71 58.08 1 050.81 226.18
2020 381.79 64.12 60.47 883.92 221.52
2021 701.31 107.69 64.35 1069.11 191.45

Tab.4-10 gives an overview of the emission factors used for computations of emissions in category 2.B
Chemical Industry for year 2021.

Tab.4-10 Emission factors used for computations of 2021 emissions in category 2.B

2.B.1 Ammonia Production 3.27 kt CQ/kt NH; CS Tier 2
2.B.2 Nitric AcidProduction 0.68 kgN2O/t HNGs PS Tier 3
2.B.4 Caprolactam, Glyoxal and kg N2O/t )
Glyoxilic Acid Production = caprolactam €S Tier 1
2.B.8 Petrochemical and Carbon Blacl Default (IPCC __.
production 1.90 t CQ/t ethylene 2006) Tier 1
Default (IPCC __.
3.00 kg CHY/t ethylene 2006) Tier 1
Default (IPCC _.
0.29 t CQ/t VCM 2006) Tier 1
Default (IPCC _.
0.02 t CH/t VCM 2006) Tier 1
C t CQ/t carbon PS Tier 3
black
kg CHY/t carbon Default (IPCC _.
0.06 black 2006) Tier 1
C t CQ/t styrene PS Tier 1
Default (IPCC _.
0.004 t CHY/t styrene 2006) Tier 1
2.B.10 Other 2.70 t CQ/t Other IEF Tier 1

The column source or type of EF indicates the way how was the certain emission factor determined. Detailed information for ea
emission factor is given in the relevatapters.

Following table Tab.4-11) contains information about chemical production in the Czech Republic and
number of manufactures. It can be seenatlexcept of nitric acid production, only one manufacturer for
each product operates in the Czech Republic and thus due to confidentiality reasons is very difficult to
obtain direct information about production and emissions related to the production fmanufacturers.

Each manufacturer (in the case of the Czech Repgbliemical plants) reports their emissions in EU ETS
but only as bulk emissions which is not sufficient for emission estimates because emissions are related to
the total emissions from giirocesses carried out in a plant (other production, combustion processes etc.).
For those reasons, Tier 1 methodology is used for emission estimates, exté@tarhissions from nitric

acid production,CQ emissions from ammonia production andQ emissons from carbon black
production.
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Tab.4-11 Chemical production in the Czech Republic with number of manufacturers

2.B.1 Ammonia Production 1
2.B.2 Nitric AcidProduction 3 (4 installation units)
2.B.4 Caprolactam 1

2.B.8.b Ethylene

2.B.8.c Ethylene Dichloride and Vinyl Chloride Monomer
2.B.8.f Carbon Black

2.B.8.g Styrene

I

4.3.1 Ammonia Production (CRF 2.B.1)

The production of ammonia constitutes an important sourc€6f derived from norenergy use of fuels

in the chemical industryCQ emissions from ammonia production in 2021 equalled to 701.31 K@f
emissions decreased by 29.2 % compared to 199080800f CQ eq.) and increased by 83.7 % compared

to previous year (381,7& of CQ eq.) . Emissions in period 2003021 fluctuate slightly every year with
minimum in 2020 and maximum in 2009. The sharp decrease of emissions in 2020 was probably due to
the Covidl9 pandemic and lockdown and ther impact on the production. Increase of emissions from 2014
was mainly caused by the end of urea production, which has not been produced since 2014.

4.3.1.1 Source category description
Industrial ammonia production isalsed on the catalytic reaction between nitrogen and hydrogen:
0 0c0©°¢d©O

Nitrogen is obtained by cryogenic rectification of air and hydrogen is prepared using starting materials
containing bonded carbon (such as, e.g., Natural Gas, ResiduHk@iing Oil, etc.). Carbon dioxide is
generated in the preparation of these starting materialls.the Czech Republic, hydrogen for ammonia
production is derived from residual oil from petroleum refining, which undergoes partial oxidation in the
presenceof water vapour. In order to increase the hydrogen production, the second step involves
conversion of carbon monoxide, which is formed by partial oxidation, in addition to carbon dioxide and
hydrogen. The final products of this tvabep process are hydrogeand carbon dioxide. The production
technology has practically not changed since 1990

4.3.1.2 Methodological issues

Tier 2 approach is used to estimate the emissions from amonia production. As there is only one producer
for amonia in Czech republic, all providddta (process type, fuel type, amonia production dat®)
recovered for urea production data) are plant specific.

The equation used for calculation of emissions differs from the equations in the IPCC 2006 Gl., Volume 3,
Chapter 3 but is still consistentith the Tier 2 methodology in the 2006 IPCC guidelines. Emissions are
calculated from the corresponding amount of ammonia produced, using the default emission factor
provided in IPCC 2006 Gl. 3.2733&/kt NHz (IPCC 2006). This emission factor was akthifrom IPCC

2006 Gl., Volume 3, Chapter 3, Table 3.1, corresponding to the total fuel requirement, which is 42.5 GJ
(NCV)/t NH(IPCC 2006). Tot@lQ emissions from ammonia production were lowered®§ used in urea
production and thus the emissions veecalculated using the following equation

6006 Qi i QTBEANT £ Q0 AOQE H U 0E & i 0AMQAD £ Q0 OO Q¢ ¢
z{ 08 4 QOE DQQWNQQE O
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Urea production decreased to 1.1 kt in 20Wstill 2013, the ureaelated emissions were allocated under

the agriculture sector (please se chapter 5.8 for details, CRF 3.H). Since 2014, urea has not been produced
in the Czech Republic and emissions are calculated without subtractiddQofonsumedin urea
production. Apotential uncertainty in the emission factor for ammonia would not influence the total sum

of CQ emissions, because a corresponding amount of oil is not considered in the energy sector. The
relevant activity data and corresponding &Esions are given iffab.4-12. RelatedCQ emissions from
ammonia production are reported in TahleA(d) under Other Oil, which is the feedstock used, as well
(please see chapter 3.2.3. for details).

Tab.4-12 Activity data andCQ emissions from ammnia production in 199@; 2021

Unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Residual fuel ol used 'y 14997 14534 14985 14012 15644 13812 14865 13623 14044 11963
for NH; product
Ammonia produced k] 33586 32551 33559 3138 350.35 309.32 332.91 3051 314.52 267.91
CQfrom 2.B.1 k] 990.80 933.44 989.89 93398 1055.82 903.19 989.20 931.15 886.50 788.9
CQ consumed in urea . 10548 13194 10848 9309  90.89 109.22 10042 67.44 142.94  87.96
production

Unit 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 |
Residual fuel ol used 'y 13690 11522 10052 13084 12987 11326 10802 10119 11453 11793
for NH product
Ammonia produced k] 30659 258.04 22512 293.03 290.84 253.65 241.91 22662 256.49 264.10
CQfrom 2.B.1 k] 936.02 76175 63858 850.60 84343 72170 683.27 617.11 70021 744.18

CQ consumed in urea
production

[ki] 67.44 82.83 98.22 108.48 108.48 108.48 108.48 124.61 139.27 120.21
2015 2016 2017 2018 2019

[TJ] 11484 10278 10659 8212 9400 10118 9355 10146 7989 7953

Resdual fuel oil used

for NH product
Ammonia produced [kt] 257.19 230.18 238.72 183.91 210.53 226.60 209.51 227.24 178.92 178.10
CQfrom 2.B.1 [kt]  705.45 628.05 653.79 601.13 689.05 741.66 685.72 743.75 585.60 582.93

CQ consumed in urea . 13534 12534 12754 081 NO NO NO NO NO NO
production

Unit 2020 | 2021

Residual fuel oil used

for NHs product (] 5209 9568
Ammonia produced [kt] 116.65 214,27
CQfrom 2.B.1 [kt] 381.79 701,31
CcQ consumed in urea [k] NO NO
production

4.3.1.3 Uncertainties and time consistency

In 2014, estimates of the uncertainty parameters were verified in the study (Bernauer and Markvart, 2015)
which, in addition to an expert opinion, also takes iatwount data given in the IPCC 2006 Gl. (IPCC 2006).
The uncertainty in the activity data remains unchanged at 5% and the uncertainty in the emission factor
(CQ EF) was also left at a value of 7%.

Time series consistency is ensured as the above mentioretdodology are employed identically across
the whole reporting period from the base year 1990 to 2021.

4.3.1.4 Source-specific QA/QC and verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.

During veification, attention is focused on identifying gaps. Attention is also focused on checking sources
from inter-sector boundaries (Energy, Industry) that they are neither omitted nor counted twice.
ThereforeCO2emissions from residual oil used for ammopiaduction are not taken into account in
Energy sector. This part of QA/QC procedure is carried out in cooperation with KONEKO marketing, Ltd.
(see Chapter 3.6).

Part 1: Annual inventory submission 184



CHMI NATIONAIGHGNVENTORREPORT OF TREECHREPUBLIA99052021

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.3.1.5 Source-specific recalculations, including changes made in response to the
review process and impact on emission trend

In this year, no recalculations were performed in this category.

4.3.1.6 Source-specific planned improvements, including tracking of those identified
in the review process

In this year, no sourespecific improvements are planned.

4.3.2 Nitric Acid Production (CRF 2.B.2)

The production of nitric acid constitutes one of the most important sourcés©fn the chemical industry.

N.O emissions from production of nitriacid in 2021 equalled to 0.41 kkO, emissions have decreased

by 88% compared to 1990; the substantial decrease in recent years has been a consequence of the gradual
introduction of mitigation technology and improving its effectiveness

4.3.2.1 Sourcecategory description

The production of nitric acid is one of the traditional chemical processes in the Czech Republic. It is carried
out in three factories, where one of them manufactures more than 60% of the total amount. Nitric acid is
produced using the classicmethod, higitemperature catalytic oxidation of ammonia (Ostwald process)

and subsequent absorption of nitrogen oxides in water. Nitrous (dinitrogen) oxide is formed at ammonia
oxidation reactor as an unwanted side product. Nitric acid production caleberibed using the following
stoichiometric equations:

a) Ammonia oxidation in the gas phase

100 VO © 100 @O0

b) NO oxidation in the gas phase

¢cO0 O P cOO

c) NGO absorption in water

o0 0 ™O0P ¢OO U 0O

The nitric acid is manufactured at three pressure levels (at atmospheric pressuyeatfAospheric
pressure), slightly elevated pressure (Klmedium pressure) (approx. 0.4 MPa) and at elevated pressure
(HP¢ high pressure) (0.7 0.8 MPa)). While produan processes prior to 2003 mostly progressed at
atmospheric pressure and only to a lesser degree at medium elevated pressure, the process at elevated
pressure had predominated since 2004. Since 2004, the technology to rédOoemissions, based on
catalytic decomposition of this oxide, has been gradually introduced at units working at elevated pressure.
It has been possible to substantially improve the effectiveness of this process in recent years.
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All the nitric acid production processes in the Czech Blpare equipped with technologies for removal

of nitrogen oxides (N£), based on selective (SCR) or sefective catalytic reduction (NSCR). Non
selective catalytic reduction (NSCR) also makes a substantial contribution to remdi@l. ¢following

table shows more detailed information about technology used for nitric acid production and technologies
used for removal of Ny units.

Tab. 4-13 Pressure level and removal technology used by unit in the Czech Republic

Unit Pressure level Removal technology
1 MP NSCR

2 HP SCR

3 MP NSCR

4 MP SCR

5 A SCR

4.3.2.2 Methodological issues

Nitrous oxide emissions from 2.BMitric Acid Production are generated as afmgduct in the catalytic
process of oxidation of ammonia. It follows from domestic studies (Markvart and Bernauer, 1999, 2000,
2003), describing conditions prior to 2004, thhé resulting emission factor depends on the technology
employed: higher emission factor values are usually given for processes carried out at normal pressure,
while lower values are usually given for medipnessure processes. Two types of processes waneed

out in this country before 2004, at pressures of 0.1 MPa and 0.4 MPa. The amount of nitrous oxide in the
exit gases is also affected by the type of process employed to remove nitrogen od@gse. NO and

NQ). In this country, the process o€l8ctive Catalytic Reduction (SCR) is mostly used, which slightly
increases the amount &,0, and also to a certain degree N&wlective Catalytic Reduction (NSCR), which
also removedN,Oto a considerable degree.

Studies (Markvart and Bernauer, 2000, 2003) recommend the following emission factors for various types
of production technology and removal processes that are givaraim4-14. The emission factors for the
basic process (without DEN@chnology) are in accord with the principles given in IPPC 2006 GI. (IPCC
2006). The effect of theOkremoval technology on the emission factor iyOwas evaluated othe basis

of the balance calculations presented in studies (Markvart and Bernauer, 2000, 2003).

Tab.4-14 Emission factors foN,O recommended by (Markvart and Bernauer, 2000) for 1992003

Emission factorN.O
[kg N.O/t HNQ]

9.05 9.20 1.80 5.43 5.58 1.09

During 2003, conditions changed substantially as a result of the installation of new technologiatng

under higher pressure of 0.7 MPa. At the same time, some older units operating under atmospheric
pressure of 0.1 MPa were phased out. These changes in technology were monitored in the study of
Markvart and Bernauer (Markvart and Bernauer, 200%)is study presents a slightly modified table of

N2.O emission factors, while those for new technologies were obtained from a set of continuous emission
measurements lasting several months. Other values are based on several discrete measurements. A table
of these technologyspecific emission factors is given below.

Tab. 4-15 Emission factors foN,O recommended by Markvart and Bernauer, for 2004 and thereafter
| Emission factor$\,0 [kg N2O/t HNQ] | 9.05 | 4.9 | 1.09 | 7.8 I
a) EF withoutN,O mitigation.
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In the last quarter of 2005, a neW.O mitigation unit based on catalytic decomposition O was
experimentally installed for 0.7 MPa technology, and became the most important such unit in the Czech
Republic. As a consequence of this technology, the relevant EF decreased from 7.8 toNd@&8 HYO;
(100%). Therefore, the mean value in 2005 for the 0.7 MPa technology was equal to RUZtKNOC;
(100%) (Markvart and Bernauer, 2006).

In 2006- 2021, the mitigation unit described above was utilized in a more effective way. The decrease in
the emisson factor for 0.7 MPa technology as a result of installation oNf@mitigation unit and gradual
improvement of the effectiveness is givenTiab.4-16.

Tab.4-16 Decrease in the emission factor for 0.7 MPa technology due to installation ofNb® mitigation unit

EF [kgN2O/t HNOs
(1009%)] 7.8 7.02 5.94 437 4.82 2.85 1.29 1.30 1.45

Effectiveness of
mitigation [%]

10.00 23.85 43.97 38.21 63.46 83.46 83.33 81.41

EF [kg\,O/t HNO3
(100%)]

Effectiveness of
mitigation [%]

a) EF withoutN,O mitigation.

1.65 251 2.72 1.78 1.35 0.83 0.57 0.61 0.85

78.82 67.82 65.13 77.15 82.71 89.35 92.69 92.22 89.09

Tier 1 approach was used for emission estimates in years 1990 to 2012. AD for these years were taken
from CzSON,O emissions for the years 19912 were based on a mean value of the nitric acid
production capacity with NSCR technology and compared with measured values of the outlet gas mixture.
Since 2013, activity data and emissions have been taken directly froBUHETS form and thus Tier 3 is

the methodology for emission estimategab.4-17 gives theN,O emissions from production of nitric acid,
including theproduction values.

Tab.4-17 Emission trends for HN§production andN,O emissions in 19902021

1990 530.00 3.52 6.65
1991 349.56 2.26 6.46
1992 439.39 2.87 6.52
1993 335.95 2.16 6.44
1994 439.79 2.83 6.43
1995 505.32 3.26 6.55
1996 484.80 3.13 6.45
1997 483.10 3.23 6.69
1998 532.50 3.48 6.53
1999 455.00 2.84 6.24
2000 505.00 3.25 6.43
2001 505.08 3.21 6.35
2002 437.14 2.76 6.32
2003 500.58 2.75 5.50
2004 533.73 3.16 5.92
2005 532.21 2.98 5.59
2006 543.11 2.65 4.88
2007 554.22 2.17 3.91
2008 506.96 2.02 3.99
2009 505.17 1.52 3.01
2010 441.70 1.09 2.48
2011 561.82 1.24 221
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2012 550.46 1.27 2.30
2013 514.94 0.71 1.38
2014 546.77 0.86 1.57
2015 532.15 0.94 1.77
2016 562.66 0.73 1.29
2017 533.95 0.45 0.84
2018 579.34 0.38 0.65
2019 566.99 0.31 0.54
2020 466.52 0.24 0.52
2021 601.57 0.41 0.68

While the slight fluctuations in IEF to 2004 were caused by slow changes in the relative contributions of
the individual technologies with various technologically specific emission factors, since 2005 the reduction
in IEF has been caused mainly by the gedihcrease in the effectiveness of the mitigation units employed

for the dominant technology (se€ab.4-17) to 2010. Afurther reduction in IEF in 2011 was then caused

by an increasing contribution of this dominant technology (0.7 MPa) to 56% of the annual production of
HNQ.

The Institute of Physal Chemistry of the Czech Academy of Science together with the University of
Chemistry and Technology Prague are studying the high temperature decompositib® bm HNQ
production by using a structured catalyst with focus on the possible use ¢étheology on an industrial
scale. It follows that the development of technologies used in nitric acid production is still ongoing and
possible improvements could be introduced in the future.

4.3.2.3 Uncertainties and time -series consistency

In 2014, the estimates of the uncertainty parameters were refined on the bagistioé study
(Markvart and Bernauer, 2013), which takes into account the data in IPCC 2006 Gl. (IPCC 2006). The
uncertainty in the activity data following adjustment equall®d4 % and the uncertainty in the average
emission factor(N2O EF) vas reduced to 15 % in relation to the increasing number of direct
measurements.

Time series consistency is ensured as inventory approaches concerned are employed identically
across the whole reporting period from the base year of 1990 to 2021.

4.3.2.4 Source-specific QA/QC and verification
The input information and calculations are archiv®dthe sectoral expert and the coordinator of NIS.

Verification is provided by comparison of the activity data obtained from CzSO, EU ETS and ISPOP. The
nitric acid production data provided by CzSO are compared with data provided by EU ETS and ISPOP. The
percentage differences between nitric acid production data for 2021 obtained from EU ETS and other
sources are as follows:

9 Difference between the data from EU ETS and CzS&.87 %
9 Difference between the data from EU ETS and ISPOQR3 %

In addition toverification of the input data, the inteannual changes of the implied emission factors are
analysed. The EU ETS reports, which are used for emission estimates since year 2013 are proved by
independent verifiers. The quality control was held by fulfiltimg QA/QC form presented in Annex 5.
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4.3.2.5 Source-specific recalculations , including changes made in response to the
review process and impact on emissions trend

In this year, no recalculations were performed in this category.

4.3.2.6 Source-specific planned improveme nts, including tracking of those identified
in the review process

No improvement is planned for the next submission.

4.3.3 Adipic Acid Production (CRF 2.B.3)

Adipic Acid production is not occurring in the Czech Repubilic.

4.3.4 Caprolactam, Glyoxal and Glyoxylic Acid P roduction (CRF 2.B.4)

4.3.4.1 Sourcecategory description

There is only one facility for production of caprolactam in the Czech Republic. Glyoxal and Glyoxylic Acid
are not produced in the Czech Republic. Information provided in this chapter is related to cegrolac
production.

Caprolactam is prepared by traditional technology from cyclohexanone and hydroxylamine sulphate,
which is prepared by the Rasching process. Cyclohexanone reacts with hydroxylamine sulphate yielding
cyclohexanonoxime, from which caprolactaim produced by the Beckmann rearrangement. Then
caprolactam is isolated from the reaction mixture by neutralisation with ammonium hydroxide.

4.3.4.2 Methodological issues

There is only one facility for caprolactam production in the Czech Republic. Emissiontesstiora
caprolactam production are based on a series of studies (Markvart and Bernauer¢Zi3) and
(Bernauer and Markvart, 20142016). The facility for caprolactam production provided data on the
consumption of ammonia (1177 kg Mhkbur) andthe production capacity (5.4 t caprolactam/hour).
Assuming thathe conversion of NEito N>Ois routinely 2%usedemission factoifor caprolactam was
established from the mass balance. The production unit in the facility works at atmospheric pressure and
thus the emission factor should be compared withe emission factor for atmospheric burning of
ammonia and not with higipressure burning of ammonia.

The emissions df,O was estimated using Tier 1 approach, equation 3.9 from IPCC 2006 GI., Volume 3,
Chapter 3 The activity data for time series 1992021 were provided by the producer. The plspecific
emission factor was used for calculation.

4.3.4.3 Uncertainties and time -series consistency

In relation to the relatively insignificant greenhouse gas emissions frategory 2.B.4, uncertainties
derived from the sources included in this category have no great impact on the overall uncertainty in the
determination of GHG emissions in the Czech Republic. Thus, it does not matter greatly that the
uncertainty in emissiosifrom these source was determined by an expert estimate.
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4.3.4.4 Category-specific QA/QC and verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.

In relation to the relatively unimportant greenhouggs emissions from category 2.B.4, only QC, Tier 1
procedures were used, in accordance with the QA/QC plan.

4.3.4.5 Category-specific recalculations, including changes made in response to the
review process and impact on emission trend

In this year the activity data was provided by the producer for whole time period from 1990 to 2021 and
thus whole time series was recalculated.

4.3.4.6 Category-specific planned improvements, including tracking of those
identified in the review process

No improement is planned for the next submission. Emissions are estimated according a series
of studies(Markvart and Bernauer, 20042013) and (Bernauer and Markvart, 2042016) and activity
data provided by the producer.

4.3.5 Carbide Production (CRF 2.B.5)

Carbides are not produced in the Czech Republic.

4.3.6 Titanium Dioxide Production (CRF 2.B.6)

In the Czech Republic titanium dioxide is produced using sulphate route process and as it is stated in the
IPCC 2006 GlI., volume 3, chapter 3.7 this process does notsgite process greenhouse gas emissions
that are of significance.

This conclusion is supported by EU ETS data, where the only sources of emissions originate from
neutralization process and from natural gas usage in the pigment thermal process. Thoserevassi
reported elsewhere. Emissions from neutralization process are reported in NIR chapter 4.2.4 (CRF 2.A.4).
Emission from natural gas usage in thermal processes are reported in NIR chapter 3.2.11 (CRF 1.A.2¢c).

4.3.7 SodaAsh Production (CRF 2.B.7)

A factowy for soda ash production in the Czech Republic was founded in 190b@rfidst production of

soda ash started in 1907. The factory constituted a monopolist manufacturer of soda in the Czech Republic
and Czechoslovakia. Soda was producethieytraditional Solvay process artie product was usually
distributed to glass manufacturers. The factory was closed in 1991. Since then, soda has not been produced
in the Czech Republic.

4.3.8 Petrochemical and Carbon Black Production (CRF 2.B.8)

This category includes dan dioxide and methane emissions from the production of ethylene, ethylene
dichloride, carbon black and styrerital emissions from category 2.B.8 Petrochemical and Carbon Black
Production equalled to 1069.11 KIQ eq., emissions have increased by 28 % compared to 1990 and by
21% compared to year 2021.
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Sharp decrease of emissions for 2015 and 2016 was caused by an accident in the refinery plant with
ethylene unit in August of 2015. The accident resulted in anamm@d shutdown of the petrochemical

part of the production plant. The ethylene unit was reconstructed and the production capacity returned
to its normal value as before the accident.

Category 2.B.8 was identified as a key source.

4.3.8.1 Sourcecategory description

Ethylene in the Czech Republic is produced by pyrolysis of petroleum fractions, composed of a very wide
range from fractions of C84 (propane) to the higher boiling fractions. The ethylene unit contains several
pyrolysis furnaces that process raw a®G, ethane and propane) and liquids (HEVWidrocracked
vacuum distillate, naphtha, and in very limited quantities of diesel fuel). Basically, a thermatadytic

fission in the presence of steam is performed and its major products are ethylens/@ne, benzene and

C4 fraction.

1,2-dichloroethane known, also as ethylene dichloride, is produced in the Czech Republic at the same
integrated facility as vinyl chloride monomer (VCM), which is subsequently used for PVC production
(Bernauer and MarkvarR016). 1,dichloroethane is prepared by oxychlorination of ethylene and is then
used as source material for vinyl chloride monomer (VCM) production.

In the Czech Republic, carbon black is produced in one faciltfyebfurnace black process. The input
materials forthe production are heavy aromatic hydrocarbons.

Styrene is produced in one facility by catalytic alkylation of benzene over ethylbenzene followed by
ethylbenzene dehydrogenation. The internal ethylbenzene dehydrogenation operates in a syfsfem
reactors in the presence of catalysersAB£Cr0s-K0).

4.3.8.2 Methodological issues

Default emission factors from the IPCC 2006 GI. (IPCC 2006) are employed to determine carbon dioxide
and methane emissions from the production of carbon black, ethyletigjene dichloride and styrene.
RelatedCQ emissions from Petrochemical and Carbon Black Production are reported in Table1.A(d) under
Naphtha, which is the major feedstock used, as well (please see chapter 3.2.3. for details).

CQ and CH emissions from the production of ethylene

Reliable data for the production of ethylene are available from CzSO. The IPCC 2006 GI. provides a value
of 1.73 tCQ/t ethylene produced (with correction factor 110% for countries of Eastern Europe) and 3 kg
CH/t ethylene produced as default emission factors (IPCC 2006). In the period 2020,CQ emissions

varied between 184.41 (due to the accident) to 958.8% Kk and methane emissions varied between

0.29 and 1.51 k€H, detailed values for each yearesavailable inTab.4-18.

Tab.4-18 Emission trends fronCQ and CH emissions from production of ethylene in 199®021

1990 388.02 738.40 1.16
1991 286.45 545.12 0.86
1992 325.37 619.17 0.98
1993 332.68 633.10 1.00
1994 389.53 741.28 1.17
1995 373.34 710.47 1.12
1996 390.80 743.69 1.17
1997 399.09 759.46 1.20

Part 1: Annual inventory submission 191



CHMI NATIONAGHGNVENTORREPORT OF TIEECHREPUBLIA990;2021
1998 448.94 854.34 1.35
1999 466.32 887.40 1.40
2000 411.66 783.39 1.23
2001 439.16 835.72 1.32
2002 412.12 784.26 1.24
2003 396.88 755.27 1.19
2004 503.86 958.85 1.51
2005 485.14 923.22 1.46
2006 462.14 879.46 1.39
2007 408.55 777.47 1.23
2008 464.73 884.38 1.39
2009 416.10 791.83 1.25
2010 454.97 865.80 1.36
2011 412.07 784.17 1.24
2012 441.08 839.37 1.32
2013 425.62 809.95 1.28
2014 491.50 935.32 1.47
2015 308.44 586.96 0.93
2016 96.91 184.41 0.29
2017 456.10 867.96 1.37
2018 451.55 859.29 1.35
2019 448.57 853.63 1.35
2020 375.13 713.87 1.13
2021 464.16 883.29 1.39

CQ and CH, emissions from the production of ethylene dichloride and vinyl chloride monomer

The data on production of PVC are obtained from CzSO. While CzSO does not publish information on the
amount of VCM, it does give data on the amount of PVC produced, which are practically the same as VCM
data. The IPCC 2006 GIl. methodology provides a wélemissions of carbon dioxide 0.29€6/t VCM
produced and for methane 0.0226 K/t VMC produced as default emission factors (IPCC 2006). Carbon
dioxide emissions varied in the period 199021 between 16.68 KEQ and 40.29 kCQ. Due to the low
emission factors' value, the values of methane emissions varied in the period; PAR1 between 0.001

and 0.003 kiICH, which is considered as insignificant value. In 2021, emissions of carbon dioxide equalled
to 27.61 kt and methane emissions equalledt0021 kt.

CQ and CH, emissions from the production of carbon black

Exact information on activity data related to carbon black production is available since 2013; thus, the data
for other years were taken from the study (Bernauer and Markvart, 205@)ce 2013, the activity data
andCQ emissions have been based on data from EU ETS. In the Czech Republic, only one facility is involved
in carbon black production and thus the activity data and emissions are reported as confidential C (NK) in
the CRF ngorter. Data are available for review experts in calculation sheets upon a request. The emission
factor taken from the IPCC 2006 GlI. equals to 0.08Hk carbon black produced and 2.6ZQ/t carbon

black produced (IPCC 2006). In 2021, emissionsrbbadioxide equalled to 71.36Kkt and methane
emissions equalled to 0.0016 kt.

CQ and CH emissions from the production of styrene

Because of the growing consumption of polystyrene, the production of styrene has gradually increased
since 1990. CzSO aldwmes not publish any information on the production of styrene. Thus, the necessary
activity data were estimated on the basis of production capacities:
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1990- 1998 70 kt styrene p.a.

1999 80 kt styrene p.a.

2000- 2003 110 kt styrene p.a.

2004 140 kt styrer p.a.

2005- 2010 150 kt styrene p.a.

from 2011 exact production from EU ETS forms

¢tKSasS SadAyYlLidSa 2y GKS |Y2dzyld 2F adeNByS LINRRdAzOS
FYR b2@t 12 Hnmnouo® ¢KS SYAa&aA 2 glstaoonkeHk styderie SBBCCT N2 Y
2006). The emission factor f@Q emissions is 0.27 KQ/kt styrene (Bernauer and Markvart, 2015) (IPCC

2006). Since 2011, activity data are based on data from EU ETS. In the Czech Republic, only one facility is
involved in production of styrene, thus the activity data and emissions are reported as confidential C (NK)

in CRF reporter. Data are available for review experts in calculation sheets upon a request. In 2021,
emissions of carbon dioxide equalled to 33.83d anethane emissions equalled to 0.50 kt.

4.3.8.3 Uncertainties and time -series consistency
The uncertainties for this category are in line with the IPCC 2006 GlI. (IPCC 2006), i.e. at the level of 5% for
the activity data and 40% for th€Q and CH emission factors. Overall uncertainty data are given in
Chapter 1.6.

Time series consistency is ensured as inventory approaches concerned are employed identically across the
whole reporting period for each subcategory.

4.3.8.4 Source-specific QA/QC and verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.3.8.5 Source-specific recalculations, including changes made in response t o the
review process and impact on emission trend

In this year, no recalculations were performed in this category.

4.3.8.6 Source-specific planned improvements, including tracking of those identified
in the review process

No improvements are planned.

4.3.9 Fluorochemica | Production (2.B.9)

Fluorinates are not produced in the Czech Republic.

4.3.10 Other (2.B.10)

CQ emissions from category 2.B.10, which includes other-@@rgy use in chemical industry and ron
selective catalytic reduction equalled to 191.483® in 2021.
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4.3.10.1Sourcecategory description

Subcategory 2.B.10 Other is divided into two subcategories. The firstatafory include€Q emissions

from nonselective catalytic reduction (NSCR) of output gases from nitric acid production; the second one
includes emissions for hydrogen production by steam reforming in the petrochemical and chemical
industry (excluding hydrogen used for Nbfoduction, which is based on other feedstock than NG, see
section 4.3.1). Emissions from NSCR are not very significant (about 16 ®&).dEmissions from steam
reforming of NG are somewhat more significant (about 200 KZ@}).

4.3.10.2Methodological issues

Thanks to intensive consultation with experts at CzSO and the University of Chemistry and Technology in
Prague (VSCHT), it is now possible to reliably specify emissions freemeigy use and thus reallocate
activity data, which are reported under 1.A.?caccordance with IPCC 2006 GI. (IPCC 2006).

The production of nitric acid in installations with NSCR is obtained from EU ETS forms. Currently, two
installation units with NSCR are operating in the Czech Republic. Emissiipsud calculated by simple

Tier 1 methodology, where the production data are multiplied by the emission factor. The emission factor
is based on a series of studies (Markvart and Bernauer, 2204.3) and (Bernauer and Markvart, 2014
2016). Reduction of oxygen, which is the magurce ofCQ emissions in the NSCR process, can be
described by the following reaction

00 ¢cO 060 ¢OOb
The emission factor 103 K&Q/1 t HNQ was derived for the reaction and was used for emission estimates.

Emissions for hydrogen production Isyeam reforming in the petrochemical and chemical industry
(excluding hydrogen used for Bproduction) are calculated using the following equation

06 Qi | QDO £ WHROB GO MWEG 'O Qa Qi i £@) &Yd 'Y

The net calorific value of natural gas consumed for-anargy use in the chemical industry is obtained
from the Energy QuestionnaireNatural Gas provided by AlEEurostat¢ UNECE. EF for natural gas is
calculated on the basis of the NET4@AS correlation (see Annex A5.1).

Tab.4-19 gives an overview of thEQ emissions from category 2.B.10 Other. RelaB%a emissions from
2.B.10 are reported in Table 1.A(d) under Natural Gas as well (please see chapter 3.2.3. for details).

Tab.4-19 Emission trends for category 2.B.10 Other in 2060821

| 2008| 2009
SHEAEUE SR CQemissions 500 51 19308 19574 20672 21001  201.33  204.76
chemical industry [kt]

Non selective catalytic CQ emissions
reduction [kt]

2014 |

2011 2012 2013

14.42 13.39 14.42 13.49 14.52 13.43 14.77
2018 2019 2020 2021

208.02 22049 190.15 191.76 211.09 20556 175,35

(O1G T T EI)AIENN|  CQ emissions

chemical industry [kt]

Non selective catalytic ‘ CQ emissions
[kt]

15.04 13.09 16.37 15.64 15.10 15.96 16.10

reduction

4.3.10.3 Uncertainties and time consistency

The uncertainty of the activity data and emission factors used for computations of emissions from category
2.B.10 correspond to the uncertainty estimates from the Energy sector, category 1.A.2 Manufacturing
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industries and constructianThe uncertainties are for this category in line with IPCC 2006 GI. (IPCC 2006),
i.e. at the level of 3% for the activity data and 2.5% for the emission factor.

Time series consistency is ensured as the inventory approaches concerned are employedlidactass
the whole reporting period from 2008 to 2021.

4.3.10.4 Source-specific QA/QC and verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.3.10.5Source-specific recalculations, including changes made in response to the
review process and impact on emission trend

In this year, no recalculations were performed in thiegary.

4.3.10.6Source-specific planned improvements, including tracking of those identified
in the review process

In further submissions it is planned to investigate the possibility of disaggregating data fenaayy and
energy use of NG for the 1990007 peiod. CQemissions from NG in the chemical industry were reported
for this period under 1.A.2.c.

4.4 Metal Industry (CRF 2.C)

This category includes mairBQ emissions from 2.Clton and Steel Production; 99.6%@® emissions
arise from 2.C.1CQ emissions from iron and steel are identified as a key category (by both level and trend
assessments). A small amountGHj is also emitted.

Ferroalloys were manufactured in limited amounts in a small production unit in the Czech Republic; this
processcould constitute an unsubstantial source ©@® emissions. Specific data were obtained straight
from the operatorg there is only one producer of ferrovanadium.

For the production of Lead and Zinc data are also obtained straight from the operators, haheneis
only one producer of secondary lead and one producer of zinc.

Investigation revealed one smaller production plant, which reported that aluminium was used as a
reducing agent; this did not lead ©Q emissions. In 2009 this production was stopped.

4.4.1 Iron and Steel Production (CRF 2.C.1)

4.4.1.1 Category description

Iron is produced in the Czech Republic in two major metallurgical facilities located in the cities of Ostrava
YR ¢nAy SO ASiesiah Rgon, in2hl.hodHedstgrn part of the Czech Republic. Both these
metallurgical works employ blast furnaces and also lines for the production of steel, coking furnaces and
other supplementary technical units. Another large steel plant is located immegiatekt to the
metallurgical works in Ostrava, taking raw iron (in the liquid state) from the nearby blast furnaces (located
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in the area of the Ostrava metallurgical works). Several small companies produce specialized steel
products. Their emissions accouot less than 1% of overall emissions.

2.C.1. was identified as key category in this submission by level and trend assessment, both by Approach
1 KC analysis and also approach 2 KC analysis.

4.4.1.2 Methodological issues

TheCQ emissions from iron and

steel production were calculated
using the national approach
which can be considered as Tig
2. However, Tier 2 emissior
estimations based in IPCC 20(¢
Gl. (IPCC 2006) includ
recommendations to  also
include emissions arising from
combustion of Blast Furnace an
Oxygen Steel Furnace Gas
other than metallurgical
complexes (for instance in

CO, eq. [K]
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Energy category 1.A.l.a) @ Metallurgical Coke

However, it is expected in the
Czech Republic that all Blas
Furnace and Oxygen Steel
Furnace Gases are combusted dihg in the metallurgical complexes. This means that the national
approach to emission estimations contains a few aspects from Tier 1, as some parts of the equation are
available for the computation. An important aspect of the computation is the amouoctdfon in the

reducing agent (i.e. in metallurgical coke) and thus also the amount of carbon in scrap and in steel. Further,
small amount of Bituminous Coal in 2@2021 was also used as reducing agent in the blast furnace, as

well as Coal Tar in years@0till 2013 and then in 2028021. Thus, the approach used is considered to

be as close to Tier 2 based on IPCC 2006 GI. (IPCC 2006) as possible. Details of the amount of reducing
agents are given iffab.4-20. In the carbon balance the amount of carbon in coke, bituminous coal (in
2014¢2021) and coal tar (in 20Q2013, 20182021) used in blast furnaces. Further amount of carbon in

sinter, pig iron ad steel is part of the emission estimation. The total amount of total carbon produced in

the process is following equation

Fig.4-8 Trend of C@emissions in 2.C.1, 19902021 [kt CO2]

0 o) ) o} 0 0 0

Coke Overtas is not in the official CzSO data reported in transformation processes, so it is used only for
warming up, so the emissions are reported under 1.A.2.a. Blast Furnace Gas is used for warming the air
for the blast furnace.

99% of produced pig iron is us@nmediately in the facility for steel production. Iron ore charge for blast
furnaces is ensured from three quarters by sintering of sinter fines in our own Sinter Plant and the
remaining portion of iron ore charge is formed by pellets, lump ores andsalsandary materials. There

is only one integrated steelworks in the EU which includes a pelletisation plant (in the Netherlands) and
five standalone pelletisation plants in EU. Therefore all pellets are imported to the Czechia and the
y2il A2y . Bl&bfurmace cakevidistipplied from the neighboring Coke Oven Plant, part of blast
furnace coke and liquid fuel is purchased from external sources. Produced hot metal and sinter is used for
internal consumption only. Steel is here homogenised, additipnalloyed to the exact chemical
composition, heated to the appropriate casting temperature and desulphurized, and modification of
inclusions is performed using filled profiles. After this -ofifurnace processing molten steel is
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sequentially cast on theecontinuous casters into billets, slabs or small slabs. Finishing lines represents
two sectionrolling mills and a wire¢od mill, which provide a wide assortment of profiles and wire rod. In

the total production of the iron and steel in the Czech Reputilie electric furnaces covers less than 5%.

This percentage is calculated using the total volume of iron and steel produced in the country and the
volume produced by electric furnaces. The data are provided by CzSO. The rest of the iron and steel is
madein blast furnaces and oxygen convertdrsthe EU ETS forms we can see that from the total amount

of CQ emissions about 6% is recycled in the process via either following usage of the waste gas, the
production of the gray cast iron or with the formatiofslug that isubsequently used in the construction
industry.

The calculation in IPCC 2006 GI. (IPCC 2006) also inclR@esissions from limestone and dolomite used

in iron and steel metallurgy. Since the 2015 submission, these emissions have betedemder 2.C.1.

Data reported under EU ETS were used for these emissions, i.e. Tier 3. The data for limestone and dolomite
are since 2011 available in the EU ETS data. Since no reliable data for limestone and dolomite used before
that year is availablen the stastics, the overlap method (Guidelines: Chapter 5: Time Series Consistency,
page 5.9) was applied for the time series 1999010 based on the data available for 2Q2021. The
calculation is based on a strong correlation relationship betweendisred values of dolomite and
limestone mass and the mass of coke utilized in furnaces.

RelatedCQ emissions from 2.C.1 are reported in Table 1.A(d). For more information please see chapter
3.2.3.

The amounts of blast furnace coke consumed and corresponding emissions are Jiabri0.

Tab.4-20 The activity data andCO2emissions in 199@ 2021

1990 3211 NO NO 1 380.09 9 782.03
1991 2 559 NO NO 1 099.86 7768.24
1992 2624 NO NO 1146.50 8 087.05
1993 2 426 NO NO 1 059.99 7 479.57
1994 2 663 NO NO 1163.54 8 188.93
1995 2 587 NO NO 1130.33 7 961.45
1996 2701 NO NO 1180.14 8 309.70
1997 2 846 NO NO 1279.01 9 003.33
1998 2 750 NO NO 1 235.86 8702.15
1999 1941 NO NO 892.46 6 273.65
2000 2 327 NO NO 1054.91 7 416.03
2001 2175 NO NO 994.55 6 987.88
2002 2 252 NO NO 1030.01 7 237.87
2003 2 459 NO NO 1123.52 7 875.94
2004 2 628 NO NO 1170.58 8221.49
2005 2 260 NO NO 1003.79 7 059.99
2006 2 480 NO NO 1136.78 7993.16
2007 2570 NO 35 1164.42 8 288.67
2008 2 366 NO 59 1073.49 7 730.34
2009 1801 NO 56 822.25 5947.47
2010 2082 NO 33 923.20 6590.18
2011 2 086 NO 26 870.40 6541.83
2012 2 007 NO 23 859.09 6 374.51
2013 2 057 NO 7 923.53 6 562.69
2014 1886 276 NO 884.69 6 745.33
2015 1780 300 NO 789.19 6 471.40
2016 1842 319 NO 865.81 6 734.22
2017 1605 278 NO 778.50 5988.78
2018 1735 285 30 831.74 6 439.45
2019 1566 267 27 720.34 5813.09
2020 1568 275 3 781.12 5772.30
2021 1777 283 NO 845.43 6419.74
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Estimation ofCH from metal production is based on the IPCC 2006 GI. Tier 1 methodology. Default
emission factors 0.1 GH per tonne of coke produced and 0.07 ®#4 per tonne of sinter produced were
used. In this case, the relevant activity data correspond to the amount of coke produced from the Energy
Balances of the CR are given in CRF Tables and official statics data of sinter produced.

Emission estimates of pretsors for the relevant subcategories have been transferred from NFR to CRF,
as described in previous chapters and in Chapter 9.

4.4.1.3 Uncertainties and time consistency

The uncertainty estimates have so far been based on expert judgment. Their improvemegwiisgpand

some uncertainty estimates for Iron and steel production have been revised in previous submissions
(CHMI, 2012). The new estimate of BB is now 10%, which is in accordance with the 2006 GI. (IPCC
2006) and is slightly higher than the formelue (5%). The estimate for AD (7%) remained unchanged,
because this value is in good agreement with the recommendation in the Regulation of Commission (EU)
No. 601/2012 (EU, 2012). Further improvement of uncertainty estimates is planned for the next
submission.

Consistency of the time series is ensured as the inventory approaches concerned are employed identically
across the whole reporting period from the base year of 1990 to 2021.

4.4.1.4 Source-specific QA/QC and verification

The sectoispecific QA/QC plan fows from the overall plan described in Chapter 1. The greatest attention
was focused on identifying gaps and imperfections by observing trends in figures and by checking IEFs.
Attention was also focused on checking sources from igéstor boundaries (tergy, Industry) that they

are neither omitted nor counted twicé&CQ emissions from coke used in blast furnaces are not considered

in Energy sector (see Chapter 3.2).

Activity data available in the official CzSO materials in relation to QA/QC were irtigylgrdetermined

by experts from CHMI and KONEKO and were mutually compared. Experts at CHMI additionally checked
most of the calculations carried out by experts at KONEKO and vice versa. For another QA, especially QA
of computational approach, is alsoagsformer coordinator of National Inventory System.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.4.1.5 Source-specific planned improvements, including tracking of those identified
in the review process

In future submissions iplanned to investigate data relevant for potential implementation of Tier 3
methodology in this category. The EU ETS data were studied and compared with current CzSO source.
However the issue need further investigation to asure the correct transitioméoTier3 method. The
transition processvill be discussed with relevant representatives.

4.4.2 Ferroalloys Production (CRF 2.C.2)

4.4.2.1 Sourcecategory description

Ferroalloys Production is production of concentrated alloys of iron and or more metals such as silicon,
manganese, chromium, molybdenum, vanadium and tungsten. In the Czech Republic is only one producer
of ferrovanadium. Therefore, activity data are repadtas confidential.
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4.4.2.2 Methodological issues

The activity data were obtained straight from the operator, where ferrovanadium is produced. IPCC 2006
Gl. (IPCC 2006) does not provide emission factors of this type of ferroalloy. However, IPCC 2006 GI.
provides emission factors based on specific shar&iah the ferroalloy. Chemical composition of the
ferrovanadium produced in the Czech Republic is known. Using the simple proportion rule, emission
factors were calculated faZQ, as well as fo€H. This can be considered as conservative approach.

Theemissions are under the threshold of significance and can be considered negligible.

Tab. 4-21 Evaluation of emission factors used for 2.C.2 emission estimates

Vanadium  7585% | FeSi45%Si 25 | 0.083333%)

Aluminum 1.5% max FeSli 65% Si 3.6 0.083077 0.023077%)
Silicon 1.5% max FeSi 75%Si 4 0.08 0.02
Carbon 0.25% max. | FeSi90%Si 4.8 0.08 0.018333
Phosphorus 0.08% max.

Sulfur 0.08% max.

*)emission factors used for computation

4.4.2.3 Uncertainties and time consistency

Since default emission factors were used for emission computations, the uncertainty of emission factors
were considered default, i.e. provided in table 4.9 in IPCC 2006 Gl. (IPCC 2006) as 25%. The uncertainty of
activity data is estimated on the level d¥b

4.4.2.4 Source-specific QA/QC and verification

The sectosspecific QA/QC plan follows from the overall plan described in Chapter 1. General QC
procedures were applied in this sector. The activity data and composition of ferroalloys were discussed
with represertative of The Steel Federation, Inc.

4.4.2.5 Source-specific recalculations , including changes made in response to the
review process and impact on emission trend

No recalculation was performed in this category in current submission.

4.4.2.6 Source-specific planned improvements, including tracking of those identified
in the review process

Since the emissions are negligible, no improvement is planned.

4.4.3 Aluminium Production (2.C.3)

Investigation revealed one smaller production plant, which reported that aluminium sad as a
reducing agent; this did not lead ©Q emissions. In 2009 this production was stopped. Recently, there is

only secondary production of aluminium in the Czech Republic. From this reason no greenhouse gases are
reported in this category. Theretiscycling of aluminium. In order to avoid using afdses is used cover

salts method. The recommendation from FCCC/ARR/2016/CZE, 1.13 is not in line with IPCC 2006 GI. and
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further not comparable to the reporting of other Annex | Parties. The recommendéioequesting to

report CQ and PFC emissions from secondary aluminium production in the correct category (2.C.7 Other).
There is no guidance for this kind of processes for reporting under 2.C.7. Further, no Annex | Party is
reporting such emissions. Tlieventory team believes, that no greenhouse gases are arising from the
processes mentioned.

4.4.4 Lead Production (2.C.5)

4.4.4.1 Sourcecategory description

In the Czech Republic there is no primary production of lead, however secondary production and recycling
is happening. There is one installation specialised for this production.

4.4.4.2 Methodological issues

Research was performed on potential Lead producershén@zech Republic. The data were obtained
straight from the operator; the data has to be displayed as confidential since there is only one producer of
lead in the Czech Republic. TB&® emissions were estimated at the level of Tier 1 methodology based on
the IPCC 2006 GI. (IPCC 2006) using the d&t@ukmission factor 0.2 €Q/t of lead. CQ emissions in

2021 equalled to 10.19 kt.

The emissions are under the threshold of significance for the Czech Republic.

4.4.4.3 Uncertainties and time consistency

Sincedefault emission factors were used for emission computations, the uncertainties were based in IPCC
2006 GIl. recommendation, i.e. 10% for activity data and 50% for emission factor.

4.4.4.4 Source-specific QA/QC and verification
The sectosspecific QA/QC plan follavfrom the overall plan described in Chapter 1. General QC

procedures were applied in this sector. The activity data and composition of ferroalloys were discussed
with representative of The Steel Federation, Inc.

4.4.4.5 Source-specific recalculations , including changes made in response to the
review process and impact on emission trend

No recalculation was performed in this category in current submission.

4.4.4.6 Source-specific planned improvements, including tracking of those identified
in the review process

Since theemissions are negligible, no improvement is planned.

Part 1: Annual inventory submission 200



CHMI NATIONAIGHGNVENTORREPORT OF TREECHREPUBLIA99052021
4.45 Zinc Production (2.C.6)

4.4.5.1 Sourcecategory description

There is no primary production of Zinc in the Czech Republic, however secondary production is occurring.
The reported emissions are all from secondanyduction, there is one producer of zinc, which is operating
since 1998. In 199Q 1999 were in the Czech Republic one more operator existing, the data are also
included in the emission estimates.

4.4.5.2 Methodological issues

The research of potential Zinc phacers in the Czech Republic was performed. Detailed data were
obtained straight from the operator, so the data has to be displayed as confidentialC@remissions
were estimated on the level Tier 1 methodology based on IPCC 2006 GI. (IPCC 200&fasing@
emission factorCQ emissions in 2021 equalled 0.88 kt, which presents negligible share in the whole
inventory.

4.4.5.3 Uncertainties and time consistency

Since default emission factors were used for emission computations, the uncertainties wedem#€C
2006 GIl. recommendation, i.e. 10% for activity data and 50% for emission factor.

4.4.5.4 Source-specific QA/QC and verification

The sectosspecific QA/QC plan follows from the overall plan described in Chapter 1. General QC
procedures were applied in thisector.

4.4.5.5 Source-specific recalculations, including changes made in response to the
review process and impact on emission trend

No recalculation in this category was performed in this submission.

4.4.5.6 Source-specific planned improvements, including tracking of those identified
in the review process

Since the emissions are negligible, no improvement is planned.
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4.5 Non-energy products from fuels and solvent use (CRF 2.D)

This subcategory includes the emissions from the first (
of fossil fuels as products, where their primary use is otf 1o
than combustion for energy production or use asducing
agent in industrial processes.

Products reported in this subcategory include Lubrican
Paraffins, Asphalts and Solvents. Emissions from of
(secondary) use or disposal of these products are inclug
in the relevant sectors (e.g. Energy, Waste

10%

Lubricant use

o 2D1
Fig.4-9 shows the share of individual subcategories in 2 B 2D Parafin was use Production
71 % of 2.0CQ emissions are produced from Lubrican
Use, followed by Urea used as catalysts¥d)%and the use Fig.4-0 The share of individual subcategori

of Paraffin Wax (1@6). for CO2 emissions in 2.D in 20t CQyeq.]

45.1 Lubricant Use (2.D.1)

4.5.1.1 Sourcecategory description

Lubricants are produced from refining of crude oil in petrochemical installatiohereTcan be
distinguished between engine oils and industrial oil or grease.

4.5.1.2 Methodological issues

The activity data are provided by CzSO in the official Energy balance of the Czech Republicembgggon
use of fuels is also included. The amount of ilicdonts used for other than energy production is included
in this category as activity data.

Tier 1 methodology from the IPCC 2006 Gl. was use@@emission estimations. The default emission
factor 20 kg C/GJ was used; the Oxidised During Use (ODdW)Was used as a default value equal to 0.2.
CQ emissions from this category in 2021 were equal to 98.46@t RelatedCQ emissions from 2.D.1
are reported in Tablel.A(d) under Lubricants as well (please see chapter 3.2.3. for details).

4.5.1.3 Uncertainties and time consistency
Since the activity data used are from official statics, the suggested 5% uncertainty (IPCC 2006) was applied

for this category. Since default ODU factor was used, suggested 50% uncertainty from IPCC 2006 Gl. was
applied for emission faor uncertainty.

4.5.1.4 Source-specific QA/QC and verification

Standard QA/QC procedures were applied for this subcategory. Special attention was paid-sectosd
issues (Energy x IPPU), so no emissions are omitted, nor counted twice.

4.5.1.5 Source-specific recalculations, including changes made in response to the
review process and impact on emission trend

No recalculation performed in this submission.
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4.5.1.6 Source-specific planned improvements, including tracking of those identified
in the review process

No improvenents are planned in this subcategory.

4.5.2 Paraffin Wax Use (2.D.2)

4.5.2.1 Sourcecategory description

This category includes use of products separated from fossil fuels called paraffins, waxes or vaseline. From
chemical point of view they are mixtures of solid paraffinated hydrocarbons obtained from crude oils.
Different types are characterised by pointsaidification and amount of oil contained.

4.5.2.2 Methodological issues

Activity data reported in official Energy balance of CzSO asemergy use are used for emission
estimation in this category. Tier 1 methodology from IPCC 2006 Gl. (IPCC 2006) was@&eehfiission
estimation. Default emission factor 20 kg C/GJ was used, Oxidised During Use (ODU) factor was used
default equal to 0.2CQ emissions in 2021 from this category were equal to 14.1GGt

4.5.2.3 Uncertainties and time consistency
Since the actity data used are from official statics, the suggested 5% uncertainty (IPCC 2006) was applied

for this category. Since default ODU factor was used, suggested 50% uncertainty from IPCC 2006 GI. (IPCC
2006) was applied for emission factor uncertainty.

4.5.2.4 Source-specific QA/QC and verification

Standard QA/QC procedures were applied for this subcategory. Special attention was paid-sectoss
issues (Energy x IPPU), so no emissions are omitted, nor counted twice.

4.5.2.5 Source-specific recalculations, includ ing changes made in response to the
review process and impact on emission trend

No recalculation performed in this submission.

4.5.2.6 Source-specific planned improvements, including tracking of those identified
in the review process

No improvements are planned this subcategory.

45.3 Other (2.D.3)

4.5.3.1 Sourcecategory description
Solvent Use

This category includes particularly emissions of NMVOC (ozone precursor) from the use of solvents, which
based in IPCC 2006 GI. (IPCC 2006) are not considered to be a sourag GQlemissions.
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Road Paving With Asphalt

This category includes particularly emissions of ozone precursors in¢I280b time- series. Based on

the IPCC 2006 GI. (IPCC 2006) only NMVOC emission should be reported. Data in reporting for the
UNECE/CLRP inventory in NFR are used. Emissions from Road Paving with Asphalt are not considered to
be a source o€£Q emissions (IPCC 2006).

Urea used as catalyst

IPCC 2006 Gl. (IPCC 2006) incorporate this category as soG@@eeaiissions. However, based on
methodology temissions from this process should be included in Energy sector, 1.A.3. Since the
emissions does not arise from fuel combustion, the emissions are covered under IPPU sector.

4.5.3.2 Methodological issues
Solvent Use

The IPCC GIl. (IPCC 2006) usesGdRINAIR methodology (EMEP/CORINAIR Guidelines, 1999) for
processing NMVOC emissions in this category. This manual also gives the following conversions for the
relevant activities, which can be used in conversion of data from the CORINAIR (i.e. SNAR) sirihe

IPCC classification.

Inventory of NMVOC is elaborated annually for the UNECE/CLRTAP inventory in NFR and is also adopted
for the National GHG inventory.

Solvent Use activity data are based on the following sources of information:
9 statistical ifiormation on producers and imports from the Czech Statistical Office,
REZZO data,
annual reports of the Association of Coatings Producers and Association of Industrial Distilleries,
information from the Customs Administration,

=A = =4 =

regular monitoring of econoriactivities and economic developments in the CR, knowledge
and monitoring of important operations in the sphere of surface treatments, especially in the
area of application of coatings, degreasing and cleaning,

1 regular monitoring of investment activities performed in the CR for technical branches
affecting the consumption of solvents and for overall developmental technical trends of all
branches of industry,

1 monitoring of implementation of BAT in the individual technical branches,

9 technical analysis oftonsumption of solvents in households; NMVOC emissions from
households are entirely fugitive and, according to qualified estimates, contribute approximately
16.5% to total NMVOC emissions.

The activity data for Solvent Use were extracted from the offiemedrgy balance. From the whole amount

of nonrenergy use of Other oil products were extracted the Oil needed fapiddiuction. Sum of the rest

of Other Oil and nownergy use of White spirit was considered as the best available data for Solvent Use.
Thisapproach was approved with relevant experts from CzSO.

Road Paving With Asphalt

The activity data from last submission were used. Emissions are usetUMInCE/CLRTAP inventories
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Urea used as catalyst

Since no detailed data about urea used as catalystviilable, the default approach was used, i.e. the
activity level is 1% to 3% of diesel consumption by the vehicle. For the Czech Republic conservative
estimate of 2% was used. 2% of the amount of diesel used in road transport was used as activityislata.
approach was used for the emission estimates for 202621 time series. The time series begin in 2006
when this process start occurring in the Czech Republic. The information was discussed and verified with
experts. Purity of AdBlue used in the w&bs is 32.5 % of urea in 67.5 % of deionized water which is
reflected in the final amount o€£Q emissions (Audiowell 2020). The computational approach presented

in Eg. 3.2.2 in IPCC 2006 GI. (IPCC 2006) was applied to e€lidhataissions. This approagds clearly
conservative approach, since it is taking into account total consumption of diesel. However, exact amount
of vehicles using this technology is not known. The data are under investigation. Even using this
conservative approach the emissions areler the threshold of significance.

CQ emissions in 2021 from this category were equal to 26.85@t

4.5.3.3 Uncertainties and time consistency
Solvent Use

Uncertainty of NMVOC emissions is considered to be quite large, based on IPCC 2006 Gl. (IPGE 2006) it
considered as 50%. The uncertainty of activity data is considered based on expert judgement as 25%.

Time series consistency is ensured as the inventory approaches concerned are employed identically across
the whole reporting period from the base yeB®90 to 2021.

Road Paving With Asphalt

Since naCQ, CH or N,O emission were estimated in this category, no uncertainties were considered in
this category.

Urea used as catalyst

Suggested default range for uncertainty was applied for 2.D.3 category, i.e. 5% for activity data and 5% for
emission factor uncertainty. However even though the emission are reported under 2.D.3, the range was
applied based on IPCC 2006 Gl. Vol. 2 En#PgC 2006), where methodology for emission estimation
from urea used as catalyst is provided.

4.5.3.4 Source-specific QA/QC and verification

Solvent Use

The emission data in this section were taken from the UNECE/CLRTAP inventories in NFR. Annual
reports are avéable on the method of calculation for the individual years since 1998. Following
transfer of the emission data to the new CRF Reporter, it was apparent that trends in the
emissions did not exhibit any significant deviations.

Road Paving With Asphalt

No pecific QA/QC or verification procedures are applied.
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Urea used as catalyst

Standard QA/QC procedures were applied for this subcategory. Activity data estimate was discussed with
the expert for transport.

4.5.3.5 Source-specific recalculations, including changes made in response to the
review process and impact on emission trend

Solvent Use

No recalculations performed in this submission.
Road Paving With Asphalt

No recalculations performed in this submission.
Urea used as catalyst

Due to updated activity data and due to use of COPERT 5 model in 1.A.3 the activity data was consequently
updated also for the category 2.D.3 Otlggdrea Used as catalyst.

The begining of the time series was newly moved to year 2006 instead of 1998diAgdo the COPERT
model, the Selective Catalytic Reduction in the road transportation was used in Czech republic since 2006.

4.5.3.6 Source-specific planned improvements, including tracking of those identified
in the review process

Solvent Use

No improvements g planned in this category.
Road Paving With Asphalt

No improvements are planned in this category.
Urea used as catalyst

Further investigation of activity data is planned for the future submissions.
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4.6 Electronics Industry (CRF 2.E)

Of the categories of sources
classified under the Electronics
Industry (2.E), only the
Integrated Circuit or
Semiconductor (2.E.1) category is
2 relevant for tre Czech Republic.
- This category includes the gases
| HFG23, Ck, GFs, Sk and NE.
According to information
obtained from manufactures,
Sk or other fluorine compounds
are not used in category 2.E.3
Photovoltaics.
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Fig.4-10 Trend of emissions from 2.E Electronics Industry [ki€Q]

The emission trend for the
category 2.EIEctronics Industry, which also represent the emission trend of subcategory 2.E.1 is depicted
in Fig.4-10 from year 1997, when the use of fegan,to 2021. Emissions of-gases equalled to
35.08kt CQ eq. in 2021. Total emissions ofghses from 2.E increased in 2021 by 30.5C& eq.
compared to previous year.ab.4-22lists the exact amount cQ eq. emissions from category 2.E.

Tab.4-22 Emissions from category 2.E. Electronics Industry in time period 199321

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Emissions [kt CQeq.] 1.14 1.14 11.17 21.03 20.32 4.87 4.36 6.64 22.03
2007 2008 2010 2011 2012 2013 2014 2015 2016

Emissions [kt CQeq.] 19.68 28.94 41.95 6.69 412 3.93 4.2 5.3

2017 2018 2019 2020 2021
Emissions [kt CQeq]  7.13 6.64 5.49 463 3508

Tab. 4-23gives an overview of the emission factors and methodology used for computations of emissions
in category 2.E. Electronics Industry in 2021.

Tab. 4-23 Type ofCQ emissions factors used for computations of 2021 emissions in category 2.E Electronics Industry

2.E.1 Integrated Circuit or Semiconductc HFG23, Ck, GFs, Sk, Nk Default (IPCC 2006) Tier2a

4.6.1 Integrated Circuit or Semiconductor (CRF 2.E.1)

4.6.1.1 Sourcecategory description

This category includes the gaseskC Ch, Sk, CHE (HFG23) and NEused by semiconductor
manufacturers. These gases are used in the plasma chemical thin layer etchingspfbioe process is
based on the reaction between atomic fluorine and the material of the layer. Atomic fluorine is derived
from the fluorinated gases mentioned above in the presence of capemityced plasma.

In year 2021 gasesks, Chk, Sk, CHE(HFE23) and NEwere used for semiconductor manufacturing, while

in year 2020 only gasessSthd NE were used. The change in reported gases is due to the change of
company product portfolio. According to the main manufacturer, the fluctuating trend in emiss#o
linked with the fluctuating consumption of gases for semiconductor manufacturing. The consumption of
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gases in the current year depends on the planned capacity of production, type of manufactured products
and types of etching processes.

4.6.1.2 Methodological issues

Gases &%, Ch Sk CHE (HFE23) and NE are reported for category 2.E.1 Integrated Circuit or
Semiconductor. Activity data about consumption efdses are available since 1997.

Emissions from this category are calculated using Tier&taodology described in IPCC 2006 Gl.,
Equation 6.2 without using fractions @and d, which are considered by expert judgement to be
negligible and further using Equation 6.3 for estimation ofpbyduct emissions of GAPCC
2006). Byproduct emissionsf Ck are reported together with regular GEmissions.

The manufacturers of electrical equipment maintain very-&@ndly policiesifvolving treatment,

training of staff, certificate etc.)Operational leakages are not measured (legislation doe$once
operators to do so) but can be estimated based on stock change. After a consultation with the
main operator in the country the leakages are virtually existent and depend solely on
accidents. Leakages represent less than 100 kg/year in totadh &lmv amount of SHS not
required to be reported from the operator into national database "Integrated system of reporting
obligations"L Yy i SANR @l yé& &aeaisSy LIySPgRHN. 2Kt 02 g ONOK

The emission factors employed are summarize@ab. 4-24. The default emission factors ftre
gaseHFG23, Ck, GFs, Skand NEwere chosen from IPCC 2006 &lojlume 3,Table 6.3 (IPCC 2006).

Tab. 4-24 Emissions factors used for computations of 2021 emissions from 2.E.1 Integrated Circuit or Semiconductor

HFG23 (CHE) 0.4 0.07 NA NA
Ch 0.9 NA NA NA
GFs 0.6 0.2 NA NA
Sk 0.2 NA NA NA
NF 0.2 0.09 NA NA

4.6.1.3 Uncertainties and time -series consistency

The uncertainty estimates were based on expert judgment (see IPCC 2006 Gl., Volume 1, Chapter
3 Uncertainties). Improvement of uncertainggtimation is in progress.

Time series consistency is ensured as the inventory approaches concerned are employed identically across
the whole reporting period from 1997 (when the use of B€gan) to 2021.

4.6.1.4 Source-specific QA/QC and verification
The inputinformation and calculations are archived by the sectoral expert and the coordinator of NIS.

Validation was performed by comparing the data obtained directly from manufacturer with data obtained
from Customs Office of the Czech Republic, ISPOP and Wiistre Environment.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.
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4.6.1.5 Source-specific recalculations, including changes made in response to the

review process and impact on emission trend

In this year, no recalculationgere performed in this category. As the compounds £.8Bk, GF occured

newly, there is no need to recalculate the whole time series.

4.6.1.6 Source-specific planned improvements, including tracking of those identified

in the review process

Although the currehsurvey considered factors ai and di in Tier 2a methodology as negligible, it is planned
to explore this technology further in more detail in future submissions, no later than the introduction of
Fgases in the EU ETS trading. Improvement of uncertastiynation is in progress

4.7 Product Uses as Substitutes for Ozone Depleting Substances (ODS) (CRF

2.F)

This category describes emissions afaSes from the following categories: 2.F.1 Refrigeration and Air
Conditioning, 2.F.2 Foam Blowing Agents, 2.F.3 Fire Protection, 2.F.4 Aerosols and 2.F.5 Solvents. The base
yearof using Fgases in the Czech Republic is 1995. The determination of the base year was based on the
information from possible emission sources and on fact, that the same base year is determined in
neighboring countries with similar compositiofhe emissin trend for category 2.F is depictedrig.4-11.
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Fig. 4-11 Trend of emissions from 2.F Product Uses as Substitutes for C
Depleting Substances and shaoé specific subcategories [kt G@q.]

The major share of 99% in the
rangeof actual emissions for year
2021 corresponds to category
2.F.1. Actual emigsins from other
categories under 2.F are
insignificant compared to category
2.F.1. Actual emissions ofgases
increased from 86.8kt CQ eq. in
1995 to 3676.45 kiCQ eq. in
2021. This significant leap forward
by orders of magnitude has been
driven mainly by substantial
increase in the use of HFCs in
refrigeration.

Detailed information about actual

emissions is given ihab.4-25 and in the CRF Tables. The higher level of emissions during the last years
could be explained by growth of large users, such as automotive industry and manufacturing of stationary
air-conditioning. The vast majority ofgases remain from production offrggerators and air conditioners.

Tab.4-25 Actual emissions of HFCs and PFCs in 12921 [ktCQ eq.]

1995 86.88 86.87 0.01
1996 216.11 215.43 0.68
1997 389.52 388.92 0.60
1998 529.86 529.34 0.52
1999 636.55 635.66 0.89
2000 801.88 799.77 2.11
2001 1001.32 997.94 3.38
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2002 1101.80 1098.28 3.52
2003 1218.17 1211.48 6.69
2004 1336.13 1327.48 8.65
2005 1356.30 1346.93 9.37
2006 1596.13 1586.29 9.84
2007 1953.70 1943.28 10.42
2008 2214.33 2202.65 11.68
2009 2231.72 2221.14 10.58
2010 2445.92 2438.10 7.82
2011 2653.22 2647.37 5.86
2012 2756.66 2751.78 4.88
2013 2884.54 2880.61 3.94
2014 3062.76 3060.06 2.70
2015 3311.42 3309.69 1.74
2016 3529.74 3528.34 1.40
2017 3743.40 3742.02 1.39
2018 3794.83 3793.31 1.53
2019 3824.48 3823.36 1.13
2020 3734.87 3734.27 0.59
2021 3710.56 3710.25 0.31

Tab.4-26 gives an overview of the emission factors and methodology used for computations of emissions
in category 2.F Product Uses as Substitutes for Ozone Depleting Substances in 2021.

Tab.4-26 Type of emissions factors used for computations of 2021 emissions in category 2.F

2.F.1 Refrigeration and Air Conditioning HFCs, PFCs CS and Default (IPCC 2001 Tier 2a
2.F.2 Foam Blowing Agents HFCs Default (IPCC 2006) Tier 1la
2.F.3 Fire protection HFCs, PFCs Default (IPCC 2006) Tier 1la
2.F.4 Aerosols HFCs Default (IPCC 2006) Tier 1la
2.F.5 Solvents HFCs Default (IPCC 2006) Tier 1a

Emissions of -Gases (HFCs, PFCs, 8IF) in the Czech Republic are at relatively low level due to the
absence of large industrial sources. Furthermore all of Hgades in the Czech Republic are imported;
therefore there are no fugitive emissions from manufacturing. Additionally, there isaduption of other
fluorinated gases (CFCs, HCFCs, etc.) that could leadpmdiyct Fgases emissions and there is no
primary aluminium and magnesium industry in the Czech Republic.

Currently, the nationalfas inventory is based on the method of adtamissions, according to the IPCC
2006 Gl. (IPCC 2006). Data about direct import/export, use and destruction for subcategories under 2.F
are obtained from following sources:

ISPOP ("Integrated system of reporting obligations"),

The Fgas register (Questnaire on production, import, export, feedstock use and destruction
of the substances listed in Annexes | or Il of thygak regulation),

I The database of Crod®mrder movements of goods (Customs data).

)l
)l

Collecting of data and preparation of input ddte emission estimates is described in more detail in Annex
A3.7.

In 2021 no significant changes occurred in the collection and treatment policies of discarded refrigeration
appliances. On the other hand, by' JTanuary 2020, Regulation EU/2014/517 rietsr the use of
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fluorinated refrigerants with a GWP greater than or equal to 2 500 with a charge s&#ergihan or equal
to 40 tCQ eq. The regulation is reflected in the first fill emissions of relevagages trought all 2.F
category.

Only two companies in the Czech Republic are dealing with regeneration of HFC coolants. Gonggahnie
privately constructed distilling machinery to process app.05HFC134a contaminated with mineral oil

fractions. The HFC was collecte[”
and stored during previous years
Emissions from this process arg
not included in the inventory.

Appliancescontaining HFCs are
still being disposed in lower
amounts, considering their 630
year life cycle (IPCC 2006 G
Volume 3, Chapter 7, Table 7.9
which depends on the type of —
device. According to ISPOF = 22222 SRSESES
database and-gas register, 16.11 O 2F1a @ 2F1b @ 2F1c O 2F1d @ 2F1le B 2FAf
t of Fgases wez disposed in 2021
in the Czech Republic.
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Fig.4-12 Trend of emissions from 2.F.1 Refrigeration and Air conditioning and s
of specific subcategories [kt CO2 eq.]

4.7.1 Refrigeration and
Air Conditioning (CRF 2.F.1)

4.7.1.1 Sourcecategory description

This category describes emissions efaSes from the following subcategories: 2.F.1.a Commercial
Refrigeration, 2.F.1.b DomestiRefrigeration, 2.F.1.c Industrial Refrigeration, 2.F.1.d Transport
Refrigeration, 2.F.1.e Mobile Air Conditioning and 2.F.1.f Stationary Air Conditioning.

The major share 34% in the range of actual emissions for yeabelongs to the subcategory 2.F.l.a

share 32% belongs to the subcategory 2.F.1.e, share 21 % belongs to the subcategory 2.F.1.f, share 10%
belongs to the 2.F.1.c, share 3% belongs to the 2.F.1.d and share 0.03% belongs to the 2.F.1.b. Trend of
emissions from 2.F.1 is depicted &ig.4-12. Category2.F.1 was identified as leey category in this
submission.

A large number of blends are being used in refrigeration and air conditioning systems. Mathg/ dsetain

HFCs and/or a limited amount of PFCs in various proportions. The main type of blend used in the Czech
Republic for stationary air conditioning/refrigeration i FOA, a mixture of HF8 and HFQ25 in a ratio

of 50:50. Blends-R07C and $07Aare used in smaller amounts:4R7C is a mixture of HRB2, HFE125

and HF€L34a in a ratio of 23:25:52.-407C is usedhainly in stationary air conditioningR507A is a

mixture of HF€125 and HRQ@43a in a ratio of 50:50. A consumption of blerd(RA tas been decreasing

since 2018. The blend contains HEXS, HF€143a and HRC34a gases in a ratio of 44:52:4. The
decreasing consumption is consequence of fact, that manufacturers are preparing for limitation of this
blend according to EU legislative. Blsrcontaining HF@234yf and HFQ234ze have been used in the
Czech Republic since 2016. Emissions from these gases are reported separately in category 2.H.3 Other
(see chapter.9.2for more information).

An overview of reported gases under specific subcategory is presenfeabid-27. PFCs have not been
used in the Czech Republic for many years, but emissions from previous use of PFCs still occur.
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Tab.4-27 An overview of the Fgases reported under subcategory 2.F.1

Source category Reported Fgases

2.F.1.a Commercial Refrigeration HFG125, HFE143a, HF23, HFE134a, HF@227ea, HF32, HFEL52a,
GeFi4, GFs, GFs

2.F.1.b Domestic Refrigeration HFCl34a

2.F.1.c Industrial Refrigeration HFG32, HFE125, HFA34a,HFCG143a

2.F.1.d Transport Refrigeration HFGE32, HFE125, HFElL34a, HFa43a

2.F.1.e Mobile Air Conditioning HFCl34a

2.F.1.f Stationary Air Conditioning HFE32, HFE125, HFEL34a, HFa43a

4.7.1.2 Methodological issues

Emissions from all subcategories under 2.F.1, except subcategory 2.F.1.e, are calculated by the Phoenix
calculation model. Tier 2a methodology was used for emission estimates in all the subcategories under
2.F.1; the emission factors used for the estimatire in the default ranges proposed by IPCC 2006 Gl.
(IPCC 2006).

2.F.1.a,2.F.1.b,2.F.1.c, 2.F.1.d, 2.F.1.f

Emissions from categories 2.F.1.a, 2.F.1.b, 2.F.1.c, 2.F.1.d, 2.F.1.f are calculated by calculation model
Phoenix, which was introduced for tlfiest time for submission 20172015 (Ondrusova, Krtkova 2018).

The calculation model can be divided to four main pangut, divider, emission estimates and outpor

input, it is important to update the data on the consumption ef&ses, emissiofactors and legislative
changes. The divider separates the input activity data inteaplications, where division into the sub
applications is based on expert judgement. The emission estimates are fully automatic and calculate the
emissions of refrigemt due to the charging process of new equipment, emissions during lifetime and
emissions at the end of lifetime. The output provides information about total emissions under the sub
applications and overall emission trends for category 2.F.1.

INPUT

Input of the model consists of three parts, which are manually updatactivity data, emission factors

and legislative measures. Data about direct import/export and destruction are obtained from three
different sources. Moreover, AD from these sources are thezified to avoid double counting via possible
duplicities across the data sources. For more information about data sources and the sorting system please
Annexes, chapter A.3.7.

Thedata sources cover a trade between the Czech Republic and EU countries and &f4é caumntries,
the worldwide market is covered. In the AD sourct® importers/exporters/users of fgases also
voluntarily report amounts of consumeddases belovihe threshold.For examplejn Fgas register 7
importers out of22 reported information about imported-gases although amount of reportedgases
was under the threshold i2021

Addition to the stock of specificdas, net consumption ithe current year is calculated as import minus
export and destruction. The calculation of an addition to the stock-géd-takes into account the total
amount of chemical banked the previous year, new additions to the stock and subtraction of emissions.

Selection of emission factors should be based on the national information provided by manufacturers,
service providers, disposal companies and other organizations. Collecting of such detailed information is
very difficult under the current state of admitiation in the Czech Republic and thus the emission factors

are based on the expert judgement and the emission factors are in the default ranges proposed by IPCC
2006 Gl., Table 7@PCC 2006Emission factors used for emissions estimates are showal-28.
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Tab.4-28 Parameters used for emission calculations for category 2.F.1 in calculation model

(k) *) 6 &.d (P)
Initial Operation Recovery Initial Charge
Emissions Emissions Efficiency Remaining
2.F.1.a Commercidefrigeration 10.50 3.00 13.00 55.00 70.00
2.F.1.b Domestic Refrigeration 13.50 0.50 0.35 55.00 70.00
2.F.1.c Industrial Refrigeration 17.00 3.00 13.00 55.00 70.00
2.F.1.d Transport Refrigeration 8.50 0.50 20.00 55.00 30.00
2.F.1.f Stationary AiConditioning 13.50 0.50 6.50 55.00 70.00

DIVIDER

Unfortunately, there is a lack of information about the specific use of gas obtained from the above sources
and thus the calculation model must divide input data into-apiplications by a divider. The divider is
shown inTab.4-29. The percentage share of each gas in the relevanagutication is currently based on
sectoral expert judgement, which is supported by the data obtained from Association of refrigeration an

air conditioning.

The calculation model takes into account the phasing out or the phasing dowgases depending on
the Montreal Protocol and national and regional regulation schedules, e.g. accordRegtdation EU No
517/2014, thekgas HF@34acannot be longer used in domestic refrigeration since 20i&ich means
that the relative share of HFC34a has been considered to be 0% since 2015.

Tab.4-29 Distribution of HFCs and PFCs use by applicati@aarsed for emission calculations in 2021

HFG125 40% X 15% 5% 40%
HFG143a 60% X 15% 5% 20%
HFG23 100% X X X X
HFCG134a 60% 0% 15% 5% 20%
HFG227ea 100% X X X X
HFG32 40% X 15% 5% 40%

EMISSION ESTIMATES

Total emissions for individualdas are calculated dse sum of emissions from filling of new equipment

Echarge €Missions duringhe equipment lifetimeBieime and emissions ahe system end of lifdna of iein
accordance with Equation 7.10 described in IPCC 2006 GI. (IPCC 2006). Emissions from subcategories under
2.F.1 are calculated using Tier 2athtal (emissioAactor approach) described in IPCC 2006 GI. (IPCC
2006). The parameters used for emission estimates were established by an expert judgement and Table
7.9 in the input of the calculation model (IPCC 2006). Equations for emission calculatiomecordance

with the equations described ithe IPCC 2006 GIl. (Equation 7.12, Equation 7.13, and Equation 7.14).
Emissions from decommissioning are calculated using Gaussian distribution model with mean at lifetime
expectancy. The model takes into aoat different approach for serviced equipment and newly filled
equipment, assuming only half lisxpectancy for the serviced equipment, resp. the amount of service

filled gas.
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The output of the model represents an overview efds emissions in stapplications forthe individual
gases from 1995 to the latest year of the national inventory reporting and a total overview of emissions
from category 2.F.1 (except 2.F.1.8pb. 4-30 depicts enissions of fgases forthe individual sub
applications in 2021 and comparison with levels of emissions in 2020 dmelbase year.

Tab.4-30 Emissions of HFCs and PFCs from subcategories under 2.F.1 ig 20@fparison to levels of emissions in 2020 and
1995

I R

2.F.1.a Commercial Refrigeration 1254.88 -3.50 99.99
2.F.1.b Domestic Refrigeration 1.17 -12.30 99.99
2.F.1.c Industrial Refrigeration 355.60 -5.03 99.99
2.F.1.d Transport Refrigeration 116.85 -9.30 99.99
2.F.1.f Stationary Air Conditioning 770.87 2.07 100.00

In some years notation key NE is used under 2.F.1 for the amount remaining in products at
decommissioning and the emissions from the disposal and recovery ofl3#Cand HF32 gases.
Notation key NE is used in accordance with decision 24/CP.19. Em@&si@osisidered to be insignificant.

The level of emissions is below 0.05% of the national total GHG emissions and the CRF reporter does not
allow report values lower than 1.0E. A number lower than 1.0H is rounded off to 0.00 by the CRF
reporter. Speific subcategories with notation key NE and the related year are shoWabid-31.

Tab.4-31 Subcategories in which is used notation key NE for gases 1B€a and HFG2 with related year

2.F.1.a Commercial Refrigeration HFC134a 1996
HFG32 1998, 1999
2.F.1.b Domestic Refrigeration HFC134a 1996
2.F.1l.dndustrial Refrigeration HFG32 1998, 1999
HFCG134a 1996
2.F.1.d Transport Refrigeration HFG32 1998
HFCG134a 1996
2.F.1.f Stationary Air Conditioning HFG32 1998, 1999
HFCG134a 1996

2.F.le

Emissions from subcategory 2.F.1.e are calculated separately from other subcategories under category
2.F.1. The main reason for this separation is the different approach to collecting activity data for the
emission estimates. Emissions of HEB3da from filing new equipmentEnage emissions duringhe
equipment lifetimekiime, and emissions dhe end of life of the systerB:nqofiite are calculated separately.

Total emissions are calculated as a sum of emissions from filling new equingatemissions during
lifetime Biretime and emissions at the end of life of the equipm&gti otite EMission factors used for emission
estimates for 2.F.1.e are shownTab. 4-32.

Tab. 4-32 Parameters used for emission calculations for subcategory 2.F.1.e

(d) (k) () 6 &.d ()
Initial Operation Recovery Initial Charge
Emissions Emissions Efficiency Remaining
2.F.1.e Mobile air Passenger cars
conditioning 15 0.50 20.00 10.00 30.00
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(k) ) 6 &.d ()
Initial Operation Recovery Initial Charge
Emissions Emissions Efficiency Remaining

(d)

Light duty vehicles
13
Heavy duty vehicles
16
Buses
14

Since 2016, car producers started to use H2®4yf as a substitute for HAG4a in accordance with the

Directive 2006/40/EC and thus also emissionsofMFOo n @ ¥ ¢ SNB Ol f Odzf I G SRd { Ay
allow creating node fomlternative refrigerant under 2.F.1.e category, emissions of -HEZAyf are

reported under category 2.H.3 Other and then emissions are accounted in national inventory.

Emissions from filling new equipment

Data for emission estimates are obtained from #hetomotive Industry Association. These data contain

G§KS LINPRdzOGA2Yy FAIdzNBa F2N) G6§KS /1 SOK ldzi2zaY20Af S
Inc., Hyundai Motor Czech Ltd. and Toyota Motor Manufacturing Ltd.), bus producers (SOR Libchavy Ltd.,
Iveco Czech Republic Inc. and other) and one truck producer (TATRA TRUCKS Inc.) are currently operating
in the Czech Republic. Approximately 64% of all new passenger cars are produced by a single
manufacturer.

Emissions from filling of new cars are caed by following steps:

1 Data about total production for each producer are obtained directly from each producer and
checked with data provided by the Automotive Industry Association. For year 2021, the amount
of cars produced in the CR are listed in thb. 735 bellow.

Tab. 4-33 Number of vehicles produced in the Czech Republic in the year 2021

~Yh5! 11 ¢h LyO® 680 287
Hyundai Motor Czech Ltd. 275 000
ToyotaMotor Manufacturing Ltd. 149 936

1 The initial charge of HF34a filled into new equipment is estimated for each car type of each
producer. Therefore the initial charge is not constant through the time series, neither for all
producers. The initial charge varies between 390 g and 865 gryiter

1 The percentage share of cars equipped with air conditioning through the time series is based on
data from the main Czech car bazaar and expert judgement. The percentage share of cars
equipped with air conditioning is calculated for each produceasately.

1 In 2016, producers started to use HE@B4yf as a substitute for HAG4a in accordance with the
preparation of Phase 3 of Directive 2006/40/EC.Hi84a is filled into cars which are intended for
the nonEU market. The share of cars that wareended for the noREU market was calculated
2y GKS olaira 2F RIFEGE FNRY GKS LINRPRIZOSNBRQ &SIKN
estimates since 2016.

1 The amount of HRC34a filled into new cars of each type in the given year is calculated as:
Amount of HF€.34a; = Production * Average initial charge* Average percentage share of cars
with AC:.
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Since 2016, the calculation has also taken into account transition to the use of alternative
refrigerant. The total amount of HF34a filled intonew cars produced in the Czech Republic is
calculated as the sum of the amounts used for each car type by each producer.

The emissions are calculated according Equation 7.12 described in IPCC 2006 Gl. The emission
factors are in the default ranges propasi& Table 7.9 IPCC 2006 Gl. (IPCC 2006).

Emissions from filling of new buses and trucks are calculated by the following steps:

T
T
1

Data about the total production for each producer are obtained from the Automotive Industry
Association.

The initial charge dfiIFCL34a filled into new equipment is considered to be 10 kg per bus and 1.2
kg per truck.

The percentage share of new buses and trucks equipped with AC is linearly interpolated from 50%
in 1995 to 100% in 2014; since 2014, it has been assumed that &b tarsl trucks are
manufactured with air conditioning. Unfortunately, there is a lack of detailed information from
producers and thus the percentage share is based on expert judgement, which is based on
emission estimates in neighbouring countries and tbeditions in the Czech Republic.

The amount of HRC34a filled into new buses and trucks in a given year is calculated separately
as: Amount of HF@34a; = Production * Initial charge: * Percentage share of buses/trucks with

AC.. The total amount ofFC134a filled into new buses and trucks produced in the Czech Republic
is calculated as the sum of the amounts used for filling new buses and trucks.

Emissions are calculated according Equation 7.12 described in IPCC 2006 GI. The emission factors
are inthe default ranges proposed in Table 7.9 IPCC 2006 Gl. (IPCC 2006).

Emissions durinthe equipment lifetime

Detailed data about vehicles stock in the Czech Republic are obtained from COPERT (software and
methodology developed by EMISIA S.A.) for 1928921. Data from COPERT were provided by the
Transport Research Centre (CDV). Data contain information about the numbers of passenger cars, light
duty vehicles, heavy duty trucks and buses divided by the fuel type, segment and EURO standard as it is
summarizel in Tab. 4-34.

Tab. 4-34 Information about vehicles fleet of the Czech Republic obtained from COPERT

Passenger Cars Petrol Mini Conventional

Diesel Small ECE 15/001
LPG Bifuel Medium ECE 15/02
CNG Bifuel Large SUV ECE 15/03
Petrol Hybrid ECEL5/04

Euro 1

Euro 2

Euro 3

Euro 4

Euro 5

Euro 6 20172019
Euro 6 201& 2020
Euro 6 up to 2016
PRE ECE

Light Commercial vehicles  Petrol N2-I Conventional

Diesel N1-11 Euro 1
N1-1 Euro 2
Euro 3
Euro 4
Euro 5
Euro 6 201% 2019
Euro 6 201& 2020
Euro6 up to 2016
Euro 6 up to 2017
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‘Tye  Fuel  Segment FEuostndad
Heavy duty trucks Petrol Articulated  (divided  accordin¢ Conventional
Diesel weight ) Euro |
Rigid (divided according weight) Euro 11
Euro 11l
Euro IV
Euro V
Euro VI
Buses Diesel Coaches articulated > 18t Conventional
Biodiesel Coaches standard <= 18t EEV
CNG Urban biodiesel buses Euro |
Urban buses articulated > 18t Euro Il
Urban buses midi <= 15t Euro Il
Urban buses standard 1Bt Euro IV
Urban CNG buses Euro V
Euro VI

Information obtained from COPERT and depicted in the table above is too detailed for the emission
estimates of HF@34a and thus as important input for emission estimates is only taken the type of vehicle
(passenger car, light duty vehicle, heavy duty kraod bus) in adequate euro standard (in the case of
0dzaSa FyR KSI @geé Rdzie (GNuzO1a SdzNE adGlFyRFENR AGQa y:

Operational emissions for cars and light duty vehicles are calculated as follows:

1 Number of cars or light duty vehicles in adequaturo standard is obtained from COPERT
(e.g.1195 730passenger cars (Euro standard 4) were registered in the Czech Republic in 2021).

1 Percentage shares chrs or light duty vehicles equipment with AC in each Euro standard group
are based on data from@PERT and expert judgement as it is in following table. Since 2017, cars
placed on EU market cannot contain refrigerant HB&a. Therefore it is considered that new
models are equipped with HFT234yf.

Tab.4-35 AC shares and type of refrigerant in Euro standard

Type ~ AC Share Refrigerant
| Conventional ~ 10%  HFGl34a |

ECE 15/0@1 10% HFG134a
ECE 15/02 10% HFC134a
ECE 15/03 10% HFG134a
ECE 15/04 10% HFG134a
Euro 1 20% HFCG134a
Euro 2 60% HFCG134a
Euro3 85% HFCG134a
Euro 4 95% HFC134a
Euro 5 95% HFCG134a
Euro 6 201%¢ 2019 95% HFQ1234yf
Euro 6 2018; 2020 95% HFQ1234yf
Euro 6 up to 2016 95% HFCG134a
Euro 6 up to 2017 95% HFQ1234yf
PRE ECE 10% HFC134a

1 The number of cars equipped with air conditioning is calculated as total number of cars or light
duty vehicles in euro standard multiplied by appropriate percentage shareTabid-35. Newer
types containing HF®234yf are excluded from calculation.
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1 The specific charge for the year is estimated as 0.7 kg per unit for-22@b, 0.65 kg per unit for
2006- 2008 and, since 2009, 0.6 kg per unit. The lower charges r@sul of transformation of
the car fleet.
1 The refrigerant stocks are calculated for cars and light duty vehicles as fal&@$34 stock =
Number of cars or light duty vehicles equipped with air conditioning-{8&&). * charge:.
1 Emissions arealculated according Equation 7.13 described in IPCC 2006 GIl. The emission factors

are in the default ranges proposed in Table 7.9 IPCC 2006 GI. (IPCC 2006).

Operation emissions for heavy duty trucks and buses are calculated by the following steps:

T
1

The rumber of heavy duty trucks and buses for 192921 are obtained from COPERT.

The percentage share of buses equipment with air conditioning is linearly interpolated frén 10

in 1995 to 720 in 2021, the percentage share of trucks equipped with air comililg is linearly
interpolated from 50 % in 1995 to 100 % in 2021. There is a lack of detailed information about
percentage shares of heavy duty trucks and buses with air conditioning and thus the percentage
share is based on expert judgement, which isdzhon the emission estimates of neighbouring
countries and the conditions in the Czech Republic.

The specific charge of HEB4a filled into the equipment is estimated as 10 kg per bus ankgL.2

per truck.

The refrigerant stocks are calculated sepahafer buses and trucks adFE134 stock = Number

of buses or trucks with air conditioninyspecific charge

The emissions are calculated according Equation 7.13 described in IPCC 2006 GIl. The emission
factors are in the default ranges proposedriable 7.9 IPCC 2006 Gl. (IPCC 2006).

Emissions athe system end of life

Emissions at the system end of life are calculated by the following steps:

T

1

The number of disposed vehicles (passenger cars, light duty vehicles, heavy duty vehicles and
buses) i®btained from the Car Importers Association.

The average vehicle lifetime is estimated as to 15 years for passenger cars, 13 years for light duty
vehicles, 16 years for heavy duty vehicles and 14 years for buses. The estimations are based on
information from the Car Importers Association, the Automotive Industry Association and the
Ministry of Transport.

The percentage time series of vehicles with air conditioning are based on data from the main Czech
car bazaar and expert judgement and are the same ath#&estimation of operational emissions
(percentage share for passenger cars and light duty vehicles is simplified in comparing with the
approach used for the estimation of operational emissions mainly due to the fact that data about
disposed vehicles amot sorted to Euro standard).

The specific charge of refrigerant is the same a#h®estimation of operational emissiongléase

see paragraphs above)

The amount of disposed refrigerant is calculatedtBC134a disposed = Number of disposed
vehicles * percentage share of cars with air conditioning@verage iitetime* Charget caverage lifetime

The emissions are calculated according Equation 7.14 described in IPCC 2006 GIl. The emission
factors are in the default rages proposed in Table 7.9 IPCC 2006 GI. (IPCC 2006).

Tab.4-36 gives the enissions of fgases from mobile air conditioning units in 2021 and comparigith
emission levels in 2020 andtime base year for HFC34a.

Tab.4-36 Emissions of HFCs and PFCs from 2.F.1.e in@6&8fparison to emission levels in 2020 and 1995

| 2.F.1.e Mobile air conditioning 1177.38 1.87 92.65 |
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4.7.2 Foam Blowing Agents (CRF 2.F.2)

This category includes only emissions from subcategory 2.F.2.a Closed cells. Emissions from following gases
are occurring from this category in the Czech Republic:138@& (from stocks, from disposal), HEZ7ea

(from stocks), HF245fa (from stocks).-Bases were used in the Czech Republic only for producing hard
foam. Solely HFCA3a was used regularly for foam blowing. FHR2Cea and HFE245fa were used
occasionally in previous years for testing purposes. Due to high costs, HFCs are being replaced by oth
hydrocarbons. Total emissions from 2.F.2 amounted to 1.08@Gteq. in 2021 Use of HFC for foam

blowing was not reported in 2021.

Increased amount of emissions from category 2.F.2 in 2016, 2017 and 2018 was driven by emissions from
disposal of HRC34a. Default product lifetime is 20 years which means that emissions from disposal
started to be accounted in inventory since 2015. In 1995, small amount e1B#&Cwvas used in category

2.F.2 and thus emissions from disposal in 2015 were not so signifidamtamount of HFC34a used in

1996 was approximately 77 times higher than in 1995 and thus emissions from disposal in 2016 are higher
comparing to 2015. A similar situation can be observed for emissions from disposal for year 2017 and 2018.

4.7.2.1 Methodological issues

Emissions from this category are calculated by default methodology and EF described in IPCC 2006 Gl.,
Equation7.7 for foam blowing (IPCC 2006).

4.7.3 Fire Protection (CRF 2.F.3)

Emissions from following gases are occurring in category 2.F.3 Fire protecticR2HFC HFQ36fa,
C3F8 (only from stocks and disposal). Total emissions from 2.F.3 amounted to 22@@dktin 2021.

4.7.3.1 Methodological issues

Emissions from this categogre calculated on the basis of IPCC 2006 Gl., Equation(IPCT 2006)
Calculations are based on data concerning production of new equipment and servicing the old equipment.
It was revealed in consultations with servicing companies thatfilldeakages are very low and remain
below 2 % of the total emissions. Operational leakages are virtualheristent and depend solely upon
activation of fire alarms.

In the equipment servicing process, the original halons are sucked out and usuafigdegain The
halons are recycled either with simple filtration or distillation.-i&e of original media without any
treatment may also occuiOld types of halons (prohibited in the years before 2000) can no longer be
manufactured but some of the mixtures canteeised after regeneration. A major part of new equipment
employs HF@27ea, while some installations are filled with HEBfa. Due to reuse of regenerated old
halon mixtures, HFCs are being introduced rather slowly.

4.7.4 Aerosols (Propellants ) (CRF 2.F.4)

Ths category include emission estimates from metered dose inhalers used in medical applications
(2.F.4.a), and from generplrpose aerosols (2.F.4.bJotal emissions from 2.F.4 amounted to
2.37kt CQeq. in 2021.

Metered dose inhalers (MDIs) containingy&ses first appeared on the Czech market in 1995. In these
MDIs, HF&34a was used as a propellant. One year later, MDIs with22F€a started to be sold as well.
The number of sold MDIs containing HEZ2la has been increasing with minor fluctuations sid®95.
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The number of sold MDIs containing HEZZea reached its peak in 1999 and since then it has been
gradually decreasing. Currently, aproximatelly 90% of the sold MDlIs contaih34&C

HFG134a was used in genefalirpose aerosols from 1996 to 2085d thus emissions from 2.F.4.b are
not occurring in 2021.-§ases were replaced by cheaper propellants, specifically dimethyl ether and other
hydrocarbons (butane, isobutane and propane).

4.7.4.1 Methodological issues

Emissions from this category are based o@dP2006 Gl., Equation 7.6; EF equals to 50% (default) (IPCC
2006).

Information about MDIs supply between 1998021 is obtained from the State Institute for Drug Control.
Amount of propellant is estimated separately for each product. The share of prap@ilproducts varies
between 88% and 99%.

Data about consumption of HFG4a in generapurpose aerosols were obtained from ISPOP, tHya$
register, Database of Crebsrder movements of goods (for more details see chapter 4.7.1), and
guestionnaire swvey provided by sectoral expert.

4.7.5 Solvents (Non-Aerosol) (CRF 2.F.5)

Emissions from the use of H2@5fa are occurring in 2021 in category 2.F.5; emissions of other gases such
as HFA34a, HFA@52a are not occurring from 2014 and 2007 specificdlgtal emissions from 2.F.5
amounted to 0.43 k€Q eq. in 2021.

4.7.5.1 Methodological issues

Emissions from this category are based on IPCC 2006 Gl., equation 7.5; EF equals to 50% (default) (IPCC
2006).

4.7.6 Uncertainties and time -series consistency

The uncertainty estimtes were based on expert judgment (see IPCC 2006 Gl., Volume 1, Chapter 3
Uncertainties).The uncertainties for the activity data are at level 37% and 23% for the emission factors.
Improvement of uncertainty estimation is in progress.

Time series consishcy is ensured as the above mentioned methodologies for all categories under 2.F. are
employed identically across the whole reporting period.

4.7.7 Source-specific QAQC and verification
The input information and calculations are archived by the sectoral éxpad the coordinator of NIS.

QA/QC and verification are provided for the activity data, emission factors and emission estimates:

1 The activity data for all the subcategories under 2.F, except subcategory 2.F.1.e, are obtained from
ISPOP, the-§as register and the Database of Crbesder movements of goods. Verification of
the activity data isonducted by comparison of the data edeed from the mentioned sources to
ensure that no double counting occurs. Verificatioriraf activity data for subcategory 2.F.1.e is
ensured by comparison of the data obtained fr@@PERT, th&sutomotive Industry Association
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and the Car Importers Association. Estimated inputs of 4@ used in mobile air conditioning

are compared witlthe data obtained fronthe latest NIRs for neighbouring countries with similar
transportation status. All inputs for emission estimates areaked by external QA/QC staff

members.

I Selection of the emission factors for emission estimates is currently based on expert judgement.
Allthe emission factors are default orfhe default ranges proposed by IPPC 2006 Gl. For category
2.F.1the emissim factors are verified by comparison with the emission factors for neighbouring
countries and for countries with a similar climate and status of refrigeration and air conditioning
use.

Quiality control was performed by completion of the QA/QC form in Arthby a responsible compiler
(autocontrol) and then by QA/QC staff members.

4.7.8 Source-specific recalculations, including changes made in response to the review
process and impact on emission trend

Recalculation in subcategory 2.F.1.e

Subcategory 2.F.1.e Mobifér Conditioning was recalculated due to new source providing more accurate
activity data for calculating HF34a emissions from the first fill. For previous submissions information
Fo2dzi LINBRdAzOGAZ2Y 2F OSNIFAY OF NJMMeRAStEs sabmigsior? 6 G I A
information from Hyundai was obtained as wdlhe initial charge of HF334a filled into new equipment

is now estimated for each car type of each producer and not only for each car producer.

Following changes in data from COPERIlvity data for calculating HF(34a emissions from stocks were
updated as well. Furthermore, the calculation of the number of vehicles containinglBCwas
modified. Newer car types containing HE@B4yf were excluded from the calculation (S&sh.4-35). The
activity data for operation emission estimates are obtained from the COPERT since 2017 submission.

Also there were changes in emissions from disposaydars 2018020 due to changes in activity data
for category 2.F.1.e Mobile Air Conditioning.

Recalculation in subcategory 2.F.1.b

Correction of product life implied emission factor was conducted due to review process findings in
subsector 2.F1.b Domestiefrigeration.
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Change from AR 4 submission in year 2022 to AR 5 in year 2023 is also included in the recalculations
depicted bellow.
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Fig.4-13 Impact of the recalculations in category 2.F

As can be seemdm Fig.4-13and inTab.4-37, the impact of the all conducted recalculations on the total
emissions for category 2.F is relatively low in average level between 6.5 t0 9.1% .

Tab.4-37 Impact of the recalculations in category 2.F

Fgas emissions  Unit 199% 2001 2007 200# 2004{
gg;nission [ké(f]Q 9556 237.5¢ 42527 57751 69251 869.6( 1084.2¢ 1190.9¢ 1313.5( 1439.7¢
?gg;nissmn [ké(i]g 86.8¢ 21611 3895 529.8¢ 6365t 801.8¢ 1001.3; 1101.8( 121817 1336.11
Difference [%] 9.00% -0.02% -8.41% -8.25% -8.08% -7.79%  -7.65%  -7.49%  -7.26% -7.20%

Fgas emissions

gg;;mssmn [";qC]Q 1459.3¢ 17152 2096.2¢ 2379.5¢ 2393.4¢ 261627 2838.2( 2949.3. 3088.0¢ 3278.9¢
ggggussmn [kéqC]Q 1356.3( 159617 1953.7C 2214.3: 2231.7: 24459, 2653.2; 2756.6¢ 2884.5. 3062.7¢
Difference [%] 7.06% -6.94% -6.80% -6.94% -6.76% -651% -652% -6.53% -6.59% -6.59%

Fgas emissions

Submission MCQ 5 eis6. 37853 4018.7: 4078.3¢ 4113.23 4020.28
2022 eq.]
Submission (KCQ 33114 35007 3743.4C 3794.8: 3824.48 3 734.87
2023 eq.]
Difference [%] 6.63% -6.75% -6.85% -6.95%  -7.02% -7.10%
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4.7.9 Source-specific planned improvements, including tracking of those identified in the
review process

In future submission it is planned to investigate tamission factors used under category 2.F.1. Now,
emission factors are based on sectoral expert judgement, the opinions of a sectoral expert from another
European country and Table 7.9, IPCC 2006 Gl., Volume 3. It is planned to investigate the coufitry speci
conditions and properly document the reasons for our choice, which will lead to improvement in the
transparency of our reporting.

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

This category describes GHG
emissions from the following
categories: 2.G.1 Electrical
Equipment, 2.G.2 $fand PFCs
from Other Product Use, 2.G.3
N.O from Product Uses and
Category and 2.G.4 Other. Under
the 2.G category are reported SF
andN>O emissions.

200 300

Emissions [kt COs eq.]
100

The emission trend for category
2.G is depicted irfrig.4-14. The
0 2G1 @ 2G2 B 2G3 O 2G4 major share of 76% of GHG
Fig.4-14 Trend of emissions from 2.G Other Product Manufacture and Use ~ €Missions for year 2021 belongs
share ofspecific subcategories [kt G@q.] to category 2.G.3, the share 22%
belongs to category 2.G.1 and
the share 2% Hengs to category 2.G.2. Total GHG emissions from 2.G were lower by ZgZldd. in
2021 compared to the previous year

Tab.4-38lists the exact amount d£Q emissions from the individual subcategories in 2.G. Other Product
Manufacture and Use for the 1990 to 2021 period.

Tab.4-38 CQ eq. emissions in individual subcategories in 2.G Other Product Manufacture and Use category in 2020

1990 86.68 0.14 183.38 NO
1991 86.52 0.14 183.38 NO
1992 87.84 0.19 183.38 NO
1993 89.06 0.16 183.38 NO
1994 90.17 0.19 183.38 NO
1995 91.19 0.21 183.38 NO
1996 91.76 9.56 183.38 NO
1997 90.83 8.23 183.38 NO
1998 89.37 8.52 183.38 NO
1999 84.27 6.35 183.38 NO
2000 82.55 20.34 183.38 NO
2001 82.94 3.82 183.38 NO
2002 89.39 27.95 183.38 NO
2003 94.40 51.61 183.38 NO
2004 93.14 29.00 183.38 1.95
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2005 87.05 16.89 183.38 10.18
2006 87.18 12.13 183.38 8.23
2007 86.54 9.66 183.38 NO
2008 83.39 7.07 198.75 NO
2009 85.53 5.56 198.75 NO
2010 79.20 4.48 198.75 NO
2011 84.55 4.49 198.75 NO
2012 88.96 4.46 198.75 NO
2013 78.84 4.42 198.75 NO
2014 76.56 4.39 198.75 NO
2015 73.27 4.59 198.75 NO
2016 72.57 454 198.75 NO
2017 68.52 4.53 198.75 NO
2018 65.28 4.42 198.75 NO
2019 63.07 4.46 198.75 NO
2020 60.60 4.43 198.75 NO
2021 58.43 4.40 198.75 NO

Tab. 4-39gives an overview of the emission factors and methodology used for computations of emissions
in category 2.G for year 2021.

Tab. 4-39 Type of enissions factors used for computations of 2021 emissions in category 2.G Other Product Manufacture and
Use

2.G.1 Electrical Equipment Sk Default (IPCC 2006 T1
2.G.2 Sfand PFCs from Other Product Use Sk Default (IPCC 2006 D
2.G.3N;Ofrom Product Uses N>O Default (IPCC 2006 D

4.8.1 Electrical Equipment (2.G.1)

4.8.1.1 Sourcecategory description

This subcategory is divided into Medium Voltage (MV) Electrical equipment (< 52 kV) and High Voltage
(HV) ElectricaEquipment (> 52 kV) containingsSFhe division into the two groups was based on data

from two large and one smaller facility for energy transmission and distribution. According to the data
almost 98.4% of the electrical equipment in this country islattied to HV Electrical Equipment and 1.6%

to MV Electrical equipment.

Data about consumption of Sk electrical equipment are obtained from ISPOP, thga§ register and

Database of Crodsorder movements of goods (for more details see chaptét.l). Sk for use in

electrical equipment is mainly imported as part of the equipment, which is filled bepevational

amount. First servicing could b&ESy O2y aARSNBR a AaFANRG FAEE & . dzf
for the purpose of operational stodk-trade.

4.8.1.2 Methodological issues

Emissions from this category are calculated in line with IPCC 2006 Gl., specifically Equation 8.1, which is
called the Tier 1 method. Emissions for MV Electrical equipment and HV Electrical Equipment were
estimated separately using default emission factors (Table 8.2, IPCC 2006 Gl., Volume 3 for MV Switchgear
and Table 8.3, IPCC 2006 Gl., Volume 3 for HV Switchjeai.RF reporter does not allow separation of
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the subcategory 2.G.1 Electrical equipment into two groups. Emissionssofrodt MV Electrical
equipment and HV Electrical Equipment are reported collectively.

Operational leakage is not measured (legislatioes not force operators to do so) but operators usually
distinguish between amount of Skised for servicing or filling to new equipment. According to
consultations with the main operator in the country, the leakage is virtuallyeastent and depends
solely on accidents; leakage usually remains below 100 kg p.a. in total. Such a low amogidbes $bt
even require the operator to report $&sage in ISPOP.

Sk for use in electrical equipment is mainly imported as the part of the equipment which is filled below
0KS 2LISNIGAZ2YLFE Y2dzyld CANRG aSNWAOAYy3I Aa GKSY

for the purpose of operational stoedk-trade. In the year 2021, there is no news 3fed into the new
equipment thus zero emissions from manufacturing are occurring for the year 2021.

4.8.1.3 Uncertainties and time -series consistency

The uncertainty estimates were based on expert judgment (see IPCC&Q08olume 1, Chapter 3
Uncertainties). Improvement of uncertainty estimation is in progress.

Time series consistency is ensured as the inventory approaches concerned are employed identically across
the whole reporting period from the base year 1990 t®20

4.8.1.4 Source-specific QA/QCand verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.

Verification of the activity data for subcategory 2.G.1 is performed by comparistire afata obtained
from ISPOP, from the-gas register and from Database of Crbssder movements of goods.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.8.1.5 Source-specific recalculations , including changes made in response to the
review process and impact on emission trend

In this year, no recalculations were performed in this category.

4.8.1.6 Source-specific planned improvements, including tracking of those identified
in the review process

In further submissions it is planned to contact other faeiitfor energy transmission and distribution to

verify the current division of activity data into MV and HV electrical equipment or update this division to
more accurate version.

4.8.2 Sk and PFCs from Other Product Use (CRF 2.G.2)

4.8.2.1 Sourcecategory description

This category includes emission estimates from dogjdeed soungbroof window (2.G.2.c) and from
accelerators use (2.G.2.b).
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Sk was used for manufacturing sowmaoof windows in the Czech Republic during 1§2909. The use

of Sk for soundproof windows manufacturing reached a maximum during 2@R04, with the highest
consumption in 2003. Higher consumption of 8&ring these years led to an increase in emissions from
manufacturing. Then $Btarted to be replaced by nitrogeand argon. The lifetime of windows filled with
Skis assumed to be 25 years, which means that emissions are now occurring only from stocks.

The survey of other uses ofeSFas undertaken for submission 20¢2016. Category 2.G.2.b Accelerators

has beeradded to the submission. In the Czech Republic, accelerators are used in radiotherapy centres
and one accelerator containingesFa dzaA SR Ay | NB&SFNOK AyadadadziS o
total number of accelerators used for radiotherapy treatmés obtained from the Institute of Health
LYF2NXIGA2Y YR {GFrGAaGAaAOa 2F GKS /1 SOK wSLlzot A0
2021 submission preparation, same number of accelerators as in 2018 was used. For the current
submissionthe data was in time and the value for 2019 was updated from 51 to 54 accelerators. In 2021,
there were 54 accelerators in use.

The main shoe producers were contacted to obtain information about the amountcofisel in the
production of shoe soles. Aording the data, Sks not used by shoe manufacturers in the Czech Republic.

4.8.2.2 Methodological issues
Sk emissions from soundproof windows

Emissions from this category (Sodmaof glazing) are calculated in line with IPCC 2006 Gl., specifically
Equation8.20, 8.21 and 8.22 (IPCC 2006).

Sk emissions from accelerators

Total SFemissions reported in 2.G.2.b Accelerators are calculated as the sum of emissions from medical
accelerators and the Tandetron research accelerator. Data about the total numbecealégators used

in radiotherapy treatment have been obtained from the Institute of Health Information and Statistics of
the Czech Republic since 1990. Unfortunately, the data do not differentiate accelerators ysifm&id
underestimation of emissits, we used a conservative estimate and assume that every medical accelerator
uses S§ Emissions are calculated according to Tier 1 methodology, Equation 8.18 with default charge
factor 0.5 kg and emission factor 2 kg/kg GFCC 2006).

Tandetron is a reearch particle accelerator. Detailed information abouiv&s obtained directly from the
research institute. According to the research institute, leakages« k&€ negligible during the 12 years
of operation. During the year, SEan leak into the atmsphere only during regular checks of the
installation and this leak is estimated at 6.17 g[&if year.

4.8.2.3 Uncertainties and time -series consistency

The uncertainty estimates were based on expert judgment (see IPCC 2006 Gl., Volume 1, Chapter 3
Uncertainties). Improvement of uncertainty estimation is in progress.

Time series consistency is ensured as the inventory approaches concerned are employed identically across
the whole reporting period from the base year 1990 to 2021.

4.8.2.4 Source-specific QA/QC andverification

The input information and calculations are archived by the sectoral expert and the coordinator of NIS. The
quality control was held by fulfilling the QA/QC form presented in Annex 5.
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4.8.2.5 Source-specific recalculations , including changes made in response to the
review process

In this year, no recalculations were performed in this category.

4.8.2.6 Source-specific planned improvements, including those in response to the
review process

The survey of other uses ofsS#Il continue. For future submissionsjstplanned to investigate the use of
Sk in accelerators in more detail. Unfortunately, due to the current state of data confidentiality in the
military sector, it is assumed that data about the consumption efitskilitary applications will not be
provided to the sectoral expert for emission estimates but effort will be exerted in the survey.

4.8.3 NOfrom Product Uses (CRF 2.G.3)

4.8.3.1 Sourcecategory description

This category (2.G.3) includ®sO emissions from the use of this substance in the food industryo&ae
cans) and in health care (anaesthesia).

4.8.3.2 Methodological issues

The calculation of emissions from this category, are based on IPCC 2006 Gl., Volume 3, Chapter 8, Equation
8.24 (IPCC 2006). These not very significant emissions corresponding to N.Zbwere derived from
production in the Czech Republic (0.6N¢O) and from import ofN;O (0.15 ktN.O), see (Markvart and
Bernauer, 20162013 and Bernauer and Markvart 2012016).

So far, in the Czech Republic, no relevant data have been availathigtitmguish betweerN;O used in
anaesthesia and for aerosol cans. Therefore, the existing split (80% for anaesthesia) was based only on a
rough estimate.

Data from Customs Office were obtained as an attempt to improve emission estimates from this category
Customs data contain detailed information about imported/exported amount of oxides of nitrogen
to/from the Czech Republic by a single importer/exporter for a year 2016 and summary data about
import/export for 1993- 2016. Customs code is related to oxsda nitrogen not onl\N,O. According to

the data, oxides of nitrogen were imported to the Czech Republic by 26 importers (mainly by companies
trading with industrial gases not by end consumer) and exported by 15 companies in 2016. Export of oxides
of nitrogen is multiple times higher than import every year. Total stock of nitrogen oxides in 2016 for 1993
- 2016 time series is calculated 420 kt of oxides of nitrogen. It was concluded that customs data are not
suitable for emission estimates NfOin caegory 2.G.3. Firstly, customs data are related to import/export

of oxides of nitrogen not onliX,O. Secondly, oxides of nitrogen are imported by companies trading with
industrial gases. These companies sell their products to the end users and thus tidoratmut possible

use is missing. And at the end, the amount of exported oxides of nitrogen is every year higher than the
amount of imported oxides of nitrogen and thus total stock is calculated in negative values.

4.8.3.3 Uncertainties and time -series consistency

The uncertainty estimates were based on expert judgment (see IPCC 2006 Gl., Volume 1, Chapter 3
Uncertainties). Improvement of uncertainty estimation is in progress.
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Uncertainties for activity data in this category at the level of 50% were estimatedinertainty was
determined for the emission factor since we assumed that all the gas is emitted (the emission factor is
equal 1 t/tN>O). Overall uncertainty data are given in Chapter 1.7.

Time series consistency is ensured as the inventory approacinesrned are employed identically across
the whole reporting period from the base year 1990 to 2021.

4.8.3.4 Source-specific QA/QC and verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.

The qualitycontrol was held by fulfilling the QA/QC form presented in Annex 5.

4.8.3.5 Source-specific recalculations, including changes made in response to the
review process

In this year, no recalculations were performed in this category.

4.8.3.6 Source-specific planned improvements, including those in response to the
review process

No improvement is planned in this category.

4.8.4 Other (CRF 2.G.4)

4.8.4.1 Sourcecategory description
This category includes estimated emissions from the experimental use wh@& laboratory conditions.

The experiment started in 2004 and lasted two years, which means that emissions occurred only-in 2004
2006.

4.8.4.2 Methodological issues
The amount of Sfused in the experiments is investigated every year in data obtained fronPISROF
gas register and from the Customs Administration of the Czech Republic. In the data set, research institutes

are selected and, if the data contains information about an imported amountpfi&Fesearch institutes
are contacted for more detaittinformation.

4.8.4.3 Uncertainties and time -series consistency

The uncertainty estimates were based on expert judgment (see IPCC 2006 Gl., Volume 1, Chapter 3
Uncertainties). Improvement of uncertainty estimation is in progress.

4.8.4.4 Source-specific QA/QC and verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.
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4.8.4.5 Source-specific recalculations, including changes made in response to the
review process

In this year, no recalculations were performed in this category.

4.8.4.6 Source-specific planned improvements, including those in response to the
review process

No improvements are currently planned in this category in next submission

4.9 Other (CRF 2.H)

This category describes GHG emissions from the subcategories 2.H.1 Pulp and paper production and 2.H.3
Other. Total GHG emissions from 2.H were 0.65@Gteq. in 2021.

4.9.1 Pulp and paper (CRF 2.H.1)

In this categoryCQ emissions from Papema Pulp industry which do not fall into specific categories (e.g.
use of soda ash and urea under category 2.A.4.d) are reported here. The activity data are taken from the
EU ETS. One of the paper mills produces its own S&i@0a high degree of purity. iing this process,

CQ is reabsorbed. This process was classified as category 2.A.4.d before but it was taken off of the
inventory after revision (for more information, see chapter 4.2.4.2).

Emissions reported in this category come from application apfidi CQ. LiquidCQ is used for pH
adjustment in the delignification process. There is only one company which uses the technology in the
Czech Republic. After the process, used li@lis sent to the cleaning zone and then to the combustion
boiler afteward. The data comes from the EU ETS for the period D1 Values for years 20(#010

were obtained directly from the company. Material flow data provided by the company was used to
correlate the figures from 1996, when the technology was implemented2006. Since only one
manufacturer reports<CQ emissions from kraft processes, IEF is reported as C (confideB@admissions

from 2.H.1 amounted to 0.63 kt in 2021.

4.9.2 Other (CRF2.H.3)

In category 2.H.3 Other are allocated emissions of -HEZAyf anl HFG1234ze, which are used as
refrigerants, mainly in air conditioning systems. Since CRF Reporter does not allow creating node for
alternative refrigerants under 2.F.1.e subcategory, emissions of12B@yf and HFQ234ze are reported

under category 2.13 Other. GWP of both gases is considered to be one (IPCC 2014).

HFQ1234yf and HFQ234ze were implemented into calculation model Phoenix which calculates
emissions from F.1.a, 2.F.1.b, 2.F.1.c, 2.F.1.d and 2.F.1.f. For more details, please see chapter
4.7.1 Emissions of HFM234yf and HFQ234ze estimated in Phoenix were 0.020® eq in 2021.

The main field, where HF®234yf is used, are mobiléraonditioning systems. A calculation process of
these emissions estimates is the same as for-H¥a in category 2.F.1.e. Estimated emissions of-HFO
1234yf from mobile air conditioning were 0.116G® eq in 2021.
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5 Agriculture (CRF Sector 3)

5.1 Overview of sector

Agricutural land covergl’5% andarable land 3%of the areaof the country(CzSO 2022 zech agriculture

is affected bythe communist history of the countrywhen small farmers were almost eliminated by the
collectivization process after World War Il. Unforttelg, the period with cooperative ownership without
any small family farmiasted fartoo long and only very few original farmers started managing their farms
again in thel990s. Atpresent 74% of farns aresmaller than 50 hand occupy only7.5% of agricultural
land.

The Czech Republic is situated in the cool climate Zzberdéong term annual average temperature8i§ °C
for the period 191-2020, www.chmi.cg The level of livestock breeding, manure management and
agricultural land managemeiig comparable tahat inthe developed Western European countries.

Thg year 2021 was thAe temperature normal year in the Czech Republic, with an average annual air
G§SYLISNI (dzZNB 2 F 3¢ belowthé rormal KH-OR0. 6 & n P

Crop production incresed by 10.8% yeam-year. The most important crops were cereals, root crops, and
forage crops. Wheat, oats, grain maize, pulses, sugar beet, hops, and vegetables were harvested in higher
guantities. Rye, beet, green and silage maize yields were lowecobhepring had an impact on the lower
fruit harvest.Livestock production increased by 2% yearyear.The arerage annual dairy cow numbers

in the Czech Republic increased by 1.5% in 2021 compared to 202thebnumber of pigsin 2021
compared to 202@s lower.There was also a decrease in the number of sows. Over the last four years, the
price of compound feed has been increasing yaayear as the mossignificantcost item in the
production of slaughtered pigs. There has also been atemg increase in other inputs in the pig sector
(energy, pharmaceutical and veterinary costs, depreciation) which determine the economics and
profitability. In contrast, egg and milk production has increased. The growgloutuctivity ofdairy cow

was supported bya good feed base, a favourable price foilk raw materials and the adjustment of
subsidies to themilk sector.There has been a slight increase in the consumption of nutrients in mineral
fertilizers compared to 2020. The total consumption of net nutrienipplied by mineral fertilizers was
104.2 kg per 1 ha of agricultural la@doA 2022)

Underthe Czech national conditionagricultural greenhouse gas emissions consist mainly of emissions

from enteric fermentation CH emissions), manure managemer@H and N.O emissions), agricultural

soils (\.O emissiors), urea application and limingc@ emissions). The other IPCC subcategogiese

Odzf AGFKGA2YS>S LINBAONAOSR O0dzNYyAy3 2F &l Ol gdoindas TFA
occur in the Czech Republic.

Methane emissions are derived from animal breeding. These emissionsateigprimarily from enteric
fermentation (digestive processes), whichmsstly manifested for ungulate animals (mostly cattle in the
Czech RepublicAnaher part of methane emissianis derived from manure management, where
methane iSormed under anaasbic conditionsvith simultaneous formation of ammoniahich, however,

is not monitored in the framework of greenhouse gas inventdries

1 The reporting of ammonia emissions is coordinated and managed by CHMI under the supervision of the Ministry of the
Environment. For the national estimatiohammonia emissions from manure managentieafTier 2 approach is used according

to thesection3.B Manure management EMEP/EEA Emission Inventory Guidebook (EEA 2019). Ammonia emissions from
synthetic fertilizers application are estimated accordinghte the Tier 2 approach described in #eetion3.D Crop production

and agricultural soils EMEP/EEA Emission Inventory Guidebook (EEA 2019).

Part 1: Annual inventory submission 231



CHMI NATIONAIGHGNVENTORREPORT OF TREECHREPUBLIA99052021

Nitrous oxide emissions are formed mainly by nitrification and denitrification processes in manure and
soils. The artropogenic contribution that is determined in the national inventory of greenhouse gases is
caused by nitrogenous substances derived from inorgmtdizers with nitrogen contentmanure from
animal breeding, sewage sludge application to soils, nitragertained in parts of agricultural crops that

are returned tosoilsandnitrogenmineralized in soils. In addition, emissions are aksing produced from
storage facilities and managemeottmanureas a fertilizeland indirect emissionare beingderivedfrom
atmospheric deposition and nitrogenous substances leached into water courses and reservoirs.

Carbondioxide emissions are deriveidom non-organic fertiliation use on agricultural soils based on
industrialy produced urea anéimestone and dolomit@pplied to soils.

A comprehensive revision of the estimation procedures in categorfear®d 3B was prepared fahe NIR
2023submission. We worked with botkstimation procedure and activity data. The aim was to increase
consistency of the time seriesnake the estimations more accurate and incorporate the results of the
research project 5 S@St 2 LIYSy i 2F (KS YSiK2R2t23ASa T2N NBL
SYAaairzya yR NBY2@lta AyOf dzRA Y Jhe [aNE@ogicaliAgehoyaf 2 F ¢
the Czech Republic (TACR)02010056hat started in May 2019. The project addresses two tasks to
improve emission reportinm the sector ofagriculture:

1. Evaluation of the possibility of using specific emission factorstimasg greenhouse gas
emissions from entec fermentation.

2. Conditions and possible consequences of nitrogen balance model implementation in reporting
agricultural land emissions.

In addition,somecorrections were made due to techniatorsidentified during the QAQC procesand
the review process.

Overall, the implemented improvements led to an average reduction of the total emissions by 3.5% for
the entire timeseries Fig.5-1). The change is partly caused by implementation of the new global warming
potential values following the IPCC AR5 in this NIR 2023 submission (GWP in use: 28 for Methane and 265
for Nitrous oxide). A detailed descriptimf each category follows below.

Allthe aboveY SY A2y SR OKIy3aSa |yR AYLNR@GSYSyia 6SNB 02y
Wollnerou ) from the Crop Research Institute (CRbich has been involved in the NIS team of the Czech
Republic since2019. The CRI experts are responsible for the implementation of Council Directive
91/676/EEC of 12 December 1991 concerning the protection of waters against pollution caused by nitrates
from agricultural sources and for EUROSTAT / OECD statistics efinbtrigets from the agricultural

sector. Since2022, the cooperating CRI experts are members of the Discussion Group on Nutrients
Statistics in the framework of Eurostat.

We have also collaborated with NJP a | NJi A y  SREsBakcif InstitditeNgyiculturiél Engineering
(RIAE) who prepares thereports on pollutant emissions from agriculture for CHMI. Thanks to this
cooperation, a unified database of input datethe agricultural sector was prepared for nitrogen emission
estimates and theibudgd. The results are described in one of the outputs of the project (Bermeowal.
2022b).

5.1.1 Key categories

There are six categories of sources evaluatethbyanalyseslescribed inPCC 2006 ukdelinesasthe key
categories irthe agricultural sectorThesources overviewincluding their contribution tdhe aggregate
emissionsis given infab.5-1.
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Tab.5-1 Overview of significant source categories agriculture (Submission 20283 assessed with and without considering
LULUCF

ateao A A A A 7 AP A2 0% O 06 O

3.A Enteric Fermentation CH LA, TA LA Yes Yes Yes Yes 2.57 2.76
3.D.1 DirectN.O Emissions From N,O LA TA LATA Yes Yes Yes Yes 2.132 2.28
Managed Soils

3.D.2 IndirectN,O Emissions N2O LA LA Yes Yes Yes Yes 0.65 0.70
From Managed Soils

3.B Manure Management N.O TA LA TA Yes Yes Yes Yes 0.35 0.38
3.B Manure Management CH TA TA Yes Yes Yes Yes 0.27 0.29
3.G Liming CQ TA TA Yes Yes Yes Yes 0.12 0.12

KC: key category
Lincluding LULUCF
2 excluding LULUCF

5.1.2 Quantitative overview

Agriculture is the third largegmissions producingector in theCzech Republitn 2021, its contribution
represented6.20%to the total GHG emissions incl. LULUCF and indirect emissidns equalled to

7 845 kt CQ eq.; 46% of sectoral emissions came from enteric fermentation, 40% from managed
agricultural soilsand 10%from manure management. Carbon dioxide emissions from liming and urea
application on managed soils contribdtey 4%to the total agricultural emissions in 2. The share of
emission categories in the total emissiamas relatively stable to 200ihd changed graduallgince2001],

when the anaerobic digestersene incorporated intoestimatingnitrous emissions. While the share of
emissions from manure management decreased, the share of emissions from manageslosdis
increased.The total emissins fromagriculture decreased by about 50% during the period 12021.

A quantitative overview and emission trends in the reported period are providd@am5-2.

Tab.5-2 Emissiondgrom agriculture, sorted bysourcecategories 19902021

Enteric |  Manure  Agricultural |  Liming = Urea |
Fermentation Management Soils (3.G6) Application

(3.A) (3.B) (3.D) (3.H)
1990 15136 6612 2571 4608 1237 109
1991 13144 6 338 2450 3895 329 132
1992 11 318 5669 2280 3147 114 109
1993 10 042 4909 2 096 2836 108 93
1994 9 070 4 297 1843 2731 109 91
1995 9171 4276 1760 2910 116 109
1996 8877 4188 1756 2714 118 100
1997 8501 3916 1699 2721 97 67
1998 8 140 3653 1640 2 610 95 143
1999 8187 3753 1659 2596 91 88
2000 8 282 3604 1574 2870 118 116
2001 8 545 3605 1510 3163 110 157
2002 8140 3502 1467 2935 104 132
2003 7 550 3399 1421 2528 82 120
2004 7842 3267 1331 3012 80 151
2005 7815 3377 1312 2913 67 146
2006 7744 3329 1265 2913 82 156
2007 7 951 3365 1239 3065 84 197
2008 8 015 3398 1185 3154 100 179
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Enteric Manure Agricultural Liming Urea
Fermentation Management Soils (3.G6) Application
(3.A) (3.B) (3.D) (3.H)
2009 7 190 3316 1035 2624 67 148
2010 7147 3309 939 2673 65 161
2011 7 651 3279 846 3235 84 207
2012 7573 3314 773 3159 121 206
2013 7 485 3314 735 3096 142 198
2014 7 560 3362 714 3196 158 130
2015 8164 3492 731 3503 171 268
2016 8 405 3504 761 3676 175 290
2017 8191 3527 747 3526 166 225
2018 7 990 3621 788 3232 163 185
2019 7933 3620 773 3198 193 149
2020 7718 3631 778 2988 165 156
2021 7 845 3628 778 3116 146 176
4
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Fig.5-1 Trend ofemissions fromagricultural sectofkt CQ eq.], 19902021

The sum of emissions from agriculture in the Czech Republic culminated in 1990 &he#e lowest
emissions were estimated in 2010 (48% of the total emissiwh990,a decreaseby 52%). The reason for
the relativelylargestdecrease after 199@asa decreasdn the livestockpopulation Thereafter, thetotal
emissiongvererelatively stable from 1997 to 24, fluctuatingoy 0-20% 11% on averag&ith the lowest
valuesin 2010. In2015 and 201@he consumption ofurea becamehighest in thereporting period This
negative environmental trend endeih 2017 whenthe urea consumptiondecreased.The emissiors
categories expressed their relative sharegomparedto 1990 are shown iffab.5-3.

Tab.5-3 Emission categories expressed in relative shacemparedto 1990 (year 1990 is stated as 100%)

Enteric Manure Agricultural Liming Urea

Fermentation Management Soils 3.6) Application
(3.A) (3.B) (3.D) (3.H)
1990 100 100 100 100 100 100
1995 61 65 68 63 9 101
2000 55 55 61 62 10 107
2005 52 51 51 63 5 135
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Enteric Manure Agricultural Liming Urea
Fermentation Management Soils 3.6) Application

(3.A) | (3.B) | (3.D) | | (3.H)

2010 47 50 37 58 5 148
2015 54 53 28 76 14 247
2016 56 53 30 80 14 267
2017 54 53 29 77 13 207
2018 53 55 31 70 13 171
2019 52 55 30 69 16 137
2020 51 55 30 65 13 144
2021 52 55 30 68 12 162

An overview of the latest recalculations is given in Chapter 10. The methodology used is in accordance
with the IPCC 2006 uidelines with respect to some provisions of the IPCC 2019 Guidelines in Enteric
fermentation category.

Thetotal emissions ithe current (NIR 2023) submissiare approximatelyl %higherthan inthe previous
(NIR 2022) submissioithe shareof the main categories in the total GHG emissions from the sector
remained without significant changes.

The rationale for the gradual reductiaf the total emissions in recent years is described in the following
paragraphs.

5.1.3 General overview of source specific QA/QC and verification

Following the recommendatioim the latest ircountry review, a sectespecific QA/QC plan wasvised

tightly linked to the corresponding QA/QC plan of the National Inventory System, chapter 1.5. The plan
describes the key procedures of inventory compilation and provides a table of personal responsibilities
and a timetable of sectespecific QA/QC procedures. Thikrmp consolidates the quality assurance
procedures and facilitates effective quality control of the inventorythe sectorAgriculture. IFER-
Institute of Forest Ecosystem Research is t#ehnically responsiblénstitution for preparing emission
estimates and reporting for this sectoBince 2019 thexperts (DrY f DrN@olinerov) representing the

Crop Research Institute (CRvejoined theinventoryteam. These expertsave been alsinvolved in

the QA/QC procedures.

Ministry of Agricultureof the Czech Republi€zech University of Life Sciences, Institute of Animal Science
Prague, Researdhstitute for Cattle Breeding, Research Institute of Agricultural Engineering, Institute
Agricultural Economics and Czech Hydrometeorological Itestiare the additional collaborating
institutions contributingwith relevantinformation used irinventory of thesecta Agriculture Finally, the

NIR expertdrom Slovakiaesponsible foithe agricultural sector (Slovak Hydrometeorological Institute,
SHMI)alsocooperate closely in the inventory methods apeotential improvements.

The identifiederrors and inconsistenciegere documented and correctionsvere madewhereneeded In

addition to the official review procestje emission inventory methodeere reviewed internally by the
technical experts involved in the emission inventory of the Agriculture and LULUCF sectors. To comply with
QA/QCijt is necessary to check e.the comparison othe country-specificandthe default values:

I The activity datadr livestockcategories, annual crop productiothe numberof synthetic
fertilizers, sewage sludge, liming and urea applied to managisl (Czech official statistics, urea
production data)

The consistency dhe time-series activity data and emissiorctars
The update ofhe national zoetechnical data

= =

Part 1: Annual inventory submission 235



CHMI NATIONAIGHGNVENTORREPORT OF TREECHREPUBLIA99052021

1 All the emission factors and parameters/fractiaraployed.

QA/QC includes checkintpe activity data, emission factors and methods employed. Additionally,
communication and exchange of information octigity data, emissions factors and methods wilie
respective Czech experts responsible for other reporting (Convention orRamge Transboundary Air
Pollution, ircountry reporting of the Ministry of Agriculturetc.) help retain consistency of emiss
reporting with other relevant reporting protocols.

The inventory compiling procedure is initiated by IFER, where all the necessary data, obtained from the
Czech Statistical Office (CzSO), are inserted into the excel spreadsheets and verified BERBxpkerts.
There are sme more specific parameters, which are not available from CzSO, required to estimate the
country-specific emission factors for cattle (Tier 2). The-tmminical national data (esp. cattle breeding)

is supplied bythe experts fromthe agricultural institutes (see aboveJhe appropriate values in the
calculation spreadsheets are updated at IFER, replacing the older values. The verif@e ttatesferred

to CRF Reporter, where the deadee technically verified once again. The completeness chetikeo€RF
tablesis performed foithe final time-series approval.

The esponsible person (IFER expert) fillsha QA/QC forms, including information from checking and
verifying activity data, CRFata and NIR content separately for the reported emission inventory categories.
The QA/QC forms are archived in IFER and CHMI (ftp server). All the information ubedirigentory
report is archived by the author and by the NIS coordinator. Hence hallbackground data and
calculations are verifiable.

InMay 2019, the new scientific projedtinded by the Technological Agency of the Czech Repsialited.
The close and open cooperation between all sector experts &lditional positiveeffect of this project
that contributes to the QA/QC procedures.

LY HAHMI 5NX» WHyl . SNlIy2@t3s NBalLRyairotS FT2N GKS
expert group under the European Commission on methane emissions from agriculture. This grimsp carr
consultations on the livestock sector, feed and feed additives.

More precise information about QA/QC procedures is available in relevant subchapters.

5.2 Livestock (CRF 3.1)

The methods for estimatin@H and NO emissions from enteric fermentation andamure management

for livestock require definitionsf livestock sukcategories and their annual populatidiata (seeTab.5-4)

and, for the higher Tier 2 methods usetbr cattle, alsoa feed intake and other zotechnical
characteristicsThe oordinated livestock characterization was used to ensure consistency across the
source categories for the whole emission inventdByatistical Yearbook of the Czech Republic tivas
source of population data for livestock categoriédl. the numbers were confirmed byhe Ministry of
Agriculture.

Part 1: Annual inventory submission 236



CHMI NATIONAGHGNVENTORREPORT OF TIEECHREPUBLIA990;2021
Tab.5-4 Trendsin livestock populatiors [1 000headq, 19902021 (CzSO 2®

1990 1995 2000 2005 2010 2015 2020 2021 |
Cattle 3506 2030 1574 1392 1349 1407 1404 1406
Swine 4790 3867 3688 2877 1909 1560 1499 1518
Sheep 430 165 84 140 197 232 203 183
Poultry 31981 26 688 30 784 25372 24 838 22508 24247 23 809
Horses 27 18 24 21 30 34 39 34
Goats 41 45 32 13 22 27 29 25

Livestockpopulationtrendsin key categories (cattlswineand poultry) deternmie theemissiontrends in
agricultural sectorThepopulationof cattlein 221 representedonly 40% of the population in 1990 and
the swine population in 202d¢orresponded tmnly 3% of theinitial populationin 1990

5.2.1 Enteric Fermentation (CRF 3.A)

5.2.1.1 Source category description

This chapter describethe estimation of CH emissions from enteridermentation. In 2021, 90% of
agricultural CH emissions, 129.6 kt o€H, arose from this source category. This category includes
emissions from cattle (dairy and nalairy), swine, sheep, horses, and goats. Carllaiaas, mules, asses
and buffaloedn the Czech Republare keptonlyin several private farms and ZO®s} the populations

of this non-native livestock are very low (hundreds of hedTheir breeding is not very intensiead
therefore methane emissionfor the nonnative livestock wee not estimated. Enteric fermentation
emissions from poultryvere not estimatedas the IPCC 2006&uidelinesdoes not provide ay default
emission factor for this animal categoiyhe contribution of emissions from livestock other than cattle to
the total emissions from enteric fermentation wigss thard%:(4.5 ktCH) ofthe total CHemissions from

the enteric fermentation category.

5.2.1.2 Methodological issues

Emissions from enterifermentation of domestic livestock were calculated usihg Tier 2 (cattle
category) and Tier 1 (other livestock) methodologies presented iR 2006 Wdelinesand the last
Refinement of IPCC Guidelines from 2019 (IPCC 2019).

5.2.1.2.1 Enteric Fermentation o f cattle (Tier 2)

The emission factor for methane froemtericfermentation (EF) in kg/head p.a. is proportional to the daily
feed intake and the conversion factor. It thus holds that:

~r~ e O P Ul
00 O@—/—
vVE@u

where the gross energy intake (JAEMJ/headday, is taken as the main feed ration for the given type of
cattle (there are 10 subcategories of cattle) and theamethane conversion factgresented forcattlein
Table 10.12IPCC 20Q6updated version in IPCC 2019ktlhne conversion factor of re is assumed for
all juveniles consuming milk only (cadwategories); p. 10.30IPCC 2006 GIhe oefficientof 55.65 is the
energy content of methanevith unit of MJ/kg CH. This equation should be solved for each cattle

subcategory, denoted by index

EF isstimatedfor each cattle category angeported for dairy and nolairy cattle.The \alue reported
for non-dairy (other) cattle ishe weighted average othe results calculatedn each nondairy category
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separately including calves. Total emissions &he sum ofthe two products (Efuiycandpopulation of
dairy cattle + Blnpairycamé’population of nondairy cattle).

There are 10 cattle subcategorigsuse whichthe data are availabléor in CzeclStatisticd Yearbooks
(CzSQ@990202Y):

Calves younger than 6 months of agele
Calves younger than 6 months of afEmale
Young bulls (@2 months of age)

Young heiferg6-12 months of age)

Bulls and bullockdl{2 years)

Bulls and bullocks (over 2 years)

Heifers (12 years)

Heifers (over 2 years)

Mature dairy cows

Mature suckler cows

=4 =4 = = = -8 -8 -8 -8 =9

In the calculation, it is also very important to distinguish between dairy and suckler cows, where the
fraction of suckler cows (ratiof suckler/all cows) gradually increakén the 19962021 period. The
populationof suckler cows increased from 2%6G8% of the dairy cattle populatiomluring the reporting
period because of changes in agricudtipolicy after 1990.

Considering that this is a key source of emissions, tleelfCRepublic uses Tiem2ethodsaccording to

IPCC 2006 udelines to estimate methane emission factofer cattle. The calculation procedure was
prepared in 2004 aa part of the VaV/740/4/02 project funded by the Ministofthe Bf A NR Y YSy G 6 Y
et al. 2004). The activity data was then updategheatedly, most recently in 2016, when the shares of
manure management systems were adjusted.

ThelPCC methodology (TierlRCC 20QaPCC 20)&llows, ifthe daily food intake for each subcategory

of cattleis notknowndirectly, to calculate gross energy intake (GB)m national zoetechnical inputs:
weight, weight gain (for growing animals), mature weight, daily milk production including the percentage
of fat in milk, pregnancy (% of females that givehbin the year), feeding digestibility (% of energyhia

feed nd extracted) and the feeding situation (stall, pasture).

The original national zoetechnical inputs (noted above) were updatsdveral times during reporting
periods by the experts from the Czech University dfife Sciencefrague in 2006 and 2011 and were
discussed withthe experis from the Mendel University Brno (prof. Zeman 2021) and fromstitute of
Animal Science 8022 (Dr. Joch)

ForQubmissior2023 themethodologcalupdateof enteric fermentationestimation ofmethane emissions
wasimplemented, including changes in activity data eirigthe calculationsUpdate and validation were
required in review process (Issue ARefined ountry-specificdataused in estimatesvere the am of this
update, so were the validation and use of methane emission factor calculation based on the data on
feeding situationderivedfrom the nutritional standardsNewly we have estimated feed intake using a
simplified Tier 2 method according to the procedures updatetPi@C 209 Guidelinesto validate the
calculated GE.

The estimation of enteric fermentation was subjected to a rigorous control and validatiartieityadata
entering the estimation of gross energy (GE) intake (digestibility, weight gain, activity coefficient, etc.). The
estimation of GE was subsequently compared to the estimation of dry matter intake (DMI) using simplified
Tier 2 methodIPCC 209) and the practice of deriving DMI from the assumed feed rations. In connection
with the revision of digestibility data, the Methane Conversion Factovalue was also revised for all
subcategories of cattle. The entire procedure is described in detaihasficial output (Beranova et al.
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2022) of the aforementioned project and was submitted to a review to prof. Zeman, Mendel University
Brno, Czech Republithe calculation spreadsheet has been accordingly corrected and updated

Specifically, théollowing adjustments were implemented:

Gountry-specificapproach to the activity coefficient { 19962021

AWMS refinement, technical correction and input data unification, 12021

Increased pregnancy coefficientfgnanc) for mature heifers, 199021

Increased value of milk production for suckler cows, 12021

Body weight increment refinements in the selected categories, 480

The digestibility of feed (DE) value refinements, validation reflecting the dry matter intake
(DMI) standards 1992021,DMI estimates based on the productivity, 262021

1 Revised methane conversion factor)Yalues for dairy cows from 2014 (6.4%) to the target
valueof 6.15% (2018) and adjustments for the methane conversion fact)n@tues for non
dairy cattle from 2Q4.

=A =4 =4 -4 -8 =9

5.2.1.2.2 Activity data overview

The body weight datan relevant cattle categories is derived from the Czech legislation (Decree 377/2013
Coll.) and it is fullharmonied with nitrogen balance reporting and air pollution report{figb.5-5), no
changes in Submission 2023

Tab.5-5 Weight ofanindividual in cattle categoriegkg], 19962021

Cattle categories 1990 1995 1999 2005 2010 2016 2017 2018

1994 1998 2004 2009 2015 2021
Dairy cattle 520 540 580 585 590 620 620 650
Suckler cows 520 540 580 585 590 620 620 650
al GdzZNB KSAT 485 490 505 510 515 541 541 600
al GdzNB 0o dz 750 780 820 840 850 850 850 800
Heifers 12 yrs. 380 385 395 395 390 410 410 470
Bulls 22 yrs. 490 510 530 540 560 560 560 560
Heifers 612 m* 275 280 285 285 290 299 265* 265
Bulls 612 m.* 325 330 335 340 350 368 300* 300
I t@S&a* ¢ Y 128 132 133 135 135 139 115* 115
Calves <6 m., M 128 132 133 135 135 149 115* 115

* Before 2017the Czech Statistical Office used age categories different from the national legisla@iomof@hs, 812 months for
young categories) and the relevant body weight of calves, young bulls and heifers were used in the estimates. Sinda@@17 the
data has been adapted to the Czech legislatiorb (onths, 612 months). The time series is consistemiata on weightare
relevant to the number of heads in the category.

The feeding situations the most important input to the estimation okt energy foractivity N&(Eq. 10.4
IPCC2006hy S 2F (KS O2YLRYSydGa 2F FyAYlFIfOa SySNHe Ay
their food, water and shelter (NEeq. 10.41PCC 219). To calculate this energy, the activity coefficients

are used to multipl the energy for maintenance (NEeq. 10.3IPCC 209). The default values of the

activity coefficiens G, are listed inPCC 209 Guidelines Table 10.5.

Based onthe expert recommendationthe ountry-specific technology coefficient (Ki) is usddr
edimating energy requirements(Zeman, 2006). The following tabl€ap.5-6) showsthe differences
betweenthe activity and technology coefficient values.
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Tab.5-6 Activity coefficient (adjusted in compliance witiPCC 209 Gl.) and the corresponding values for the production system

(Zeman, 2006)

Feedingsituation

Description

G

Production system

Activity coefficient

Ki
Technology
coefficient

[%/100]

Stall Animals are confined to a small 0
area and expend very little or no 0 Binding No increased
energy to acquire feed energy demands
Pasture Animals are confined in areas 01
with sufficient forage requiring 0.17 Free housing Energy demands
modest energy expense to )
; higher by10%
acquire feed
Pasturegrazing Animals graze in open range lar 0.2-0.3
largeareas/Range and expend significant energy tc 0.36 Pasture/Range Energy demands
acquire feed higher by20-30%

The technology coefficient (Ki) allows an improved coverage of changes in cattle breeding, which occurred

in cattle breeding in the Czech Republic after 1990. For the individual time series, it makes possible to
considerthe developmenbf cattle breeding technologies in the period 198021 and cover the gradual

0N YAAGAZ2Y FTNRY O0AYRAY3I Kefdsihoysisgzwhishkih @mpliditéebiighlai f S R
valid legislatin, dominatesnowadays Accordinglythe entire time seris was recalculated including the
abovedescribed development

The original feeding situatiomvas represented as a percentage of time, which cattle spent on a
surrounding pasture and moderate energy wamentin acquiring feedFor he rest of the timeit was
assumed that cattle spent in stall with a limited possibility to movab(5-6). Accordingly, theactivity
coefficientwascalculated as the weighted averageo€the time share in stall and pastu(€ab.5-7). E.qg,

in case of 5% of year spent on pasture the activity coefficient wvahge0.0085,hencethe energy for
maintenance value increasdyy this coefficient.

Tab.5-7 Original framework to feeding situation, the percentage shows time share of a calendar year, in which an individual
expends moderate amount of energy &cquiring feed

Cattle category 19901994 19952004 20052009 20102015 20162021
Dairy cattle 5% 10% 11% 7% 0%
Activity coefficientCy 0.009 0.017 0.019 0.012 0

Suckler cows 5% 10% 25% A47% 47%
Activity coefficientCa 0.009 0.017 0.0425 0.080 0.080
Non-dairy cattle 12% 17% 16% 24% 27%
Activity coefficientCy 0.020 0.03 0.03 0.042 0.042

The following tableTab.5-8) shows the activity coefficients updated with theuntry-specificdata. It is
obvious that the refinement leads toncreasing value othe activity coefficient with an increasing
proportion of free housing and pasture.

Tab.5-8 The update of activity coefficient estimation by using the breeding coefficient; dairy cattle, suckler cows andlaon
cattle as a summarized category

Dairy cattle:technology proportion \

19901994

19952004

20052009

20102015 ‘ 20162020

Suckler cowstechnology proportion

19901994

19952004

Binding housing, % 85 45 19 0 0
Free housing, % 10 45 70 93 100
Pasture/range, % 5 10 11 7 0
G, Activity coefficient value 0.020 0.065 0.092 0.107 0.10

20052009

Binding housing, % 60 25 0 0 0
Free housing, % 10 40 65 50 50
Pasture/range, % 30 35 35 50 50
G, Activity coefficient value 0.070 0.110 0.135 0.150 0.150
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Non-dairy cattle (weighted average) 19901994 19952004 20052009 20102015 20162021

G, Activity coefficient value 0.0330.035 | 0.0780.081 0.116 0.1240.128 | 0.1240.128

The daily milk production statisticél'ab.5-9), in which only milk from dairy cows is considered, increased
to 25.11 kg/day/head in 2021 in comparison with data from 2020 (25.04 kg/day), with an average fat
content of 3.89%. The activitlata of milk production comes from the official statistics (CzSO) and these
are verified in the Yearbook of Cattle Breeding in the Czech Republic (annual report).

Based on information provided by Institute of Animal ScieRergnova 2022)he milk prodiwction of
suckler cows increased, namely to 8 kg/day (2 920 kg/yr.). Milk production is related to rearing calves. The
original valueused earlier wa8.7 kg of milk/day.

Tab.5-9 Daily milk production of dairycows andfat contentin milk, 19902021

Year Dairy cows population Daily milk production Fat content
[1 000heads] [kg/day/head] [%]
1990 1206 10.97 4.03
1995 732 11.66 4.02
2000 548 13.93 4.00
2005 433 17.61 3.90
2010 384 19.44 3.86
2015 376 22.53 3.84
2016 373 22.64 3.91
2017 370 23.16 3.89
2018 365 24.01 3.86
2019 364 23.86 3.98
2020 360 25.04 3.89
2021 359 25.11 3.88

Based orthe information provided by Institute of Animal Sciend@e(anova et al. 2032the share of
mature embeddedheifersin the calculation increased to 80%arlier, this share was not considered

Weight gain based on the expert estimat8¢ranova et aR022), was adjusted for the entire time period
19902021 in category of mature heifers and mature bularlier the weight gain in these categoriess

not consideredn the estimation Based on the expert information, the weight gain watto 0.12 kg/day

up to 0.60 kg/day. Furthermore, the weight gain for growing bulls and calves increased for the peried 2010
2021. Development of weight gaintine countryis shown irfab.5-10.

Tab.5-10 Weight gain development overviejkg perlivestock categoriel dairy and suckler cow weight gains are assumed to
be zero and are not listed in the table, 199071 H M 6 & 2 dzZNOSY Y2t t nj SBerahdvadetah2022n = w»SYIly Si

Cattlecategory 19901994 19951998 19992009 ' 20102021
Weight gain [kg/day]

Dairy cattle 0 0 0 0
Suckler cows 0 0 0 0
al GdzZNE KSATSNA 0.12 0.20 0.30 0.40
al GdzZNB o6dzZf £ & 1 0.12 0.20 0.40 0.60
Heifers 12 yrs. 0.69 0.74 0.80 0.83
Bulls 22 yrs. 0.74 0.76 0.84 1.20
Heifers6-12 m 0.55 0.63 0.70 0.70
Bulls6-12 m 0.82 0.94 1.12 1.20
I f @MAF "~ 0.50 0.56 0.63 1.00
Calves 8m., M 0.65 0.68 0.72 1.00

The digestibility of feedis one of the essential inputs into the enteric fermentation calculation. In the
2NRIAYLFE /1lalL aitddzReé oawSOFfOdzZ FGAy3a OFGiGtS SyidSNR
2004), the digestibility of feed valugas estimatedas 60% for all catd categories in the period 1990

2002.
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In 2010, the entire time series of emission factors calculation had been recalculated with the digestibility
values of dairy cows of 67%, suckler cows 62% and other categories 65%. This value, with a missing
country-specific data, had been understood as a conservative estimate of the real digestibility of feed,
which, according to a literature data, had ranged betwee#v68%o for dairy cows (CHMI 2022).

NATIONAGHGNVENTORREPORT OF THEECHREPUBLIA 9902021

To improve accuracy of the digestibilitgstimates which, especiall in case of dairy cowslid not
correspondwith the aboveaverage milk production requiring appropriate feed, there was a study
prepared by Zeman et al. (2024hich estimated the digestibility from the composition of a representative

set of feeding ratios. Feeding ratios were designed to reflect the @@iditionsof the feeding base in

the Czech Republic and various levels of milk production and dairy cow maintenance (Zeman et al. 2021).

Tab.5-11 shows theresultingdigestibility (DE) valuder time series. For dairy cows, there wereo DE
values validate@2010 and 202}, based on which thealues for the period 1998010 were extapolated
This follows the fact thathe increment in DE is a continuous phenomenon.

Tab.5-11 Digestibility (DE) of dairy and noedairy cattle: values development in NIR of the Czech Republic, 181 (CHMI
2022 Beranova et al 2022)

Time series DE, Dairy cows DE, Nordairy cattle, Source

[99 weighted averagd%q
1991-1995 67.0 65.0 CHMI 2022
19962000 68.0 64.9 Extrapolated values
2001-2005 69.0 64.8 Extrapolated values
20062010 69.5 64.6 Extrapolatedvalues
2011-2021 70.0 65.5 Validation on the basis of DMI

In case of nofdairy cattle, the calculation counts with DE values given for individual categories. Until 2010,
DE of62% applied for suckler cows and 65% for other categories, thus the weighted average of all
categorieswasslightly below 65%, according to the suckler cow representation in the popul&iooe
2011, the digestibility values reflect the breeding technology anduhtetfrom60% for mature heifers to
71% for growing bulls {2 years). The digestibility in other cattle categs is, on average, above 65%.

For the emission factor calculation according to eq. 10f2PCC 2006 Guidelingse methane conversion
factor (Yn) value is fundamental. As a parttok recalculation update, with a support die refinedIPCC

2019 G, Y» valuesapplicable for the countryvere updated too Tah 5-12). This wasased oma better
specification of ¥, derived from feeding ratio quality, digestibility and neutral detergent fibre content as
published inPCC 209 Gl, Table 10.12. ThepdatedYn isshown inTah 5-12. ¥, values for calves reflect

the factthat milk-fed calves do not produce any methane emissions. 3.32 is the value of the weighted
average of ¥reflecting the circumstance of calves beingkafied upthe age of 3 months.

As for the dairy cows,nfactor was adjusted according to the expected feed quality. Factor value of 6.15
is the weighted average of values given for high and medium producing dairy cowsaweithge
digestibility of feed70% and neutral detergent fibre content above 35itmilarly,Yn applied for mature
bulls represented a weighted average considering the bull sltamesuming feed of lower digestibility
(grazing livestock) and higher digestibility (breeding purposes).

Tah 5-12 Development of methane conversion factor (Y valuesin 19902021 (Beranova et al 2022)

19902010 2014 20152017 20182021
Cattlecategory 1
Dairy cattle 6.5 6.4 6.3 6.15
Suckler cows 6.5 6.5 6.5 6.5
al GdzZNB KSA TSN 6.5 6.5 7.0 7.0
al GdzNB odz f & 6.5 6.5 6.75 6.75
Heifers 12 yrs. 6.5 6.5 6.3 6.3
Bulls 12 yrs. 6.5 6.5 6.3 6.3
Heifers6-12 m 6.5 6.5 6.3 6.3
Bulls6-12 m 6.5 6.5 6.3 6.3
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19902010 2014 20152017 20182021
Cattle category
[+ B&AF ™ 3.32 3.32 3.32 3.32
Calves 6m., M 3.32 3.32 3.32 3.32

As the official statistics, specifically from CzSO, provide population valuggifipcows and other cattle,
the resulting EFsinthe CRFo f S& I NB RSFAYSR F2NJ §KS-ROMINEI DONNSIFE &

The weighted averagef non-dairy cattle feeding situation and pregnandy % were calculated and
enteredin the CRF tables. The weighted feeding situation is mostly affegtdune spent onpasture of
suckler cows (95%gs well ady the case of pregnancy (90% of suckler cavepregnant, 80%f mature

heifers, zermf other cattle categories). An overview of the current input d&tR ®23) ispresented in
Tab.5-13, and the calculatedataare presented imab.5-14.

The sources of input data are as follows:
I CzSO = Statistical Yearbadkhe CzecliRepublic, the Czech Statistical Office
1 CS =auntry-specific publicly available data (the Czech legislation, Cattle breeding Yeadiogk
1 IPCC 2006uidelines default values, Table 10-40.7, 10.12

Tab.5-13 Activity data and input data used for estimating gross energy intake (GE) and emission factors for all age categories
of cattle, actual datafor 2021

‘ Dairy ‘Suckler Mature Mature Heifers Bulls @ Heifers| Bulls | Calves,F Calves,M

Heifers Bulls 1-2yrs 1-2yrs 6-12m| 6-12m| <06 m| <0,6 m
Population
[1 000headd, &ZSO

Body weight[kg], CS 650 650 600 800 470 560 265 300 115 115

359 227 66 20 207 103 114 70 134 105

Mature weight[kg], CS 650 650 650 800 650 800 650 800 650 800

Avg. weight gain
[kg/head/day], calc.
Avg. daily milk
production 25.11 8.00 - - - - - - - -
[kg/head/day], CS

Milk fat content[%], CS 3.88 3.88 - - - - - - - -
Feed digestibility[ %,

0.00 0.00 0.40 0.60 0.83 1.20 0.70 1.20 1.00 1.00

cs 70 64 60 60 66 71 66 66 66 66
Emitting[% of yeat, CS 100 100 100 100 100 100 100 100 50 50
Number of day with 0 183 183 55 128 55 110 55 18 18
pasture, CS

Pregnancy%of year], 90 90 80 . . . . . . i
CS

Protein contentin milk

[9d, CS 3.46 3.46 - - - - - - - -

Cf, net energy for
maintenance, T10.4

G, activity coef., CS 0.0615 0.150 0.150 0.115 0.135 0.115 0.130 0.115 0.105 0.105

Goregnancy,net energy for
pregnancy, T10.7

Ym, methane conv
factor, T. 10.12

C, net energy for
growth, Eg. 10.6

0386 0.386 0322 0370 0322 0370 0322 0370 0.322 0.370

0.10 0.10 0.10 - - - - - - -

0.062 0.065 0.070 0.068 0.063 0.063 0.063 0.063 0.033 0.033

0.8 0.8 0.8 1.2 0.8 1.2 0.8 1.2 1 1

Part 1: Annual inventory submission 243



CHMI NATIONAGHGNVENTORREPORT OF TIEECHREPUBLIA990;2021

Tab.5-14 Calculated values used for estimag methane emissions from enteric fermentatiofor all agecategories of cattle

actual data br 2021

NEx, net energy for
maintenance 49.69 49.69 39.04 5566 3250 4259 2115 26.67
[MJ/head/day]

11.31

NE, net energy foractivity

[MJ/head/day ] 4.97 7.45 5.86 6.40 4.39 4.90 2.75 3.07

1.19

NE, net energy for growth

[MJ/head/day] 0 0 925 1131 1648 1851 926 1159

6.19

NE, net energy for lactation

[MJ/head/day] 7588 2418 0 0 0 0 0 0

0

NEy, net energy for work

[MJ/head/day] 0 0 0 0 0 0 0 0

0

NB, net energy for

pregnancy]MJ/head/day] 4.47 4.47 3.12 0 0 0 0 0

0

GE, gross energy intake

[M/head/day] 364.69 262.66 217.20 276.83 187.66 203.26 114.74 143.11

66.52

67.65

REM, ratio of net energy for

. 0.53 0.51 0.50 0.50 0.52 0.53 0.52 0.52
maintenance

0.52

0.52

REG, ratio of net energy for

growth 0.33 0.30 0.28 0.28 0.31 0.34 0.31 0.31

0.31

0.31

EFfrom enteric
fermentation [kg 147.11 11198 99.72 12256 77.54 83.99 47.41 59.13
CH/headlyear]

14.40

14.65

Details of thecalculation are given in the aboveentioned studies (KblnHavjkov and Fott 2004,

SNI y 2 @t 2)&ni thé resdlts are ilustrated ifiab.5-14. It is obvious that EFs increased slightly
from 1990 because of the increasing weight and milk production of cows and because of the increasing

weight and weight gain for other cattle. On tls¢her hand,CH emissions from enteric fermentation of

cattle dropped during the period 1992021 to about one half of the former values due to the rapid

decrease in numbers of animals kepap.5-15).

Tab.5-15 Activity data and methane emissions from enteric fermentation of dairy and rdairy cattle, Tier 2, 1992021

ea Da attle Other cattle 0 0 = 0
populatio populatio Da attle Other cattle Da afttle Other ca attle, tota
000 head 000 head g d g 0
1990 1206 2 300 97.59 46.57 117.71 107.11 224.82
1991 1165 2195 94.87 47.77 110.56 104.84 215.41
1992 1 006 1943 96.71 48.84 97.32 94.90 192.22
1993 902 1609 97.04 48.62 87.57 78.24 165.82
1994 796 1 366 99.11 48.60 78.86 66.37 145.23
1995 732 1298 105.23 52.38 77.05 67.97 145.02
1996 712 1276 104.72 52.74 74.61 67.31 141.92
1997 656 1210 102.87 53.50 67.51 64.71 132.22
1998 598 1103 107.44 53.40 64.23 58.90 123.13
1999 583 1074 112.17 57.12 65.40 61.36 126.76
2000 548 1026 114.64 57.65 62.80 59.13 121.93
2001 529 1053 114.23 58.66 60.47 61.76 122.23
2002 496 1024 117.88 58.78 58.50 60.19 118.69
2003 466 984 120.45 59.92 56.15 58.93 115.08
2004 437 952 122.81 59.85 53.64 57.01 110.65
2005 433 960 126.62 62.47 54.77 59.94 114.71
2006 424 950 126.47 62.48 53.62 59.33 112.96
2007 410 981 128.07 62.71 52.55 61.52 114.08
2008 406 996 129.88 63.24 52.67 62.99 115.66
2009 400 964 130.91 63.43 52.30 61.13 113.42
2010 384 966 131.17 65.03 50.31 62.80 113.10
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Dairy cattle ~ Other cattle EF EF Emissions Emissions Emissions
population  population Dairy cattle ~ Other cattle Dairy cattle ~ Other cattle  Cattle, total
[1 000 heads] [1 000 heads] \ [kg CH/hd/yr] [kg CH/hd/yr] \ [kt CH] [kt CH] [kt CH]

2011 374 970 133.46 64.17 49.89 62.24 112.13
2012 373 981 135.91 64.04 50.71 62.79 113.50
2013 367 985 136.43 64.29 50.11 63.36 113.47
2014 373 1001 137.01 64.00 51.05 64.06 115.11
2015 376 1031 137.08 66.17 51.56 68.22 119.78
2016 373 1043 140.36 65.16 52.28 67.97 120.26
2017 370 1051 141.92 65.37 52.48 68.74 121.22
2018 365 1050 143.29 68.62 52.36 72.07 124.44
2019 364 1053 143.41 68.52 52.24 72.21 124.45
2020 360 1044 146.99 69.01 52.90 72.07 124.97
2021 359 1047 147.11 69.04 52.77 72.34 125.11

5.2.1.2.3 Enteric Fermentation of other livestock (sheep, goats, swine, horses)

Compared to cattle, the contribution of other farm animalsttee total CH emissions from enteric
fermentation is muchlower (less than4% in 2@1). Therefore,methane emissions from enteric
fermentation of other farm animals (other than cattle) are estimated usiegTier 1 approach. Because
someof the features of keeping livestock in the Czech Republisandar tothose inthe neighbouring
countries of Germany ahAustria,the default EFs for Tier 1 approaches recommended for Developed
countries were employed. The Czech Statistical Office publishes data on the suwhlyerats, sheep,
swine, horses, and poultry annually in the Statistical Yearbooks {2@20). Casidering the rathetow
numbers in these animal categorigke default emission factors (Table 10,ABCC 2006 Glvere used
for estimating methane emissions: 8 kgG@i annually per head for sheep, 5 kg@if} for goats, 1.5 kg of
CH for swineand8 kg of CH for horses An overview of methane emissi@estimated for other livestock
in the period 19902021 is presented ifmab.5-16.

Tab.5-16 Methane emissions from enteric fermentation of other livestock, Tier 1, 198121

1990 3.44 7.18 0.21 0.49 11.31
1995 1.32 5.80 0.23 0.32 7.67
2000 0.67 5.53 0.16 0.43 6.80
2005 1.12 4.32 0.07 0.38 5.88
2010 1.58 2.86 0.11 0.54 5.09
2015 1.85 2.34 0.13 0.61 4.93
2016 1.75 241 0.13 0.58 4.87
2017 1.74 2.24 0.14 0.62 4.74
2018 1.75 2.34 0.15 0.63 4.87
2019 1.71 2.32 0.15 0.66 4.83
2020 1.63 2.25 0.14 0.69 4.71
2021 1.47 2.28 0.13 0.61 4.48

5.2.1.3 Uncertainty and time -series consistency

Uncertainty estimates are based time expert judggment. The uncertainty in the activity data equals 5%
and the uncertainty in the emission factwequals 20%. The combined uncertainty, calculated according
to IPCC Tier 1 methodology, equals 20.6%.

Several methodological updategere madeduring the reporting period described in the relevant NIR text.
Time series consistency is always preserved. IRdations due to the methodological updates were
carried outfor the whole reported period.
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5.2.1.3.1 Historical overview

Initiallyz  OF £ Odzf  GA2ya 6SNB ol ASR 2y KihaliDNRhAY been & (i dzR A
suggestedin severalreviews orgaized by UNFCQ@at an approach based on historical studies was
obsolete. Moreover, IEFs (implied emission factors) were mostly found as outliers: especially EFs for
enteric fermentation in cattle seemed to be substantially underestimated. Details ofhisterical

approach are given in former NIRs (submitted before 2006).

For submission 2007 the neswncept for calculatig CH emissiondollowed the Good Practic&uidelines
(IPCC 2000) was implemented. The estimatias based on the following decisions:
1) Methane emissiondrom enteric fermentationof livestock (akey sourcg¢ come predominantly
from cattle. Therefore Tie?, as described in Good Pract@aidancg IPCQ000) is=mployedonly
for cattle.

2) Methaneemissions from enteric fermentation of othéarm animals are estimated ke Tierl
approach. Because some features of keeping livestock in the Czech Republic ar¢osihtke in
the neighbouring countriesuch asGermany and Austridhe default EFs for Tiel approaches
recommended for develped countries were employed.

An hcreased attention was paid to enteric fermentation. It was stated that cooperation with specialized
agricultural experts is cruciér obtaining new consistent and comparable data of suitable quality. The
relevant country-specificdata for milk production, weight, weight gain for growing animals, type of
stabling, etc. wre collected by our external experts (HomMdudnkN2003). Moreoverthe datistical data

for sufficiently detailed cattle classification, which is avaéan the Czech Republic, was also collected at
the same time. Calculaig the enteric fermentation of cattle usinthe Tier2 approach was described in a
study (Kdl nHaviov and Fott 2004) for the whole time seri@®m 1990 using the abovmentioned
country-specificdata. The necessary QA/QC procedures were performed in cooperatiothaigxperts
from IFER. Theountry-specificdata likethe weight of individual categories of cattle, weight gaimthese
categories and recent feeding situat®mere revised in 2006. The new values were estimatimalilarlyby

our external experts (MugkNind Haurnek 2006) for the next period.

The national zodechnical inputs (mainly weight, weight gain, daily milk production including the
percentagecontent of fat and the feeding situation) were updated several timesaoperationwith
experts from the Institute of Animal Sciences. These changes in the activity data and input parameters
obviously did not result ianychanges in emissions for the entire reportipgriod.

The important revision of cattle weight dat&llR 218), along witithe harmonization of this input data
with the national legislation, increasethe country-specificemission factors for enteric fermentation as
well as increasgthe total emissims by about 2% iithe categoryof enteric fermentation.

Until 2017, Czech Statistical Offitead used age categories different from the national legislation (the age
periods had beerD-8 months and8-12 montts for young categories) and the relevant bodgight of
calves, young bulls and heifdrad beenused in the estimatesSince P17, the input datawere adapted

to the Czech legislation {®), 612 montts). The time series is consistenthe weight data are relevant to

the number of heads in the categorThis change does not have any significant impact on the livestock
emissions.

For the needs of CHMI, based on the knowledge and analysis processed-202218uring the research

projectd 5 S@SEt 2 LIYSYy G 2F GKS YSiK?2R?2 toRgieknBduse & WhisNighsJ2 NIi A
YR NBY2@Fta AyOfdzRAYy3I LINR2SOGA2ya 2F dzadzr £ LIt «
Republic (TACRa specificreport "Update of the methodology for estimating emissions from enteric
fermentation from cattle, evaluation of the possibilities of usirguntry-specificdata for estimating

emissions from enteric fermentation(Beranova et al. 2022yas prepared. Aa part of the presented

output, the existingestimation procedures usedor methane emissions werexamined. The estimates
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were subsequently adjusted according to the IPCC requirements specified in the refinement of the
emission estimation methodology for the natiom@aHGinventory (PCQ019). In cooperation witithe
experts from thelnstitute of Animal Sciencand Mendel Universitrno, the actvity data were updated

and the entire time series of methane emission estimates for cattle was recalculated. The ailm was
effectively usehe country-specificdatafor emission estimatioand validate tle methane emission factor
based on the data on the assumed nutrition of cattle from the nutritional stand@ndsms) The
calculationspreadsheehas been updatedonsequently in this (NIR 2023) submission

5.2.1.4 Source-specific QA/QC and verification

Generally QA/QC includes cheadlin activity data, emission factors and methods employed. All the
differences are discussed and, if necessary, also corrected. The procedure of inventory compiling is
initiated by IFER, where all the necessary data, obtained fronCttexh Statistical Office (CzSO), are
inserted into the excel spreadsheets and verified by other IFER expédse are sme more specific
parameters, not available from CzSO, requifedestimatingthe wuntry-specificemission factors for

cattle (Tier 2. The zoeechnical national data (esp. cattle breeding) are suppliedhieyexperts from
agricultural institutes. The appropriate values in the calculation spreadsheets are updated at IFER,
replacing the older values. The verified data is transferredh® CRF Reporter, where the data is
technically verifiedagain.A completeness checkf CRF tables was performed ftre final time-series
approval.

The ountry-specificparameter, digestibility (DEp), for cattle was estimateoh the basis of thexistirg
publications. Considering the individual OMD (organic matter digestibility) values for the most common

feed (e.g, corn silage, hay and straw, green foddealfalfa and clover, etg.jhe average digestibility for

cattle was estimated. The estimated @ IS RA3ISalGAo0Af AGE O2NNBalLRyRa
FYR 12Y2t1F wWwnny YR HaAamMAX ¢2YHy120t FYyR |1 2Y2f 11
t SGNR]120A6 YR {2YYSNI vnnuI {2YYSNI mppn3 %RSYlFy ¢
Drt 21 RNOS| O0SELINI FTNRY (KS wésiniltonduKicaliof deterininedzi S F 2 |
the conservative average digestibility valuestfoee basic cattle sulzategories. These digestibility values

were updated for theentire reporting period Tab.5-11).

Thenew refinement of DE values (validatipwas made by comparing the calculatgdssenergy (GE)
results anddry matter intake (DMJ kg/day) values from feedThreeDMI values were available, obtained
from the independent information sources:
1. Direct calculation from GE valueMI = GE/18.45
2. Derivation from averagefeeding rations standardswailable for individual dairycategories
(Beranova et al., 2022)
3. Calculationaccording to simplified Tier ghethodology ofIPCCGuildelines2019 (eq. 10.17
10.18B).

The results of the comparison are shown in taflal{.5-17).

Tab.5-17 Comparison of digestibility values derived from the calculation of DMI from GE values, calculation recommended by
IPCC Guidelines 20,1DMI values are from Czech feeding ratio standards, input values: 2021 data

Cattlecategory DE GE DMI DMI DMI Awg.value
[% of energy [MJ/day] (GE/18.45) eq. 10.17 Czech feeding of DMI
[kg/day] 10.18B standards, avg [kg/day]

[kg/day] [kg/day]

Dairy cattle 70 36469 19.77 20.12 19.80 19.90
Suckler cows 64 262.66 14.24 14.30 14.80 14.45
al (id2NB KSA 60 217.20 11.77 13.20 11.40 12.12
al (dz2NB 0 dz 60 276.83 15.00 14.81 13.90 14.57
Heifers 12 yrs. 66 187.66 10.17 11.74 9.90 10.60
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Cattle category DE GE DMI DMI DMI Avg. value
[% of energy [MJ/day] (GE/18.45) eq. 10.17 Czech feeding of DMI
[kg/day] 10.18B standards, avg [kg/day]
[kg/day] [kg/day]
Bulls 22 yrs. 71 203.26 11.02 11.52 10.65 11.06
Heifers6-12 m 66 114.74 6.22 6.41 6.05 6.23
Bulls6-12 m 66 143.11 7.76 7.10 7.60 7.49
I |t B&EF " 66 66.52 3.61 3.42 3.35 3.46
Calves 6 m., M 66 67.66 3.67 3.42 3.35 3.48

From the comparison of these three DMI values obtained in a different way it is obvioushehatlues
correspond within the expected uncertainties and, accordingly, they mostly vagy%\yrom the average,
in case of heifers and growitgifersby p10%from the average counted from all the three values.

The updatedenteric fermentation emission facteffor dairy and other cattle were compared withe
default enteric fermentation factors available ftre Western Europe region ilPCC 2006 uidelines
(Table 10.11pnd IPCC 2019 Guidelines. (Table 10.1Tan5-18.

Tab.5-18 Comparison of emissions factors for methamnissions from enteric fermentation of dairy and nesairy cattle,
factors recommended by IPCC 20@. for Western Europe,|PCC 209 Gl. for Western Europe and data calculated for
Submission 223

Cattle category EF, IPCC 2006 EFJ|PCC 2019 EF, NIR 2023

[kg CH/head/year] [kg CH/head/year] [kg CH/head/year] ‘
Dairy cattle 117+ 126** 147%**
Other cattle 57 52 69

*Average milk production 600 kg/head/year
** Average milk production 410 kg/head/year
*** Average milk production 465 kg/head/year

The currentemission factofor dairy cows corresponds to high milk production and highly digestible feed
andit is about 15% higher than the current default value. The current emission factor for othbyr isatt
25% higher than the default valsecording tdPCC 2019 Guidelinéghe value needs to be further refined
based orthe animal nutrition data

Tab.5-19 Comparison of two different estimations of emissiofactors for methane emissions from enteric fermentation of
dairy and nondairy cattle, input data 2021 NIR 223)

Cattle category EF, NIR 2023, eq. 10.21 EF, eq. 10.21A

[kg CH/head/year] [kg CH/head/year] ‘
Dairy cattle 147 147
Other cattle 69 69

IPCC 2019 Guidelinegthodologymakes it possible testimatethe value of the methane emission factor

from enteric fermentation from equation 10.21A using the dry matter intake and methane yield value (MY,
g CH/kg DMI), which is given in Table 10M2h values correspondng to the quality of the feed rations.

Thus, EF can be calculated using different data, which makes it possible to compare the quality of input
data. We performed the verification for the data of the currenbmission (NIRO23, datafrom 2021) for

all cattle categorieqTab.5-19). We adjusted used MY values using the same procedus tee Yy if the

values given in the IPCC table did not elyambrrespond to the situation in Czech Republic.

5.2.1.5 Source-specific recalculations, including changes made in response to the
review process and impact of emission trend s

The estimation of enteric fermentation was subjected to rigorous control and validati@activity data
entering the estimation of gross energy (GE) intake (digestibility, weight gain, activity coefficient, etc.). The
estimation of GE was subsequently compared to the estimation of dry matter intake (DMI) using the Tier
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1 procedure PCC 209 Guidelinesand the practice of deriving DMI from the assumed feed rations. In
connection with the revision of digestibility data, methane conversion factaalie was also revised for
all subcategories of cattle. As a result of that revision, metheméssions from enteric fermentation of
dairy cattle were reduced by 2% on averafey(5-2). Methane emissions from enteric fermentation of
non-dairy cattle increasd by 12% on averag&i@.5-3) and he total methane emissions from enteric
fermentation increased by 5.5% on average(5-4).
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Fig.5-2 Methane emissions from enteric fermentation, dairy cattle, current and previous NIR submission
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Fig.5-3 Methane emissions from enteric fermentation, nedairy cattle, current and previous NIR submission
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Fig.5-4 Methane emissions from enteric fermentation, all livestock, curreméprevious NIR submission

5.2.1.6 Source-specific planned improvements, including tracking of those identified
in the review process

Since 2023Czech Statistical Offidll be providingdata on the number of farm animals exclusively at the
end of the calendar year, not at the end of March as was the case202# For the next submission, it
will be necessary to change adtivitydata on number of farm animals as of 31.12. of thegiyear.

The relevant @search in the Czech Republic should focus on specifying the quality (composition) of the
feed ratiors in terms of dry matter and nodetergent fiber content for individuatattle categories or
specifying the composition of the feadtions in grazing and intensive farming. By adjusting the feed
rations, a significant reduction in methane emissions from enteric fermentation can be achieved. When
the research results are available, the NIR team will use them to update the input data.

5.2.2 Manure Management (CRF 3.B)

This chapter describes the estimation &H (50% contributionto emissions from the manure
management category) and direct (25%) and indirect (2B%) emissions from animal manure
management. The total emissions from manure mg@ment CH and N;O) equalled 778 kCQ in 2021.

For detailed information, se€ab.5-2. The extensive decrease, from 2011 to 2021 by about 7%, is caused
by methodobgical update in shares of different animal waste management systems (AWMS) and a
transition to countryspecific data of nitrogen excretion rate.

Good agricultural practices were developed, based on agricultural policies and structures that support the
trends in the animal waste management system allocation after the Velvet Revolution (1989) and mainly
after the Czech Republic entered the European Union (2004). These procedures include inexpensive and
austerity measures, such as the incorporation of refgvaroteins in livestock feed, regular cleaning of
stables or proper timing of manure applications to agricultural land in the period when plants absorb the
maximum amount of nutrients. These measures may also involve other procedures, such as using low
emission techniques for manure application, storage and suitable livestock housing.
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5.2.2.1 Source category description

This emission source covers manure management for domestic livestock. Both nitrousNoiglar(d
methane CH) emissions from manure management of livestock (cattle, swine, sheep, horses, goats and
poultry) are reported.

Nitrous oxide is produced by the combined nitrification and denitrification processes occurring in the
manure. Methane is produced in manurerthg the decomposition of organic matter by anaerobic and
facultative bacteria under anaerobic conditions. Emissions are dependent on the amount of organic matter
in manure, climatic conditions and manure management. An overview of the total emissionsroure
management is presented ifab.5-20.

During the period 1992021, the emissions from manure management decreased by about 70%.
Decreasing emissions from tdat and swine predominated in this trend. The reduction in the cattle
population is partly counterbalanced by an increase in cattle efficiency (increasing gross energy intake and
milk production and milk quality).

Tab.5-20 Overview of emissions from manure management [RQ eq.], 19902021

Total emissions CH emissions Direct N,O emissions Indirect NoO emissions

category3.B

[kt CQeq.]
1990 2571 1575 554 442
1995 1760 1115 358 288
2000 1574 981 328 265
2005 1312 799 281 232
2010 939 515 226 198
2015 731 354 188 189
2016 761 375 190 196
2017 747 368 187 192
2018 788 391 196 201
2019 773 381 193 199
2020 778 386 193 199
2021 778 386 193 199

5.2.2.2 Methodological aspects

5.2.2.2.1 Animal waste management systems

¢CKS FANRG O2dzy iNE ALISOAFAO '2a{ &a8ad8Y RAAGNR O dzi
Hons (2004) and was updatseveral times (last time irD21) by the expert opinions during the reporting

period. The more recent update of AWMSNKJI OF G (it S ag6AyS | yR LRdzZ G§dNBE O
FYR bSazlkft S Ff ® 0H AN dataGeigh OTEaNVNGUR of gnkniurk in ligiandt n m ¢
solid forms consumed in anaerobic digesters was derived from the statistical survey. AWMS
dzLJANY RSR oFaSR 2y YENNISG Ffd 6nvnmm0 F2NJ 321 Gaz K
series 2014¢021.

For 2023 NIR submission, we ensured that the animal waste management system (AWMS) data were
updated and adjusted with respeto the likely development of manure management handling, to remove
inconsistencies in individual handling shares. This issue was commented in the last review (Issue ID Al4).
The current form of AWMS respects the gradual onset of anaerobic digestiolh ¢orpliance with UN

ECE reporting and OECD/EUROSTAT reporting. It is an important step to complete the harmonization of
ammonia and N@eporting and nitrous oxide reportind@he overview of the countrgpecific distribution

of AWMS is showm Tab.5-22, Tab.5-23 and Tab.5-24.
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¢KSNB FNB F2dz2NJ YIAY YIFydz2NB YIyl3SySyi aeadSvya
according to Table 10.18(CC 20Q6PCC 219), from the reportirg year 2015:

1. Anaerobic digesters

¢
(@p))

2. Liquid storage
3. Solid storage
4. Pasture/Range/Paddock

The use of manure in anaerobic digesters is relevant for cattle, swine and poultry manure. The operation
of anaerobic digesters began in 2001 when two biogfasions started to work. The specific structure of
Czech animal breeding (mostly in factory farming) made it possible to build anaerobic digesters close to
farms to consume daily manure production very efficiently without the need to store the manure.
Corsumption of manure in anaerobic digesters in the Czech Republic is limited because the sources of
biological input (manure, green biomass etc.) are also limited. The number and capacity of anaerobic
digesters remained at their maximum number from 20Tak{.5-21).

Tab.5-21 Increase in the number of biogas stations, estimation of total digestate productmd amount of nitrogen in
digestate, 20012021 (vww.biom.c2)

Year Number of biogas stations

2001 2 42 210 000
2005 10 210 1050 000
2010 135 2835 14175 000
2011 204 4284 21420 000
2012 327 6 867 34335 000
2013 386 8 106 40530 000
2014 386 8 106 40 530 000
2015 386 8 106 40530 000
2020 386 8 106 40530 000
2021 386 8 106 40530 000

Animal waste management systems (AWMS) are useblforand CH emission estimations in the same

way. The annual update of the AWMS is possible thanks to the cooperation with the Crop Research
LyadAddziS 05N Y NNE 5 NI efoRall datggbrie®offard animgl® ThezsesulF A O I (
of the intensive cooperation was the unification of input data in all country reports on nitrogen emissions

and the nutrition balance from the agricultural sector.

Tab.5-22 Overview of Czech countrgpecific AWMSdairy and nondairy cattle, fractions of individual manure management
systems [%], 1992021

Livestock category : Type of AWMS

Fraction ofmanure N per AWMS [%]
Dairy attle Apaerob|c Liquidsystem Daily spread Solidstorage PRP
digesters
1990 0 25 2 68 5
1995 0 24 1 65 10
2000 0 25 1 64 10
2005 2 24 1 62 11
2010 15 19 1 58 7
2015 32 11 0 54 2
2020 33 11 0 56 0
2021 33 11 0 56 0
Non-dairy cattle (veightedavg) \
1990 0 27 1 60 12
1995 0 23 1 59 17
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2000 0 18 1 64 17
2005 0 17 1 61 16
2010 2 10 1 63 17
2015 3 6 1 63 25
2020 3 6 0 63 28
2021 3 6 0 63 28

Tab.5-23 Overview of the Czech countrgpecific AWMS: swine and poultry, fractionsf individual manure management
systems [%], 1992021

Livestock category Type of AWMS
Fraction ofmanureN per AWMS [%)]

Anaerobic Liquid system  Daily spread Solidstorage PRP Other

digesters
19902001 0 76 0 23 0 1
2002 1 75 0 23 0 1
2005 2 75 0 23 0 0
2010 19 56 0 25 0 0
2015 47 28 0 25 0 0
2020 45 23 0 28 0 0
2021 43 24 0 33 0 0
19902000 0 0 0 84 2 14
2001 1 0 0 84 2 13
2005 2 0 0 84 2 12
2010 3 0 0 84 2 11
2015 6 0 0 84 0 10
2020 9 0 0 91 0 0
2021 7 0 0 93 0 0

Tab.5-24 Overview of the Czech countrgpecific AWMS systems: sheep, horses and goats, fractions of individual manure
management systems [%], 1992021

Livestock category Type of AWMS
Fraction ofmanureN per AWMS [%)]
Liquid system Daily spread Solidstorage PRP Other
Sheep 0 0 50 50 0
Horses 0 0 40 60 0
Goats 0 0 40 60 0

The animal waste management system (AWMS) has been updated annually based ontentong
statistical survey of agricultural farms in the Czech Republic. This investigation, ongoing since 2005,
evaluated crop production and livestock production of the farf®m the point of view of AWMS, data

on livestock housing systems are processed annually. These data show the percentage of individual
housing and grazing systems for individual categories of animals. A further complementary basis for the
uniform calculéion of the AWMS was the statistical study of IAEI (Institute of Agricultural Economics and
Information), which surveyed farms for manure transferred annually to biogas stations. Based on these
data, nitrogen production in livestock manure (Nex rate) wasddd according to the percentage of
individual housing systems for each livestock categ8ugbsequently, the amount of nitrogen in the
manure transferred to biogas stations was separated. The result was the determination of the percentage
share of indiidual methods of handling slurry in agriculture.

Manure management storage and usage are subjected to national Decree No. 377/2013 Coll. This
regulation is based on EU regulation No. 91/676/EHS from 1991. The manure storage capacity corresponds
to the estimated production for 6 months. This does not apply to the storage of solid manure on
agricultural land before use. Solid manure may be stored on agricultural land at suitable places in a field
for a maximum period of 24 months. The company/owner can dtogenanure for fertilizer again on the

same agricultural land four years after soil cultivation of the agricultural land. Liquid manure is to be stored
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in leakproof tanks or scrub areas in stables. Reservoirs and tanks or areas in the stables mushmatch t
capacity of at least four months estimated production of liquid manure or share at a minimum of three
months estimated production of liquid manure and dung, depending on the climatic conditions of the
region. The decree No. 377/2013 Coll. includes dimeexes with data for calculating the production of
manure in a situation where records of the manure management system evidence on individual farm level
are not available (e.g. typical animal mass of livestock, nitrogen content in excrements, dry mass of
excrements etc.). A farmer can calculate the production and control the use of manure according to the
number of heads of livestock.

5.2.2.2.2 Methane emissions (CRF 3.B.1)

CH emissions from manure management were identified as a key source by trend and levehaesiss
(TA, TA /sefab.5-1). The estimation of methane emissions from manure management for cattle and
swine categories is performed according teetfiier 2 method. Methane emissions in other livestock
categories are estimated according to the Tier 1 approach.

In relation to the decreasing trend in the animal population (especially cattle and swine), the methane
emissions from manure management hapidly decreased durinthe period 19962010. The trend in
methane emissions from manure management is presentelligns-5. Between 2012021, emissions
increased slightlyon average just under 4%, with a minimum in 2@ a maximunin 2018.
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Fig.5-5 Trend in mehane emissions from manure managemerni9902021

Cattle category

The activity data on cattle population distributed by age and gender were obtained from the Statistical
Yearbook of the Czech Republic (CzSO), providing a consistent time series of thepapintetion
numbers during the entire reported period (192021). Gross energy (GE) values were estimated based
2y GKS yI A2 ytaf (2064} adfPEC 2006 GIn@IFPCC B9 Gl.in the special spreadsheet
(more information in the Enteric F@entation chapter)In connection with the refinement of activity data

in the calculation of gross energytake (chapter Enteric Fermentation), thvalue of volatile solids (VS)
was changedViethane conversion factor (MCF) changed because of the changes in fAkiMtl waste
managemensystem$. Consequently, the methane emission factor from manure managgrohanged
significantly in all cattle categorie&E values are reported in CRF as couspicific data for the entire
reported period(Tab.5-25).
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Tab.5-25 Gross energyGE) fordairy and nondairy cattle[MJ/head/day], reported period 19962021

Dairy cattle 228.9 246.8 268.9 297.0 307.1 331.8 343.5 355.5 364.4 364.7

Other cattle 118.3 131.7 143.3 153.9 155.4 165.6 162.2 169.4 170.6 170.6

EF is calculated faachcattle category andeported for dairy and noairy cattle. The value reported
for nondairy (other) cattle is the weighted average of results calculdtgdeach nordairy category
separately. The total emissions are the sum of two productsaffckudpopulation of dairy cattle +
ERonpaiycanidpopulation of nondairy cattle).

The current updated data on the AWMS distribution were employed forethéssion estimation. Other
specific parameters for estimating the emission factors forcatyg (Ba/ C0 #SNB 200G Ay SR
et al. 012). The specific parameters recommended to use by studies in neighbouring countries are the
same as the default Waes of IPCC 2006 Gand correspond to the climate zone in the country. The
parameters recommended i N Y Y 3 S y (2083) wdrefused for the emission estimatidral.5-26).

¢KS +{ LI N} YS:{iSNE @tak (20dZ) bade8 Bn BASH aBd\MICF Hafligs and EF for
estimating the methane emissions are presentedai.5-26 and Tab.5-27.

Tab.5-26 Activity data, input data and calculated data used for estimating methane emission factors for manure management
for all age cattle categories, actual datarf2021

Dairy Suckler Mature Mature Heifers Bulls Heifers Bulls Calves,F Calves,NW

Heifers Bulls 1-2yrs 1-2yrs 6-12m 6-12m <0,6m <0,6m

Population
[1 000 heads], CzSO 359 227 66 20 207 103 114 70 134 105
Body weight [kg], CS 650 650 600 800 470 560 265 300 115 115

GE, gross energy intake 364.69 262.66 217.20 276.83 187.66 203.26 114.74 143.11 66.52 67.66

[MJ/head/day]*

DE, digestibility of feed

[%]. CS 70 64 60 60 66 71 66 66 66 66
ASH content of manure as a 8 8 8 8 8 8 8 8 8

fraction of dry feed intake [%6]
VS, volatile solid excr. per da
in dry organic matter

Sum of (MCF*AWMS) 0.0332 0.0259

B,, maximum methane
producingcapacity

EF from manure managemer
[kg CH/headlyear]”
*Calculated value

C&; country-specific data
CzS@ Statistical Yearbook of the Czech Reputiie Czech Statistical Office
B, ¢ Table 10A4, Table 104, IPCC 2006 GlI.

ASH; recommendation p. 10.42 IPCC 2006 Gl.

6.18 5.24 4.77 6.07 3.56 3.34 2.17 271 1.26 1.28

0.24 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18

12.05 5.47 4.97 7.27 3.94 4.00 2.46 3.25 1.56 1.59

Tab.5-27 List of parameters for methane emission factor estimation from manure management in the Czech condit@B,
values [%0]

Cattle, all age categories MCF valueslPCC 2006 GITable 10.17)
[%]
Anaerobic digesters 1
Liquid system 17
Daily spread 0.1
Solid storage 2
Pasture, range and paddock 1

The equations for determining the emission factors and estimating the methane emissions were taken
from IPCC 2006uidelines
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1. Eg. 10.221PCC 2006 Gp. 10.37) wasised to estimate the methane emissions:
Qo O'AHOH &6 & GBME &

00 —— s .
WA p T Qo

2. Eqg. 10.24 (IPCC 2006 Gl., p. 10.42) was utilized to estimate the VS parameter:
oy s P OO0 0 "Y'O
W'Y 0OO—— YOOOO
p T p&@ v
3. The methane emission factors were estimated using Eq. 10.23 (IPCC 2006 Gl., p. 10.41):

OO0 W W IHY 0LOAWTY

An overview of thalaily volatileexcretedsolids (VS, kg dry matter/animal/day), methane emission factor
and methane emissions falairy cattle and nofdairy cattle igoresented inTab.5-28.

Tab. 5-28 Overview of VS[kg dry matter/head/day], EF[kg CH/head/year] and methane emissions [kt] from manure
management, dairy and nowairy category, 1992021

Dairy attle Other cattle _
VS EF Methane VS EF Methane
[kg DM/head/day] [kg CH/head/yr] emissions  [kg DM/head/day] [kg CH/head/yr] emissions

[kt CH] [kt CH]
1990 4.22 14.03 16.93 2.30 5.45 12.54
1991 4.11 13.65 15.91 2.36 5.42 11.90
1992 4.19 13.91 14.00 2.40 5.46 10.61
1993 4.20 13.96 12.59 2.39 5.43 8.74
1994 4.29 13.92 11.08 2.39 5.39 7.36
1995 4.55 14.65 10.73 2.57 5.63 7.31
1996 4.41 14.19 10.11 2.58 5.56 7.09
1997 4.33 13.93 9.14 2.61 5.34 6.46
1998 4.52 14.55 8.70 2.61 5.19 5.73
1999 4.72 15.61 9.10 2.78 5.49 5.90
2000 4.83 15.95 8.74 2.81 5.38 5.52
2001 4.68 15.87 8.40 2.85 5.18 5.45
2002 4.83 15.92 7.90 2.86 5.19 5.31
2003 4.93 16.27 7.58 2.91 5.27 5.18
2004 5.03 16.11 7.04 2.91 5.27 5.02
2005 5.18 17.56 7.60 3.04 5.49 5.27
2006 5.10 15.82 6.71 3.05 5.32 5.06
2007 5.17 16.02 6.57 3.06 4.94 4.85
2008 5.24 16.31 6.61 3.08 4.83 4.81
2009 5.28 14.88 5.95 3.10 4.61 4.44
2010 5.22 14.12 5.41 3.20 4.28 4.13
2011 5.31 13.30 4.97 3.09 3.99 3.87
2012 5.40 11.99 4.48 3.09 3.97 3.89
2013 5.43 10.42 3.83 3.10 3.47 3.42
2014 5.53 10.69 3.98 3.09 3.28 3.28
2015 5.62 10.86 4.09 3.19 3.37 3.47
2016 5.76 11.26 4.19 3.17 3.35 3.50
2017 5.82 11.38 4.21 3.12 3.29 3.46
2018 6.02 11.77 4.30 3.28 3.64 3.82
2019 6.03 11.74 4.28 3.28 3.64 3.83
2020 6.18 12.04 4.33 3.30 3.66 3.82
2021 6.18 12.05 4.32 3.30 3.66 3.84
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Swine

In 2019 ERT from EUated that the Tier 1 methodology used f6H emissions from manure management

of swine, which isne of thekeysources, resulted in a potential ovegstimate exceeding the threshold of
significance Recalculation based on countspecific zogechnical data was planned fahe NIR 2022
submissioraccording to the improvement plaim 2020, ERT noted the requiremeafta Tier 2 approach

to be used obligataly in NIR 2021 @bmission and proposed a Potential Technical Correction (PTC) that
used the default IPCC parameters and Eq. 10EX3C 2006The list of parameters recommended is listed

in the following Tab.5-29 and Tab.5-30. Since 2022 NIR submission, this update was implemented in the
inventory.

Czech stistical data allows splitting the swine population into two subpopulations: market swine and
breeding swine (CzSO). The proportion between subpopulationssvieom 9% to 12% over a time series.
The proportion of 12% was recorded in the years 19905, the lowest proportion of breeding animals
was recorded in 2008. There are the default value data of maximum methane producing capacity and
volatile solids azilable in T. 10& (IPCC 2006). Counspecific AWMS allows to calculate methane
conversion factorResults of the current estimation are availabléab.5-31.

Tab.5-29 List of parameters for estimating methane emissions from manure management of swine in the Czech conditions,
data 2021

Input data (2021) Market swine Breeding swine Data source \
Swine population[1 000headq 1385.62 132.78 CzSO

VS,volatile solid [kg/head/day] 0.3 0.46 IPCCT. 16A T. 10A8
Bo, maximum methane producing capacity 0.45 0.45 IPCCT. 16A T. 10A8
MS * MCF[%] 5.94 5.94 CS,IPCCT. 10.17

Tab.5-30 List of parameters for estimating methane emissions from manure management of swine in the Czech conditions,
MCF values [%)], data 2021

Swine, all subcategories MCF valuesIlPCC 2006 GlTable 10.17CS
[%]

AWMS CS Shareof MS (2021) MCF values MS*MCF
Anaerobic digesters 43 2.8* 1.20
Liquid system 24 17 4.08
Solid storage 33 2 0.66
Other 0 1 0
Sum MS*MCF 5.94

*Recommended value, technical correction, 2021, TERT

Tab.5-31 Activity data for estimating methane emissions from manure management of swine in the Czech conditions; 1990
2021

Market swine Breeding swine Weighted ag.
VS EF VS EF EF Total emissions

[kg DM/head/day] [kg CH/head/yr]  [kg DM/head/day] [kg CH/head/yr] [kg CH/head/yr] [kt CH]
1990 0.3 4.43 0.46 6.79 4.71 22.56
1991 0.3 4.43 0.46 6.79 4.71 21.52
1992 0.3 4.43 0.46 6.79 471 21.71
1993 0.3 4.43 0.46 6.79 471 21.66
1994 0.3 4.43 0.46 6.79 471 19.18
1995 0.3 4.43 0.46 6.79 472 18.24
1996 0.3 4.43 0.46 6.79 4.66 18.73
1997 0.3 4.43 0.46 6.79 4.66 19.02
1998 0.3 443 0.46 6.79 4.66 18.71
1999 0.3 443 0.46 6.79 4.68 18.70
2000 0.3 4.43 0.46 6.79 4.70 17.32
2001 0.3 4.43 0.46 6.79 471 16.36
2002 0.3 4.37 0.46 6.70 4.64 15.98
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Market swine Breeding swine Weighted ag.
VS EF VS EF EF Total emissions

[kg DM/head/day] [kg CH/head/yr] [kg DM/head/day] [kg CH/head/yr] [kg CH/head/yr] [kt CH]
2003 0.3 4.42 0.46 6.77 4.67 15.69
2004 0.3 4.42 0.46 6.77 4.67 14.60
2005 0.3 4.36 0.46 6.69 4.63 13.31
2006 0.3 4.31 0.46 6.61 4.58 13.00
2007 0.3 4.26 0.46 6.53 4.46 12.63
2008 0.3 4.20 0.46 6.44 4.38 10.67
2009 0.3 3.76 0.46 5.76 3.95 7.80
2010 0.3 3.31 0.46 5.07 3.49 6.66
2011 0.3 2.75 0.46 4.21 2.88 5.04
2012 0.3 2.12 0.46 3.25 2.23 3.52
2013 0.3 1.72 0.46 2.63 1.80 2.86
2014 0.3 1.72 0.46 2.64 1.81 2.93
2015 0.3 1.74 0.46 2.66 1.82 2.84
2016 0.3 2.12 0.46 3.24 2.22 3.57
2017 0.3 2.07 0.46 3.17 2.17 3.23
2018 0.3 2.01 0.46 3.09 2.11 3.28
2019 0.3 1.92 0.46 2.94 2.00 3.09
2020 0.3 1.92 0.46 2.94 2.01 3.01
2021 0.3 1.92 0.46 2.94 2.01 3.05

* Implementation of AWMS system update

This methodological update made the previousubmissionNIR 2022resulted indecreagd estimates
of methane emissiosifrom manure management.

Other livestock categories

Methane emissions from other farm animals are estimated by theITaaproach. The default EFs for the
developed countries weremployed Tab.5-32):

Tab.5-32 Default methane emission factors used for estimatiigH emissions from manure managemerTable 10.15 and
10.14IPCC 2006 Gl.

Livestockcategory EF [kgCH/headly ear]

Sheep 0.19
Goats 0.13
Horses 1.56
Poultry
Broilers 0.02
Other poultry* 0.182

* Emission factor for other poultry is calculated as weighted average of two default EFs for different breeding systems
(13% wet and 87% dry systems; 0.182 = 1.2 x 0.13 + 0.03 x 0.87).

A more detailed description of methane emissions from manure managemeerpoultry category is
presented inTab.5-33:

Tab.5-33 Activity data, default emissions factors (Table 10.IBBCC 2006l.) and emissions estimated for poultry population

Poultry population [1 000 headk EF CH emissions

data 2021(CzSO 2@2) [kg CH/h eadly ear] [kt/year]
Poultry 23 808 0.105 (IEF) 2.49
Broilers 12 435 0.02**
Other poultry 11374 0.182*
Wet system, 13% 1.2%*
Dry system, 87% 0.03**

* Weighted average calculated from subcategories
** Manure management methane emissidectors (T. 10.15 IPCC 2006 Gl.)
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5.2.2.2.3 Nitrogen excretion rate

The determination of Nex rate has undergone development related to the availability of activity data and
efforts to unify Nex values within the framework of \BCE, OECD and IPCC reporting.

Nex value in all animal categories, except cattle, were basdti@national data for typical animal mass
(TAM), Eqg. 10.30PCC 2006 Gind the default excretion rate (Table 10.1BCC 2006until NIR 2021
submission. Nex value for cattle had been calculated in a special spreadsireetpn for the calculation

of emission factors used for methane emissions from enteric fermentation and manure manageimsnt. T
calculation was based on population data, annual average excretion rates calculated from gross energy
intake (GE) and share of protein in feed and milk. Therpaters for estimating the Nex value for cattle

were collected from literature sources and personal communication with agricultural experts. The value
of protein content in milk was obtained from relevant literature (Poustka 2007, Ingr 2003 and Turek 2000).
This also applies for protein content in feed (in dry matter) of 16.5% (Zeman, the Czech feeding standards
124 M2 X/ Sy i NI f LyadAaddziS F2NJ {dzZLISNBAAAY3T YR ¢
communication 161.8%). The Nex rate had been estimatedeach cattle category and reported for dairy,
non-dairy (weighted average) and as a summarized total for cattle.

The abovementioned procedure was revised for NIR 2021 submission (data 2019) Wwherotintry
specific value of Nex was newly derivednfrahe national legislation (Decree No. 377/2013 Calig
made the change effective since 2019, making the data in thedamies inconsistent. Therefore, to unify
the inputssince2019amongall relevant reporting (UNECE, OECD, EUROS$TAT

Decree No. 37/2013 Coll., on the storage and use of fertilizers states the average values of annual
nitrogen production, calculated per unit of livestock (1 Livestock Unit = 500 kg live weight of animals).
These values were used as coefficients to derive the Nex Téte reported coefficients were obtained
oraSR 2y | adGdzRe 2F (GKS aAyAadNER 2F ! INRAROdAZ GdzNBE 2
on interaction between water, soil and environment from the point of view of manure management in
sustainalh S I I NA O d2DIR)IIMIBS stully anatyseg¢ manure production in various systems of animal
housing used in the Czech Republic. The research was based on a detailed survey of the annual manure
production per one livestock unit (LU), considering thehtextogical systems of animal housing, the
production of various types of manure and species and categories of animals. The results of the survey
were used for in force legislation amendment from 1998 and further published in the proceedings of an
internati2 y I £  O2 y ¥ SNB30QAS O Movembean 20210avidthiirdinendment to this regulation
came into force under No. 392/2021 Coll.

Based on the last review recommendation (Issue ID A7, A5) we eliminated typical animtiliotagsons

for goats, shep and horses which arose due to a lack of suitable statistical information in the current
submission. We verified the TAM values by comparing the default N(Tat€0.19)JPCC 200&nd IPCC
2019) and countryspecific data provided by Decree No. 377/218.0te Nex rate data was revised and
corrected for the entire reporting periodAdditionally, the erroneous N rate value used for swine was
corrected (0.51 instead of incorrectly used 0.68) for this inventory (NIR 20B8)overview of Nex rate
values ued for calculation is shown ifab.5-34:

Tab.5-34 Nex rate values used for estimating nitrous emission, data 12921

Non-dairy cattle Swine Sheep Goats Horses Poultry
1990 46.4 11.5 9.7 9.7 47.5 0.7
1991 46.0 11.5 9.7 9.7 47.5 0.7
1992 46.7 11.5 9.7 9.7 47.5 0.7
1993 46.6 11.5 9.7 9.7 47.5 0.7
1994 46.6 11.5 9.7 9.7 47.5 0.7
1995 47.8 11.5 9.7 9.7 47.5 0.7

Part 1: Annual inventory submission 259



CHMI NATIONAGHGNVENTORREPORT OF TIEECHREPUBLIA990;2021

Updated value of Nex rate

[kg N/head/year]

Non-dairy cattle Swine Sheep Goats Horses Poultry
1996 48.1 11.5 9.7 9.7 47.5 0.7
1997 48.7 11.5 9.7 9.7 47.5 0.7
1998 48.8 11.5 9.7 9.7 47.5 0.7
1999 50.8 11.5 9.7 9.7 47.5 0.7
2000 51.2 11.5 9.7 9.7 48.4 0.7
2001 52.1 11.5 9.7 9.7 48.4 0.7
2002 52.6 11.5 9.7 9.7 48.4 0.8
2003 53.0 11.5 9.7 9.7 48.4 0.7
2004 52.9 11.5 9.7 9.7 48.4 0.8
2005 54.5 11.5 9.7 9.7 48.4 0.8
2006 54.3 11.2 9.7 9.7 48.4 0.8
2007 54.4 11.2 9.7 9.7 48.4 0.8
2008 54.8 11.2 9.7 9.7 48.4 0.8
2009 55.4 11.2 9.7 9.7 49.3 0.8
2010 54.8 11.2 9.7 9.7 49.3 0.8
2011 55.3 11.2 9.7 9.7 49.3 0.8
2012 55.2 11.2 9.7 9.7 49.3 0.8
2013 55.4 11.2 9.7 9.7 49.3 0.7
2014 55.2 11.2 9.7 9.7 49.3 0.5
2015 55.2 11.0 9.7 9.7 49.3 0.5
2016 57.1 11.0 9.7 9.7 49.3 0.5
2017 56.4 11.0 9.7 9.7 49.3 0.5
2018 59.9 11.0 9.7 9.7 49.3 0.5
2019 58.7 11.0 9.8 9.8 49.3 0.5
2020 58.7 11.0 9.8 9.8 49.2 0.5
2021 58.8 11.2 9.8 9.8 49.1 0.5

In the case of dairy cattléhe Nex rate value for the entire time series was taken newly from EUROSTAT
reporting (the documentation provided by the CRI team responsible for this reporting), because the
calculation of the amount of excreted nitrogen is dependent on milk productitigiwis increasing in the
Czech Republic since 1990.

This equation was used for the calculation of nitrogen excretion rate from milk production:
0QHOO0 @YX 1 1hE & an@Q o @map w

Tab.5-35 Source data for calculation of nitrogen excretion rate for dairy cattle

Year Milk production Milk production Nex
[Ilyear] [ka/day] [kg N/head/day] ‘
1990 3949 11.12 79.0
1991 3712 10.45 76.1
1992 3791 10.68 77.0
1993 3824 10.77 77.5
1994 3964 11.16 79.1
1995 4117 11.60 80.9
1996 4289 12.08 82.8
1997 4366 12.30 83.7
1998 4837 13.62 88.5
1999 5022 14.14 90.2
2000 5255 14.80 92.3
2001 5589 15.74 95.2
2002 5718 16.10 96.3
2003 5756 16.21 96.6
2004 6006 16.92 98.6
2005 6254 17.61 100.5
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Milk production Milk production Nex
[Ilyear] [ka/day] [kg N/head/day]
2006 6370 17.94 101.3
2007 6548 18.44 102.6
2008 6776 19.08 104.2
2009 6870 19.35 104.9
2010 6904 19.44 105.1
2011 7128 20.07 106.6
2012 7433 20.93 108.6
2013 7443 20.96 108.6
2014 7705 21.70 110.2
2015 8001 22.54 112.0
2016 8061 22.70 112.4
2017 8223 23.16 113.3
2018 8526 24.01 115.0
2019 8471 23.86 114.7
2020 8893 25.05 116.9
2021 8916 25.11 117.1

An overview of the estimated nitrogen excretion value used for the calculatid@femissions from
manure in the cattle category is presentedliab.5-34 and Tab.5-37. An overview of all activity data used
inthe current (NIR @23) submissioris performedin Tab.5-36.

Tab.5-36 Activity data, input data and calculated data used for estimation of annual nitrogen excretion rate for all animal
categories, actual dta 2021

Livestock category N Production Animal weight Nitrogen excretion N Production
Decree No. 377/2013 [ka] [kg N/head/year] [kg N/livestock
[kg N/1 000 kg/day] category]
Dairy cattle 0.49 650 117.10 41 993 309
Non-dairy cattle 0.39 418 58.77 61573 975
Swine 0.52 59 11.16 16 945 366
Goats 0.69 38.5 9.75 247 738
Sheep 0.55 49 9.75 1785 664
Horses 0.24 550 49.09 1663 522
Poultry 0.50 1.32* 0.50 11 951 883
Total 136 161 457

*weighted average

5.2.2.2.4 Direct and indirect nitrous oxide emissions (CRF 3.B.2)

N.O emissions from manure management were identified as a key source. Since 2019 (Submission 2021),
Tier 2 methodology was used for estimating the emissions in all animal categories. The -speacific

value of Nex was derived newly from the national legish (Decree No. 377/2013 Coll.). The
methodological level upgrade was possible due to the use of cogpegific input data evaluating the

rate of nitrogen excretion. Emissions were calculated based on nitrogen excretion per animal and the
animal wastenanagement system. Following the IPCC guidelinds;@kmissions that took place before
applying manure into soils are reported under manure management (3.B). The IPCC guidelines method for
estimatingN.O emissions from manure management entails mujtipy the total amount of N excretion

(from all animal species/categories) in each type of manure management system by the emission factor
for that type of manure management system. The overview of direct and indigdtemissions is
provided inTab.5-37.

To estimateN.O emissions from manure management, the default emission factors for the different
animal waste management systems were taken from@dabl21 (IPCC 2006) skab.5-37.

Input data consists of the mass fraction Xi,j of animal excrement in the animal category i (i = dairy cows,
othercal it ST LIATazx X0 F2N SFNAR2dza GeLlSa 2F gl aidsS YLy
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manure, pasture, anaerobic digesters). Here, it holds that Xi, 1 + Xi, 2 + ... + Xi, 6 = 1. Within the Tier 1

method, only the values of matrix X for typicaéans of management of animal excrements in Europe are
given. AWMS parameters presented in the IPCC 2006 Guidelines were adapted to the Czech conditions.
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Tab.5-37 Default IPCC emission factors for dirédtO emissions from different AWMS

AWMS Emission factor (B3}
[kg N2O-N per kg N excreted]
Daily spread 0
Liquid/Slurry 0.005
Solid Storage 0.005
Other systems 0.01

The emissions are then summed over all the manure management systems. The manure production data
for individual AWMS in Submission 2023 are reportedlab. 5-38. Values reflected the different
approaches to AWMS and the use of courgpgcific values dflex (data 2012021).

Tab.5-38 Nitrogen productionof manure distributed in individual AWMS [kg N/yr], data 2042021

NS N Production[kg N/year] \
2010 2015 2020 2021

Liquid system 24 879 416 12 836 231 12 098 675 12 211 137

Solid storage 79 443 276 75221019 80 520 950 80 538 817
Anaerobicdigesters 11719 312 23 905 613 24 207 189 24 131 202
Pasture 17 842 675 17 323 895 19474 881 19 280 301

Other 2 074 082 1117 818 0 0

Daily spread 931 015 988 928 0 0

Total 136 889 775 131 393 503 136 301 694 136 161 457

5.2.2.2.5 Indirect emissions from manure management (CRF 3.B.2.5)

Indirect emissions originate from volatile nitrogen losses that occur primarily in the form of ammonia and
NQ. The fraction of excreted organic nitrogen that is mineralized to ammonia nitrogen during manure
collection and ®rage depends primarily on time and, to a lesser degree, temperature. Nitrogen losses
begin at the point of excretion in buildings and other animal production areas and continue through on
site management in manure management systems.

Tier 1 calculatioof nitrogen volatilization in the form of NFnd NQ from manure management systems
(MMS) is based on multiplying the amount of nitrogen excreted (from all livestock categories) and
managed in each MMS by the fraction of nitrogen volatilized (Eq. 10@6 #06). Nitrogen losses are
then summed over all the MMS (EQq.10.26, Table 10lRZC 2006 Gl.For estimatingindirect N.O
emissions fronmanuremanagement, the fraction of nitrogen losses due to volatilization and the default
indirect factor EFassod@ated with these losses were employed (Table 12086 IPCC). The fraction of the
total nitrogen volatilized from manure is about 40% of the total nitrogen excreted by all animal categories
excludingIMS opasture.

In cooperation with the Crop Researtfstitute, a specific value for the proportion of nitrogen from
YIEydaNBE GKFIG A& fSIOKSR edil&ed The eefults ofieNISIORS yai i NERIAES N
et al. 2018) were used for estimating the coungpecific Frag.cnmsvalue. The values 1% of solid manure

stored outdoors or in feedlots.

Tier 1 calculation of nitrogen losses due to leaching from MMS is based on Eq. 10.28, IPCC 2006, where
the amount of nitrogen from the solid fraction of annual production of manure per animal isptiedtiby

the percentage of managed manure nitrogen losses for the livestock category (cepetific value)
Frageachms Emission factors E&nd EEfrom Table 11.3, IPCC 2006 are usethisestimaion.
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An overview of indirect and dire®,O emissiors estimated during the period 199¥D21is presented in
Tab.5-39.

Tab.5-39 Indirect and directN,O emissions from manure managemefkt N.O/year], 19902021

N>O emissions of N from manure managemefit N>O/year]

1990 1.65 0.02 1.67 2.09 3.76
1991 1.57 0.02 1.59 1.99 3.58
1992 1.45 0.02 1.47 1.82 3.29
1993 1.31 0.01 1.32 1.64 2.96
1994 1.15 0.01 1.16 1.44 2.60
1995 1.07 0.01 1.09 1.35 2.43
1996 1.09 0.01 1.10 1.37 2.47
1997 1.06 0.01 1.07 1.32 2.40
1998 1.02 0.01 1.03 1.28 2.31
1999 1.03 0.01 1.04 1.29 2.32
2000 0.99 0.01 1.00 1.24 2.24
2001 0.97 0.01 0.98 1.21 2.20
2002 0.96 0.01 0.97 1.19 2.15
2003 0.91 0.01 0.92 1.12 2.05
2004 0.87 0.01 0.88 1.07 1.95
2005 0.86 0.01 0.87 1.06 1.94
2006 0.85 0.01 0.86 1.05 1.91
2007 0.85 0.01 0.86 1.04 1.90
2008 0.84 0.01 0.85 1.03 1.88
2009 0.79 0.01 0.80 0.94 1.74
2010 0.74 0.01 0.75 0.85 1.60
2011 0.71 0.01 0.72 0.78 1.50
2012 0.70 0.01 0.71 0.75 1.45
2013 0.71 0.01 0.72 0.73 1.45
2014 0.69 0.01 0.70 0.69 1.39
2015 0.70 0.01 0.71 0.71 1.42
2016 0.73 0.01 0.74 0.72 1.46
2017 0.72 0.01 0.73 0.71 1.43
2018 0.75 0.01 0.76 0.74 1.50
2019 0.74 0.01 0.75 0.73 1.48
2020 0.74 0.01 0.75 0.73 1.48
2021 0.74 0.01 0.75 0.73 1.48
5.2.2.2.6 Coordination with the reporting under the Convention on Long - Range

Transboundary Air Pollution

In 2021 a recalculation of ammonia and Némissions originating from manure management and manure
application continuedThe prpose of this recalculatiomvas a national ammonia and N@missions
inventory improvement byiseof a Tier 2 approach with implementation of some ammonia abatement
measues. Tier 2 uses a masw approach based on the concept of a flow of TAN through the manure
management system. The Excel Manure Managemefibw tool was used for it. Except calculation of
ammonia and N@emissionsthe N flow tool is also able to caillate N.O emissions. These emissions of
N.O are considered as Emissions from Manure Management (CRF 3.B.2.5). The comparison of results
generated by NFlow tool and NIRrocedures showed inexplicable differences in estimaigd emissions
when the same inpt data were usedThe Czech team will continue its efforts to harmonize input data
and estimates of the results of emissions reported from the agricultural sector in the Convention en Long
range Transboundary Air Pollution and in the NIR.
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5.2.2.3 Uncertainty and time -series consistency

Uncertainty estimates are based dhe expert judgment. The uncertainty in the activity data equals
5%. The uncertainty in the emission factor equals 200estimation ofCH emissionsand 30%for the
estimation ofN;O emissionsThe combined uncertainty faCH emissions equals 20.6% and that O
emissions equals 30.4%.

The time series consistenayas negatively affected by unequal developmenttbg individualmanure
systensdistribution. The first expert judgement (Md Hans2004)hadassumedanimportant decrease

in the proportion of the liquid fraction inthe dairy cattle category anddecreasen the proportion ofsolid
fraction inthe non-dairy cattle category caused lilye change irthe technology of cattle breedinffom

the early 1990s. This expectation danot been met and until the 2019 submissignthe manure
distributionretained at its original value$his trend was interrupted by the implementation of new AWMS
for the concerned time series in 192021, desdbed in the following chapters.

The determination ofhe Nex rate also undevent development. A significant change was the transition

to country-specific data in 2019. The leap changes in the development of Nex values were then removed
in this year's submission, which fu#fititwo objectives the datawasconsistent across the timgeries and
wasfully harmonized with the input data useéd derive national nutrient balancdEUROSTAT, OE@BJ
ammonia emissions reporting (LBNCE)There is important progress in harmonization activities mentioned
several times in review reports (Issliz A9).

Allthe improvemens made forthe current submissiowoncerning Nex rate valuesd AWMSsolved the
issue oftime seriegnconsistency mentioned in the last review repdissue ID A3, A7, A13, Al14, A15).

5.2.2.4 Source-specific QA/QC and verification

QA/QC includes checkirlge activity data, emission factors and methods employed. All the differences

are discussed and, if necessary, also corrected. The procedure of inventory compiling is initiated by IFER,
where all the necessary data, obtained froine Czech Statistical Office (CzSO), are inserted into the excel
spreadsheets and verified by other IFER exp&taintryspecific Nex rate data are calculated according

to the annexes of the Czech Decree No. 377/2013 Coll. and up to date populatig@zata) as a weighted
average of the individual animal categofhe zoetechnical national data is supplied by expdrtsm the
agricultural institutes (see above). The appropriate values in the calculation spreadsheets are updated at
IFER, replacing thelder values. The verified data is transferred to CRF Reporter, where the data is
technically verified agaimA completeness check dhe CRF tablesvas performed for final timeseries
approval.

Special attention was paid tbe validation ofthe country-specific animal waste management systeqm
the proportion of individual management systems was estimated by the experts from CRI as well as
nitrogen excretion rate. An example of deriving Nex for pigs is showalirb-40.

Tab.5-40 Example otthe derivedvalues of Nex forswinewith support of data from DecredNo. 377/2013Coll.

Pigs <20 kg live weight 451 2.2 9920
Pigs 2@ and<50 kg live weight 377 7.7 2905
Fattening pigs60+and B0 kg live weight 253 12.35 3121
Fattening pig80+and <110 kdive weight 234 18.05 4219
Fattening pigsKL10 kg 71 22.8 1615
Boars ready to breed 2 29.61 56
Covered sows 82 3.15 2 787
Sows not covered, total 49 25.45 1254
Total 1519 11.2 (WA)* 16 950
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| Relative sharg%d 100% |
* calculated as weighted avera@é N production per listed swine categories

The enission factor for methane production from manure management is calculated by Tier 2 methods
for both cattle categoriesind swine The dfault valuesof emission factor¢Table 10.14, IPCC 2006) are
higherthan the country-specific one¢Tab.5-41):

Tab.5-41 Comparison of mthane emission factasfor manure managementlRCC2006 Gldefault and countryspecific values
(Submission 223)

Livestock category ' CH emission factor for manure management [KgH/head/year]

IPCC default value Qountry-specific value
(Table 10.14, IPCC 2006 Gl.)
Dairy cattle 21 12.05
Non-dairy cattle 6 3.66
Market swine 6 1.92
Breeding swine 9 2.94

The trend in value®f the countryspecific emission factors changed due to the implementation of
anaerobic digesterasthe manure management system in the catdad swine category i2001, and
because othe implementation of the Tier thethodologyfor swinecategory.

As a part of QA/QC, the alternative calculation of methane emissions from the manure of swine was tested.
The abovementioned Decree No. 337/2013 Coll. includes data on voklid (VS) content of excrements

for five subcategories of swine. VS value is lower than the default IPCC 2006 Guidelines values and
provides different results in comparison with a proposed technical correcliah.b-42).

Tab. 5-42 Comparison ofresults of two different approaches for estimating methane emissiofactors from manure
management categoryof swine,20162021

Implied CH emission factor
[kg CH/headlyear]
2016 2017 2018 2019 2020 2021

Country-specific approach
5 swine subcategories, Decree No. 377/2013 Col  1.88 1.84 177 1.67 1.67 140
(Tested alternative)

Result of implementaing therecommended
technical correction 222 2.17 2.1 2.00 2.01 2.01
(Submission 223)

Finally we decidedor a more conservativeolution recommended by ERT as a techrgoatection The
alternative approach broughowerimpliedemission factorsind the methodology needed to be reviewed
once moreby expertsbefore implementation

Until NIR 2021 submission, tigr 2 procedures used for estimaginitrogen excretion for cattleid not
yield thenitrogen excretion rate for dairy cattle and otherttte, but the ratescould be calculatedrom
typical animal mass data and estimated nitrogen excrefldre ntrogen excretion rate for dairy cattle and
other cattle was compared witthe default nitrogen excretionrate factors available fothe Western
Euope region in IPCC 2006 Glaljle 10.19).The updated countrgpecific data based on Decree No.
377/2013 Coll. were closer to the default values than the previous ones (CHMI 2022).

Tab.5-43 Overview of N r&e values, IPCQ006default and countryspecific valueglong-term average and Submissior023
valueg

Cattle category N rate[kg N/1000 kg animal mass/ddy

IPCC default value Country-specific value Gountry-specific value
(Table10.19 IPCC 2006) (long-term average) (Submission 2023)
Dairy cattle 0.48 0.463 0.493
Non-dairy cattle 0.33 0.390 0.385
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Tier 2 proceduresvere used forestimating the VS parameters for cattlelhe countryspecificvalues
calculated from national input datavere compared withthe default value available in IPCC 2006
Cuidelines(Tables 10A-4 and 10A5):

Tab.5-44 Overview of aiily volatile solid excretedralues, IPC2006default and countryspecific valueglong-term average and
Submission 223 valueg

Cattlecategory VS [kg dry matter/head/day]

IPCC default value Country-specific value CGountry-specific value
(Table 10A-4/ 10A5, IPCC (long-term average) (Submission 2023)
2006)
Dairy cattle 5.10 5.07 6.18
Non-dairy cattle 2.66 2.90 3.30

5.2.2.5 Source-specific recalculations, including changes made in response to the
review process and impact of emission trend s

5.2.2.5.1 Revision of animal waste management systems

For 2023 NIR submission, we ensured that the data on AWME& wpdated and adjusted with respect to

the likely development of manure handling, in particular to remove jump changes in individual
management systems shares. The current form of AWMS respects the gradual onset of anaerobic digestion
in full compliancewith the UNECE reporting. It is an important step to complete the harmonization of
ammonia and N@reporting and nitrous oxide reporting.

The changes in AWMS affected the value of methane emisaaar (through MCF) inattle and swine
categories, additionally the influent estimation of nitrous emissions from manure management and
amount of nitrogen inputs to managed soils.
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Fig.5-6 Animal waste managementsystems distribution, all livestock, 1992021

The change iIMWMS(Fig.5-6) was reflected in changes in the emission estimafimnthe period2000-
2015.In coherence with te changsin AWMS, a revision of Nex rate determination was carriedtout
ensurethe consistency ahe data in time series. The consequences of thesedhanges to the quantity
of emissions from agriculture are further evaluated jointly in the text.
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5.2.2.5.2 Methane emission sfrom manure management, cattle and swine

In connection with the refinement to activity data in the calculation of gross energy intake, there were
also changes in the values of volatile solids (K§)DM/head/day]. Methane conversion factor (MCF)
changed because the changes in AWW). 5-6). Consequently, the methane emission factor from
manure management chged significantly in all cattle categories and legsificantly in swine category.

Methane emissions from manure management of dairy cows decreased on average by 15% and in case of
non-dairy cattle decreased on average by 75%. Methane emissiongii@mmre management are shown

in Fig.5-5. Tdal methane emissions from manure management decreased by about 31% on average during
the period 19962015.

Changes in EF valaé swine had appearedfrom 2002 (the beginning of manure processing in biogas
stations), then the biggest differences were recorded in the years-2009, for which the EF value in the
new submission decreased by more than 20%. In 2016, there was ngechavaluegTab.5-45).

Tab.5-45 Comparison ofmethane emission factas from manure managementswine, 19962021 (current and previous NIR
submission)

Submission 223 Submission 822

1990 4.71 22.56 4.71 22.56
1991 4.71 21.52 4.71 21.52
1992 4.71 21.71 4.71 21.71
1993 4.71 21.66 4.71 21.66
1994 4.71 19.18 4.71 19.18
1995 4.72 18.24 4.72 18.24
1996 4.66 18.73 4.66 18.73
1997 4.66 19.02 4.66 19.02
1998 4.66 18.71 4.66 18.71
1999 4.68 18.70 4.68 18.70
2000 4.70 17.32 4.70 17.32
2001 4.71 16.36 4.71 16.36
2002 4.64 15.98 4.70 16.19
2003 4.67 15.69 4.68 15.73
2004 4.67 14.60 4.68 14.64
2005 4.63 13.31 4.70 13.51
2006 4.58 13.00 4.70 13.35
2007 4.46 12.63 4.64 13.14
2008 4.38 10.67 4.62 11.24
2009 3.95 7.80 4.66 9.19
2010 3.49 6.66 4.67 8.91
2011 2.88 5.04 4.64 8.12
2012 2.23 3.52 4.65 7.35
2013 1.80 2.86 4.65 7.38
2014 1.81 2.93 4.65 7.52
2015 1.82 2.84 4.65 7.25
2016 2.22 3.57 2.18 3.51
2017 2.17 3.23 2.14 3.19
2018 2.11 3.28 2.15 3.35
2019 2.00 3.09 2.02 3.12
2020 2.01 3.01 2.00 2.99
2021 2.01 3.05
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Fig.5-7 Methane emissions from manure managemeral livestock, current and previous NIR submission

5.2.2.5.3 Revision of nitrogen excretion rate

In the 2023 NIRsubmission, based on validation, we adjusted the Nex rate value for some livestock
categories. The treatment resulted in 19% decrease in the amount of nitrogen in excrements, which caused
a decrease in nitrogen emissions from manure management. The fofosdjustments were applied
(Tab.5-46), the detailed explanation is provided in the text below the table:

Tab.5-46 Overview of input data for nitrogen excretion calculation

Livestockcategory N rate TAM Nex rate Nex rate
[kg N/1 000 kg/day] Typicalanimal mass 19902019 20202021
[kg N/head/yead [kg N/head/yeaif
Dairy cattle Countryspecific Countryspecific Countryspecific Countryspecific
Non-dairy cattle Countryspecific Countryspecific N rate* TAM N rate*TAM
Swine Default/ Countryspecific N rate* TAM Countryspecific
Countryspecific
Sheep Default/ Default N rate* TAM Countryspecific
Countryspecific
Goats Default/ Default N rate* TAM Countryspecific
Countryspecific
Horses Default/ Countryspecific N rate* TAM Countryspecific
Countryspecific
Poultry Default/ Countryspecific N rate* TAM Countryspecific
Countryspecific

Dairy cattle- Based on the proposal of experts from CRI, the Nex rate value for the entire time series was
taken newly from OECD reporting. Estimation of the amount of excreted nitrogen is based on milk
production. Nitrogen production decreased by an ags of 17%. Country specific N rate corresponds to
the default value.

Non-Dairy cattleg validation of nationally specific values was performed by comparing the defaateN
value (according to IPCC 2006 and 2019 Guidelines) and the country speaific Vdlue that can be
derived from Decree 377/2013 Coll. The newly determined Nex value was calculated from the weighted
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average TAM of the noedairy cattle and the country specific value of the N rate. Nitrogen production
decreased by an average of 20%.

Swine - the validation of country specific values was prepared by comparing the default valueatd N
(according to IPCC 2006 and 2019 Guidelines) and the country specific value of N rate, which can be derived
from decree 377/2013 Sb and whose value frira default parameters corresponds well. TAM values
gradually decreased from 62 kg (198005), 60 kg (2008014), 59 kg (2023021). During validation, it

was found that the wrong N rate value was used in the original calculations (0.68 instead dN@rB6@gn
production decreased by an average of 31%.

Sheep and goatsvalidation of country specific values were performed by comparing the defardteN

value (according to IPCC GL 2006 and 2019) and the nationally specific N rate value, which daedoe der
from Decree 377/2013 Sb and whose value corresponds well with the default parameters. Because country
specific data on sheep and goats TAM are not available, the IPCC Guidelines 2006 default values for the
entire time series were used for the calcudat (for sheep 59 kg, for goats 38.5 kg). Nitrogen production
decreased by an average of 59% for sheep and 32% for goats.

Horses the validation of the country specific values was performed by comparing the default N rate value
(according to IPCC 2006cb2019 Guidelines) and the nationally specific N rate value, which can be derived
from Decree 377/2013 Sb and whose value corresponds well with the default parameters. Since no country
specific data on horse TAM are available, the value determined byteegt@nation was adjusted so that

its changes were consistent in the time series. TAM is gradually increased: 520 kg 92990530 kg

(2006 2008), 540 kg (2062018), 550 kg (2012021). Nitrogen production decreased by an average of
3%.

In connection with the modification of AWMS and Nex rate validation, the following changes occurred in
activity data:

1 The amount of nitrogen that remains in excrements on pasture decreased by 32% on average

1 The amount of nitrogen volatilized from manureamagement decreased by 20% on average

1 The amount of nitrogen leached when handling farm fertilizers increased by 13% on average

I The amount of nitrogen from farmyard manure applied to soils decreased by 25% on average

All these changes were reflectedtire amount of direct and indirect nitrous missions.
5.2.2.5.4 Nitrous oxide emissions from manure management

The abovanentioned changes in activity data described in previous chapters caused a decrease in direct
and indirect emissions in the diline series exceplor the last two years. The decrease was by about 23%

in direct emissions, by about 15% in indirect emissions and by about 20% in total nitrous emissions from
manure management. The trend is described in Graph 8.
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Fig.5-8 Decrease of nitrous emissions from manure management, all livestackrent and previous NIR submission

5.2.2.6 Source-specific planned improvements, including tracking of those identified
in the review process

One of the tasks of the abovaentionedresearch projectvasto directly improvethe emission reporting
for the agriculturesector. Together witlthe Crop Research InstitusidResearch Institute of Agricultural
Engineeringwe worked on the quantification of nitrogen flow in agricultune the Czech Republic

One of the most important results of the joint activity was the unificationirgfut data andthe
guantification of outputs, respecting their interconnectedness and continuiftfie joint work aimedto
create a uniform nitrogen bafee in agricultureapplicable for all the reporting (OECD, UNFCCETHE
etc.).

The joint workhasshown how difficultit is to unify reporting requirements and their interdependence
The Czech Republic must find financial and professional sourcedldovifg tasks:

1. Emissions of nitrous oxide, ammonia and other nitrogen oxides from agriculture must be considered in
the context of the entire nitrogen flow @low). While the input data are more or less harmonized, there

is a lack of specific inforation on the effect of abatement technologies on the release of ammonia and
nitrogen oxides and the creation of indiredtO emissions.

2. It is necessary to synchronize the various systems for transmitting data from agricultural practice
towards EUROSTA®D that data are available ftine calculatiorof GHGemissions from mineral, farm, and
organic fertilizers within the National Inventory System (NIR) and from the reporting of pollutant emissions
(UN-ECE).

3. Concerningdo the harmonization of manure magament systerafor the needs of NIR and URCE, the
proportions of individual methods of management (AWMS) need to be unified and specified so it is
possible to take into account the reduction measures taken into acceithin UN-ECECurrently NIR
onlyworks with 4 basic loading methods.

4. The unification of AWMS will makiepossible to determine accurately the amount of volatilizable
nitrogen from animal excremeatnd from washings, which will make the Nutrient Balance of the Czech
Republic (losses) more accurate and will make it possible to link NIR with the reporting of ammonia and
NO: emissions.
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5. Specifying the amount of releasable nitrogen when handling fardhynanure in stables and
warehouses wilfurther specify the amount of nitrogen that reaches the soil in the form of farmyard
manure The Nutrient Balance and NIR work with the value.

Harmonization with the reporting under UBRICE ialogical part of the nitrogen flow model agriculture.
In close cooperation with Dr.9glina, responsible for UNECE reportindpr the sector ofagriculture, we
continue withcomparison of estimatingndirect emissions at NIR

For the upcoming submissior2025 and subsequent), the improvement to MCF value calculation
according to the IPCC 2019 is planned.

5.3 Rice cultivation (CRF 3.C)

G LINBaSyidsxs y2 O2YYSNODAFE NROS Odz GAGIFGAZ2Y A&
key is reported inhe CRF tables.

5.4 Agricultural soils (CRF 3.D)

5.4.1 Source category description

This source category includes the direct and indirect nitrous oxide emissions from agricultural soils. Both
subcategories (direct and indirect emissions) are the key sourdé®amissions Tab.5-1). Nitrous oxide

is produced from agricultural soils because of microbial nitrification and denitrification processes. The
processes are influenced by the chemical and physical characte(ataitability of mineral N substrates

and carbon, soil moisture, temperature and pH). Thus, the addition of mineral nitrogen in the form of
synthetic fertilizers, animal manure and other organic nitrogen applied to soils, crop residue/renewal and
sewage kidge enhance the formation of nitrous oxide emissions.

Nitrous oxide emissions from agricultural managed soils include these subcategories:

1

=

Direct emissions (synthetic fertilizers, animal manure applied to soils, crop residues, sewage
sludge and other @anic fertilizers applied to soils)

Emissions from pasture manure (PRP)

Amount of nitrogen mineralized in mineral soils considered for Cropland remaining Cropland

Indirect emissions (atmospheric deposition and nitrogenous substances flushed into water
couses and reservoirsleaching).

An overview of direct and indirect emissions by individual sources is presentath i5+47.
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Tab.5-47 Direct and indirectN>O emissions from agricultural soilgkt N>O], 19902021

Total Synthetic Organic Crop Mineral. PRP Atmosph. Leaching
emissions  fertilizers | fertilizers*  residues soil deposition
[kt N>O]
1990 17.4 6.6 2.3 3.8 NO 0.6 1.2 2.9
1995 11.0 3.6 1.5 2.8 NO 0.6 0.7 1.8
2000 10.8 4.1 1.3 2.4 0.01 0.5 0.7 1.8
2005 11.0 4.6 1.2 2.2 0.01 0.4 0.7 1.8
2010 10.1 4.2 1.1 1.9 0.01 0.5 0.7 1.7
2015 13.2 6.2 1.2 2.1 NO 0.5 0.9 2.2
2016 13.9 6.4 1.2 2.4 NO 0.5 0.9 2.3
2017 13.3 6.3 1.2 2.1 NO 0.6 0.9 2.0
2018 12.2 5.5 1.3 1.9 NO 0.6 0.0 2.0
2019 12.1 5.2 1.3 2.2 NO 0.6 0.8 2.0
2020 11.3 4.5 1.2 2.3 NO 0.6 0.8 1.9
2021 11.8 4.9 1.2 2.3 NO 0.6 0.8 2.0

* Animal manure + Sewage sluge + Digestate

In 2021, 89% of the totdl,O emissions from agriculture originated from agricultural soils, while the rest
originated from manure management (11%). The trendNi® emissions from this category decreased
during the reporting period 19902010 (to a minimum level) and then increasdiglgly. The emissions
from managed soils decreased by about 32% from 1990 to A@15-47 andFig.5-9 show N Oemissions
from agricultural soils by individual si@ategories.

3
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v L8 o= e e e e e e
N
e 16 4 - e

T
g 14 T - oo

1990 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021

m Synthetic fertilizers m Organic fertilizers m Crop residues
= N mineralized in soil = PRP Atmospheric deposition
Leaching

Fig.5-9 NoO emissions of agricultural soils by individual sudategories 19902021

5.4.2 Methodological aspects

Although agricultural soils are a key source, the emissioMé@fare estimated and analysed using the

Tier1 approach of IPCC 2006 Guidelines. For several years, a set of interconnected spreadsheets in MS
Excel has been used fdre relevant calculations. The emissions from nitrogen excreted by livestock on
pastures and paddocks were reported under livestock production in the CRF table. The nitrogen from
manure that was spread daily was consistently included in the manure nitryg@ied to soils.

Part 1: Annual inventory submission 272



CHMI NATIONAGHGNVENTORREPORT OF TIEECHREPUBLIA990;2021
5.4.2.1 Activity data

The standard calculation according to Tierequired the following input information:

1 Amount of nitrogen applied to soil in the form of industrial nitrogen fertilizers (CzSO data,
Statistical Yearbook#inistry of Agricliure, CRI, 199Q022);

I Managed manure nitrogen available for application to soil (NIR data, Eq.10.34, IPCC 2006 Gl.);
1 Annual yields (harvest/production area) (CzSO datatjstical Yearbook49932022)

1 Annual amount of urine and dung N deposited by gnrganimals on PRP (NIR data, Eq.1PGC
2006 Gl.)

1 Amount of sewage sludge applied directly to agricultural soils (CzSOSiatistical Yearbooks
20022022, retrospective analysis for the period 198101)

T Amount of mineralized N in soils, in assdion with loss of soil C in the Cropland remaining
Cropland category (LULUCF sector, NIR data)

1 Amount of organic nitrogen inputs applied to soil (digestate, compost), statistical survey and CRI
analysis and UECE reporting).

5.4.2.2 Direct emissions from man aged soils (CRF 3.D.1)

The emission factors used for the calculation of the dil€@ emissions are shown ifiab.5-48. The IPCC
2006 Guidelines default fraction values are used to estilha@emissions.

Tab.5-48 Emission factors for estimating direct emissiofrem managed soils (Table 11.1, IPCC 2006 Gl.)

Synthetic fertilizers

Animal waste, digestate

Direct emissions Sewage sludge ER=0.01 kg\;O-N/kg N

N-crop residues

Mineralized N

LSl sk nblele e | Cattle, swine, poultry ER=0.02 kg\oO-N/kg N
manure Sheep, others ER=0.01 kg\.O-N/kg N

5.4.2.2.1 Synthetic N fertilizers (FSN, CRF 3.D.1.1)

The application of agricultural fertilizers had been formerly intense in the Czech Republic but decreased
radically after 1990. The activity datatéken from the official statistical source (CzSO). The amount of
nitrogen fertilizers applied in 1990 equalled more than 418 kt, which decreased to 180 kt in 1993. From
that year, nitrogen consumption slowly grew to 407 kt in 2016 (the highest value)fidigpthis negative

trend ended in 2017. In 2021, only 310 kt of fertilizers were applied (24% less in comparison \gjth 201
This trend is presented ifig.5-10.
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Fig.5-10Consumption ofnitrogen from synthetic fertilizers [kt], 19962021

5.4.2.2.2 Organic N applied as fertilizer (FON incl. animal manure and sewa ge sludge,
digestate, CRF 3.D.1.2)

The amount of managed manure nitrogen available for application to managed soils (FAM) is calculated
as the product of the annual average N excretion per animal per species and the fraction of the manure
management systerand (1¢ Fragssmg. The default value of the fraction Fragsds given in Table 10.23,
Equations 10.34 and 11.4 (IPCC 2006).

The data on sewage sludge applied to soils has been officially available since 2002. The data for the
previous period was éisnated by statistical methods. Specifically, linear regression was used to estimate
the trend from known activity data from 2003 to 2016 £r0.62). This trend was used to estimate the
missing AD from 1990. The regressed values are not used in the pdrezd AD is available from CzSO.
Thecountryd LISOA FA O @I f dzS 27T y Aét AP0AS ghd deayt énfisgion fagtdr (E6 & 127
Table 11.1., IPCC 2006) were employed for estimating the emissions from sewage sludge (FSEW).

Implementation of the new AWMS was also reflectedNsO emissions from managed soils. The
corresponding amount of animal manure available for managed soils was reduced, but, on the other hand,
a new source of nitrogen was added as "Other organic femsizpplied to soilst, digestate and or
compost (bos. The amount of digestate is estimated as a share of total digestate produced by the biogas
allGA2y® ¢KS aKFNB O2NNBalLRyRa (2 (GKS FyYz2dzyd 27

The total amout of organic N fertilizer applied to soilsoff-is calculated as the sum off+ Fsew+ Fooa
An overview of activity data inputs is presentediai.5-49.

Tab.5-49 Activity data inputs to calculation of FON: annual amount of animal manure N (FAM), annual amount of sewage
sludge N (FSEW) and annual amount of digestated N and compost N (FOOA) [kt NAA2ag2021

Year FAM FSEW FOOA FON

1990 147 147 253 147 400
1995 93 200 656 93 856
2000 84 328 1059 85 387
2005 72 646 1275 785 74 706
2010 58 367 2244 7474 68 085
2015 54 618 2333 20 745 77 696
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Year FAM FSEW FOOA FON
2016 55034 2314 20 950 78 298
2017 54 206 2792 20980 77 978
2018 56 423 3289 20972 59 712
2019 55721 3354 21 055 80 130
2020 55720 2 333 21 066 79 119
2021 55 690 2 445 21 066 79 201

1.1.1.1.1 Urine and dung N deposited on pasture by grazing animals (FPRP, CRF 3.D.1.3

The annual amount of N deposited by grazing animals on pasture, range and paddock soils was estimated
using Eg. 11.5 (IPCC 2006) based on the number of animals of each livestock species, the annual average
amount of N excreted by each liveskogpecies and the fraction of this N deposited on pasture, range and
paddock soils by each livestock species. The data needed for this estimation can be obtained from the
estimation of nitrogen content in AWMS and the share of PRP in the relevant liveategiory. The trend

of the development of the total amount of nitrogen from pasture was the steady state for the whole
reporting period, while the trend of total excreted N decreased rapidly because of the substantial changes

in the livestock populationHig.5-11) andTab.5-50.

Tab.5-50 Development of theamount of N and emissions from urine and dung from grazing animals, 12021

Ferp Ferp N2.O emissions

cattle, swine, poultry  horses, goats, sheep

1990 0.615
1995 16 861 1579 18 440 0.555
2000 14 428 1292 15720 0.474
2005 13514 1367 14 881 0.446
2010 15 869 1974 17 843 0.530
2015 15034 2290 17 324 0.510
2016 16 060 2179 18 239 0.539
2017 16 568 2 257 18 824 0.556
2018 17 620 2297 19917 0.590
2019 17 324 2316 19 640 0.581
2020* 17 172 2303 19 475 0.576
2021 17 241 2040 19 280 0.574
e |

*Country specific Nex values implemented (22091)
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Fig.5-11Trend of total amount of nitrogen excretion from AWMS and nitrogen excretion from pasture, 12021

Two default emission factorsTéb. 5-51) are used for estimating emissions from different animal
categories (Table 11.1, IPCC 2006 Gl.). The fraction of livestock N excreted and deposited onto soils during
grazing (Fragka} varied from 0.074 in 1990 to 0.142 in 2021.

Tab.5-51 IPCC default emission factors for animal waste management system: pasture, range and paddock (PRP)

PRP (cattle, swine, poultry) 0.02 |
PRP (sheep, others) 0.01

5.4.2.2.3 N-crop residues (FCR, CRF 3.D.1.4)

This category includes the amount of N in crop residues (algomend and belowground), including the

N of Nfixing crops returned to soils annually. It also includes the nitrogen framimfg and noAN-fixing
forages mineralized during fogea or pasture renewal and straw used for bedding. A part of crop residues
is used in biogas stations for energy production, and it is returned to the field as a digestate. This amount
is reported in this chapter as well.

N-crop residues were estimated frocrop yield statistics (CzSO) and the default factors for above/below
ground residues: yield ratios and residual N contents (Bale.5-54). The zero values were ajgd as
parameters Fragwvoveand Fragury because no survey data is available from experts in the country as
required on page 11.14 IPCC 2006 Guidelines.

An overview of the annual yield of agriculture products is presentddin5-52, andTab.5-53. The 2021
yield of agicultural products was higher compared to the same data for the previous year 2020.

Since different crop types vary in residues, yield ratios, renewal time and nitrogen contents, separate
calculations were performed for major crop types and then theogign values for all the crop types were
summed. Crops were segregated into: 1) fdfixing grain crops, 2N-fixing grains and pulses,) 3
potatoes, 4) sugar beets, 5)-fiXing forage crops (alfalfa, clover) and 6) soya. Eq. 11.6 was used for
estimating Nfrom crop residues and forage/pasture renewal for the Tier 1 approach. The default values
of input factors and countrgpecific value of the dry matter content used in the estimation are presented

in Tab.5-54.

For nitrogen sources from plant residues, th&rhc remove coefficient was newly adjusted for cereals
and greenrharvested corn. An estimate of 10% of cereal straw is taken from the field for feed, and 10% of
the straw leaves agriculture entirely for bioenergy (to be burned). Thus, 80% of the straw of cultivated
cereals remains on the soil in the form of bedding manure). In the case of green maize, 60% of the grown
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biomass is used for silage (feeding). The iiest40%, is taken to BGS and returned to the soil in the form
of digestate. This modification was proposed by experts from CRI where the same procedure is used for
EUROSTAT/OECD reportingh(.5-54,Tab.5-55)

Tab.5-52 Annual yield of agricultural products, 1999021

ea a P e Potatoe gar bee oya bea
[t/ha]
1990 5.42 2.68 16.00 33.89 3.67
1995 4.18 2.38 17.04 39.63 1.29
2000 3.92 2.09 21.32 45.62 1.25
2005 4.81 2.44 28.08 53.31 2.04
2010 4.71 1.86 24.56 54.36 1.69
2015 5.83 2.89 22.26 59.38 1.64
2016 6.36 2.37 29.88 67.81 2.64
2017 5.50 2.34 29.42 66.56 2.41
2018 5.21 2.26 25.50 54.96 1.66
2019 5.65 2.20 27.20 61.84 2.27
2020 6.04 2.46 29.16 61.51 2.33
2021 6.11 2.60 29.44 67.69 2.62
Tab.5-53 Annual yield of foddel{t/ha] including total crop area, 1992021
ead oade agde d e e a Oaade d oade Olal alea
[t/ha] [ha]
1990 6.77 1099 907
1995 6.13 872 494
2000 5.60 725 250
2005 6.20 491 888
2010 6.05 406 450
2015 30.84 6.16 19.02 458 266
2016 39.53 7.42 22.20 484 835
2017 34.50 6.55 17.11 465 391
2018 29.88 5.50 14.77 468 328
2019 35.63 5.94 17.91 498 628
2020 37.63 6.42 20.42 515 335
2021 38.86 6.29 16.99 495 292

Tab.5-54 Default values of input factors used for estimating FCR (Table 11.2, IPCC 2006), calculated data (Submission 2023)

a Potatoe gar bee oya bea
Dry mater (CS) 0.85 0.85 0.22 0.22 0.91
Rag, calculated 1.26 1.52 0.264 0.17 1.50
AGpw, calculated 6.54 3.35 1.71 2.55 3.56
Fragemove (CS) 0.200 0.0 0.0 0.0 0.0
NAG 0.006 0.008 0.019 0.019 0.008
RseBIO 0.497 0.48 0.26 0.23 0.45
Neg 0.009 0.008 0.014 0.014 0.008

Note: Parameters RRand AGuare calculated by using Eq. 11.6 and 11.7A (IPCC 2006 Gl.) and adequate parameters.
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Tab.5-55 Default value of input factors used in estimation of fodder (Table 11.2, IPCC 2006), calculated data (foder dry matter
2014, silage maize and perennial and annual fodder, Submission 2023

Fodder Silage maize Perennial fodder Annual fodder
dry matter fresh matter fresh matter fresh matter
2014

Dry mater (CS) 0.350 0.850 0.170

Rac calculated 0.30 0.300 0.300 0.300

AGow, calcul. 2.29 4.08 1.61 0.87

Fragemove (CS) 0.0 0.6 0 0

NAG 0.027 0.027 0.027 0.027

ResBIO 0.52 0.44 0.50 0.52

Nec 0.022 0.022 0.022 0.022

Note: The parametersagand AGguare calculated by using Eqg. 11.6 and 11.7A (IPCC 2006 Gl.) and adequate parameters.

Data on crop yield statistics (yields and area harvested, by crop) was obtained from national sources
(CzS0). Since yidthtistics for many crops are reported as fieli or fresh weight, a correction factor

was employed to estimate dry matter yields where appropriate (Eq. 11.7). The default values for dry
matter content from Table 11.2 were employed. Only forage produacéictivity data is presented as dry
matter in the CzSO statistics.

Since 2015, CZSO has also been providing data on maize that is harvested green and used as fodder. For
this reason, since 2015, the fodder data has been divided into green maize, pefedded and annual
fodder crops.

5.4.2.2.4 Mineralization/Immobilization Associated with Loss of Soil Organic Matter (FSOM,
CRF 3.D.1.5)

The annual amount of N in mineral soils that are mineraliseal@nsequence of the loss of soil carbon
from soil organic matte(Fson), is a result of landise changes or management practices. The emigssion
N2O associated with soil disturbance during lanse changes are estimated in the LULUCF sector (see
chapter 6.5.2.2).

N2O emissions from mineralisation due to management changes on Cropland remaining Cropland are
calculated using Eq. 11.8 (IPCC 2006), emplayitggault emission factor of 0.01 kKgO-N/kg N (EE IPCC

2006), and C:N ratio of 1The activity data are represted by the carbon loss under subcategory 4.B.1
Cropland remaining Cropland (CRF Table 4.B.1) due to mineralization. That amount of carbon loss in
category 4.B.1 is based on the detailed larsg change matrices and carbon maps, in connection with the
setof emission factors applicable to seven crop subcategories. In this Submission the above source activity
data were recalculated in the LULUCF sector for the entire reporting period. Therefore, they also affected
the estimates of NO emissions from N minatization/immobilization, which were accordingly
recalculated for the entire reporting period since 1990.

Tab.5-56 Overview of activity data and\N,O emissions from loss of soil organic mattersgr)

Net carbon stock change in soils CL/CI  Conversion C to N (DV 10) N2O emission
[kt C] [kg N] [kt N2QJ
1990 0.16 NO NO
1991 0.06 NO NO
1992 0.00 NO NO
1993 0.11 NO NO
1994 0.18 NO NO
1995 0.21 NO NO
1996 0.26 NO NO
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Net carbon stock change in soils CL/C] Conversion C to N (DV 10) N2O emission
[kt C] [kg N] [kt N2O]
1997 0.28 NO NO
1998 0.41 NO NO
1999 0.42 NO NO
2000 0.45 NO NO
2001 0.44 NO NO
2002 0.36 NO NO
2003 -0.00 249 0.00
2004 -0.13 13 397 0.00
2005 -0.33 33372 0.001
2006 -0.37 36 732 0.001
2007 -0.33 32729 0.01
2008 -0.33 33355 0.001
2009 0.03 NO NO
2010 0.04 NO NO
2011 0.22 NO NO
2012 0.44 NO NO
2013 0.33 NO NO
2014 0.26 NO NO
2015 0.16 NO NO
2016 0.10 NO NO
2017 0.24 NO NO
2018 0.33 NO NO
2019 0.71 NO NO
2020 1.07 NO NO
2021 1.62 NO NO

Note: NO = no net loss of soil carbon from soil carbon in the given year

5.4.2.3 Indirect emissions from managed soils (CRF 3.D.2)

In addition to the direct emissions ®&0O from managed soils that occur through a direct pathway (i.e.
directly from soils to which N is applied), emissionbl@) also take place through two indirect patiays.
The first of these ways is the volatilization of N as ahdl oxides of N (N and the deposition of these
gases and their products Wrand NQ onto soils and the surface of lakes and other waters.

The method for estimating indirecN>O emissiors includes two emission factordgb. 5-58): one
associated with volatilized and Hdeposited N (Ef;, and the second associated with N lost through
leaching/runoff (Efj. The overall value for E&quals 0.0075 kiO-N/kg N leached/ in runoff water. The
method also requires using values for the fractions of N that are lost through volatilizatiog Adraad
Fragasy or leaching/runoff (Fraeacy. The default values of these fractions are presentetiain.5-57.
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Tab.5-57 IPCC default parameters/fractions used festimating indirect emissions (Table 11.3, IPCC 2006)

Parameters/Fractions Default value |

Fraq;ASM 0.20
Fracase 0.10
FrageacHH) 0.30

Tab.5-58 Emission factors (EFs) used for estimating indirect emissions

: - Atmospheric Deposition ER=0.01 kg\oO-N per kg emitted NEand NOx
Indirect emissions - - -
Nitrogen Leaching EFl=0.0075 kg\oO-N per kg of leaching N

Volatilization

TheNO emissions from atmospheric deposition of N volatilized from managed soils are estimated using
Equation 11.9. The equation inputs are estimated for direct emissions from managed soils. The inputs are
the annual amount of synthetic fertilizer N applied tls, the annual amount of managed animal manure

and sewage sludge N applied to soils, the annual amount of urine and dung N deposited by grazing animals.
The conversion oN;O-N emissions td\;O emissions for reporting purposes is performed using factor
44/28.

Leaching/Runoff

The N,O emissions from leaching and runoff in regions where leaching and runoff occur are estimated
using equation 11.10 IPCC 2006 Guidelines. The equation inputs are estimated for direct emissions from
managed soils, where FON als@ludes sewage sludge inputs. The inputs are the annual amount of
synthetic fertilizer N applied to soils, the annual amount of managed animal manure and sewage sludge N
applied to soils, the annual amount of urine and dung N deposited by grazing arnilmasyount of N in

Crop residues and the annual amount of N mineralised in mineral soils. The conveidi@Mbémissions

to NoO emissions for reporting purposes is performed using factor 44/28.

The last review identified the error in reporting of Mtdhrough leaching and ruaff in CRF table 3D cell
C21 (Issue A16). This error did not have impact to reporting emissions and was corrected.

An overview of estimated values of indirect emissions is present@dlrb-47.

5.4.3 Uncertainty and time -series consistency

In relation to the consistency of the emission seriedNgD (agricultural soils), it should be mentioned that
the emission estimates have been calculatedoading to the default methodology of IPCC 2006. But all
NEOSyYy(d AyLlzi RIFGFE FNB KIENY2YAT SR gAGK 20KSNJ yI (A:

The quantitative overview and emission trends during the 12021 period are shown in Fig:15and the
trend in N.O emissias from agricultural soils is summarizedTiab.5-47. During 199021, the total
emissions from Agricultural soils decreased by 25% (with the minimum in 2010).

The tanges in AWMS and Nex that were prepared for this year's submissions led to the elimination of
jump changes in time series and in the same way affected the inputs to the calculation of direct and indirect
emissions from organic fertilizers.

Uncertainty etimates are based on expert judgment. The uncertainty in the activity data for estimation

of direct and indirect emissions from agricultural soils equals 20%; this value equals 10% for Pasture, Range
and Paddock Manure (PRP). The uncertainty in the esni§actor for the estimation of direct and indirect
emissions from agricultural soils equals 50%; this value equals 100% for the estimation of emissions from
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PRP. The combined uncertainty for the direct and indirect emissions from agricultural soils5310%s
this value equals 100.5% fisO emissions from the manure management system PRP.

Missing data about the amount of sewage sludge applied to agricultural soils were added to the reported
time series thanks to a statistical retrospective analysighef available data about sewage sludge
production for the previous submission (see Chapter 5.4.5., NIR 2018)ndlbeing of nitrogen from
compost among organic fertilizers is the next step to harmonization of input data wtECHEreporting

and NIR. Bta are available since 2002 (Czech Statistical Office).

5.4.4 Source-specific QA/QC and verification

A detailed description of sourespecific QA/QC and inventory verification of agriculture is presented in
section 5.1.3. Inventory in this subcategory is based on Tier 1 procedures and methods because there is a
lack of relevant country specific factors.

For a better understanding of how to calculate direct and indirect emissions from Managed soils, the FAO
e-learning course: National GHG inventory for agriculture sectors was studied and NIR reports of
neighbourhood European countries as well.

As a restulof the validation of activity data with CRI experts, the quantity of mineral fertilizers used in
managed soils has been updated since 2000. Data on fertilizer consumption for FAOSTAT and other
international reporting are provided by the Ministry of Agticre, Department of Agricultural

/| 2YY2RAGASE o6aNBR® . dzRzt {20t 0

A workshop of experts involved in NIR (IFER), IIR reporting (Dr. Dedina, Research Institute of Agricultural
¢ SOKy2t2380 FYR 9! wh{¢! ¢ NBLR2NIAYII 03iNdhths? Thdrd y S NP |
is a platform for the exchange of information and data between relevant experts and share experiences.

In the frame of the research projeat5 S@St 2 LIYSy i 2F GKS YSUGUK2R2f 23AS
greenhouse gas emissions aNiB Y2 @ £ & Ay Of dzRAy3a LINR2SOlA2ya 2
Technological Agency of the Czech Republic (TAG&arate output summarizing the issue of reporting
nitrous oxide emissions from the agricultural sector (3D emissions from the managemagticultural

land) was prepared based on findings and analyzes processed in the year802219n addition, the
possibility of creating a unified national nitrogen flow balance in agriculture was analyzed (Beranova
2022b). The requirements of IPCC2B06 and 2019 were analyzed in detail to link the reporting of air
pollutants (ammonia, nitrogen oxides) carried out under the Economic Commission of the United Nations
(UN-ECE) with the reporting of greenhouse gases (nitrogen oxide). Furthermore, thes sthtthe
implementation of the national nitrogen balance, which is being prepared for EUROSTAT in the reporting
of nitrogen substances with the agricultural sector, was described, and the steps that were implemented
during the project solution in the fidlof harmonization of inputs for international reporting in the field of
nitrogen flow in agriculture were described in detail. The report is written in Czech, and it is available in
CHML.

a
T

5.4.5 Source-specific recalculations, including changes made in response to the review
process and impact of emission trend

The calculation of nitrous emissions from the management of agricultural soils was affected by changes in
the distribution of manure in the animal waste system and decrease in the amount of nitrogewdlat
applied to soils from manure. In addition, nitrous emissions from managed soils are also affected by the
refinement of data activities the amount of nitrogen that enters the soils from plant residues and
including of nitrogen from compost among orgafertilizers and methodological update of nitrogen input

from mineralized soils (FSOM). These activity data are generated in the LULUCF sector, for which the
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F2tt26Ay3 02YYSyld 2y SadAYF{iA2Yy dzLRIGS 6iydBNBOSA ¢
- revised estimates by improved T2 method, using geographically explicit data (cadastral level, over 13 000
flryR dzyAGdavéeéd a2NB AYF2NNIGA2Y A& LINRPDBARSR Ay { S«

For nitrogen sources from plant residues, thd-rhc remove coefficient was adjed for cereals and
greenharvested corn. An estimated 10% of cereal straw is taken from the field for feed, and 10% of the
straw leaves agriculture entirely for bioenergy (to be burned). Thus, 80% of the straw of cultivated cereals
remains on the soiln the case of green maize, 60% of the grown biomass is used for silage (feeding). The
rest, i.e. 40%, is taken to BGS and returned to soils in the form of digestate. This modification was proposed
by experts from CRI where the same procedure is used fdRESTAT/OECD reporting. The
implementation of these modifications reduces the direct nitrogen oxide emissions in this subcategory by
about 8%.

The inclusion of nitrogen from compost among organic fertilizers was the next step to harmonize the input
data wih UN-ECE reporting and NIR. Data are available since 2002 (CzSO). The contribution is relatively
low: 0.0040.013 ktNO.

Changes in AWMS, validation of Nex values and adding nitrogen from composts to organic fertilizers
reduced the direct emissions 8% on average. The direct, indirect and total emissions from agricultural
soils were reduced by 6.5% on averalig 56-12).

o

o 20

2 18

% 16

=

= 14

O ~

HU:) g 12

8o ®

= 6

(@)

) 4

S

o 2

p 0
o N < (o] [ee] o N < (e} o0} o N < © (o] o
(2] (] (e} (e} (2] o o o o o - - — — — [V}
(o)} [e)} (®)] (®)] (o)} o o o o o o o
— — — — — N N N N N N N N N N N

==g==Submission 2023 Submission 2022

Fig.5-12 Decrease of nitrous emissions from managed agricultural soils, previous and current NIR submission

5.4.6 Source-specific planned improvements, including tracking of those identified in the
review process

As part of a research project financed B&CR, it was possible to unify the inputs to the national nitrogen
balance. The next step to increase the level of GHG reporting will be the preparation of regionally (NUTS
2) specific data on the consumption of organic and inorganic fertilizers and/atatli crops. The
implementation in the reporting is planned for Submission 2026 or later.
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5.5 Prescribed burning of savanna (CRF 3.E)

This activity is prohibited by the Czech Legislation (Air Protection Act) and thus prescribed burning of
savanna does naiccur in the Czech Republic

5.6 Field burning of agricultural residues (CRF 3.F)

This activity is prohibited by the Czech Legislation (Air Protection Act) and thus field burning of agricultural
residues does not occur in the Czech Republic.

5.7 Liming (CRF 3.

5.7.1 Source category description

Liming is used to reduce soil acidity and to improve plant growth in managed systems, particularly
agricultural soils and managed forests. Adding carbonates to soils in the form of lime (e.g., limestone or
dolomite) leads toCQ emissions as the carbonate lime dissolves and releases bicarbonate, which
decomposes t€CQand water. Liming on all the managed soils is reported under this category, i.e. arable
lands, grasslands and forest lands.

5.7.2 Methodological aspects

However, tle reactions associated with limestone application also led to the evolutiQ@pfwvhich must

be quantified. The activity data is derived from the official national statistics and Green Report of Forestry
(seeTah 5-59). Of the total reported limestone applied in agriculture, 95% was ascribed to agricultural
soils in cropland (5% to grassland) based on the expert judgment (Klement, Central Institute for Supervising
andTesting in Agriculture, personal communication 2005).

The Statistical Yearbook of the Czech Republic does not provide any data on the consumption of limestone
and dolomite separately. Based on ERT recommendation and lack of cgpaetrific information, e total

amount of lime applied to soils was reported as corresponding to 90% limestone and 10% dolomite from
2017.

The more accurate activity data about dolomite consumption were obtained from the Ministry of
Agriculture, Department of Agricultural ComRd G A S& 6 a NB ® . -20RlzTthdse data tadd 2 NJ H
it possible to estimate accurately the proportion of limestone and dolomite consumption-2028. The

missing data about dolomite proportion of liming was adjusted according to the information laleaila

this proportion from the last two submissions. The share of dolomite was decreased to 60% over the entire
time period.

The share of liming of forest lands in the total liming in the Czech Republic was the highest in the period
20002002, when itsvalue was over 10% and as much as 18% in 2000. In 2019, the liming of forests
equalled almost 3.9% and no liming was applied to the forest land in 2GR1559).
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Tah 5-59 Amount of limestone and dolomite applied to managed soils [1 000 tons]

Lime applied Lime applied | Total amount Amount of Amount of CQemissions
to Cropland  to Forest Land| of lime applied Limestone Dolomite from liming
and Grassland

[kt
1990 2 650 27 2677 1070 1 606 1236
1995 248 2 251 100 150 116
2000 209 47 255 102 153 113
2005 143 3 145 58 87 67
2010 135 5 140 56 84 65
2015 353 18 371 148 222 171
2016 366 13 379 152 227 175
2017 345 13 358 143 215 166
2018 340 13 354 141 212 163
2019 402 16 418 175 243 193
2020 338 16 354 112 243 165
2021 318 0 318 140 178 146

The quantification followed the Tier 1 method (Eq. 11.12, IPCC 2006), with the emission factor of 0.12 t

C/t CaC®and 0.13 t C/t CaCMg&edo converlCQ¢C emissions int€Q, the factor of 44/12 was used.
Application of agricultural limestone used to be intensive in this country, but decreased radically during

the 1990s, then increased slightly from 2010. Timsease ended in 2018, when the amount applied was

about 2% lower than in 2017 and 8% lower than in 2016. The activity data corresponds to the trend
NELR2NISR F2NJ GKS dza8S 2F FSNIAE AT SNEetal 2006 OK RSONEBI

The application of limestone to agricultural land (incl. forest) in 2021 was 318 kt. No application was
performed to forest areas. Total emissions from liming equalled 148keq. In 2021, the slow decrease
in consumption in agriculture continued.

5.7.3 Uncertainties and time -series consistency

Uncertainty estimates are based on expert judgment (AD) and the default values (EF). The uncertainty in
the activity data for estimating the emissions from liming equals 20% and the uncertainty in the emission
factor equals 50%. The combined uncertainty of emission estimates from liming equals 53.9%.

5.7.4 Source-specific QA/QC and verification

A detailed description of souregpecific QA/QC and inventory verification of agriculture is presented in
section 5.1.3.

5.7.5 Source-specific recalculations , including changes made in response to the review
process and impact of emission trend

The last review report recommended unify the share of limestone and dolomite (I€)eénAtotal lime
applied for 199Q2017. The missing data abbshare of dolomite in liming application was adjusted
according to the available information about this share from the last three submission. Dr. Klir (CRI)
proposed this solution The share of dolomite was decreased to 60% in thimealperiod. The todl
emissions from liming application increased in average by about 4% (&K} ef).) for the period 199Q

2017.
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5.7.6  Source-specific planned improvements, including tracking of those identified in the
review process

The analysis of uncertainties is in press.

5.8 Urea Application (CRF 3.H)

5.8.1 Source category description

Adding urea to soils during fertilization leads to a los€@fthat was fixed irthe industrial production
process. Urea is converted into ammonium and hydroxyl ions and bicarbonate in trenpeed water
and urea enzymes. This source category is included becaussiemoval from the atmosphere during
urea manufacturing is estimated in the Industrial Processes and Product Use Sector (IPPU Sector).

5.8.2 Methodological issues

Tier 1 and Eg. 11.1@PCC 2006) are utilized for estimati@@ emissions. Domestic production records

for urea and DAM (synthetic fertilizer, the share of urea is 32.6%) were used to obtain an approximate
estimate of the amount of urea applied to soils on an annual basis.%-60). The default emission factor

is 0.20 for carbon emissions from urea applications, which is equivalent to the carbon content of urea on
an atomic weight basigzor estimating the totaCQ-C emissions, the product of the amount of urea is
multiplied by the emission facto€Q-C emissions are converted@D by multiplying by a factor of 44/12.

Two different data sources were used for estimating: the first oas ¥he data on urea application from
the Czech Statistical Office used from 1990 to 1999. The values of urea application to agricultural land
ranged from 92 to 195 thousand tons.

From 2000, a new source of activity data was obtained and employed in\katory estimation. The
statistical production data were replaced by more accurate data, corresponding to the real consumption
2F FTSNIAEtATSNES o0& (GKS aAyAradNR 2F | INRKROdZ G dzNB =
These data available fno 2000 until 2020 were based on farmers fertilizer records and annual nutrient
intake from urea and DAM. At the beginning of the 21st century, there was an extreme decrease in urea
production and its application to farmland because of the significantictigtns on Czech production and

the transition to import policy. The extreme consumption started in 2015 and finished in 2017.

The application of urea to agricultural land in 2021 reached 239 kt. This amount confirmed the declared
general goal of the Ministry of Agriculture to reduce the consumption of mineral fertilizers in agriculture
in the Czech Republic.

Tab.5-60 Estimated consumption of urea and urea in DAM (IPPU) applied to managed soils in the Czech Republic during
reporting period (MoA, 2020) and estimated emissions [BQ eq.]

Urea consumption Urea in DAM consumptio Total consumption CQemissions
1990 148 - 148 109
1991 180 - 180 132
1992 148 - 148 109
1993 127 - 127 93
1994 124 - 124 91
1995 149 - 149 109
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Year Urea consumption Urea in DAM consumptio Total consumption CQemissions
1996 137 - 137 100
1997 92 - 92 67
1998 195 - 195 143
1999 120 - 120 88
2000 66 92 158 116
2001 107 107 214 157
2002 88 92 180 132
2003 85 79 164 120
2004 97 109 206 151
2005 103 97 200 146
2006 114 99 213 156
2007 169 100 269 197
2008 139 106 244 179
2009 118 83 202 148
2010 154 65 219 161
2011 153 129 282 207
2012 188 93 281 206
2013 174 96 270 198
2014 79 99 177 130
2015 259 106 365 268
2016 292 103 395 290
2017 222 85 307 225
2018 174 79 253 185
2019 132 72 203 149
2020 161 52 213 156
2021 182 57 239 176

5.8.2.1 Uncertainties and time -series consistency

Uncertainty estimatesire based on expert judgment (AD) and the default values (EF). The uncertainty in
the activity data for estimating the emissions from urea application equals 20%, the uncertainty in the
emission factor equals 50%. The combined uncertainty of emissionatesrirom urea application equals
53.9%.

5.8.3 Source-specific QA/QC and verification

A detailed description of sourespecific QA/QC and inventory verification of agriculture is presented in
section 5.1.3.

Consumption data was provided by the Ministry of Adtime and discussed with relevant experts. The
amount of urea applied to soils was confirmed by other entities (Institute of Agricultural Economics and
Information, Crop Research Institute).

The review process identified the inconsistency in activity data in use by crosschecking NIR input with
FAOSTAT data. The same activity data is used for reporting in other national reports (Transboundary
convention, EUROSTAT/OECD).
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5.8.4 Source-specific recal culations , including changes made in response to the review
process and impact of emission trend

No recalculation was performed in this submission.

5.8.5 Source-specific planned improvements, including tracking of those identified in the
review process

The analgis of uncertainties is in progress.

5.8.6 Source-specific planned improvements, including tracking of those identified in the
review process

The analysis of uncertainties is in progress.
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6 Land Use, Land-Use (hanges and Forestry (CRF Sector 4)

6.1 Overview of sector

The emission inventory of the Land Use, Land Use Change and Forestry (LULUCF) sector includes emissions
and removals of greenhouse gases (GHG) resulting from land useydanthange and forestry. The
inventoryisbased on the application of the 2006 IP@@delines for National Greenhouse Gas Inventories

(IPCC 2006) that are linked to the previously used methods outlined in Chapter 3 of GPG for LULUCF (IPCC
2003). The current LULUCF reporting is also guided by the 2013 Revised Supplementary Methodd and Go
Practice Guidance Arising from the Kyoto Protocol (IPCCapahd 2019 Refinement to the 2006 IPCC
Guidelines for National Greenhouse Gas Inventqitit€C 2019 hismethodological guidanci usedo

prepare the assessment and reporting of annuaraes in carbon stocls IPCC landse categoriesand
emissioncontributionfrom the Harvested Wood Products (HWP).

The current inventory of the LULUCF sector uses the recommended reporting structure. In terms of land
use representation and landse chage identification required for emission estimation for the LULUCF
land use categories, the Czech inventory employs a system of land use representation augklahdnge
identification at the level of the individual cadastral unitgsed on the data adimistered nationally by

the Czech Office for Surveying, Mapping and Cadastre (COBMGJzech LULUCF inventory remains in
the process of continuous refinement and consolidation, but it represents a solid system for providing
information on GHG emissioasid removals in the LULUCF sector.

The currenLULUCHventory include€Q emissions and removals, and emissions of-@@hgasesCH,

N2O, NGcand CO) from biomass burned in forestry and disturbances associated withdarzbnversion.

The inventoryincorporates all major LULUCF lamgk categories, namely 4.A Forest Land, 4.B Cropland,

4.C Grassland, 4.D Wetlands, 4.E Settlements and implicitly 4.F Other Land, all linked to the Czech cadastral
classification of lands. It also includes the HWP coutidn, which is reported under category 4.G
Harvested Wood Products. The emissions and/or removals of greenlyaises are reported for all the
mandatory categories.

The current submission covers the whole reporting period from the base year of 199210 Ple
currently reported estimates changedarginallyin comparison with the previously reported valugse

to minor methodological improvementgefinements in activity data and adopted emission factors
affecting emission estimates for some categories that resulted in recalculations for the entire reporting
period. Also, this inventory includes the revised global warming potential values (GWRadbptoCH
andNO as recommended by IPCC Fifth Assessment Report (AR5).

The current sectoral estimates of greenhowgaes emissions and removals are showRim6-1. For 2@1,

the most recent reported year, we repooverallemissioncontribution from the LULUCSectorfor the

fourth year in a row, i.e., 2028021.Thisis due to theexceptionally high sanitation harvest following an
unprecedenteddrought and bark-beetle outbreak experienced in the Czech forestry in the recent years
(since 2015). The data showrFigy.6-1include emissions and removals for all land use categoicluding

HWP contribution. Detailed information on the current emission estimates, implemented changes and
performed recalculations is provided below for the individual LULUCF categories.
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Fig.6-1 The currently reported estimates of emissions for the LULUCF sectorn€gativevalues correspond to net removals
of greenhouse gasesThe positive values are net emissioné greenhouse gaseseported for years 2018021, when the
emissionbalance tuned positive due tathe development in forestry sectn

6.1.1 Estimated emissions and removals

Tab.6-1 provides a summary of the LULUCF GHG estimates for the base ye2® ahtithe most recently
reported year, 2@1. They are listed by the majoULUCF categories and their sigtbegories.

Tab.6-1 GHG estimates in Sector 4 (LULUCF) and its categories in 1990 (base yearpand 20

— Emissions 1990 Emissions 201 ‘
[kt CQeq] [kt CQeq]
4 Total LULUCF -8586 8358
4.A Forest Land -7222 10 997
4.A.1 Forest Land remaining Forest Land -6 985 11583
4.A.2 Land converted to Forest Land -237 -586
4.B Cropland 116 48
4.B.1 Cropland remaining Cropland -13 -17
4.B.2 Land converted to Cropland 129 64
4.C Grassland -144 -497
4.C.1 Grassland remaining Grassland 0 -310
4.C.2 Land converted to Grassland -144 -186
4.D Wetlands 24 27
4.D.1 Wetlands remaining Wetlands (0) 0)
4.D.2 Land converted to Wetlands 24 27
4.E Settlements 319 239
4.E.1 Settlements remaining Settlements (0) (0)
4.E.2 Land converted to Settlements 319 239
4.F Other Land (0) (0)
4.G Harvested Wood Products -1680 -2 457

Note: Emissions of ne@Q gases CH andN;O) are also included.

In 2@1, the net GHG flux for the LULUCF sector, estimated as the sum of emissions and removals, equaled
8 358kt CQ eq. This represents a net source of GHG gases, fdotiréh time in a rowreported for the

LULUCEF sector in the country. In relation to the estimated emissions in other sectors in the country for the
inventory year 2@1, these emissions generated from th&)LUCF sector represent a contributior® @

on the total GHG emissions in the country. i@spondingly, for the base year of 1990, the total emissions

and removals in the LULUCF sector equatdsB6 ktCQ eq. In relation to the emissions generated in all

the other sectors, the inclusion of the LULUCF estimate reduces the total emissibB&dfpr the base
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year of 1990. It is important to note that the emissions within the LULUCF sector exhibit higanntex
variability Fig.6-1) and the values shown ifab.6-1 should be interpreted with care.

The aggregated ensi®ns estimates reported for the major LULUCF categories (i.e., by land use and HPW
contribution) are showimTab.6-2. The entire data series can be found in the correspagpRF Tables.

Tab.6-2 Estimated emissionand removalsfor the major landuse categories and HWP contribution for the entire reporting
period 1990 to 2@1 by 5years and annually since 2020. |E for 4.F Otlaed ¢ included within 4.E Settlements.

4.A 4.B 4.C 4.D 4.F .
Sector | Forestland| Cropland Grassland | Wetlands Settlements Other land HWP

[kt CQeq.]
1990 -7222 -144 24 319 -1680 -8586
1995 -9010 153 -302 12 295 IE -827 -9677
2000 -8010 133 -365 38 306 IE -1271 -9168
2005 -6879 98 -362 25 293 IE -1434 -8258
2010 -5544 109 -354 41 213 IE -1620 -7155
2015 -6325 83 -426 27 154 IE -478 -6964
2020 14240 49 477 36 212 IE -2792 11268
2021 10997 48 -497 27 239 IE -2457 8358

Tab.6-3 Key categories of the LULUCF sector®0

atego a A A A A2 % of tota S
4.A.1 Forest Land remaining Forest Lanc CQ LA, TA LA TA Yes Yes 9.19
4.A.2 Land convertetb Forest Land CQ LA Yes -0.47
4.C2 Land converted t@rassand CQO LA Yes -0.15
4 E2 Land converted t@ettlements CQ LA Yes -0.46
4.G Harvested wood products CQ LA TA LA TA Yes Yes -1.94

KC: key category
1 including LULUCF

Within the LULUCF sector, five categonesre identified as key categories according to the IPCC 2006 for
2021. The most important ig¢.A.1 Forest Land remaining Forest Land with a daution of 9.1%6, which

is the major LULUCF category identified by bothl¢hvel and trend assessmeriigh.6-3). The emissions

in this category are mostly determined by changes in living biomass carbon stock (see more im Sectio
6.4.6).0ther three categories relate to land use conversions involving Forest land, with a contribution of
under 0.5 % eachlhefifth key categoryis 4.G Harvested wood produdtsat represent an offset of
CQ.close to 2 % of the total GHG in the cayniTab.6-3 listsall key categories evaluated based on the
approach 1 (KC Al) and approach 2 (KC A2) specified in IPCC 2006 Guidelines (IPCC 2006).

6.1.2 Cowverage of pools and methodological tiers

The current inventory submission of the LULUCF sector includes all the mandatory categories and carbon
pools(Tab.6-4), as wellas emissions related to HWP. The specific information related to methodological
tiers and pools included in the category estimates is provided under the individual chapters by the IPCC
land use categories (Chapters 6.4 to 6.9) and the category of HWRbcwioin (Chapter 6.10).

Tab.6-4 Carbon pools in LULUCF and in their finer resolution under the former KP LULUCF reporting

aroon poo aroon poo De 0
epo 0 P b o
Livingbiomass Aboveground biomass All biomass above stump heightglof tree height)
Belowground biomass All biomass below stump height%dof tree height)
Dead organic matter Deadwood Standing deadwood, dead stumps, roots and logs (min. 7 cm diam
Litter Needles, leaves and branches up to a diameter of 7 cm
Soils Soil organic matter Mineral soils up to 30 cm depth and organic soils
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6.2 Information on approaches used for representing land areas and on land -
use databases used for the inventory preparation

The reporting format requires the estimation of GHG emissions into the atmosphere by sources and sinks
for six landuse categories and, since ragiog year 2013, also for the lanthspecific category of
Harvested wood products (4.G). The largk categories are Forest Land, Cropland, Grassland, Wetlands,
Settlements and Other Land. Each of these categories is divided into lands remaining ietheatggory

during the inventory year, and lands that are newly converted into the category from a different one.
Accordingly, IPCC 2006 Gl. (IPCC 2006) outline the appropriate methodologies for estimation-of green
house gas emissions.

Consistent represeation of land areas and identification of lande changes constitute the key steps in

the inventory of the LULUCF sector in accordance with the IPCC 2006 GI. (IPCC 2006). The adopted system
of land-use representation and lardse change identification wasnstructed gradually. Since the 2008

NIR submission, this has been exclusively based on the cadastral land use information of the Czech Office
for Surveying, Mapping and Cadastre (COSMC; www.cuzk.cz). The Czede |putesentation and the
land-use clange identification system use annually updated COSMC data, elaborated at the level of about
13 thousand individual cadastral units. The system was constructed in several steps, including 1) source
data assembly 2) linking langse definitions 3) identifation of landuse change 4) complementing time
series. These steps are described below. The result is a system of consistent representation of land areas
having the attributes of both Approach 2 and Approach 3 (IPCC 2006), permitting accounting fak all lan
use transitions in the annual time step. The individual steps are described below.

6.2.1 Source data compilation

The methodology requirements and principles associated with the approaches recommended by the IPCC
2006 Gl. (IPCC 2006)) imply that, for thported period of 1990 to 22D, the required land use should be

available for the period starting from 1969. Information on land use was obtained from the Czech Office
F2N) { dzZNBSeAy3Is alLIWAYy3I FyR /FRIFIHaAGNB oO/te@reas ofz G KA
OFRIF&AGNIE flFYyR OFGSI2NRASE&E 611/ [/ 0P ¢idudlcddastta] / R i
units (19922020 and individual districts (since 1969). There are ovedABcadastral units, the number

of which varies due to separafi or division for various administrative reasons. In the period from 1992

to 2020, the total number of cadastral units varied between(2Z¥ and 1391.

To identify the administrative separation and division of cadastral units within a given year, two
approaches were employed®efore2004, the cadastral units were crosschecked by comparing the areas
in subsequent years using a threshold of Hred€tare difference. Starting in 2004, the explicit change of
land use was quantified within and for each yeaedily by the data provider, i.e., COSMC, at the request
of the inventory team. The latter approach does not require reconciliation of individual cadastral units
between the consecutive years, as it adopts the addressed land use change information evaitabl
national database of COSMC.

To obtain information on landse and laneuse changes prior to 1993, a complementary data set from
COSMC at the level of 76 district units was prepared. It covered the period since 1969 and was required
for applicationof the IPCC default transition time period of 20 years for carbon stock change in soils. The
spatial coverage of cadastral and district units is also showigirs2.

6.2.2 Linking land -use definitions

The analysis of land use and lamske change isbased dnK S RF GF FNRY GKS &! 33aNB3

A =2 4 A -

flryR OFGSI2NAS&ae o611/ [/ 0 OSyaNrfte O2fftSOGSR I
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265/1992 Coll., on Registration of proprietary and other material rights to real estate, and Act No.
344/1992 ©ll., on the real estate cadastre of the Czech Republic (the Cadastral Act), both as amended by
later regulations. AACLC distinguishes ten land categories, six of them belonging to land utilized in
agriculture (arable land, hefields, vineyards, gardensychards, grassland) and four under other use
(forest land, water surfaces, builip areas and courtyards, and other land). For the explicitly addressed
within-year land use change identification, two additional specific Jasel subcategories were
distinguished, namely other land waterlogged soil and other langlunfertile land. The AACLC land use
categories and subategories of the COSMC database were linked so as to most closely match the default
definitions of the six major landse categories (Forekand, Cropland, Grassland, Wetlands, Settlements
and Other Land) as given by the 2006 Guidelines for National Greenhouse Gas Inventories (IPCC 2006). The
country-specific definition content of the IPCC land use categories is summarizal.G5 and it can also

be found in the respective Chapters 6.4 to 6.9 devoted to each of the majousandategories.

Fig. 6-2 Cadastral units (grey lines; n = 13 076 in 20 and districts (black lines; n=79), the basis of the Czech land use
representation and land use change identification system
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