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ES1 Vykazovani bilanci emisi a propadii sklenikovych plynii
v Ceské republice

Jako?to jedna ze stran Ramcové Umluvy OSN o zméné klimatu ma Ceskd republika povinnost pfipravovat
a pravidelné aktualizovat narodni inventarizace vykazovani emisi a propad( sklenikovych plynG. Kromé
toho z €lenstvi v Evropské Unii plynou pro Ceskou republiku dal$i poZzadavky, napf. plnéni povinnosti
specifikovanych v ¢lanku 7 Natizeni EU ¢. 525/2013. Tato verze narodni inventarizacni zpravy prezentuje
urovné emisi sklenikovych plynl pro ¢asovou fadu 1990 az 2018 s dirazem na posledni vykazovany rok,
tedy 2018. VSechny dfive provedené zmény ve vykazovani jsou i nadale soucasti tohoto dokumentu.

Inventarizace emisi a propadud sklenikovych plynl byla pfipravena v souladu s metodickymi pokyny
Mezivladniho panelu pro zménu klimatu: IPCC 2006 Guidelines. Konkrétni vyuziti této metodiky a vyuZiti
uzemné specifickych postupll je popsano v jednotlivych kapitolach nize. V pfipadé, Ze dojde ke zpresnéni
metodickych postupl, vyvstava v fadé pripadl potreba prepocitat vykazané emise v celé casové fadé. Tim
se udrZuje konzistentni pfistup k vykazovani emisi.

Narodni inventariza¢ni zprava je pfipravena podle pozadavk(i metodického pokynu Rdmcové Umluvy OSN
0 zméné klimatu. Nicméné staty Dodatku | Umluvy, které jsou souc¢asné smluvnimi stranami Kjétského
protokolu, maji také povinnost vykazovat dalsi informace specifikované ¢lankem 7.1 Kjotského Protokolu.
Pravidla o vykazovéni téchto informaci jsou uvedena v Rozhodnuti 15/CMP.1. Informace vztazené k
pozadavkim Kjotského Protokolu jsou uvedeny v ¢asti 2 tohoto reportu.

Obé casti Narodni inventarizacni zpravy spolecné s oficialnimi tabulkami pro reporting (CRF — Common
Reporting Format) jsou kazdoro¢né odesilany k 15. bfeznu Evropské Komisi a k 15. dubnu sekretariatu
Ramcové Umluvy OSN o zméné klimatu.

Executive Summary 8
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ES2  Background information on greenhouse gas (GHG)
inventories and climate change

As a Party to the United Nations Framework Convention on Climate 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 following from the Regulation (EU) No 525/2013 of the European
Parliament and of the Council of 21 may 2013. This edition of National Inventory Report (NIR) deals with
national greenhouse gas inventories for the period 1990 to 2018 with specific accent on the latest year
2018 while keeping track of already performed/planned changes according to the previous versions.

Inventories of emissions and removals of greenhouse gases were prepared in accord with the IPCC
methodology: IPCC 2006 Guidelines. Application of this general methodology on country specific
circumstances is described in category-specific 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 presented this year can be changed in the next submission.

The National Inventory Report is elaborated in accordance with the UNFCCC reporting guidelines (UNFCCC,
2013). However, Annex | Parties that are also Parties to the Kyoto Protocol are also required to report
supplementary information required under Article 7.1 of the Kyoto Protocol that is specified by Decision
15/CPM.1. The information related to KP LULUCF is provided in Part 2 of this report.

The both parts of the National Inventory Report, together with the data output - Common Reporting
Format (CRF) Tables, are submitted annually by 15™ March to European Commission and by 15™ April to
UNFCCC.

The structure of this report follows new methodical handbook published by the Secretariat “Revision of
the UNFCCC reporting guidelines on annual inventories for Parties included in Annex | to the Convention”
(UNFCCC, 2013).

Executive Summary 9
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ES3  Summary of national emission and removal related
trends

ES3.1 GHG inventory

In 2018, the most important GHG in the Czech Republic was CO; contributing 82.7% to total national GHG
emissions and removals expressed in CO; eq., followed by CH; 9.9% and N,0 4.6%. PFCs, HFCs, SFs and NF;
contributed for 2.9% to the overall GHG emissions in the country.

Tab. ES 1 provides data on GHG emissions in comparison of overall trend from 1990 to 2018. For overview
of GHG emissions and removals by categories please see chapter ES 3.

Tab. ES 1 GHG emission/removal overall trends

Base year 2018 Base year trend
[kt CO; eq.]

CO; emissions without net CO, from LULUCF 164 204.21 104411.21 83.27 81.92 -36.41
CO; emissions with net CO, from LULUCF 158433.39 110164.42 82.73 82.68 -30.47
CH, emissions without CH,; from LULUCF 23 527.89 13 154.94 11.93 10.32 -44.09
CH, emissions with CH4 from LULUCF 23 572.04 13177.84 12.31 9.89 -44.10
N,O emissions without N,O from LULUCF 9386.21 6072.34 4.76 4.76 -35.31
N>O emissions with N,O from LULUCF 9426.24 6 090.38 4.92 457 -35.39
F-gases 84.24 3811.10 0.04 2.86

Total (without LULUCF) 197 202.55 127 449.60 -35.37
Total (with LULUCF) 191515.91 133 243.75 -30.43
Total (without LULUCF, with indirect) 199 067.16 128 139.42 -35.63
Total (with LULUCF, with indirect) 193 380.53 133 933.57 -30.74

Over the period 1990 - 2018 CO; emissions and removals decreased by 30.47%, CHs emissions decreased
by 44.1% during the same period mainly due to lower emissions from 1 Energy, 3 Agriculture and 5 Waste;
N,O emissions decreased by 35.39% over the same period due to emission reduction in 3 Agriculture and
despite increase from the 1.A.3 Transport category. Emissions of HFCs and PFCs increased by orders of
magnitude, whereas SFs emissions kept steady trend over the whole period.
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ES4.1 GHG inventory

Tab. ES 2 Overview of GHG emission/removal trends by CRF categories

2018 2018 2018
kt CO: Total Sectoral
eq. share share
1. Energy 161316.31 96875.70 72.71 100.00 -39.95
A. Fuel combustion (sectoral approach) 149454.80 93553.78 70.21 96.57 -37.40
1. Energy industries 56855.14 51071.61 38.33 52.72 -10.17
2. Manufacturing industries and construction 47113.14 9958.91 7.47 10.28 -78.86
3. Transport 11484.85 19055.34 14.30 19.67 65.92
4. Other sectors 33807.41 13145.64 9.87 13.57 -61.12
5. Other 194.26 322.28 0.24 0.33 65.90
B. Fugitive emissions from fuels 11861.51 3321.92 2.49 3.43 -71.99
1. Solid fuels 10779.39 2713.91 2.04 2.80 -74.82
2. Oil and natural gas and other emissions from energy production 1082.12 608.01 0.46 0.63 -43.81
C. CO; transport and storage NO NO NA NA 0.00
2. Industrial Processes 17113.01 16262.90 12.21 100.00 -4.97
A. Mineral industry 4082.45 3077.63 231 18.92 -24.61
B. Chemical industry 2944.23 2047.56 1.54 12.59 -30.46
C. Metal industry 9670.32 6948.64 5.21 42.73 -28.14
D. Non-energy products from fuels and solvent use 125.56 154.48 0.12 0.95 23.03
E. Electronic industry NO,NE 6.64 0.00 0.04 100.00
F. Product uses as ODS substitutes NO 3736.79 2.80 22.98 100.00
G. Other product manufacture and use 290.46 291.13 0.22 1.79 0.23
H. Other NO 0.04 NA NA 100.00
3. Agriculture 15648.71 8606.50 6.46 100.00 -45.00
A. Enteric fermentation 5600.62 3039.43 2.28 35.32 -45.73
B. Manure management 3124.70 1050.44 0.79 12.21 -66.38
C. Rice cultivation NO NO NA NO 0.00
D. Agricultural soils 5627.23 4229.33 3.17 49.14 -24.84
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 1187.63 161.37 0.12 1.87 -86.41
H. Urea application 108.53 125.92 0.09 1.46 16.03
I. Other carbon-containing fertilizers NO NO NA NA 0.00
J. Other NO NO NA NA 0.00
4. Land use, land-use change and forestry -5686.64 5794.15 4.35 100.00 -201.89
A. Forest land -4373.15 7320.36 5.49 126.34 -267.39
B. Cropland 214.82 99.56 0.07 1.72 -53.65
C. Grassland -110.23 -282.26 -0.21 -4.87 156.05
D. Wetlands 21.73 20.36 0.02 0.35 -6.34
E. Settlements 271.17 124.07 0.09 2.14 -54.25
F. Other land NO,NA NO,NA NA NO 0.00
G. Harvested wood products -1712.98 -1488.47 -1.12 -25.69 -13.11
H. Other NO NO NA NA 0.00
5. Waste 3124.51 5704.49 4.28 100.00 82.57
A. Solid waste disposal 1979.27 3742.72 2.81 65.61 89.10
B. Biological treatment of solid waste NE,IE 721.07 0.54 12.64 100.00
C. Incineration and open burning of waste 21.25 141.03 0.11 2.47 563.53
D. Waste water treatment and discharge 1123.99 1099.67 0.83 19.28 -2.16
E. Other NO NO NA NA 0.00

Total CO; equivalent emissions without land use, land-use change and
forestry
Total CO; equivalent emissions with land use, land-use change and forestry =~ 191515.91  133243.75

197202.55 127449.60

Total CO; equivalent emissions, including indirect CO;, without land use,
land-use change and forestry

Total CO; equivalent emissions, including indirect CO;, with land use, land-
use change and forestry

199067.16 128139.42

193380.53 133933.57
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In 2018, 96 875.70 kt CO; eq., that are 72.71% of national total emissions (including 4 Land Use, Land-Use
Change and Forestry) arose from 1 Energy; 96.57% of these emissions arise from fuel combustion activities.
The most important sub-category of 1 Energy with 52.72% of total sectoral emissions in 2018 is
1.A.1 Energy Industries, 1.A.2 Manufacturing Industries and Construction responses for 10.28% and
1.A.3 Transport for 19.67% of total sectoral emissions. From 1990 to 2018 emissions from 1 Energy
decreased by 39.95%.

2 Industrial Processes is the second largest category with 12.21% of total GHG emissions (including 4 Land
Use, Land-Use Change and Forestry) in 2018 (16 262.9 kt CO; eq.); the largest sub-category is 2.C Metal
Production with 42.73% of sectoral share. From 1990 to 2018 emissions from 2 Industrial Processes
decreased by 4.97%.

3 Agriculture is the third largest category in the Czech Republic with 6.46% share of total GHG emissions
(including 4 Land Use, Land-Use Change and Forestry) in 2018 (8 606.5 kt CO; eq.); 49.14% of these
emissions arose from 3.D Agricultural Soils. From 1990 to 2018 emissions from 3 Agriculture decreased by
45%.

4 Land Use, Land-Use Change and Forestry is contributing with 4.35% to the total GHG emissions (5 794.15
kt CO; eq.). Subcategory 4.A. Forest Land contributes to these emissions by more than 100%; the total
emissions are lowered thanks to the removal in 4.G Harwested Wood Products.

4.28% of the national total GHG emissions (including 4 Land Use, Land-Use Change and Forestry) in 2018
arose from 5 Waste. 65.6% share of GHG emissions arose from 5.A Solid waste disposal. Emissions from
5 Waste increased from 1990 to 2018 by 82.57% to 5 704.49 kt CO; eq.
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ES4.2  KP-LULUCF activities

Emission and removals estimates of GHGs for the KP LULUCF activities and HWP contribution for the years
2013-2018 are presented in Tab. ES 3 to Tab. ES 5.

Tab. ES 3 Overview of KP-LULUCF article 3.3 activities

A. Article 3.3 activities 2014 2015 2016 2017

Al Afforestation and

Reforestation

CO; emissions/removals Gg -499.36 -533.38 -548.41 -554.34 -565.38 -538.58
CHa Gg NO NO NO NO NO NO
N,O Gg NO NO NO NO NO NO
Net €O equivalent  Gg €Oz 9936 53338 54841  -554.34 -565.38 -538.58
emissions/removals eq.

A.2. Deforestation

CO, emissions/removals Gg 253.69 250.89 197.32 238.13 264.42 150.89
CHa Gg NO NO NO NO NO NO
N,O Gg 0.00 0.00 0.00 0.00 0.00 0.00
Net €O equivalent  Gg  CO; 254.05 25120  197.61  238.40 264.66 151.06
emissions/removals eq.

*0.00 represents non-zero value lower than 0.005

Tab. ES 4 Overview of KP-LULUCF article 3.4 activities

B. Article 3.4 activities

B.1. Forest Management

CO; emissions/removals Gg 6333.86 623581 531182 423047  -1882.07 _ 6306.17
CHa Gg 1.00 1.16 127 0.47 0.55 0.95
N:0 Gg 0.06 0.06 0.07 0.03 0.03 0.05
Net o2 equivalent Ge €02 gr9256  -6187.48  -5259.28  -4219.91 185934  6345.74
emissions/removals eq.

Tab. ES 5 Overview of KP-LULUCF estimates of HWP contribution

Harvested Wood Products

HWP contribution

CO, emissions/removals Gg -126.90 -96.16 -490.14 -940.84 -1060.46 -1488.47
CH4 Gg NO NO NO NO NO NO
\P1) Gg NO NO NO NO NO NO
Net CO, equivalent Gg CO; -126.90 -96.16 -490.14 -904.84 -940.83 -1488.47
emissions/removals eq.
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ES5 Other information

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

Emission estimates of indirect GHGs and SO; for the period from 1990 to 2018 are presented in Tab. ES 6.

Tab. ES 6 Indirect GHGs and SO, for 1990 to 2018 [kt]

NOx (o) NMVOC SOx NHs
1990 728.74 2094.52 536.63 1754.55 10.96
1991 693.31 1986.83 481.15 1650.35 10.30
1992 652.39 1961.13 460.72 1381.94 9.73
1993 530.94 1749.93 432.72 1302.88 9.22
1994 438.09 1679.48 417.62 1159.41 8.91
1995 371.10 1612.73 381.86 1058.96 5.99
1996 352.17 1677.10 382.13 914.43 4.46
1997 323.71 1538.12 362.39 694.44 4.88
1998 305.30 1308.14 333.44 425.34 4.79
1999 280.61 1164.13 313.18 231.92 4.85
2000 280.75 1109.73 303.97 233.00 4.82
2001 284.14 1092.26 294.57 228.71 4.82
2002 276.49 1049.12 280.64 223.40 4.95
2003 277.81 1075.04 275.98 218.38 5.14
2004 277.99 1054.30 266.17 215.09 5.03
2005 272.69 966.26 255.96 208.43 5.22
2006 268.08 981.80 257.26 206.72 5.35
2007 266.43 998.13 250.80 212.02 5.71
2008 250.19 934.49 246.50 170.06 6.02
2009 236.17 949.06 247.26 168.72 6.09
2010 230.50 974.98 244.72 163.83 6.12
2011 217.29 916.50 233.43 167.56 6.18
2012 205.27 904.29 227.73 160.16 6.29
2013 190.24 902.86 224.52 145.21 6.34
2014 185.88 877.09 218.67 134.45 6.40
2015 179.61 864.71 216.82 129.33 6.48
2016 170.90 846.11 212.62 115.10 6.66
2017 167.66 846.81 212.91 109.92 6.69
2018 161.45 851.39 210.55 96.51 6.98
Trend % -77.84 -59.35 -60.76 -94.50 -36.26
NEC 286 - 220 265 101

INEC - National Emission Ceilings according to Directive 2001/81/EC of the European Parliament and of the Council of 23 October
2001

Emissions of indirect greenhouse gases decreased from the period from 1990 to 2018: for NOx by 77.84%,
for CO by 59.35%, for NMVOC by 60.76% and for SO, by 94.50%. The most important emission source for
indirect greenhouse gases and SO; are fuel combustion activities, for details see chapter 9 in Part1: Annual
inventory report.
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Part 1: Annual inventory submission

Part 1: Annual inventory submission 17



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

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, but in recent history the concentrations of a number of them are increasing as a result of
human activity. Over the past century, the atmospheric concentrations of carbon dioxide (CO;), methane
(CH4), nitrous oxide (N,O) 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 the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC, 2014), the atmospheric concentrations of CO, have increased by 40%, primarily
from fossil fuels emissions and secondarily from net land use change emissions. CHs concentrations
increased by 150% and N,O concentrations have risen by 20%, compared with the pre-industrial era.
Ground-level ozone also contributes to the greenhouse effect. The amount of ozone formed in the lower
atmosphere has increased as a result of emissions of nitrogen oxides, hydrocarbons and carbon monoxide.

Relatively new, man-made greenhouse gases that are entering the atmosphere cause further
intensification of the greenhouse effect. These include, in particular, a number of substances containing
fluorine (F-gases), among them HFCs (hydrofluorocarbons). HFCs are used instead of ozone-layer-
depleting CFCs (freons) in refrigerators and other applications, and their emissions are on rapid increase.
Compared with carbon dioxide, all the other greenhouse gases occur at low (CH4, N,O) or very low
concentrations (F-gases). On the other hand, these substances are more effective (per molecule) as
greenhouse gases than carbon dioxide, which is the main greenhouse gas.

The threat of climate change is considered to be one of the most serious environmental problems faced
by humankind. The globally averaged land and ocean surface temperature has risen by about 0.85 °C in
the period 1880 to 2012 according to the IPCC 5AR. The increase of 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 rainfall, 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 influence the climate 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. The Intergovernmental Panel on Climate Change (IPCC) 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. The United Nations started
negotiations to create a UN Framework Convention on Climate Change (UNFCCC), which came into force
in 1994. The long-term 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 into force, the
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. The Kyoto Protocol
established binding obligations for the Annex | countries (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 5% lower during 2008-2012 compared to the base year of 1990 (for fluorinated greenhouse gases,
1995 can be used as a base year). In 2001 the Czech Republic ratified the Kyoto Protocol and it came into
force on February 16, 2005, even though it has not been ratified by the United States.

Under the Kyoto Protocol, the Czech Republic is committed to decrease its emissions of greenhouse gases
in the first commitment period, i.e. from 2008 to 2012, by 8% compared to the base year of 1990 (the base
year for F-gases is 1995). During the second commitment period (CP2) of Kyoto Protocol, the EU, its
member states and Iceland should reduce average annual emissions during 2013 - 2020 by 20% compared
to base year.

1.1.2 Greenhouse gas inventories

Annual monitoring of greenhouse gas emissions and removals is one of the obligations following from the
UN Framework Convention on Climate Change and its Kyoto Protocol. 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 following from Regulation (EU) No 525/2013 of the European
Parliament and of the Council of 21 May 2013 on a mechanism for monitoring and reporting greenhouse
gas emissions and for reporting other information at national and Union level relevant to climate change
and repealing Decision No 280/2004/EC. This Decision also requires establishing a National Inventory
System (NIS) pursuant to the Kyoto Protocol (Art. 5.1) from December 2005.

The Czech Hydrometeorological Institute (CHMI) was appointed in 1995 by the Ministry of Environment
(MoE), which is the founder and supervisor of CHMI, to be the institution responsible for compiling GHG
inventories. 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 GHG inventory.

The inventory covers anthropogenic emissions of direct greenhouse gases CO,, CHs, N,O, HFC, PFC, SF,
NF3 and indirect greenhouse gases NOx, CO, NMVOC and SO,. Indirect means that they do not contribute
directly to the greenhouse effect, but that their presence in the atmosphere may influence the climate in
various ways. As mentioned above, ozone (0s) is also a greenhouse gas that is formed by the chemical
reactions of its precursors: nitrogen oxides, hydrocarbons and/or carbon monoxide.

The obligations of the Kyoto Protocol have led to an increased need for international super vision of the
emissions reported by the parties. The Kyoto Protocol therefore contains rules for how emissions should
be estimated, reported and reviewed. Emissions of the direct greenhouse gases CO,, N,O, CH4, HFCs, PFCs,
SFe and NF; are calculated as CO; equivalents and added together to produce a total. Together with the
direct greenhouse gases, also the emissions of NOx, CO, NMVOC and SO; are reported to UNFCCC. These
gases are not included in the obligations of the Kyoto Protocol. The emission estimates and removals are
reported by gas and by source category and refer to 2014. Full time series of emissions and removals from
1990 to 2014 are included in the submission.

Inventories of emissions and removals of greenhouse gases were prepared according to the IPCC
methodology: 2006 Guidelines for National Greenhouse Gas Inventories (IPCC, 2006); application of this
general methodology under country-specific circumstances will be described in the sector-specific
chapters. Since this submission the inventory was prepared using new updated methodology. Ale changes
were conducted in the whole time-series. 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
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.
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The 19. Conference of Parties agreed on Decision 24/CP.19 “Revision of the UNFCCC reporting guidelines
on annual inventories for Parties included in Annex | to the Convention”, which establishing reporting
requirements. This report attempts to follow this methodical handbook.

The current data submission (2020) for the EU contains all the data sets for 1990 - 2018 in the form of the
official UNFCCC software called CRF Reporter. Since submission reported in 2015 the CRF Reporter was
updated based on the new methodology in scope of different categorization and QWPs. The current
version of CRF Reporter is web-based software. Current version of CRF Reporter is adding digits after
decimal point during importing of tables, as well as it doesn’t show appropriate notation keys in sum
categories. The Party would like to note, that all subcategories are filled up with data, or appropriate
notation keys.

1.2 A description of the national inventory arrangements

1.2.1 Institutional, legal and procedural arrangements

The National Inventory System (NIS), as required by the Kyoto Protocol (Article 5.1) and by Regulation
No. 525/2013/EC, has been in place since 2005. As approved by the Ministry of Environment (MoE), which
is the single national entity with overall responsibility, the founder of CHMI and its superior institution.

The Czech Hydrometeorological Institute (CHMI), under the supervision of the Ministry 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 in inventory management,
general and cross-cutting issues, QA/QC, communication with the relevant UNFCCC and EU bodies, etc.
Mrs. Eva Krtkova is the responsible person at CHMI.

Sectoral inventories are prepared by sectoral experts from sector-solving institutions, which are
coordinated and controlled by CHMI:

e KONEKO marketing Ltd. (KONEKO), Prague, is responsible for compilation of the inventory in
sector 1. Energy, for stationary sources including fugitive emissions

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

e (Czech Hydrometeorological Institute (CHMI), Prague, is responsible for compilation of the
inventory in sector 2. Industrial Processes and Product Use

e |Institute of Forest Ecosystem Research Ltd. (IFER), Jilove u Prahy, is responsible for compilation
of the inventory in sectors 3. Agriculture and 4. Land Use, Land Use Change and Forestry

e Crop Research Institute (CRI), Prague, is responsible for compilation of the inventory in sector
3. Agriculture

e Global Change Research Institute of the Czech Academy of Sciences (GCRI), Brno, is responsible
for compilation of the inventory in sector 4. Land Use, Land Use Change and Forestry

e (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 by the Ministry of
Environment. Moreover, the MoE secures contacts with other relevant governmental bodies, such as the
Czech Statistical Office, the Ministry of Industry and Trade and the Ministry of Agriculture. In addition, the
MoE provides financial resources for the NIS performance to the CHMI, which annually concludes contracts
with sector-solving institutions. In 2019 the national inventory system was enhanced by increased fundign
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and inclusion of another two organisations, which are newly officially part of the NIS and are supporting
the inventory in sectors 3. Agriculture (CRI) and 4. LULUCF (GCRI).

-

MoE
I I National Invei

v SVSiem

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

Mobile Combustion R
Crop reseach institute
Transport research centre
“

i Energy Agriculture
stitute of forest ecosystem research

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

Industrial Processes
and Product Use
CHMI

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 and management

UNFCCC, the Kyoto Protocol and the EU greenhouse gas monitoring mechanism require the Czech Republic
to annually submit a National Inventory Report (NIR) and Common Reporting Format (CRF) tables. The
annual submission contains emission estimates for the second but last year, so the 2020 submission
contains estimates for the calendar year of 2018. The organisation of the preparation and reporting of the
Czech greenhouse gas inventory and the duties of its institutions are detailed in the previous section
(1.2.2).

The preparation of the inventory includes the following three stages:
e inventory planning

e inventory preparation
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e inventory management.

During the first stage, specific responsibilities are defined and allocated: as mentioned before, CHMI
coordinates the national GHG inventory, including the planning period. Within the inventory system,
specific responsibilities, “sector-solving institutions”, are defined for the different source categories, as
well 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 sector-solving 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 approves the methodological choice. Sector-solving
institutions are also responsible for performing Quality Control (QC) activities that are incorporated in the
QA/QC plan, (see Chapter 1.2.3). All data collected, together with emission estimates, are archived (see
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, are performed before 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 increase rapidly 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 documentation on QA/QC activities (see Chapter 1.2.3).

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 system (NIS) is to produce high-quality 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 and removals and the
inventory submissions (i.e. outputs, products) comply with the requirements, principles and elements
rising from the UNFCCC, Kyoto Protocol, IPCC guidelines and EU GHG monitoring mechanism (Decision of
the European Parliament and of the Council no. 525/2013/EC).Annex A5. 4 provides 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 Inventory team in order to discuss the similar difficulties
that the both teams are facing while processing their GHG inventories. During the years several general
issues were cross-checked, for instance improving the cooperation in the field of QA/QC within the teams.
Each year specific sectoral issues are presented and common approach is find to solce them. Since 2017
guatrolateral meetings also with national inventory teams from Hungary and Poland are organised. In 2018
the meeting was focused mainly on Waste issues and was held in Prague.
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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 sector-solving institutions. NIS coordinator cooperates with the archive
administrator on implementation and documentation of all the QA/QC procedures.

The Czech NIS team, which consists of involved experts from CHMI and experts from sector-solving
institutions, cooperates in addressing QA/QC issues and in development and improvement of QA/QC plan.
QA/QC issues are discussed regularly (about 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 regularly checked (at least 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 approves the QA/QC plan prepared by CHMI in cooperation with sector-solving
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 national inventory 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, the development of the inventory quality management system has followed the principles
and requirements of the ISO 9001:2015 standard.

The CHMI I1SO 9001:2015 working manual encompasses NIS segment, which is obligatory for relevant
experts from CHMI and recommended also for experts from sector-solving institutions. NIS segment is
developed in the form of flow-charts (diagrams) and consists of three sub-segments: (i) Planning and
management of GHG inventories (ii) Preparation of sectoral inventory (iii) Compilation of data and text
outputs.

In this way the NIS segment defines the rules for cooperation between CHMI as coordinating institution
and the experts from sector-solving institutions. It involves the phase of inventory planning (including
QA/QC procedures) and 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 sector-solving 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/QC
guarantor of “General and crosscutting issues”

Ms. Eva Krtkova NIS coordinator, inventory compiler and archive administrator

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: planning, preparation, evaluation and improvement (Fig. 1).
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.
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A clear set of documents 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

saiclibpassessmant edefining and allocating specific

emeetings and discussion on the rashonibilitioe
effectiveness of the inventory R dcfterminin necessar
system e ¥

. . processes and resources
esuggestions for improvements for

% selaboration of C plan
different step of the process oa/acp
Continuous
Improvement
3. Inventory Evaluation 2. Inventory Preparation
eimplementing QA activities scollecting activity data, EF
eexpert peer reviews eselecting methods
sverification edata processing and storage
sinternational expert review einternal QC procedures
November- "~ e August -
February Tt Do bes
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), which 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. In order to improve 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 sector.

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 statistical 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 external co-operators of CHMI — the Institute of
Chemical Technology. Sector specific information concerning the data acquisition including the contact
persons are given below, in the chapter ”Sectoral specifications of QA/QC plan”.

The deadline for all data acquisition is 15 November. 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

Part 1: Annual inventory submission 24



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

output for EU, which is submitted by 15 January and must 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 15 April (which is also resubmitted to EU).

1.2.3.4 Inventory principles - the framework for quality

The starting point for accomplishing a high-quality 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, consistency, 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 Quality 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 reporting 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 objectives is to
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 for the 2018 inventory submissions are the
following:

1) Continuous improvement
e Treatment of review feedback is systematic
e Improvements promised in the National Inventory Report (NIR) are introduced

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

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

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

3) Consistency
e The time series are consistent
e Data have been used in a consistent manner in the inventory.
4) Comparability
e The methodologies and formats used in the inventory meet comparability requirements.
5) Completeness
e The inventory covers all the emission sources, sinks and gases
6) Accuracy
e The estimates are systematically neither greater nor less than the actual emissions or removals

e The calculation is correct
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e Inventory uncertainties are estimated.
7) Timeliness

e High-quality inventory reports reach their recipient (EU/UNFCCC) within the set time.

The quality objectives and the 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 confidence in the Czech national system's
capability and implementation to perform and deliver high-quality inventories. The QA/QC plan is updated
annually.

1.2.3.6 Quality control procedures

The QC procedures, which aim at attainment of the quality objectives, are performed 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 (IPCC 2006 Guidelines, Table 6.1) include 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, category-specific QC checks
including technical reviews of the source categories, activity data, emission factors and methods are
applied on a case-by-case basis focusing on key categories and on categories where significant
methodological and data revisions have taken place.

Once 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 calculation and archived in the expert organisations
and at the CHMI (under responsibility of Ms. Eva Krtkova). Key findings are summarised in the sector-
specific chapters of the NIR.

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

Each sector-solving institution — KONEKO, CDV, CHMI (Industrial processes), IFER, CRI, GCRI and CENIA —
will suggest to the NIS coordinator/manager (CHMI, Ms. Eva Krtkova) their QA/QC guarantors, responsible
for the compliance of all the QA/QC procedures in the given sector with the IPCC 2006 Guidelines and also
with the QA/QC plan.

At the basic level of control (Tier 1) individual steps should be controlled according to the Table 6.1 (IPCC
2006). The first step is carried out by the person responsible for the respective sub-sector (auto-control).
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 the records of
the carried out checks is, in case of QC, Tier 1, submitted to the NIS coordinating institution — CHMI,
together with data outputs: (i) XML file generated by the CRF Reporter, (ii) detailed calculation spreadsheet
in MS Excel format, containing, in addition 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 archive in CHMI. The records of the carried
out QC checks, Tier 2, are submitted later (see the schedule below).

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 ETS data 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, similar to the ”Synthesis and Assessment” control carried out by the UNFCCC Secretariat. That
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means that CHMI controls the consistency of time series, and the possible IEF exceedance of the expected
intervals (outliers), as well as the completeness and suitability of the use of notation keys and
commentaries in CRF 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 submissions under 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 Schedule 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 concerning 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 of the respective national inventories, incl. the
accompanying text to the European Commission up to 15 January. The schedule of the inventory and the
follow-up schedule of QA/QC procedures must respect this.

Tab. 1-2_The schedule of QC activities — Tier 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 Responsible person
15-20 Final update of all detailed calculation sheets for the given category Compiler of the category
November using the new data. Auto-control (1st step of QC procedure) carried from the sector-solving
out by the expert responsible for the given category. institution
21-25 2nd step of QC procedure carried out by the expert from the sector- Expert from the sector-
November solving institution familiar with the topic solving institution familiar
with the topic
26-30 Data from the calculation sheets are submitted to the sectoral module Compiler of the category
November of the CRF Reporter and are controlled by the person responsible for and the expert from the

the given category and by the expert from the sector-solving institution
familiar with the topic.

sector-solving institution
familiar with the topic

1-5 December

Finalization of the QC control of the data output and completion of the
control form for the given category

Sectoral QA/QC guarantor

6-10 December

Submission of all sectoral data outputs as well as records of the carried
out QC procedures to CHMI

Main compiler of the sector-
solving institution

10-15 Inventory compiler from CHMI (administrator of CRF Reporter) Inventory compiler from
December receives all data files and the records from the sector-solving CHMI (Eva Krtkova)
institution for archiving, carries out the formal control of data in
the CRF Reporter. If necessary, the sectoral QA/QC expert is contacted
to remedy possible drawbacks.
16-20 Inventory compiler from CHMI (administrator of CRF Reporter) carries  NIS coordinator (manager)
December out the final control of data in the CRF Reporter and informs on the  (Eva Krtkova)
results the NIS coordinator who carries out independent control and
informs MoE on the results.
up to 31 CRF Tables submission to Mok for the approval MoE and Sector
December coordinating group
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Time period Activity Responsible person
Up to 15 CRF Tables submitted to the European Commission within the MoE
January reporting procedure pursuant to Article 7of the Decision No.
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 NIS coordinator. The text is submitted to MoE together with the CRF tables by
31 December.

The prepared output for the European Commission will contain only the QC procedures, Tier 1, realized by
31 December. The final submission for UNFCCC has the deadline by 15 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 mentioned above the sectoral QA/QC guarantor in cooperation with the NIS coordinator, 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 out by 15 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 control to the
coordinating institution, and namely by 15 February. If there are serious drawbacks, the competent
representative of the sector-solving institution, together with the NIS coordinator, will consider the
possibility of the correction of the data output for 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 Agency (EEA) 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

Quality assurance comprises a planned system of review procedures. The QA reviews are performed 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 conformity of 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 should be reviewed 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 category-specific projects that are performed by external
experts or 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 those knowledgeable in the specific field. More
detailed information about peer reviews will be given in the sector specific part of this QA/QC plan.

Peer reviews may also based on bilateral collaboration. For example, the Czech and Slovak GHG inventory
teams have about 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 collaboration is the QA 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 (including uncertainty) and to check whether the used national approach for road transportisin line
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with the IPCC methodology, and (ii) to recommend improvements in both cases. Similar bilateral QA
reviews concentrated more on individual sectors are planned for future with the expected frequency a
one QA audit for about a third of sectors per year. Further, in later year the cooperation was focused on
different subsectors, i. e. Energy in total (2013), Agriculture and LULUCF (2015, 2016), IPPU (2016),
uncertainties and other relevant issues.

The annual UNFCCC inventory reviews have similar and even more important impact on improving the
quality of the national inventory. Therefore, the Czech team analyses very carefully the comments and
recommendations of the international Expert Review Team (ERT) and strives 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 up to date are related particularly to standard situations, where the
emission data from previous years remain unchanged and 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 addition, recalculation 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 months after the 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 standard determination 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 reference 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 well-tried methodology.

For these reasons, in recalculation, greater attention must be paid to QA/QC control mechanisms where,
in addition to technical QC control (first step), it is necessary to employ more demanding control
procedures (second step) and, 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 cooperation with the NIS coordinator and QA/QC NIS guarantor.

Specific examples of recalculation are given in the sector-oriented chapters and in Chapter 10.

1.2.3.10 Final approval of the inventory before submission

Regarding the national GHG inventory submission to the UNFCCC (15 April.) 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 sent 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 (e.g. Czech Environmental Inspectorate, Czech
Environmental Information Agency, non-governmental organizations, etc.), as well as to the unions of
different producers (e.g. Czech-Moravian Confederation of Trade Unions, Confederation of Industry of the
Czech Republic, Association of Chemical Industry of the Czech Republic, Union of Czech and Moravian
Production Co-operatives, Czech Cement Association, etc.) before the official submission to the UNFCCC
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for their comments and observations. This is the so called proceeding 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 hand-over of reporting
information

1.2.3.11 Sectoral specifications of QA/QC plan

1.2.3.11.1 Energy - stationary combustion
KONEKO, Ltd is a sector-solving institution for this category.

The plan of QA/QC procedures 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 (CDV). As the fundamental/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 contract 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/QC procedures, Vladimir NeuZil (KONEKO manager):
e processes and updates the sectoral QA/QC plan
e organizes QC procedure (Tier 1)
e ensures QC procedure (Tier 2) and is responsible for its realization

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

e suggests external experts for QA procedure
e s responsible for the compliance of all QA/QC procedures with the IPCC 2006 Guidelines and
QA/QC plan.
Sectoral administrator, AndreaVesela:
e ensures data input in the CRF Reporter
e carries out auto-control (1st step of QC procedure, Tier 1)

e ensures and is responsible for the storing of documents

The QC procedures at the Tier 1 are related with the processing, manipulation, documentation, storing
and transmission of information. The first step of the control (auto-control) is carried out by the expert
responsible for the sectoral approach (Vladimir NeuZil), followed up by the control carried out by the
QA/QC expert familiar with the topic (Andrea Veseld). At this control 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 transmission based 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 Tier 2 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 independent data
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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 system REZZO, 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 use the above
data sources is determined on the basis of systematic research and is covered in the national inventory
improvement plan.

Also external employees 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 cooperating with CHMI 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 category (Energy — stationary combustion) are given in the following
table:

Tab. 1-3 QA/QC staff members for Energy — stationary sources

Person Activity

Mr. Vladimir Neuzil Sectoral QA/QC guarantor responsible for the compliance of all
QA/QC procedures with the IPCC 2006 Guidelines and QA/QC plan

Ms. Andrea Vesela Emission calculation in stationary sources, auto-control (1st step of
QC procedure, Tier 1)

Ms. Barbora Miklova Control carried out by a colleague familiar with the topic (2nd step
of QC procedure, Tier 1)

Ms. Andrea Vesela, Control of the correct uploading of data from calculation sheets to

Mr. Vladimir Neuzil the respective module of CRF Reporter

External KONEKO employees QC procedures, Tier 2

(based on contract)

External expert QA procedure assurance

1.2.3.11.2 Energy - mobile sources
Transport research centre (CDV) is a sector-solving institution for this category.

The plan of QA/QC procedures in CDV is based on the inner quality control procedure system, which is
harmonized with the QA/QC system of KONEKO company. Since the transport sector belongs to the energy
sector, there is a close co-operation 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 KONEKO company, in close co-operation with
CzS0O, ensures that the transport research centre works with the most updated data about total energy
and specific energy consumed.

Routine and consistent checks are performed to ensure data integrity, correctness, completeness and to
identify and address errors. Documentation and archivation of 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 procedures for 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 verification is 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 from CzSO, deciding on emission factors
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(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 archivation of data.

The responsibilities for completing the QA/QC procedures for mobile sources are divided between the
sectoral guarantor, sectoral expert and external expert. The sectoral guarantor of QA/QC procedures for
mobile sources (Mr. Roman Li¢binsky) is responsible for the sectoral QA/QC plan and the compliance of all
QA/QC procedures, provides for the QC procedure and is responsible for its implementation.

The sectoral expert from mobile sources (Mr. Leos Pelikdn) performs the emission calculations for the
transport in emission model, provides for data import in the CRF table, provides for and is responsible for
the storing of documents, carries out auto-control and control of data consistency, performs the
uncertainty calculation, introduces improvements.

External expert (Mrs. Vilma Jandova) controls in detail timeliness, completeness, consistency,
comparability and transparency.

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

Tab. 1-4 QA/QC staff members for Energy — mobile sources

Person Activity

Mr. Roman Licbinsky Sectoral QA/QC guarantor responsible for the compliance of all QA/QC
(Head of the infrastructure and environment | procedures with the IPCC 2006 Guidelines and QA/QC plan.
department)
Mr. Leos Pelikan Inventory compiler for transport sector. Calculations of emissions
from traffic based on emission model, auto-control (1st step of QC
procedure, Tier 1). Uploading data from the detailed emission
calculation model to the CRF Reporter, control of the final “implied
emission factors”, control of data consistency

Ms. Vilma Jandova Control carried out by a colleague familiar with the topic (2nd step of
(Transport yearbook compiler) QC procedure, Tier 1)

1.2.3.11.3 Energy - fugitive emissions
KONEKO, Ltd is a sector-solving 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. As the basic
data sources for activity data are taken from the Mining 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. This cooperation 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 to ensure data quality.

Sectoral guarantor for QA/QC procedures, Vladimir Neuzil (KONEKO manager)
e develops and updates the sectoral QA/QC plan

e organizesthe QC procedure (Tier 1 and Tier 2) and is responsible for the compliance of all QA/QC
procedures with the IPCC 2006 Guidelines and the QA/QC plan

e suggests external experts for QA procedures
e s responsible for the submission of all documents and calculation sheets for the storing in the

coordinating institution

Sectoral administrator, Andrea Vesela:
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e ensures the uploading of data to CRF Reporter
e carries out auto-control (1st step of QC procedure, Tier 1)

e ensures and is responsible for the storing of documents

QC procedures at Tier 1 are related to the processing, manipulation, documentation, storing and
transmission of information. The first step of the control (auto-control) is carried out by the expert
responsible for the sectoral approach (AndreaVeseld) and is followed by the control of the QA/QC
colleague familiar with the topic (Vladimir Neuzil). At this control level (Tier 1), the individual steps are
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 based 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.

The QC procedures at Tier 2 are included on the proposal of the sectoral QA/QC guarantor after the
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 energy balance 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 cycles.

The QA/QC staff members for this category (1.B Fugitive emissions) are given in the following table:

Tab. 1-5 QA/QC staff members for Energy — fugitive emissions

Person ‘ Activities \

Mr. Vladimir Neuzil Sectoral QA/QC guarantor responsible for the compliance of all QA/QC
procedures with the IPCC 2006 Guidelines and the QA/QC plan.

Ms. Barbora Miklova Calculations of fugitive emissions in coal mining, oil and gas industry, auto-
control (1st step of QC procedure, Tier 1).

Mr. Vladimir Neuzil Control of an expert familiar with the topic (2nd step of QC procedure, Tier
1) and QC, Tier 2

Ms. Barbora Miklova Control of the correct data input from calculation sheets to the respective
module of CRF Reporter

External expert Ensuring the QA procedure

1.2.3.11.4 Industrial processes and product use

Czech Hydrometeorological Institute (CHMI) is a sector-solving institution for this category. The guarantor
of the QA/QC procedures in this sector is Ms. Markéta Millerova and Ms. Zuzana Roskova.

The plan of QA/QC procedures is in compliance with NIS general QA/QC plan and is based on the overall
CHMI 1SO 9001:2015 quality standards, namely process No. 2462 “Sectoral GHG inventory — Industrial
processes”. This process consists of two parts (a) 24621 “Data processing and emissions estimates” and
(b) 24622 “Update of the National Inventory report”.

The QA/QC system is based on the inner quality control procedure system with inter-sectoral cooperation
mainly with KONEKO on the field of non-energy 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.
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The QA/QC system is based on the inner quality control procedure system with inter-sectoral cooperation:
As for non-energy 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 Chemical Industry are
performed in co-operation 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 Czech Accreditation 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 quality 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 case of F-gases, different
sources of data are used (import/export statistics, direct questionnaire to all importers/exporters, MoE
questionnaire on F-gases 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 experts is given 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 category (Industrial processes 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 first | QC, Tier 1 (the second step QC, Tier 2 — verification

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

2.A Ms. Markéta Millerova Ms. Eva Krtkova Mr. Gemrich —2.A.1
Mr. Prokopec — 2.A.2

2.B Ms. Zuzana Roskova Ms. Eva Krtkova Mr. Bernauer

2.C Ms.Eva Krtkova Ms. Markéta Millerova Mr.Toman

2.D Ms. Eva Krtkova Ms. Markéta Millerova Mr. Vladimir Neuzil

2.E, 2.F, 2.G | Ms. Markéta Miillerova Ms. Eva Krtkova Mr. Bernauer —2.G
Mr. Martin Beck

1.2.3.11.5 Agriculture
The Institute of Forest Ecosystem Research (IFER) is a sector-solving institution for this category.

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 the IFER, including
performing auto-control. The sector specific QC was performed by another expert on agriculture (IFER)
with help from the sectoral experts from the Czech University of Life Sciences (CULS). The Slovak
agricultural experts (SHMI) also participate in discussions concerning inventory improvements.

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 experts. All differences are discussed and if necessary also corrected.

The Czech University of Life Sciences, Faculty of Agrobiology, Food and Natural Resources and the company
AGROBIO are other institutes contributing with information used in the sector of agriculture. These data
specifically concern cattle breeding. For calculation of CS EF for cattle (Tier 2) some specific parameters,
not available 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).
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The final checked and verified data are transferred into the CRF Reporter. The CRF 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 category (Agriculture) are given in the following table:

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

Person \ Activity

Ms. Jana Beranova (IFER) Sector QA/QC guarantor

Emission estimation in Agriculture sector (1st step of QC procedure,
auto-control)

Checking of CRF tables and time-series consistency

Mr. Emil Cienciala (IFER) QC verification of other expert familiar with agricultural problem (2nd
step of QC procedure)
Experts from CRI Consultation of QA/QC procedures and GHG estimation

1.2.3.11.6 LULUCF, KP LULUCF
Institute of Forest Ecosystem Research (IFER) is a sector-solving institution for this category.

The sector specific QA/QC plan for LULUCF is an integral part of the general QA/QC plan. The LULUCF
greenhouse gas inventory (including KP reporting) is compiled by an experienced expert from the IFER,
including auto-control procedure. The sector specific QC, Tier 1 was prepared by another LULUCF expert
team with help from other sectoral experts.

The procedure of inventory compiling is initiated by IFER. IFER collects the required data from the Czech
Statistical Office (CzS0O), the Czech Office for Surveying, Mapping and Cadastre (COSMC) and the Forest
Management Institute (FMI). The latter two institutes provide country specific information used for Tier 2
inventory calculation. COSMC provides the annually updated areas for all land-use categories. FMI reports
the recent data on forests (harvest, increment, felling, etc.) that are used in the land-use categories
involving forest land. The preparatory calculation is mostly performed in excel spreadsheets and in some
instances in the specific software application prepared by IFER. All files are then checked by other IFER
experts. All differences are discussed and if necessary, appropriate corrections are made. The appropriate
values in calculation spreadsheets are updated at IFER replacing the older ones. This work is archived by
an IFER expert.

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 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 category (LULUCF) 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 technical
responsibility for the LULUCF inventory
Emission estimation in LULUCF sector, 1st step of QC procedure (auto-
control)
Checking of CRF tables and time-series consistency

Mr. Ondvej Cerny (IFER) Emission estimation in LULUCF sector, 2nd step of QC procedure

Ms. Jana Beranova (IFER) Technical verification of emission factors and time series in the LULUCF
sector

FMI Selected data on forests

cosmc Selected cadastral data

Experts from GCRI Consultation of QA/QC procedures and GHG estimation
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1.2.3.11.7 Waste
CENIA, Czech Environmental Information Agency is a sector-solving 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
calculation — Mr. Miroslav Havranek and Mr. Risto Saarikivi, who is focusing on waste in more general
terms. Mr. Havranek implements the IPCC methodology and Mr. Risto Saarikivi controls the results and
their consistency.

Activity data are supplied mostly by state 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.

CRF is regularly filled by Mr. Havranek and Ms. Jana Esterlova, further the consistency between sector
worksheets, CRF and NIR are controlled by the sectoral expert (Tier 1 auto-control) and a reviewer from
NIS coordination team. Worksheets and all activity data are stored (so far indefinitely) by both NIS
coordinator and CENIA. Cross-cutting issues from this sector are discussed regularly with the experts 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 for this particular sector.

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

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

Person ‘ Activity

Mr. Miroslav Havranek Sector guarantor of QA/QC implementation.
Ms. Jana Esterlova 1st step of QC procedure, Tier 1 (auto-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 QC procedures the uniform blank with the respective “check-list” is used.
All used templates of the form are attached (see the Annex).

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

No significant changes were made in the Czech national inventory team and the main pillars of the national
inventory system declared in the Czech Republic’s Initial Report under the Kyoto Protocol are operational
and running.
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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 of the Czech Statistical Office (CzSO),
which are published annually, where the Czech Statistical Yearbook is the most representative example.
However for industrial processes, because of the Czech Act on Statistics, production data are not generally
available when there are fewer than 4 enterprises in the whole country. In such cases, inventory 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 emissions, called REZZO, is utilized as source of activity data.

Emission estimates from Sector 1.A Fuel Combustion Activities are based on the official Czech Energy
Balance, compiled by the Czech Statistical Office. Data from the Czech Energy balance are processed both
in the Reference Approach (TPES - primary 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 statistics).

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 estimates in IPPU 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 data. These
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.

1.3.2 Data processing and storage

Data Sector 1.A Fuel Combustion Activities are processed by the system of interconnected spreadsheets,
compiled in MS Excel following “Worksheets” presented in IPCC 2006 Guidelines, Vol. 2. Workbook. The
system is extended by incorporating sheets with modified energy 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 way - by using a system of joined
spreadsheets taken from the Workbook and 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, respecting the national methodology.

Originally, the calculation spreadsheets related to the individual sectors were stored only in the relevant
sector-solving institutions. On the basis of recommendations from the “in-country review” in 2007, a
simple system was developed for central archiving, based on storage of documents from institutions
participating in the national system in electronic form in a central folder-structured FTP data box located
at CHMI. During the subsequent “in-country review” in 2009, this system was evaluated as only partly
satisfactory and consequently it was decided to further improve the archiving system using more
sophisticated arrangements.
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Archiving process scheme

The NIS coordinator is responsible for the administration and 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 secure ftp with access 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 sector-solving organizations
e Input data in unmodified form
e Files for transformation of original data to calculation sheets (if used)
e (Calculation sheets
e Qutputs from CRF
e OQutputs from QA/QC

e Other relevant documents

Material archived by the coordinator
e All administrative agenda with text outputs (contracts, orders, invoices)
e Important correspondence related to the operation and functioning of NIS
e OQutputs from QA/QC

e Other relevant documents
Structural arrangements of the NIS Archive

The archiving system contains and connects 4 individual units.

1) The archive of the sector-solving organization
e Functionality and administration are based on contracts with the sector-solving organizations
e Administration is provided by the sectoral organizations

2) Central storage site for sharing material in the context of NIS
e Storage site accessible at private ftp
e Administered by the NIS coordinator
e Contains working materials for current submissions intended for archiving

3) Central closed archive of the NIS Coordinator
e Internal central archive, administered by the NIS coordinator
e Contains all the officially archived materials
e The content of the archive is stored in duplicate on special media designed for data archiving
e The archive is located in the seat of the coordinator (CHMI — Prague Komorany)

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

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

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

Part 1: Annual inventory submission 38



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

4) Central accessible archive
e Mirror image of the central closed archive, available on the internet
e Does not contain sensitive documents, but does contain a complete list of archived files
e Available at http://portal.chmi.cz
e Administered by the NIS coordinator

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

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 of national inventories of anthropogenic GHG emissions
and removals. The updated 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 2006)
are used for the inventory since this submission. Depending on the complexity of the calculation and types
of emission factors used (generally recommended - default, country-specific, site-specific and technology-
specific), the approaches described in the IPCC methodology consist of three tiers. Tier 1 is typically
characterized by simpler calculations, based on the basic statistical data and on the use of generally
recommended emission factors (default) of global or continental applicability, tabulated directly in above
mentioned methodical manuals.

Tier 2 is based on sophisticated calculation and usually requires more detailed and less accessible statistical
data. The emission factors (country-specific or technology-specific) are usually derived 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 consist in procedures based on the results of direct measurements carried out under
local conditions.

Methods of higher tiers should be applied mainly for key categories. Key categories (key source categories)
are defined as categories 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 respects, and especially they are more expensive. An
overview of the methods and emission factors used by the Czech Republic for estimation of emissions of
greenhouse gases is given in the CRF Table “Summary 3”.

Because of the above-described problems encountered in the 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-specific factors are employed only for Brown/Hard Coal, Brown Coal + Lignite, Bituminous
Coal, Coking Coal, Gas Works Gas, Refinery Gas, LPG and Natural Gas, while the default emission factors
are employed for the rest of the other fuels. For Bituminous Coal, Brown Coal + Lignite and Brown Coal
Briquettes are used country specific oxidation factors as well. Similarly, for Industrial Processes, only the
Tier 1 method is used for the production of iron and steel. In contrast, the methods of higher tiers and/or
country-specific factors are employed far more frequently for other key categories. Chapter 10 describes
the “Improvement Plan”, which will also encompass gradual introduction of more sophisticated methods
of higher tiers.

All direct GHG emissions can also be expressed in terms of total (or aggregated) values, which are
calculated as a sum of 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
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terrestrial radiation than CO; (1 for CO,, 25 for CHs and 298 for N,0). The total amount of F-gases is
relatively small compared to CO,, CHs and N,O; nevertheless their GWP values are larger by 2-4 orders of
magnitude. Consequently, total aggregated emissions to be reduced according to the Kyoto Protocol are
expressed as the equivalent amount of CO, 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 NOx, CO, NMVOC and SO,, which are covered primarily by the Convention on Long-Range
Transboundary Air Pollution (CLRTAP) and are not directly related to the Kyoto Protocol. Their inventories
are compiled for the purposes of CLRTAP by NFR (New Format of Reporting) by another team at CHMI.
Thus emissions 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 emissions of precursors is provided
in the Czech Informative Inventory Report (IIR), Submission under the UNECE/CLRTAP Convention
(submitted annually by 15™ February) and shortly in chapter 9 of the NIR.

In September of 2014, the Czech national greenhouse gas inventory was subject to “centralised review”.
The Czech national inventory team received annual inventory report in April 2015. Since the delay caused
by not-fully functioning reporting software occurred in this submission, the recommendations were
implemented in the submission to as high extend as possible. Other recommendations are part of the
Improvement plan for the future improvement of specific categories.

Methodical aspects are described in a greater detail in sector-oriented Chapters 3 to 8 and in Chapter 10
“Recalculations and Improvements”. Chapter 10 also deals with the reactions of the Czech 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

The IPCC 2006 Guidelines (IPCC, 2006) provides two approaches of determining the key categories (key
sources). Key categories by definition contribute to 95% percent of the overall uncertainty in a level (in
emissions per year) or in a trend. Approach 2 follows from this definition, and requires thorough analysis
of the uncertainty and use of sophisticated statistical procedures and evaluation of sources in terms of the
appropriate characteristics.

Tab. 1-10 Identification of key categories by level assessment (LA) and trend assessment (TA) for 2018 evaluated with LULUCF
(Approach 2)

IPCC Source Categories (c],[¢] Cumulative Cumulative KC type
Total (LA, %) Total (TA, %)
1.A.1 Energy industries - Solid Fuels CO, 30.89 63.98 LA, TA
1.A.3.b Transport - Road transportation CO, 42.87 55.26 LA, TA
4.A.1 Forest Land remaining Forest Land CO; 51.32 33.94 LA, TA
2.C.1 Iron and Steel Production CO; 56.11 95.96 LA
1.A.4 Other sectors - Gaseous Fuels CO, 60.72 76.47 LA, TA
5.A Solid Waste Disposal on Land CHq4 64.53 79.71 LA, TA
1.A.2 Manufacturing industries and construction - Gaseous Fuels CO, 67.97 85.63 LA, TA
2.F.1 Refrigeration and Air Conditioning Equipment (CO; eq.) HFC 71.27 68.44 LA, TA
1.A.2 Manufacturing industries and construction - Solid Fuels CO; 73.78 18.42 LA, TA
1.A.4 Other sectors - Solid Fuels CO; 76.21 45.36 LA, TA
3.D.1 Agricultural Soils, Direct N,O emissions N,O 78.62 95.82 LA
3.A Enteric Fermentation CH4 80.81 89.54 LA, TA
1.B.1.a Coal Mining and Handling CHa 82.66 72.79 LA, TA
1.A.1 Energy industries - Gaseous Fuels CO, 84.49 84.45 LA, TA
4.G Harvested wood products CO, 85.99 94.50 LA
2.A.1 Cement Production CO; 87.19 97.81 LA
2.B.8 Petrochemical and Carbon Black Production CO; 88.08 92.10 LA
5.D Wastewater treatment and discharge CHy 88.96 94.88 LA
1.A.4 Other sectors - Liquid Fuels CO; 89.78 86.85 LA, TA
1.A.2 Manufacturing industries and construction - Liquid Fuels CO; 96.64 82.79 TA
5.B Biological treatment of solid waste CH4 91.38 87.90 TA
1.A.4 Other sectors - Solid Fuels CHa 96.14 88.70 TA
3.G Liming CO,; 98.41 90.26 TA

Tab. 1-11 Identification of key categories by level assessment (LA) and trend assessment (TA) for 2018 evaluated without
LULUCF (Approach 2)

IPCC Source Categories (c],[¢] Cumulative Total Cumulative KC type
(LA, %) Total (TA, %)
1.A.1 Energy industries - Solid Fuels CO, 34.73 33.68 LA, TA
1.A.3.b Transport - Road transportation CO, 48.20 58.66 LA, TA
2.C.1 Iron and Steel Production CO; 53.58 90.99 LA
1.A.4 Other sectors - Gaseous Fuels CO; 58.77 68.69 LA, TA
5.A Solid Waste Disposal on Land CHq4 63.06 77.42 LA, TA
1.A.2 Manufacturing industries and construction - Gaseous Fuels CO, 66.91 84.63 LA, TA
2.F.1 Refrigeration and Air Conditioning Equipment (CO; eq.) HFC 70.63 64.03 LA, TA
1.A.2 Manufacturing industries and construction - Solid Fuels CO; 73.45 20.35 LA, TA
1.A.4 Other sectors - Solid Fuels CO; 76.18 46.19 LA, TA
3.D.1 Agricultural Soils, Direct N,O emissions N,O 78.90 94.62 LA
3.A Enteric Fermentation CHa 81.36 91.67 LA
1.B.1.a Coal Mining and Handling CH4 83.43 73.35 LA, TA
1.A.1 Energy industries - Gaseous Fuels CO, 85.49 82.91 LA, TA
2.A.1 Cement Production CO; 86.84 100.00 LA
2.B.8 Petrochemical and Carbon Black Production CO; 87.84 90.28 LA, TA
5.D Wastewater treatment and discharge CH4 88.84 95.69 LA
1.A.4 Other sectors - Liquid Fuels CO; 89.76 85.90 LA, TA
1.A.2 Manufacturing industries and construction - Liquid Fuels CO, 96.63 80.84 TA
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IPCC Source Categories (c],[¢] Cumulative Total Cumulative KC type
(LA, %) Total (TA, %)
5.B Biological treatment of solid waste CHq4 91.56 87.17 TA
1.A.4 Other sectors - Solid Fuels CHy 96.06 88.04 TA
3.G Liming CO; 98.45 88.84 TA
3.B Manure Management CHa 95.00 89.56 TA

Tab. 1-12 Identification of key categories by level assessment (LA) and trend assessment (TA) for 2018 evaluated with LULUCF
(Approach 1)

IPCC Source Categories (c],[¢] Cumulative Cumulative KC type
Total (LA, %) Total (TA, %)

1.A.1 Energy industries - Solid Fuels CO, 34.33 57.04 LA, TA
1.A.3.b Transport - Road transportation CO, 47.76 47.81 LA, TA
4.A.1 Forest Land remaining Forest Land CO, 53.45 27.81 LA, TA
1.A.4 Other sectors - Gaseous Fuels CO, 58.63 72.28 LA, TA
2.C.1 Iron and Steel Production CO; 63.61 65.06 LA, TA
1.A.2 Manufacturing industries and construction - Gaseous Fuels CO, 67.46 87.37 LA, TA
1.A.2 Manufacturing industries and construction - Solid Fuels CO; 70.25 16.78 LA, TA
5.A Solid Waste Disposal on Land CHq4 72.97 78.95 LA, TA
1.A.4 Other sectors - Solid Fuels CO; 75.66 38.17 LA, TA
2.F.1 Refrigeration and Air Conditioning Equipment (CO; eq.) HFC 78.35 100.00 LA
3.D.1 Agricultural Soils, Direct N,O emissions N,O 80.69 75.84 LA, TA
3.A Enteric Fermentation CH4 82.90 92.50 LA, TA
1.A.1 Energy industries - Gaseous Fuels CO, 84.95 83.35 LA, TA
1.B.1.a Coal Mining and Handling CHa 86.85 68.68 LA, TA
2.A.1 Cement Production CO, 88.20 84.90 LA, TA
4.G Harvested wood products CO; 89.29 86.14 LA, TA
1.A.4 Other sectors - Liquid Fuels CO; 90.19 89.61 LA, TA
2.B.8 Petrochemical and Carbon Black Production CO; 90.93 91.89 LA, TA
3.D.2 Agricultural Soils, Indirect N,O emissions N,0 91.66 99.03 LA
5.D Wastewater treatment and discharge CH4 92.32 91.23 LA, TA
2.A.2 Lime Production CO, 92.86 93.12 LA, TA
5.B Biological treatment of solid waste CH4 93.34 93.66 LA, TA
1.A.4 Other sectors - Biomass CHa 93.77 96.99 LA
2.B.1 Ammonia Production CO; 94.20 96.21 LA
1.B.2.b Natural Gas CH4 94.61 90.48 LA, TA
4.A.2 Land converted to Forest Land CO; 95.01 96.67 LA
3.B Manure Management CHg 95.40 94.72 LA, TA
1.A.2 Manufacturing industries and construction - Liquid Fuels CO; 96.61 81.74 TA
3.B Manure Management N,O 95.78 88.53 TA
3.G Liming CO; 98.60 94.20 TA
1.A.4 Other sectors - Solid Fuels CHa 97.05 95.23 TA

Tab. 1-13 Identification of key categories by level assessment (LA) and trend assessment (TA) for 2018 evaluated without
LULUCF (Approach 1)

IPCC Source Categories Cumulative Cumulative KC type

Total (LA, %) Total (TA,
%)

1.A.1 Energy industries - Solid Fuels CO, 37.25 30.70 LA, TA
1.A.3.b Transport - Road transportation CO, 51.32 42.25 LA, TA
1.A.4 Other sectors - Gaseous Fuels CO; 57.23 66.50 LA, TA
2.C.1 Iron and Steel Production CO; 62.25 62.17 LA, TA
1.A.2 Manufacturing industries and construction - Gaseous Fuels CO; 66.65 87.99 LA, TA
1.A.2 Manufacturing industries and construction - Solid Fuels CO; 69.86 17.51 LA, TA
5.A Solid Waste Disposal on Land CHq4 72.97 73.71 LA, TA
1.A.4 Other sectors - Solid Fuels CO; 75.87 52.97 LA, TA
2.F.1 Refrigeration and Air Conditioning Equipment (CO; eq.) HFC 78.67 100.00 LA

3.D.1 Agricultural Soils, Direct N,O emissions \PY0) 80.96 76.78 LA, TA
3.A Enteric Fermentation CHgy4 83.22 82.61 LA, TA
1.A.1 Energy industries - Gaseous Fuels CO, 85.47 84.52 LA, TA
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IPCC Source Categories Cumulative Cumulative KC type

Total (LA, %) Total (TA,
%)

1.B.1.a Coal Mining and Handling CH4 87.65 70.14 LA, TA
2.A.1 Cement Production CO, 89.00 86.31 LA, TA
1.A.4 Other sectors - Liquid Fuels CO, 89.95 89.04 LA, TA
2.B.8 Petrochemical and Carbon Black Production CO; 90.73 92.62 LA, TA
3.D.2 Agricultural Soils, Indirect N,O emissions N,O 91.42 91.00 LA, TA
5.D Wastewater treatment and discharge CHq4 92.08 91.86 LA, TA
2.A.2 Lime Production CO; 92.72 93.33 LA, TA
5.B Biological treatment of solid waste CHq4 93.30 93.96 LA, TA
1.A.4 Other sectors - Biomass CH4 93.87 96.91 LA
2.B.1 Ammonia Production CO; 94.39 94.52 LA, TA
1.B.2.b Natural Gas CHgy 94.90 90.04 LA, TA
3.B Manure Management CHa 95.35 96.04 LA
1.A.2 Manufacturing industries and construction - Liquid Fuels CO, 96.77 79.71 TA
1.A.4 Other sectors - Solid Fuels CHa 97.25 95.03 TA
1.A.1 Energy industries - Liquid Fuels CO, 96.21 95.53 TA

The procedure of the Approach 2 is based on the results of the uncertainty analysis. The key categories
were considered to be those whose cumulative 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 previous case) 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 from Tab. 1-11 and Tab. 1-13 that no additional key category was
identified when the LULUCF categories were not considered.

On the whole, 33 (Approach 1) and 25 (Approach 2) key categories were identified either by level
assessment or by trend assessment. A summary of the assessed numbers concerning key categories is
given in Tab. 1-14. Complete tables for key category analysis are presented in Annex 1 of this report.

Tab. 1-14 Figures for key categories assessed

Approach 1 Approach 2

Key categories (KC) with LULUCF 31 23
KC identified by LA 27 19
KC identified by TA 26 17
KCidentified by LA + TA concurrently 22 13
KC identified by only LA 5 6
KC identified by only TA 4 4

Key Categories (KC) without LULUCF: 27 22
KC identified by LA 24 17
KC identified by TA 24 17
KC identified by LA + TA concurrently 21 12
KC identified by only LA 3 5
KC identified by only TA 3 5
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1.6 General uncertainty evaluation, including data on the overall uncertainty
for the inventory totals

Uncertainty analysis characterizes the extent (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 process, which encompasses
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 further improvement 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 methodology (IPCC, 2006), has been used in the Czech
national inventory 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 categories are updated
every submission.

Experts from CHMI and all the contributing sectoral organizations are participating 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 described in relevant 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 analysis for 2018
after above mentioned revision of the input parameters are given in Annex 2.

Further, uncertainty bases are yearly evaluated for LULUCF, Waste and 1.A.3 Transport, which are then
used for the overall uncertainty analysis. Further investigation of uncertainty bases for other sectors will
be carried out till the next submission. The procedure is planned in the internal improvement plan of the
CHMI for the 2019 (preparation of 2020 submission).

Results of uncertainty assessment were obtained (i) for all sectors including LULUCF and (ii) for comparison
also for all sectors without LULUCF. The estimated overall uncertainty in level assessment (case with
LULUCF) reached 5.57%. The corresponding uncertainty in trend is 4.68%. For the case without LULUCF
the estimated overall uncertainty in level assessment is 3.76% and 2.36% in trend.

The same source categories used in key sources assessment have also been used even in uncertainty
analysis. In this way, the uncertainty analysis result was used later Approach 2 key source analysis. The
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 additional information. 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 Czech inventory. The geographic
coverage is complete.

Additionally this year was used the ‘completeness’ function of new CRF Reporter. However, it was
discovered, that this functionality doesn’t always give proper results, so additional form created by CHMI
was used for the completeness checks. Example of this form is given in Annex 5.5 (for Waste sector).
Specifically, there are some empty tables reported in this submission, since the CRF Reporter wasn’t able
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to import specific tables or display information filled in subcategories. This issue is occurring only for
categories, which are not occurring in the Czech Repubilic.

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 explained in Documentation box in CRF Reporter and in
relevant chapter of NIR. In 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 reporting and review
(FCCC/CP/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, and the impossibility of disaggregating the reported emission values.

IE (included elsewhere):

“IE” is used for emissions by sources and removals by sinks of greenhouse gases that have been estimated
but included elsewhere in the inventory instead of in the expected source/sink category. Where “IE” is
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 estimated):

“NE” is used for existing emissions by sources and removals by sinks of greenhouse gases that have not
been estimated. Where “NE” is used in an inventory for emissions or removals, both the NIR and the CRF
completeness table indicate why the emissions or removals have not been estimated. For emissions by
sources and removals by sinks of greenhouse gases marked by “NE”, check-ups are in progress to establish
if they actually are “NO” (not occurring). As part of the improvement programme of the inventory, it is
planned that these source or sink categories will be either estimated or allocated to “NO”.

Overview of not estimated (NE) categories of sources and sinks and categories included elsewhere (IE) and
the relevant explanations are given in CRF Table 9.
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2 Trends in greenhouse gas emissions

According to the Kyoto Protocol, Czech national GHG emissions have to decrease by 8% of base year
emissions during the five-year commitment period from 2008 to 2012. The Czech Republic has already met
its goal, however it is very difficult to separate influences of general decrease in industrial and agricultural
production and increase in overall energy-emission efficiency.

For 2013 — 2020 is existing joint commitment of the EU, its MS and Iceland to reduce average annual
emissions by 20% compared to base year. Czech Republic has already met this goal as well. However, as it
is apparent from the graphs below and also from the sectoral chapters, the emissions in 2018 increased in
comparison with previous year (total incl. LULUCF). This increase was caused by the increase in emissions
from LULUCF. Please see details in the respective chapter of the NIR.

2.1 Description and interpretation of emission trends for aggregated GHG
emissions

Tab. 2-1 presents a summary of GHG emissions excl. bunkers emissions for the period from 1990 to 2018.
For CO,, CHsand N0 the base year is 1990; for F-gases the base year is 1995.

Tab. 2-1 GHG emissions from 1990-2018 excl. bunkers [kt CO, eq.]

HFCs Total emissions*
excl. LULUCF incl. LULUCF

1990 164204.21 23572.04 9426.24 84.24 199067.16 193380.53
1991 148894.13 21992.49 8080.88 84.08 180647.24 171736.31
1992 144619.02 20661.08 7241.18 NO 85.41 174102.60 164517.32
1993 138637.29 19758.55 6496.97 86.56 166435.73 157222.13
1994 132376.14 18641.23 6381.74 87.66 158886.30 151933.62
1995 131608.26 18213.89 6674.60 13.81 0.01 NO 88.68 157963.41 150565.41
1996 134962.55 18082.91 6443.49 70.85 0.68 NO 98.31 160963.08 153197.46
1997 130733.07 17682.57 6419.18 173.86 1.73 NO 96.10 156371.00 149556.10
1998 125317.67 16983.40 6295.72 242.46 1.66 NO 94.98 150176.82 143261.11
1999 116623.43 16248.67 6093.93 299.55 1.10 NO 95.94 140521.88 133372.68
2000 127066.45 15419.91 6515.16 418.11 4.69 NO 108.40 150632.63 142590.22
2001 126957.56 15176.93 6763.42 566.86 9.75 NO 98.82 150628.11 142295.92
2002 123895.62 14758.66 6367.13 699.32 16.39 NO 121.28 146852.29 138896.06
2003 127382.80 14784.52 5908.33 844.30 8.55 NO 144.69 150027.15 143575.72
2004 128113.81 14355.55 6586.18 952.50 12.81 NO 120.61 151067.09 144142.30
2005 125671.94 14725.14 6396.99 1073.89 14.89 NO 111.84 148972.36 141639.54
2006 126449.45 14970.21 6283.98 1350.29 31.09 NO 105.12 150191.52 145189.39
2007 128264.33 14553.15 6352.57 1764.45 29.00 NO 93.79 151980.64 149244.15
2008 122941.37 14657.44 6414.88 2052.56 39.76 NO 88.67 147124.42 141133.04
2009 115193.74 14299.21 5564.77 2121.74 45.44 NO 89.05 138189.66 131121.72
2010 117500.71 14502.47 5444.58 2421.35 48.04 0.15 82.76 140878.15 134638.25
2011 115060.26 14503.81 6062.56 2684.04 8.24 0.59 88.64 139317.19 132045.36
2012 110955.16 14489.07 5919.69 2792.65 6.19 0.89 92.44 135117.65 127684.43
2013 106427.46 13904.61 5693.53 2917.69 4.08 1.41 83.04 129799.09 123010.92
2014 104049.88 13907.60 5796.18 3072.22 3.02 2.37 79.90 127667.10 120997.69
2015 104815.38 13975.54 6199.22 3289.90 1.93 2.15 78.27 129092.80 123280.02
2016 106629.02 13490.50 6517.16 3440.63 1.44 2.15 78.63 130895.42 126211.87
2017 105641.73 13293.89 6434.70 3637.91 1.48 3.33 74.03 129777.01 127461.72
2018 104411.21 13177.84 6090.38 3736.11 1.33 3.11 70.56 128139.42 133933.57
%32 -36.41 -44.10 -35.39 NA -16.24 -35.63 -30.74

Note: Global warming potentials (GWPs) used (100 years time horizon): CHs = 25; N0 = 298; SFs = 22 800; NFs = 17 200; HFCs and PFCs consist
of different substances, therefore GWPs have to be calculated individually depending on substances

1GHG emissions excluding emissions/removals from LULUCF

2 relative to base year

3incl. LULUCF
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HFCs Total emissions*

excl. LULUCF incl. LULUCF

4 incl.indirect emissions

GHG emissions and removals have significantly decreased in the period 1990 — 1995, mainly driven by the
economy transition and pursuing major dropdown in heavy industry activities in the country. The fast
decrease has stopped around 158 000 kt CO, eq. and continues fluctuating ever since (see Fig. 2-1). From
2010 to 2018 the total GHG emissions (incl. indirect emissions and incl. LULUCF) decreased by
approximately 1% or -770.95 kt CO; eq. resulting in total emissions of 133 867.3 kt CO, eq. The total
emissions excluding LULUCF decreased by 9% or -12 805 kt CO; eq. The change in the trend between
including/excluding LULUCF is caused by huge increase in emissions from LULUCF.

The total GHG emissions and removals in 2018 were -31% below the base year level incl. LULUCF and
indirect emissions and -36%, when excl. LULUCF.

CO, eq. [Ki]
0 40000 95000 155000

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017

Fig. 2-1 Total trend of GHG emissions, [kt CO; 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. For all practical
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 developed market-driven economy. The transformation led to a
decline in production, investment in environmental protection, energy efficiency, fuel switch and
increasing use of renewable energy. Greenhouse gases emission trend between 2007 and 2009 and
supposedly up to present days passed through significant change driven mainly by economic recession.
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2.2 Description and interpretation of emission trends by sector

2.2.1 Description and interpretation of emission trends by gas
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Fig. 2-2 Trend in CO,, CHy and N0 emissions 1990 - 2018 in index form (base year = 100%) and Trend in HFCs, PFCs (1995 — 2018)
and SFe (1990 — 2018) actual emissions in index form (base year = 100%)

The major greenhouse gas in the Czech Republic is CO,, which represents 82% of total GHG emissions and
removals in 2018, compared to 83% in the base year (excl. indirect emissions, excl. LULUCF). It is followed
by CH4(10% in 2018, 12% in the base year), N,O (5% in 2018, 5% in the base year) and F-gases (3% in 2018,
0.04% in 1990). The trend of individual GHG emissions relative to emissions in the respective base years is
presented in Fig. 2-2.

CO;

100%
CO, emissions have been rapidly

decreasing in early 90’s, after
1994 the emissions have kept at
average of 68% of the amount
produced in 1990. Inter-annual
decrease in CO; emissions (excl.
LULUCF, exl. indirect emissions)
from 2010 to 2018 by 11%
results the total decrease of | 80%
36% from 1990 to 2018. Quoting
in absolute figures, CO, | 75%
emissions and removals
decreased from 164 204.21 to m1Energy 21PPU  m 3 Agricultre =5 Waste

104 344.94 kt CO; in the period
from 1990 to 2018, mainly due Fig. 2-3 Percentual share of GHGs (Y-axis begins at 80% - part of CO; share is hidden)

95%

90%

85%

1990 1995 2000 2005 2010 2015

to lower emissions from the
1 Energy category (mainly 1.A2 Manufacturing Industries & Construction,
1.A.4.a Commercial/Institutional and 1.A.4.b Residential).

The main source of CO, emissions is fossil fuel combustion; within the 1.A Fuel Combustion category,
1.A.1 Energy Industry and 1.A.4 Other sectors are the most important. CO, emissions increased remarkably
between 1990 and 2018 from the 1.A.3 Transport category from 11, 484.85 to 19,055.34 kt CO; eq.
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CH,4

CH4 emissions share decreased almost steadily during the period from 1990 to 2004, from 2004 methane
fluctuated around 60% of its base year emissions. In 2018 CH, emissions were 44% below the base year
level (incl. LULUCF), mainly due to lower contribution of 1.B Fugitive Emissions from Fuels and emissions
from 3 Agriculture and despite increase from the 5 Waste category. The main sources of CHsemissions are
1.B Fugitive Emissions from Fuels (solid fuel), 3 Agriculture (3.A Enteric Fermentation and 3.B Manure
Management) and 5 Waste (5.A Solid Waste Disposal on Land and 5.D Wastewater Treatment and
Discharge).

N:0

N,O emissions strongly decreased from 1990 to 1994 by 32% over this period and then shows slow
decreasing trend with inter-annual fluctuation. N,O emissions decreased between 1990 and 2018 from
9 426.24 to 6 090.38 kt CO; eq (incl. LULUCF). In 2018 N,O emissions were 35% below the base year level,
mainly due to lower emissions from 3 Agriculture and 2.B Chemical Industry and despite increase from the
1.A.3 Transport category.

The main source of N,O emission is category 3.D Agricultural Soils (others less important sources are
1.A Fossil Fuel Combustion and 2 Industrial Processes — 2.B Chemical Industry).

HFCs

HFCs actual emissions increased remarkably between 1995 and 2018 from 13.81 to 3 736.11 kt CO; eq.
The rapid increase of emissions was driven mainly by increased consumption of HFCs in subcategory 2.F.1
Refrigeration and Air Conditioning. In 2018, HFCs emissions were more than 271-times higher than in the
base year 1995.

The main sources of HFCs 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 and 2010. Since 2010, PFCs emissions are decreasing to
current level 1.33 kt CO, eq. Rapid decrease of emissions is caused by reduced consumption of PFCs.

The main sources of PFCs emissions are 2.E Semiconductor Manufacture and 2.F.1 Refrigeration and Air
Conditioning equipment.

SFs

SFs emissions in 1995 accounted for 88.68 kt CO, eq. Between 1995 and 2018 they inter-annually
fluctuated with maximum of 144.69 kt CO; eq. In 2018 SFs reached amount of 70.56 kt, the level was 16%
lower than the base year (1995).

The main sources of SFgemissions is 2.G Other product manufacture and use.
NF;

With the technological progress a new gas is used since 2010 in semiconductor manufacturing. NFs is a
gas, used mainly for manufacturing of LCD displays, solar panels and etching semiconductors. Base year
for this gas is 1995. In 2018 the emissions of NF; equalled to 3.11 kt CO; eq.
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2.2.2 Description and interpretation of emission trends by category

Fig. 2-5 presents a summary of GHG
emissions by categories for the period
from 1990 to 2018:

2O0%  [-ememm e
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e (Category 4 LULUCF
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100%
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The dominant category is the 1 Energy 40%
sector, which caused for 72% of total 1990 1995 2000 2005 2010 2015
GHG emissions in 2018 (83% in 1990) T LEnergy 2 IPPU 3 Agriculture » Waste

excl. LULUCF and indirect emissions,

followed by the categories 2 Industrial i, 2.4 Emission trends in 1990-2018 by categories in index form (base year =
Processes and Product Use and 100)

3 Agriculture, which caused for 12%

and 6% of total GHG emissions in 2018 (9% and 8% in 1990, resp.), 5 Waste category covered 4 % as well
as 4 LULUCF category. The trend of GHG emissions by categories is presented in Fig. 2-4 (indexed relative
to the base year).

Tab. 2-2 Summary of GHG emissions by category 1990-2018 [kt CO; eq.]

1 Energy 2 IPPU 3 Agriculture 4 LULUCF 5 Waste ‘
1990 161316.31 17113.01 15648.71 -5686.64 3124.51
1991 148335.49 13847.99 13536.24 -8910.93 3266.79
1992 142964.25 14609.67 11684.25 -9585.28 3275.76
1993 137686.29 13451.41 10404.53 -9213.60 3356.73
1994 129782.71 14690.24 9430.26 -6952.68 3503.45
1995 129383.73 14188.95 9442.46 -7398.00 3510.88
1996 131977.81 14886.38 9145.66 -7765.62 3549.21
1997 126745.62 15802.86 8779.71 -6814.90 3665.98
1998 120695.04 15927.05 8430.37 -6915.71 3792.03
1999 113604.42 13406.17 8465.09 -7149.20 3806.09
2000 122160.27 14890.03 8553.86 -8042.42 3853.46
2001 122456.86 14158.91 8888.20 -8332.18 3993.32
2002 119133.36 13956.60 8559.86 -7956.23 4126.98
2003 121632.28 15013.31 8036.65 -6451.43 4285.11
2004 121393.72 15955.68 8463.99 -6924.79 4234.83
2005 120597.29 14827.22 8186.82 -7332.82 4294.58
2006 120708.46 15870.60 8130.78 -5002.13 4371.05
2007 121573.00 16652.13 8378.73 -2736.49 4314.32
2008 116519.27 16607.65 8445.90 -5991.39 4511.55
2009 110924.69 14085.79 7587.69 -7067.94 4621.05
2010 112491.76 15063.17 7483.80 -6239.91 4861.48
2011 110056.97 15298.82 8086.15 -7271.82 4917.13
2012 106041.83 15064.47 8018.54 -7433.22 5077.39
2013 100713.78 14907.93 7989.49 -6788.18 5373.05
2014 97707.07 15696.90 8049.32 -6669.41 5403.39
2015 98813.64 15350.06 8629.03 -5812.77 5511.01
2016 100182.03 15525.91 8859.25 -4683.55 5567.02
2017 99013.34 15610.65 8789.24 -2315.29 5645.77
2018 96875.70 16262.90 8606.50 5794.15 5704.49
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3 Agriculture 4 LULUCF

1 Difference relative to previous year
2 Difference relative to base year

Tab. 2-3 Overview of trends in categories and subcategories (kt CO; eq.)

GREENHOUSE GAS SOURCE AND SINK

CATEGORIES

1. Energy 161316.31 129383.73 122160.27 120597.29 112491.76 98813.64 96875.70
A. Fuel combustion (sectoral approach) 149454.80 120078.72 115034.21 114188.17 106700.24 94425.88 93553.78
1. Energy industries 56855.14 61762.46 62061.95 63165.65 62122.33 53690.07 51071.61
2. Manufacturing industries and construction 47113.14 24468.30 23425.64 18844.64 12112.38 9751.37 9958.91
3. Transport 11484.85 10468.51 12119.26 17357.81 16832.27 17531.63 19055.34
4. Other sectors 33807.41 23162.56 17247.42 14546.59 15304.12 13071.99 13145.64
5. Other 194.26 216.88 179.95 273.47 329.14 380.81 322.28
B. Fugitive emissions from fuels 11861.51 9305.01 7126.06 6409.12 5791.51 4387.76 3321.92
1. Solid fuels 10779.39 8468.06 6249.66 5513.41 4894.36 3774.33 2713.91
2. Oil and natural gas and other emissions from 1082.12 836.95 876.40 895.71 897.15 613.43 608.01
energy production

2. Industrial Processes 17113.01 14188.95 14890.03 14827.22 15063.17 15350.06 16262.90
A. Mineral industry 4082.45 3019.09 3633.37 3345.75 3048.42 2594.89 3077.63
B. Chemical industry 2944.23 2808.20 2937.08 2837.88 2371.07 2070.59 2047.56
C. Metal industry 9670.32 7949.20 7435.43 7103.10 6752.62 6952.50 6948.64
D. Non-energy products from fuels and solvent 125.56 103.75 146.75 133.66 115.27 136.33 154.48
use

E. Electronic industry NO,NE NO,NE 11.17 6.64 41.95 5.30 6.64
F. Product uses as ODS substitutes NO 13.82 420.20 1083.26 2429.17 3291.42 3736.79
G. Other product manufacture and use 290.46 294.90 306.04 316.93 304.69 299.04 291.13
H. Other NO NO NO NO NO NO 0.04
3. Agriculture 15648.71 9442.46 8553.86 8186.82 7483.80 8629.03 8606.50
A. Enteric fermentation 5600.62 3505.93 2989.01 2798.72 2656.89 2828.21 3039.43
B. Manure management 3124.70 2130.92 1899.11 1696.13 1401.54 1324.21 1050.44
D. Agricultural soils 5627.23 3585.08 3504.92 3553.28 3252.13 4125.09 4229.33
G. Liming 1187.63 111.26 113.21 64.51 61.97 164.41 161.37
H. Urea application 108.53 109.27 47.61 74.17 111.27 187.10 125.92
4. Land use, land-use change and forestry -5686.64 -7398.00 -8042.42 -7332.82 -6239.91 -5812.77 5794.15
A. Forest land -4373.15 -6720.81 -6828.20 -5933.34 -4588.67 -5324.55 7320.36
B. Cropland 214.82 235.64 210.83 184.69 188.30 167.19 99.56
C. Grassland -110.23 -328.80 -413.62 -398.21 -408.02 -335.73 -282.26
D. Wetlands 21.73 9.34 27.39 21.75 35.13 25.66 20.36
E. Settlements 271.17 238.71 237.71 237.36 179.81 143.68 124.07
F. Other land NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA
G. Harvested wood products -1712.98 -833.54 -1277.73 -1446.15 -1647.57 -490.14 -1488.47
5. Waste 3124.51 3510.88 3853.46 4294.58 4861.48 5511.01 5704.49
A. Solid waste disposal 1979.27 2404.98 2798.38 3058.11 3462.42 3653.77 3742.72
B. Biological treatment of solid waste NE,IE NE,IE NE,IE 60.90 202.65 678.57 721.07
C. Incineration and open burning of waste 21.25 64.92 57.88 124.12 127.29 121.59 141.03
D. Waste water treatment and discharge 1123.99 1040.98 997.20 1051.44 1069.12 1057.08 1099.67
Memo items:

International bunkers 528.22 562.83 593.83 978.92 965.41 895.11 1248.26
Aviation 528.22 562.83 593.83 978.92 965.41 895.11 1248.26
CO, emissions from biomass 6445.39 5790.70 6666.40 8667.97 12354.38 16225.54 16766.07
Long-term storage of C in waste disposal sites 15558.30 19691.70 24677.97 30258.81 36422.71 41586.48 44559.40
Indirect N,O 1081.26 551.41 418.41 408.05 351.20 280.93 256.75
Indirect CO, 1864.62 1437.38 1175.02 1066.46 977.94 789.05 689.82
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Energy (IPCC Category 1)

The trend for GHG emissions from 1 Energy category shows decreasing trend of emissions. They strongly
decreased from 1990 to 1994 and then fluctuated by 2002. After 2002 they stayed relatively stable by
2007. In the period 2002 — 2007 emissions kept around 120 000 kt CO, eq. Total decrease between 1990
and 2018 is 37%. Between 2016 to 2018 emissions from category 1 Energy slightly decreased by 2%.

From the total 96 875.70 kt CO; eq. in 2018 97% comes from 1.A Fuel Combustion, the rest are 1.B Fugitive
Emissions from Fuels (mainly Solid
Fuels). 1.B Fugitive Emissions from | 7000
Fuels is the largest source for CH,,
which represented 24% of all CHa
emissions in 2018. 32% of all CHs | so00
emissions in 2018 originated from
Energy category.

60.00 -

40.00

30.00 -

CO, emissions from fossil fuels
combustion (category 1.A Energy) are | 5000 |
the main source in Czech Republic's
inventory with a share of 95% in total | 19
emissions from Energy sector. CO; 00 |
emissions from category 1 Energy 1A1 1A2 1A3 1A4 1AS 18
contributes for 73% to total GHG
emissions, CH4 for 4% and N,O for 1%
in 2018 (excl. LULUCF).

Fig. 2-5 Trends in Energy by categories 1990-2018 (Tg CO; eq.)

Industrial Processes and Product Use (IPCC Category 2)

12.00

GHG emissions from the 2 Industrial
Processes and Product Use category
fluctuated with decreasing trend
during the whole period 1990 to 2018.
In early 90’s emissions decreased
rather rapidly, then reached decade
minimum in 1999 and subsequently
decreased with total minimum in 2009
(global economic recession). Between | 4%
1990 and 2018, emissions from this

category decreased by 5%. In 2018 2.00
emissions amounted for 16 196.63 kt J
CO; eq. 0.00 ' ' '

The main categories in the 2 Industrial
Processes and Product Use category Fig. 2-6 Trends in IPPU by categories 1990-2018 (Tg CO; eq.)

are 2.C Metal Industry (42%),
2.F Product Uses as ODS substitutes (23%), 2.A Mineral Industry (19%) and 2.B Chemical Industry (13%) of
the sectoral emissions in 2018 (Fig. 2-6).

10.00

3.00 pl

6.00

The most important GHG of the 2 Industrial Processes and Product Use category was CO, with 74% of
sectoral emissions, followed by F-gases (23%).
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Agriculture (IPCC Category 3) 12.00

GHG emissions from the category 1000
3 Agriculture decreased relatively steadily
over the period from 1990 to 2003 and
then fluctuated. In 2010 emissions
reached minimum level which is 53 %
below the base year level.

Agriculture amounted to 8 606.5
kt CO; eq. in 2018 which corresponds to
6% of national total emissions (excl.
indirect emissions, excl. LULUCF). The
most  important  sub-category 3.D
Agricultural  Soils  (N,O  emissions)
contributed by 49% to sectoral total in
2018, followed by the 3.A Enteric Fermentation (CHs emissions, 35%).

T T T
2.A 2B 2.C 2D 2E 2.F 2G

Fig. 2-7 Trends in Agriculture by categories 1990-2018 (Tg CO; eq.)

3 Agriculture is the largest source for N,O and second largest source for CHs emissions (78% of total
emissions of N,O and 27% of total
emissions of CH,4, excl. LULUCF). However | 1000
it's emission trend steadily decreases

4A ac 4G

8.00
over the whole observed period. oo
Land Use, Land-Use Change and 4.00
Forestry (IPCC Category 4) 2.00

GHG removals from the 4 Land Use,
Land-Use Change and Forestry category
vary through the whole time series with
maximum of -9585.28 kt CO; eq. in 1992
and minimum in 2017 (-2 315.29 kt
CO; eq.).

- T‘T

Emissions and removals amounted to
5 794.15 kt CO; eq. in 2018, which
corresponds to 4% of total national |,
emissions.

4.8 4.D 4.E

bk

Fig. 2-8 Trends in LULUCF by separate source and sink categories 1990 -
2018 (Tg CO; eq.)

0.35

LULUCF category is no longer a sink for | ;4
CO,. Starting with 2015 the removals
decreased and resulted in emissions in
2018. The situation is caused by the |20
extreme drought-induced accelerating
bark-beetle outbreak calamity
experienced in the Czech forestry in the | 010
recent years (since 2015).

0.25

0.15

0.05

0.00
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Waste (IPCC Category 5) 4.00

GHG emissions from category 5 Waste
substantially increased during the whole
period. In 2018 emissions amounted for
5 704.49 kt CO; eq., which is 83% above
the base year level. The increase of
emissions is mainly due to higher
emissions of CHs from 5.A Solid Waste
Disposal and due higher emissions in 5.C
Incineration and open burning of waste.
The share of category 5 Waste in total
emissions was 4% in 2018.

5.8 5.C 5.D

The main source is solid 5.A Solid Waste
Disposal, which accounted for 66% of
sectoral emissions in 2018, followed by
5D  Wastewater  Treatment and
Discharge (19%) and 5.B Biological treatment of solid waste (13%). Trends of the separate sub-categories
in Waste sector can be observed on Fig. 2-9.

Fig. 2-9 Trends in Waste by categories 1990-2018 (Tg CO; eq.)

93% of all emissions from Waste category are CH4 emissions; CO, contributes by 2% and N,O by 5%.

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

Description of trends of emissions of indirect greenhouse gases is provided in Chapter 9.

2.2.4 Description and interpretation of emission trends for KP-LULUCF inventory

Of the qualifying KP LULUCF activities, emission removals from Forest Management dominate for all years
in the reported period from 2013 to 2018. There removals are enhanced by the estimates for
Afforestation/Reforestation activities and by the contribution from changes in carbon pools associated
with Harvested Wood Products (HWP). On the contrary, Deforestation represents emissions for all years
(Tab. 2-4).

Tab. 2-4 Summary of GHG emissions and removals for KP LULUCF activities [kt CO; eq.]

Article 3.3 activities Article 3.4 activities HWP
Afforestation and Deforestation Forest Other Art. 3.4 HWP contribution
Reforestation Management activities

2013 -499.36 254.05 -6292.56 NA -126.9

2014 -533.38 251.20 -6187.48 NA -96.16
2015 -548.41 197.61 -5259.28 NA -490.14
2016 -554.34 238.40 -4219.91 NA -940.84
2017 -565.38 264.66 -1859.34 NA -1060.46
2018 -538.58 151.06 6345.74 NA -1488.47
Total* -3239.45 1356.99 -17472.84 NA -2432.53

*) Cumulative net emissions and removals for all years of the commitment period reported in the current submission
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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; however fugitive 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
(CzSO). 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 emission factors.

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 production of heat 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; the Sectoral Approach 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 specific emission factors.

Inventories of CO,, CH,s 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 country-specific or
default emission factors. The activity data are obtained first of all from the official CzSO energy balance.
The sector statistics and annual targeted surveys 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. All CO,, CHs and N,O emissions are derived from the combustion of fossil respectively
biofuels and other fuels in stationary and mobile sources.

On the whole, 13 key sources have been identified in sector 1, the most important of which are the first 4
given Tab 3-1. This group of sources contributes 77.5% to total greenhouse gas emissions (without
LULUCF).

It is apparent from the table that the first four categories are of fundamental importance for the level of
greenhouse gas emissions in the Czech Republic and, of these, the combustion of Solid Fuels 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 the 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 of the inventory, including the activity data, are submitted in the standard CRF format. For
direct greenhouse gases, the consumption of fuels and “implied” emission factors are also given. However,
for stationary sources, the fuel consumption is given in the CRF format in aggregated structure, i.e. as Solid,
Liquid and Gaseous Fuels according to IPCC definition. All the CRF Tables in sector 1.A were appropriately
completed for the entire required time interval of 1990 to 2018.

In 1.B Fugitive Emissions from Fuels category, especially 1.B.1.a Coal Mining and Handling was evaluated
as a key category (Tab. 3-1). Category 1.B.2.b also was identified as a key category by the latest assessment.
Moreover, identifiers placed this category just over the borderline between key and non-key categories.

Tab. 3-1 Overview of key categories in 1 Energy (2018)

1.A.1 Energy industries - Solid Fuels CO, LATA LA, TA vyes yes yes yes 35.33 36.92
1.A.3.b Transport - Road transportation CO; LA, TA LATA vyes yes yes yes 13.82 14.44
1.A.4 Other sectors - Gaseous Fuels CO, LA, TA LA, TA yes yes yes yes 5.12 5.35
1.A.2 Manufacturing industries and

construction - Gaseous Fuels CO, LA, TA LA, TA yes yes yes yes 3.96 4.14
1.A.2 Manufacturing industries and

construction - Solid Fuels CO, LA, TA LA, TA vyes yes yes yes 2.87 3.00
1.A.4 Other sectors - Solid Fuels CO, LA, TA LA, TA vyes yes yes yes 2.77 2.90
1.B.1.a Coal Mining and Handling CHa LA, TA LA, TA vyes yes yes yes 1.95 2.04
1.A.1 Energy industries - Gaseous Fuels CO; LA, TA LA, TA vyes yes yes yes 2.12 2.21
1.A.4 Other sectors - Liquid Fuels CO, LA, TA LA, TA vyes yes yes yes 0.93 0.97
1.A.2 Manufacturing industries and

construction - Liquid Fuels CO, TA TA yes yes yes yes 0.26 0.28
1.A.4 Other sectors - Solid Fuels CHy TA TA yes yes yes yes 0.22 0.23
1.A.4 Other sectors - Biomass CHa LA yes yes 0.45 0.47
1.B.2.b Natural Gas CHy LA, TA yes yes 0.43 0.44

KC: key category
1 including LULUCF
2 excluding LULUCF

3.1.2 Emissions Trends

CO, emissions from the 1.A sector decreased by 36% from 147 Mt CO; in 1990 to 92 Mt CO; in 2018.
Furthermore CO, emissions from the 1.B sector decreased by 77% from 458 kt in 1990 to 104 kt in 2018,
as well as CH, emissions from 1.B sectors decreased by 72% from 456 kt in 1990 to 129 kt in 2018. Fig. 3-1
indicates overall trend in CO; and CH4 emissions in the whole time series for both sectors. Furthermore
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 CO; (Sectoral Approach) in 1.A and trend of CO, and CH,4 from 1.B sector in period 1990 — 2018

Tab. 3-2 Emissions of greenhouse gases and their trend from 1990 — 2018 from IPCC Category 1 Energy

1990 147 241 531.02 2.68
1991 135653 477.92 2.46
1992 131020 449.17 2.40
1993 125999 440.07 2.30
1994 118 688 416.93 2.25
1995 118 539 406.86 2.26
1996 121 230 402.61 2.29
1997 116 267 392.52 2.23
1998 110 799 369.84 2.18
1999 104 551 336.34 2.17
2000 113792 307.22 231
2001 114 506 292.68 2.13
2002 111 659 273.67 2.12
2003 114 208 270.95 2.18
2004 114 222 260.45 2.21
2005 113017 276.74 2.22
2006 112 885 286.00 2.26
2007 114 173 268.58 2.30
2008 109 167 267.08 2.26
2009 103919 254.36 2.17
2010 105 375 258.78 2.17
2011 102 962 257.73 2.19
2012 99 155 249.92 2.14
2013 94 716 214.84 2.10
2014 91 798 211.10 2.12
2015 92 994 206.94 2.17
2016 94 671 194.13 2.21
2017 93 827 181.04 2.21
2018 92 006 168.80 2.18
Trend -38% -68% -19%
1990/2018

3.1.2,1 Emission trends by subcategories

The individual subsectors have different contributions to trends in emissions. Fig. 3-2 illustrates the trends
in emissions on the example of CO, emissions and the share of CO, emissions in different subsectors in

2018.

The greatest increase in emissions was recorded in subsector 1.A.3 Transport between 1990 and 2007,
when emissions increased by 160%. In absolute values, this corresponded to an increase from 11 Tg CO,

in 1990 to 18 Tgin 2007. A slight decrease has been apparent since 2008, while between
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Fig. 3-2 Share and development of CO, emissions from 1990 - 2018 in individual sub-sectors; share of CO, emissions in individual
subsectors in 2018 [kt]

2014 and 2018 is apparent slight increase by 2.3 Tg. Emissions 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 and 1.A.4 from 47 and 32 Tg CO; in 1990 to 10 and 12 Tg CO, in 2018, respectively.

Fig. 3-3 demonstrate that the fugitive emissions from Solid fuels also indicate substantial decrease in the
whole time-series, i.e. 78% for CO, emission and 75% for CH, emissions. Fugitive CHs emissions from Qil
and Natural Gas also indicate decrease for 44% in the time series. Fugitive CO, emissions from Qil and
Natural Gas indicates increase, however, these emissions are of minor importance in the whole
submission.
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Fig. 3-3 CO; and CH4 trend from the sector Fugitive Emissions from Solid Fuels and from the sector Fugitive Emissions from Oil
and Natural Gas

The trends for different subcategories are also presented in Tab. 3-3.
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Tab. 3-3 Total GHG emissions in [kt CO, equivalent] from 1990 — 2018 by subcategories of Energy

1990 161316 149455 56855 47 113 11 485 33 807 194 11 862 10779 1082
1991 148335 137707 55476 39 860 10 306 31909 156 10628 9 698 931
1992 142964 132874 54650 43 897 10721 23 406 201 10090 9227 863
1993 137686 127753 54321 36 752 10 253 26239 188 9933 9088 845
1994 129783 120339 54 842 29 186 11163 24933 214 9444 8612 832
1995 129384 120079 61762 24 468 10 469 23163 217 9 305 8468 837
1996 131978 122823 66518 24 253 10 659 21183 211 9155 8250 905
1997 126746 117754 62 809 24 061 10532 20154 198 8991 8099 892
1998 120695 112059 60678 21705 11 687 17 816 173 8 636 7 696 940
1999 113604 105724 58 225 18 506 11996 16 829 167 7 881 6 959 922
2000 122160 115034 62062 23 426 12119 17 247 180 7126 6 250 876
2001 122457 115704 64 245 20 879 12 902 17 517 161 6752 5925 828
2002 119133 112829 62799 19 999 13 479 16 310 242 6 305 5431 873
2003 121632 115417 62449 19937 15 268 17 519 245 6215 5399 816
2004 121394 115446 62568 19 569 16 025 17 010 273 5947 5186 762
2005 120597 114188 63 166 18 845 17 358 14 547 273 6 409 5513 896
2006 120708 114073 62615 18 544 17 700 14 956 259 6 635 5735 900
2007 121573 115390 66 264 16 659 18 616 13 504 347 6183 5287 897
2008 116519 110383 61533 16 197 18 464 13 812 377 6136 5312 825
2009 110925 105196 57462 15945 17 853 13572 364 5729 4861 868
2010 112492 106700 62122 12112 16 832 15304 329 5792 4894 897
2011 110057 104301 61884 11138 16 662 14 229 387 5756 4917 839
2012 106 042 100502 58755 10810 16 384 14 236 316 5540 4 856 684
2013 100714 96143 55168 10 085 16 254 14 325 309 4571 3937 634
2014 97 707 93193 53790 9561 16 769 12755 319 4514 3 882 632
2015 98 814 94 426 53 690 9751 17 532 13072 381 4388 3774 613
2016 100182 96151 54 456 9484 18 206 13598 407 4031 3421 610
2017 99 013 95 376 51771 10311 18 707 14123 465 3637 3025 612
2018 96 876 93 554 51072 9959 19 055 13 146 322 3322 2714 608
Total Trend -40% -37% -10% -79% 66% -61% 66% -72% -75% -44%
1990 - 2018

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 Reference Approach (RA), whose main
objective is to control the estimation of the CO, 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 source section of the national energy balance (primary sources) and some additional information. It
provides information only on total CO, emissions without any further division into consumer sectors.

From 2015 submission onward, it is required to use the Reference Approach in line with IPCC 2006
Guidelines (IPCC, 2006). Main difference between the new reference approach in contrast with the old
one, used until now (IPCC 1997), is that instead of the concept of “long-term stored carbon” (stored
carbon), used for some non-energy fuels, now a new, broader concept is used - “excluded carbon”, which
includes not only the stored carbon, but also carbon used and emitted as CO, in other sectors, not only in
1.A (most often in sector 2 IPPU). This means that from the total carbon, calculated on the base of apparent
domestic consumption (Apparent consumption, AC) is deducted the “excluded carbon”. It is mainly the
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case of carbon contained in fossil fuels used: (i) as raw materials for further treatment in the industry
(feedstocks), (ii) as reductants and (iii) as non-energy products.

Overview of materials, containing “excluded carbon” is given inTab. 3-4.

Tab. 3-4 Products used as feedstocks, reductants, and for non-energy products (IPCC, 2006)

Feedstocks Naphtha

LPG (propane - butane)
Oils used as 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 other sectors, than Energy sector — 1.A (i.e. non-energy 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).

In the Czech national inventory above mentioned “excluded carbon” is considered for counting in case of
the following substances:

e Naphtha

e Bitumen

e Paraffin waxes

e Qils, used for production of hydrogen by partial oxidation (further for ammonia)

o White spirit
In Tab. 3-5 and Tab. 3-6 are reported values, set by the reference approach for the years 1990, 2000, 2005,
2010, 2015, 2016, 2017 and 2018 and a comparison between the reference and sectoral approach for the

same years. In Tab. 3-7 is 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 358.56 71.77 286.78 298.26 -3.85
Solid Fuels 1315.08 86.73 1228.36 1179.22 4.17
Gaseous Fuels 219.91 219.91 205.43 7.05
Other Fuels 0.26 0.26 0.26 0.00
Total 1893.81 158.50 1735.31 1683.18 3.10
1995 Liquid Fuels 321.29 96.97 224.33 233.08 -3.76
Solid Fuels 937.64 71.03 904.15 866.61 4.33
Gaseous Fuels 274.74 274.74 260.80 5.35
Other Fuels 0.65 0.65 0.65 0.00
Total 1534.33 168.00 1403.87 1361.14 3.14
2000 Liquid Fuels 311.43 87.59 223.84 238.42 -6.12
Solid Fuels 901.78 66.29 835.48 822.67 1.56
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Gaseous Fuels 314.52 314.52 305.05 3.10
Other Fuels 1.28 1.28 1.28 0.00
Total 1529.00 153.88 1375.12 1367.42 0.56
2005 Liquid Fuels 387.46 111.20 276.26 291.96 -5.38
Solid Fuels 847.06 75.47 771.58 762.94 -1.12
Gaseous Fuels 323.04 323.04 318.87 -1.29
Other Fuels 5.69 5.69 5.69 0.00
Total 1563.25 186.67 1376.58 1379.46 -0.21
2010 Liquid Fuels 370.03 99.40 270.62 277.31 -2.41
Solid Fuels 780.51 71.50 709.01 702.25 0.96
Gaseous Fuels 338.55 3.80 334.75 309.77 8.06
Other Fuels 5.89 5.89 5.89 0.00
Total 1494.97 174.70 1320.27 1295.23 1.93
2015 Liquid Fuels 354.50 81.65 272.86 278.84 -2.15
Solid Fuels 682.81 75.36 607.45 595.68 1.98
Gaseous Fuels 272.03 4.02 268.01 263.19 1.83
Other Fuels 7.07 7.07 7.07 0.00
Total 1316.42 161.03 1155.39 1144.78 0.93
2016 Liquid Fuels 330.80 52.58 278.22 278.86 -0.23
Solid Fuels 685.73 78.26 607.46 598.50 1.50
Gaseous Fuels 294.46 4.21 290.25 285.65 1.61
Other Fuels 7.78 7.78 7.78 0.00
Total 1318.76 135.05 1183.71 1170.78 1.10
2017 Liquid Fuels 381.44 101.68 279.76 286.84 -2.47
Solid Fuels 657.77 69.18 588.59 577.92 1.85
Gaseous Fuels 302.19 3.72 298.46 294.60 1.31
Other Fuels 8.6 8.63 8.63 0.00
Total 1350.0 174.58 1175.45 1167.99 0.64
2018 Liquid Fuels 387.66 102.69 284.97 288.35 -1.17
Solid Fuels 652.51 72.05 580.46 566.23 2.51
Gaseous Fuels 286.16 3.74 282.42 278.82 1.29
Other Fuels 7.28 7.28 7.28 0.00
Total 1333.61 178.49 1155.12 1140.68 1.27

Tab. 3-6 Results for CO, emissions (kt) according to reference approach and comparison with sectoral approach

1990 Liquid Fuels 26 351.41 5392.00 20959.41 22 196.81 -5.57
Solid Fuels 126 345.82 9280.00 117065.82 113 360.35 3.27
Gaseous Fuels 11990.12 0.00 11990.12 11 200.98 7.05
Other Fuels 24.04 24.04 24.04 0.00
Total 164 711.39 14672.00 150039.39 146 782.19 2.22
1995 Liquid Fuels 2343231 7 197.00 16 235.31 17 180.98 -5.50
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 59.83 0.00
Total 128459.77 14797.00 113662.77 118176.72 -3.82
2000 Liquid Fuels 22 666.97 6 481.00 16 185.97 17 467.23 -7.34
Solid Fuels 86 604.97 7 093.00 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 117.00 117.00 117.00 0.00
Total 126 686.27 13574.00 113112.27 113 469.47 -0.31
2005 Liquid Fuels 40 081.24 20 040.62 20 040.62 21486.51 -6.73
Solid Fuels 146 735.88 73 367.94 73 367.94 73 180.71 0.26
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Gaseous Fuels 35529.19 17 764.59 17 764.59 17 535.52 1.31
Other Fuels 500.73 500.73 500.73 0.00
Total 222847.04 111173.15 111673.88 112 703.47 -0.91
2010 Liquid Fuels 27 089.51 7 394.00 19 695.51 20 001.69 -1.53
Solid Fuels 74 538.66 7 296.00 67 242.66 67 468.09 -0.33
Gaseous Fuels 18 717.09 210.00 18 507.09 17 126.77 8.06
Other Fuels 512.00 512.00 512.00 0.00
Total 222847.04 111173.15 111673.88 112703.47 -0.91
2015 Liquid Fuels 26 062.34 6 134.00 19 928.34 20097.63 -0.84
Solid Fuels 65 256.37 7 544.72 57 711.65 57 501.66 0.37
Gaseous Fuels 15 075.90 223.00 14 852.90 14 586.54 1.83
Other Fuels 614.72 614.72 614.72 0.00
Total 107 009.34 13 901.72 93 107.62 92 800.56 0.33
2016 Liquid Fuels 24 274.34 3980.15 20294.19 20 167.22 0.63
Solid Fuels 65 434.26 7 834.41 57 599.85 57 785.17 -0.32
Gaseous Fuels 16 342.55 233.15 16 109.40 15 854.22 1.61
Other Fuels 740.28 740.28 702.75 5.34
Total 106 791.43 12 047.71 94 743.71 94 509.36 0.25
2017 Liquid Fuels 27 920.06 7 489.68 20430.38 20717.28 -1.38
Solid Fuels 62 962.33 6928.51 56 033.82 55989.77 0.08
Gaseous Fuels 16 759.76 206.53 16 553.24 16 339.36 1.31
Other Fuels 705.28 705.28 654.02 7.84
Total 108 347.43 14 624.71 93 722.71 93 700.43 0.02
2018 Liquid Fuels 28 397.56 7 608.38 20789.18 20980.81 -0.91
Solid Fuels 62 535.39 7 247.67 55287.72 54 846.46 0.80
Gaseous Fuels 15 867.30 207.40 15 659.90 15 461.00 1.29
Other Fuels 614.04 614.04 614.04 0.00
Total 107 414.29 15 063.44 92 350.85 91 902.31 0.49

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

1990 1893.81 164 14672 150039 146782 2.22
158.50 1735.31 1683.18 3.10 711

1991 1702.60 148 10766 137284 135255 1.50
114.01 1588.59 1553.97 2.23 050

1992 1 640.05 140 11327 128886 130624 -1.33
120.20 1519.85 1520.77 -0.06 213

1993 1579.21 134 10250 124337 125621 -1.02
108.30 1470.90 1465.86 0.34 587

1994 1511.07 127 12125 115742 118320 -2.18
130.62 1380.45 1390.37 -0.71 868

1995 153433 128 14797 113663 118177 -3.82
168.00 1366.33 1398.68 -2.31 460

1996 1576.49 130 15311 115126 120880 -4.76
174.02 1402.47 1448.35 -3.17 437

1997 1590.39 132 15251 117007 115923 0.94
171.19 1419.20 1395.22 1.72 258

1998 1539.46 126 14935 111926 110459 1.33
167.23 1372.23 1343.55 2.13 861

1999 142261 115 12876 102463 104237 -1.70
149.06 1273.55 1279.23 -0.44 339

2000 1529.00 126 13574 113112 113469 -0.31
153.88 1375.12 1367.42 0.56 687
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2001 1553.61 127 13262 114474 114175 0.26
151.12 1402.50 1387.11 1.11 736

2002 1536.65 126 14023 112166 111325 0.76
158.75 1377.90 1355.78 1.63 189

2003 1556.65 127 14871 113120 113885 -0.67
167.36 138929  1387.83 010 991

2004 1526.00 124 17064 107398 113908 571
19549 133050  1393.07 449 463

2005 1563.25 127 16032 111674 112703 -0.91
186.67 1376.58 1379.46 -0.21 706

2006 1591.19 130 17090 113270 112550 0.64
196.80 139438  1378.89 112 360

2007 1591.26 131 16424 114918 113870 0.92
187.36 140390  1387.25 120 342

2008 1531.46 125 16524 108691 108 869 -0.16
192.13 133933  1334.79 034 215

2009 1409.26 114 13513 101309 103660 227
158.66 1 250.59 1267.58 -1.34 822

2010 1494.97 120 14899 105957 105 109 0.81
17470 132027  1295.23 193 857

2011 1416.12 115 14342 101626 102700 -1.05
167.18 124894  1253.83 039 967

2012 1364.67 111 14512 96604 98889 231
170.03 1194.64 1211.19 -1.37 116

2013 1354.73 110 14393 95696 94515 1.25
167.41 1187.32 1166.20 1.81 090

2014 1290.76 104 15 384 89 506 91 595 -2.28
180.79 1109.97 1125.54 -1.38 891

2015 1316.42 107 13902 93108 92801 033
161.03 115539  1144.78 093 009

2016 131876 106 12048 94744 94509 0.25
135.05 1183.71 1170.78 1.10 791

2017 1 350.03 108 14 625 93723 93 700 0.02
174.58 1175.45 1167.99 0.64 347

2018 1333.61 107 15063 92 351 91902 0.49
178.49 115512  1140.68 127 414

In years 1990, 1994, 1995, 1996, 2004, 2009, 2012 and 2014 is difference between referece and sectoral
approach much higher than 2%. These differences are mainly caused by statistical differences (SD), how
demonstrate Tab. 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 CzSO. This assumption is based on the fact that difference between RA and SA for the
surrounding years is very low.

Tab. 3-8 Explanation of high differece between reference and sectoral approach

1990 2.22 63 291.46 3.64 -1.42
1994 -2.18 -15 358.56 -1.06 -1.12
1995 -3.82 -9473.82 -0.65 -3.17
1996 -4.76 -6 487.39 -0.43 -4.33
2004 -5.71 -14 378.42 -0.98 -4.74
2009 -2.27 -13 980.44 -1.02 -1.25
2012 -2.31 -3 539.80 -0.26 -2.05
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| 2014 228  6547.97 0.51 2.79

3.2.2 International bunker fuels

In the Czech Republic, 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 (CzSO, 2019). Tab. 3-9 gives the amount of
stored Kerosene Jet Fuel.

Tab. 3-9 Kerosene Jet Fuel in international bunkers

| [T)/year] 7325 6020 6967 5792 7208 7805 5866 6759 7991 7520 8234 8750 7556 10163 13062

|[T.l/year] 13573 14070 14763 15644 14288 13387 13271 12367 11931 12248 12412 13250 15016 17309 |

3.2.3 Feedstocks and non-energy use of fuels

The methodology (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 non-energy use of fuels is reported mainly in sector 2 — IPPU. To prevent double-counting or omission
of resources it is necessary to carefully carry out a completeness check of CO, emissions in the sectors 1.A
(Energy — combustion) and 2 — IPPU, for those kinds of fuels that are used for both energy and non-energy
purposes.

Non-energy fuels are divided into three categories:

5) Raw materials for the chemical industry (Feedstocks). These 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 feedstock 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 ammonia by partial
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 larger part of the carbon is being oxidized during the
reduction process. A typical example of a reductant is metallurgical coke.

7) Non-energy products. Non-energy products are materials, derived from fuels in refineries or coke
plants, which unlike the previous two 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 emissions of CO»
and other 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 industry are reported in subsector 2.B, from reductants primarily in
subsector 2.C and from non-energy products, used mainly for other purposes, than incineration (e.g.
lubricating oils) in subsector 2.D.
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The energy balance of the Czech Republic in accordance with the 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 non-energy purposes. Below are listed the different kinds of fuels with a high
proportion of non-energy use in the Czech Republic.

Some types of liquid fuels are designed mainly for non-energy use. This is primarily naphtha, for which
CzS0 indicates, since 2001, that virtually the entire amount is consumed for non-energy purposes by the
chemical industry, mainly as petrochemicals (2.B). Less significant is the non-energy 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 this feedstock. Following the recommendation of the 2019
review the emissions from non-energy 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 non-energy purposes of fuels is a group marked as
Other Oils. Their most significant share is Other Petroleum Products, which finds application in the
production of hydrogen by partial oxidation with steam for subsequent production of ammonia and
further part of it is also used as a Solvent Use. In 2018, the consumption of Other Petroleum Products for
non-energy purposes (particularly in sub-sectors 2.B, 2.D) was 22.3 PJ. CO, produced during ammonia
production (2.B.1) is reported in Table 1.A(d) under Other Qil. The rest of the Other Qil used in non-energy
use is processed for the Solvents. Following the IPCC 2006 Gls., from Solvent Use (2.D.3) there is no CO;
produced.

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

The liquid fuels, used specially for non-energy purposes, include also bitumen, whose consumption in 2018
was 21 PJ and lubricants with consumption in 2018 of 9 PJ. While in the case of using bitumen there are
no emissions of CO; (Stored carbon), in the case of lubricants use, annually a part is oxidized to CO;
(Reported in 2.D.1) Consequently, CO; reported in Table1.A(d) under Lubricants is the CO, which is arising
in2.D.1.

Solid fuels for non-energy purposes are mainly used as reductants. These include coke (Coke Oven Coke),
from which in 2018 were used 50 PJ in the production of iron and steel (2.C.1). Consequently, CO reported
in Table 1.A(d) under Coke Oven Coke is the CO, which is arising in 2.C.1 from Metallurgical coke use. In
the Other bituminous coal in 2018 were used 8 PJ as non-energy 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 approximately 1% of annual consumption of natural gas
in the Czech Republic is used for non-energy purposes in the chemical industry. This non-energy use is
reported under 2.B.10.

Fuels for non-energy use are not accounted for into the Sectoral approach in category 1.A. In the Reference
approach NEU are deducted from the apparent consumption as excluded carbon (see. Sub-chapter "CO,
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 CO/TI]
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LPG 43 800 65.86%)
Naphtha 43 600 73.30
White Spirit 40193 73.30
Lubricants 40193 73.30
Bitumen 40 193 80.70
Paraffin Wax 40193 73.30
Petroleum Coke 39400 97.50
Other Petroleum Products 39001 73.30
Refinery Gas 46 023 55.08%)
Coke Oven Coke 291702 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 the whole time series was constructed on the basis of data from the CzSO Questionnaire
(CzS0O, 2019), where 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 caloric values of 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 m? and the consumption in TJ is also tabulated; however, in this case it is calculated using the
gross caloric value. The Energy balance in mass units (kt p.a.) for last reported year (2018) is given in Annex
4, Tables A4-1 — A4-7.

Since 2012 submission net calorific values for Liquid Fuels for the whole time series are available. These
are now assumed to be correct (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 emission 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 data, all 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 the last reported year is given in Annex 4,
Tables A4-1 — A4-7; similar datasets for the whole time series are stored in the archive of the sectoral
expert.

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, the relevant 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 important working files that contain data
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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 inventory system
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
working file has a “Title page” as the first sheet. Using interconnected system of excel files was created
computational model for emission estimates from the stationary sources in Energy sector.

The Title page shall contain particularly the following information:
o the name and description of the file
e the author of the file
e the date of creation of the file
e the dates of the latest up-dating, in order
e the source of the data employed
e description of transfer of specific data from the source files
e the means of aggregation of the data base employed in conversion

e 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
emission estimates is carried out. The operational part of the files contains whole computational approach
for estimation of CO,, CH4 and N,O emissions, which includes following steps:

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

e complete set of NCV for specific kinds of fuels and emission and oxidation factors (if applicable)
e computation of emission estimates

e 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 time-series and units of input and output values are recorded
as well.

3.2.4.3 Calculations of emissions

Original activity 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 in terajoules in the CzSO Questionnaires
(CzS0O, 2019), however, 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 Questionnaire (CzSO, 2019) in thousand m3
and in TJ; however, the data in TJ is determined using the gross caloric value. Volume reported by CzSO in
thousand m? is related to the ,trade conditions”, i.e. temperature 15°C and pressure 101.3 kPa.
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CzSO0 uses for the conversion 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 determination of the coefficient NCV/GCV
is provided in Annex 5.

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

NCV

—— =(0.001011- GCV) + 0.863274
GCV ( )+

where NCV and GCV are expressed in MJ/m? in the reference temperatures of 15 °C (i.e. trade conditions).
However, improved values of the ratio NCV/GCV is not far from the IPCC default value 0.9. For example,
to the NCV = 34.533 MJ/m?3 given in the Tab. 3-11 it 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 of CO, emissions are used emission factors, which are either provided in the IPCC 2006
Guidelines (IPCC, 2006), or which were determined as country-specific emission factors. Since CO,
emission factors depend on quality of specific of fuel, the values of emission factors are listed in the specific
chapters bellow. Default emission factors from the IPCC methodology have been for key categories
gradually substituted by country specific emission factors. Moreover, in case of CO, emission factors from
lignite (brown coal) and bituminous coal, the previous country-specific emission factors were in this
submission refined by using up-to-date national data. Description of used country-specific emission factors
including ways of their evaluations is provided in Annex 3.

CH4 and N,0 emissions from fuel combustion from stationary sources are not among the key categories.
Thus contrary to CO, emission factors, for CHs and N,O emission factors are used always default values
from IPCC 2006 Guidelines (IPCC, 2006). CH, and N,O emission factors are listed in the specific subchapters
for specific subcategories.

General CO; emission factors and NCV are provided in

Tab. 3-11. With regards that values in following table are used in Czechia companies with obligation to
report their emission to Emission Trade System — EU ETS (which is a market-based approach to controlling
pollution by providing economic incentives for achieving reductions in the emissions of pollutants), values
of country specific EF are expressed as a 5-years mean i.e. mean of years 2014 — 2018. This adjustment
decrease inaccuracies in emission reporting to EU ETS, which are caused by time discrepancy (companies
will use the values for reporting year 2019).

Tab. 3-11 Net calorific values (NCV), CO; emission factors and oxidation factors used in the Czech GHG inventory — 2018

Fuel (IPCC 2006 Guidelines NCV CO, EF 2 Oxidation CO, EFY
definitions) [T)/kt] [t CO,/TI] factor [t CO,/T)]
Crude Oil 42.800 73.30 1 73.30
Gas/Diesel Oil 42.600 74.10 1 74.10
Residual Fuel Oil 39.500 77.40 1 77.40
LPG 9 45,945 65.86 1 65.86
Naphtha 43.600 73.30 1 73.30
Bitumen 40.193 80.70 1 80.70
Lubricants 40.193 73.30 1 73.30
Petroleum Coke 39.400 97.50 1 97.50
Other Oil 39.203 73.30 1 73.30
Coking Coal 9 29.592 93.53 1 93.53
Other Bituminous Coal 9 26.373 94.56 0.9707 91.79
Lignite (Brown Coal) ¢ 13.492 99.34 0.9846 97.81
Brown Coal Briquettes 23.292 97.50 0.98469 95.99
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Coke Oven Coke 29.418 107.00 1 107.00
Coke Oven Gas (TJ/mill. m3) 16.064 9 44.40 1 44.40
Natural Gas (TJ/Gg) 9 47.919 55.44 1 55.44
Natural Gas (TJ/mill. m3) 9 34.533 55.44 1 55.44

a) Emission factor without oxidation factor

b) Resulting emission factor with oxidation factor

¢) TJ/mill. m3, t= 15 °C, p = 101.3 kPa

d) Country specific values of CO; 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:
e Activity data (consumption of individual kinds of fuels)

e Emission factors

Extensive research was carried out in 2012 to obtain new, more accurate values for the uncertainties
(CHMI, 2012b). The results are given in chapter 1.6 and Annex 2 furthermore lists source of expert
judgement provided for uncertainty analysis for each category.

Activity data

Information on fuel consumption is taken from CzSO (CzSO, 2019).
Uncertainties:

1) on the part of CzSO in collecting and processing the primary data

CzSO does not explicitly state the uncertainties in the published data. However, the uncertainty differs for
the individual groups of data — statistical reports from the individual enterprises (economic units with more
than 20 employees); consumption 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 remainder is calculated 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 Gas is measured more accurately in comparison to for instance coal.

Uncertainties also arise during data processing. CzSO obtains data in mass units — tons per year (1st level
of uncertainty). The resultant balance is expressed in energy units — TJ p.a. Recalculation 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) (2nd
level of uncertainty). The average fuel calorific value valid for all of the Czech Republic must be determined
for 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 a weighted average — 3rd level of
uncertainty.

2) on the part of the sector compiler in interpretation of CzSO data

The sector compiler introduced uncertainty into the processing that can be based on an elementary error
in interpreting the data. However, because routine control procedures are employed and no fuel may be
missing or calculated twice in the final balance, this uncertainty can be considered to be less than 1%
(approx. 0.5%).

Emission factors
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For calcualtions were applied

1) Default emission factors

The research carried out in 2012 focused also on the determining of uncertainties of emission factors
(CHMI, 2012b). Results are provided in the Tab. 3-12. The uncertainty values for the default emission
factors are based on the 2006 Guidelines (IPCC, 2006).

2) Country specific emission factors

The country-specific emission factors were determined on the basis of experimental data and this
uncertainty can be estimated at approx. 2.5%.

Tab. 3-12 Uncertainty data from Energy sector (stationary combustion) for uncertainty analysis

CO; 1.A Stationary combustion — 4 3 E. Krtkova, V. Neuzil, AD and EF unc. in line
Solid Fuels with 2006 Guidelines

CO; 1.A Stationary combustion — 3 2.5 E. Krtkova, V. Neuzil, AD and EF unc. in line
Gaseous Fuels with 2006 Guidelines

CO; 1.A Stationary combustion— 5 3 E. Krtkova, V. Neuzil, AD and EF unc. in line
Liquid Fuels with 2006 Guidelines

CO; 1.A Stationary combustion — 10 15 E. Krtkova, V. Neuzil, AD and EF unc. in line
Other Fuels —1.A.2 with 2006 Guidelines

CO; 1.A.3.e Other Transportation 4 3 E. Krtkova, V. Neuzil, AD and EF unc. in line
with 2006 Guidelines

CO; 1.A.5.b Mobile sources in 7 3 E. Krtkova, V. Neuzil, AD and EF unc. in line
agriculture and forestry with 2006 Guidelines

CH4 1.A Stationary combustion — 5 50 E. Krtkova, V. Neuzil, AD and EF unc. in line
Solid Fuels with 2006 Guidelines

CH, 1.A Stationary combustion — 4 50 E. Krtkova, V. Neuzil, AD and EF unc. in line
Gaseous Fuels with 2006 Guidelines

CH4 1.A Stationary combustion — 5 50 E. Krtkova, V. Neuzil, AD and EF unc. in line
Liquid Fuels with 2006 Guidelines

CH4 1.A Stationary combustion — 8 50 E. Krtkova, V. Neuzil, AD and EF unc. in line
Biomass with 2006 Guidelines

CH, 1.A.5.b Mobile sources in 7 50 E. Krtkova, V. Neuzil, AD and EF unc. in line
agriculture and forestry with 2006 Guidelines

CH, 1.A.3.e Other Transportation 4 50 E. Krtkova, V. Neuzil, AD and EF unc. in line
with 2006 Guidelines

N,O 1.A Stationary combustion — 5 60 E. Krtkova, V. Neuzil, AD and EF unc. in line
Solid Fuels with 2006 Guidelines

N,O 1.A Stationary combustion — 4 60 E. Krtkova, V. Neuzil, AD and EF unc. in line
Gaseous Fuels with 2006 Guidelines

N0 1.A Stationary combustion — 5 60 E. Krtkova, V. Neuzil, AD and EF unc. in line
Liquid Fuels with 2006 Guidelines

N,O 1.A Stationary combustion — 8 60 E. Krtkova, V. Neuzil, AD and EF unc. in line
Biomass with 2006 Guidelines

N,O 1.A Stationary combustion — 10 60 E. Krtkova, V. Neuzil, AD and EF unc. in line
Other Fuels — 1.A.2 with 2006 Guidelines

N0 1.A.3.e Other Transportation 4 60 E. Krtkova, V. Neuzil, AD and EF unc. in line
with 2006 Guidelines

N0 1.A.5.b Mobile sources in 7 60 E. Krtkova, V. Neuzil, AD and EF unc. in line
agriculture and forestry with 2006 Guidelines
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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 affect 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.

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 caused solely 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 according to CZ-NACE (the former Czech
equivalent was OKEC — Branch Classification of Economic Activities). The CZ-NACE 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 individual subcategories.

Example:

The decisive CZ-NACE 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, whose main activity is production and supply of heat. In the final analysis, the reported fuel
consumption is shifted from 1.A.2.c to 1.A.1.a.

In the Czech Republic, the 1990’s and beginning of the 20th century were a period when a route to rational
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 such 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 the determination of the emission data
are immediately eliminated.

Other Fuels (CRF 1.A.1.a) - Uncertainties and time-series consistency

The time series comes from two data sources — time-series was reproduced by MIT and data about current
incineration comes from ISOH (Information system of waste management). There are no country-specific
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 the last submission 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 for 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 coordination workplace, 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 QA/QC procedures, Vladimir Neuzil (KONEKO manager):
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e processes and updates the sectoral QA/QC plan
e organizes QC procedure
e ensures verification procedures and is responsible for its realization

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

e ensures data input in the CRF Reporter
e carries out auto-control — control of input data and primary computations

e 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 responsible for the Sectoral
Approach (Vladimir Neuzil), followed up by the control carried out by the QA/QC experts familiar with the
topic (Andrea Vesela, external employee of KONEKO). At this control level individual steps are controlled
according official QA/QC 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.

Data transmission 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 any discrepancies, 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 independent data
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 system REZZO, 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 use the above
data sources has to be determined on the basis of systematic research and will be covered in the national
inventory improvement plan.

External employee of KONEKO (Andrea Veseld) familiar with the assessed topic participate in the QC
procedures. The cooperation 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 described in the general part of the QA/QC plan, i.e.
approximately once in three years. Submission of year 2015 was detailed controlled by in-country review.

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 are given in the following figures.

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

This category is divided into 3 sub categories:
e Electricity Generation (CRF 1.A.1.a.i)
e Combined Heat and Power Generation (1.A.1.a.ii)
e Heat Plants (1.A.1.a.iii)
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Even though this division is used in the new methodology (IPCC, 2006), since so far no reliable data is
available for this detailed classification, in this submission, the reported data is summarized in category
CRF 1.A.1.a.i.

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

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 CO; CH, N,O

data EF OxF Emission EF Emission EF Emission

[T] [tCOx/TI]  [] [kt] [kg CHa/TJ]  [kt]  [kg N2O/TJ]  [kt]
Rafinery Gas 920.46 55.08 1 50.70 1 0.00092 0.1 0.00009
LPG 367.56 65.86 1 24.21 1 0.00037 0.1 0.00004
Heating and Other Gasoil 85.20 74.10 1 6.31 3 0.00026 0.6 0.00005
Fuel Oil - Low Sulphur 237.00 77.40 1 18.34 3 0.00071 0.6 0.00014
Fuel Oil - High Sulphur 39.50 77.40 1 3.06 3 0.00012 0.6 0.00002
Other Bituminous Coal 50 162.24 95.53*%) 0.9707%) 4 651.51 1 0.05016 1.5 0.07524
Brown Coal + Lignite 367 684.25 101.20*) 0.9846%*) 36 638.36 1 0.36768 1.5 0.55153
Coke 0.31 107.00 1 0.03 1 0.00000 1.5 0.00000
Coal Tars 70.69 80.70 1 5.70 1 0.00007 1.5 0.00011
Brown Coal Briquets 9.57 97.50 0.9846*) 0.92 1 0.00001 1.5 0.00001
Coke Oven Gas 5512.84 44.40 1 244.77 1 0.00551 0.1 0.00055
Natural Gas 47 471.06 55.45%) 1 2 632.25 1 0.04747 0.1 0.00475
Waste - fossil fraction 2 706.30 91.70 1 248.17 30 0.08119 4 0.01083
Waste - biomass fraction 4059.44 100.00 1 405.94 30 0.12178 4 0.01624
Wood/Wood Waste 19 412.04 112.00 1 2174.15 30 0.58236 4 0.07765
Gaseous Biomass 1614.89 54.60 1 88.17 1 0.00161 0.1 0.00016
Total year 2018™) 475 266.99 44 524.33 1.26023 0.73741
Total year 2017 481 707.25 45 066.15 1.30641 0.75016
Index 2018/2017 0.99 0.99 0.96 0.98
Total year 1990 568 774.97 54 584.90 0.61880 0.81167
Index 2018/1990 0.84 0.82 2.04 0.91

*) Country specific data
“*)Biomass is not included in Activity data totals

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 CO; CH,4 N,O CO; CH, N,O
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 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
Fuel Oil - High 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
Coke CzSO D D D Tier 1 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
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 Tier 1 Tier 1
Gaseous Biomass CzSO D D D Tier 1 Tier 1 Tier 1
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The fraction of CO; emissions from sector 1.A.1 equalled 52.7 % in 2018 in the whole Energy sector (1.A)
— combustion of fuels.

Under source category 1.A.1.a the energy balance 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 supply their products to the public mains. Examples include the
power plants of the CEZ Inc. company, DALKIA Inc. power plants and heating plants, Energy United Inc.
and a number of others in the individual regions and larger cities in the Czech Republic.

In 2018, the fraction of CO, emissions in subsector 1.A.1.a equalled 90% of total CO, emissions in sector
1.A1.

From the total installed capacity of electricity generation 20.35 GWe in 2018, 11.59 GWe are accounted
for thermal power plants:

Nuclear 4290 MWe
Hydro 2081 MWe
Solar photovoltaic 2075 MWe
Wind 316 MWe
Combustible fuels 11586 MWe
Total capacity 20348 MWe

In the final energy balance of CzSO (CzSO, 2019), the consumption of the individual kinds of fuels in this
sector is reported in section Transformation Sector under the items:

e Main Activity Producer Electricity Plants
e Main Activity Producer CHP Plants

e Main Activity Producer Heat Plants
The category includes consumption of all kinds of fuels in enterprises covered by the NACE Rev. 2:
35.11 Production of electricity

35.30 Steam and air conditioning supply (production, 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) 88 032
Main activity producer electricity plants 44 028
Main activity producer CHP plants 35219
Autoproducer electricity plants 520
Autoproducer CHP plants 8 265
Heat production (TJ) 118 232
Main activity producer CHP plants 82780
Main activity producer heat plants 17 350
Autoproducer CHP plants 8 306
Autoproducer heat plants 9797
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Fig. 3-4 presents an overview of development of CO, emissions in source category 1.A.1.a.

7 CO; emissions indicate stable trend with only a few
oscillations in the whole time series. For few years
back it can be seen that CO, emissions have
decreasing trend.

o
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CO, emissions [Mt]

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
S S S R pertinent emissions. As is clear from the figure,
et v o Solid Fuels are the main driving force for emissions
st plomass in this source category. Brown Coal and Lignite are

the most important, with average consumption of
437 PJ, corresponding to 43 123 kt CO,/year on an
average for the whole 1990 — 2018 period. The
second largest consumption corresponds to Other Bituminous Coal, with an average consumption of 77
PJ, corresponding to 7 146 kt CO,/year on an average for the whole 1990 — 2018 period. The remaining

Solid Fuels do not correspond to any significant consumption in this category.

=
=)

30

Fig. 3-4 Development of CO, emissions in 1.A.1.a category

Since 2007, the country-specific 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 calculate CO; emissions. In 2015 was 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 country-specific
emission factors, i.e. at the level of Tier 2.

Since submission in 2014 country specific oxidation factors for Other Bituminous Coal, Brown Coal and
Lignite and Brown Coal Briquettes were applied. The detailed description of the research is given in Annex
3.

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

Natural Gas (NG) also 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 observed, which can be considered insignificant.

The item Other Fuels in Fig. 3-4 represents waste consumption for waste incineration.
3.2.7.2 Methodological issues (CRF 1.A.1.a.i)

The basic methodological approaches were presented in section 3.2.4. In the following text, only specific
problems, which are characteristic for the described subsector, will be addressed. This is essentially a
waste combustion in the municipal waste incinerators, which simultaneously produce electricity and
supply heat - see chapter 3.2.7.2.1.
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3.2.7.2.1 Other Fuels (CRF 1.A.1.a.i): Waste Incineration for energy purposes

300 This category consists of emissions caused
by incineration of municipal solid waste for
energy purposes. Originally this chapter was
part of 5.C Waste Incineration but, based on
the suggestion of ICR (in-country review),
this chapter was shifted under the energy
sector. This chapter is prepared by CENIA,
Czech Environmental Information Agency —
the organization responsible for the Waste
sector.

o B ] Y © o > ®
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This category consists of emissions of CO;
from incinerated fossil carbon in MSW and
emissions of methane and N;O from
incineration of MSW as it is shown in Fig. 3-5.

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

Table 3-13 shows four municipal solid waste (MSW) incineration plants in the Czech Republic. One is
located in Prague (ZEVO Malesice), one in Brno (SAKO), one in Liberec (Termizo) and the newest one
since 2016 in Plzen (ZEVO Plzen, Chotikov).

Tab. 3-13 Capacity of municipal waste incineration plants in the Czech Republic, 2018

TERMIZO (Liberec) 96
Prazské sluzby a.s. (Praha) 310
SAKO a.s. (Brno) 224
Plzenska teplarenska a.s. (Plzen) 95

There are also several dozen facilities incinerating or co-incinerating industrial and hazardous waste. This waste is reported under
5C.

3.2.7.3 Uncertainties and time-series consistency (CRF 1.A.1.a.i)

See chapter 3.2.5.

3.2.7.4 Category-specific QA/QC and verification (CRF 1.A.1.a.i)

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 consumption in category
1.Ala.
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Throughout the whole time period it is
possible to see a good correlation
between the total fuel consumption and
gross energy production. There are
minor fluctuations, caused by variation
of the ratio between the electricity and
the amount of heat produced.

For additional information please see
chapter 3.2.6.

3.2.7.4.1 Other Fuels (CRF

1.A.1.a.i): Waste
Incineration for energy
purposes

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

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

3.2.7.5 Category-specific recalculations (CRF 1.A.1.a.i)

No recalculations were done in this section.

3.2.7.6 Category-specific planned improvements (CRF 1.A.1.a.i)

The new methodology includes further subdivision of category 1.A.1.a into:

e 1.A.l.a.i- Electricity Generation

e 1.A.1.a.ii - Combined Heat and Power Generation

e 1.A.1.a.iii - Heat Plants

In the current submission, this detailed division was not applied and all activity data and GHG emissions
are included in the category 1.A.1.a.i. Although the materials from CzSO contain information for the
distribution of fuel consumption in each subsector, it will be required to verify their credibility and
reliability from the point of the trends during the entire time series.

Therefore, for the next submission attention will be paid on the distribution of fuels in the specified

subsectors in the detailed division.

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

3.2.8 Petroleum Refining (CRF 1.A.1.b)

3.2.8.1 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

data EF

[TJ] [t CO,/TI]
Refinery Gas 5522.76 55.08%)
Natural Gas 3621.07 55.45%)

1.A.1.b, 2018
CO, CH,
OxF Emission EF
[kt] [kg CH4/T]
1 304.17 1
1 200.79 1

N,O
Emission EF Emission
[kt] [kg N2O /TJ] [kt]
0.00552 0.1 0.00055
0.00362 0.1 0.00036
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Total year 2018 9143.83 504.96 0.00914 0.00091
Total year 2017 9751.84 538.60 0.00975 0.00098
Index 2018/2017 0.94 0.94 0.94 0.94
Total year 1990 8705.45 492.56 0.01017 0.00124
Index 2018/1990 1.05 1.03 0.90 0.74

*) 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.

2018
Structure of Fuels Source of Emission factors Method used
Activity data CcO,; CH,4 N,O CO, CH, N0
Refinery Gas CzSO CS D D Tier 2 Tier 1 Tier 1
Natural Gas CzSO CS 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 petroleum constitutes approximately 2% of the total amount in 2018. All fuels used
in the internal refinery processes, internal consumption (reported by companies as “own use”) for
production of electricity and heat and heat supplied to the public mains are included in emission
calculations in this subcategory. This corresponds primarily to the UNIPETROL RPA Ltd. company in the
Czech Republic. The company changed name in the year 2017 from Ceska rafinérskd Inc. Fugitive CHs
emissions are included in category 1.B.2.a Fugitive Emissions from Fuels - Oil.

The fraction of CO, emissions in subsector 1.A.1.b in CO; emissions in sector 1.A.1 equalled 1% in 2018. It
contributed 0.6% to CO, emissions in the whole Energy sector.

In the CzSO Questionnaire (CzSO, 2019), the consumption of the individual kinds of fuels in this sector is
reported under the item:

e Refinery Fuel

o Relevant NACE Rev. 2 code: 19.20 - Manufacture of refined petroleum products
Starting with submission in 2013, the greenhouse gas emissions from combustion of refinery gas are
estimated using country-specific emission factor. Detailed description of the research carried out in 2013
is provided in Annex 3 of this NIR. The default emission factors were used for the rest of the liquid fuels. A

country-specific emission factor is used also for Natural Gas — see the outlines at the beginning of each
subchapter.

Fig. 3-7 shows an overview of emissions trends in source category 1.A.1.b.

No consumption of Solid Fuels occurred in this category.
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Liquid Fuels are of the greatest importance and exhibit an increasing trend in the whole period. The

fluctuations that have occurred over the years can

be explained as resulting from differences in e
production quantities (see also Fig. 3-8). The 100 fmmmmmmmmm e e e
maximum production equal to 716 kt CO, |_ .| .. 4
occurred in 2008, followed by a value of 697 kt %

CO; in 2006. Thereafter, production decreasedto | § %

the resulting level of 357 kt CO, in 2015, resp. 304 £ o

kt CO, in 2018. :J.

The second greatest role is played by Natural Gas, 000 o s e o e o NN
with emissions in the range between 205 kt CO; in R R A I
2003 and 360 kt CO, in 1997 and resulting with " Hauid Fuels 7 Gaseous Fuels

decrease to 201 kt CO, in 2018.

Fig. 3-7 Development of CO, emissions in 1.A.1.b category

3.2.8.2 Methodological issues (CRF
1.A.1.b)

Basic methodological approaches were presented 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.

3.2.8.3 Uncertainties and time-series consistency (CRF 1.A.1.b)
See chapter 3.2.5.
3.2.8.4 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
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Fig. 3-8 Comparison of fuel consumption in the sector 1.A.1.b and P ! g

amount of crude oil processed fluctuations. They were driven by the fact

that, in this period the 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 described in chapter 3.2.6.
3.2.8.5 Category-specific recalculations (CRF 1.A.1.b)

No recalculations were needed for this subcategory.
3.2.8.6 Category-specific planned improvements (CRF 1.A.1.b)

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

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

Given that this 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 would fall 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.

3.2.9.1 Category description (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 CO, CH, N.O

data EF OxF Emission EF Emission EF Emission

[T)] [t CO,/TJ] [kt] [kg CH4/TJ] [kt] [kg N>O/TJ] [kt]
Heating and Other Gasoil 255.60 74.10 1 18.94 3 0.00077 0.6 0.00015
Brown Coal + Lignite 38 745.35 101.20*) 0.9846*) 3860.83 1 0.03875 1.5 0.05812
Gas Works Gas 15781.5 99.42%*) 1 1569.03 1 0.01578 0.1 0.00158
Coke Oven Gas 7177.1 44.40 1 318.66 1 0.00718 0.1 0.00072
Natural Gas 62.8 55.45%) 1 3.48 1 0.00006 0.1 0.00001
Total year 2018 62 022.39 5770.95 0.06253 0.06057
Total year 2017 63 095.64 5889.15 0.06361 0.06332
Index 2018/2017 0.98 0.98 0.98 0.96
Total year 1990 28 984.58 1516.42 0.033438 0.00824
Index 2018/1990 2.14 3.81 1.87 7.35

*) Country specific data

The table shows that while the index for 2018/1990 of fuel consumption is 2.14, the same index for CO,
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). Even more markedly the high proportion of coke oven gas, combined with
relatively low emission factor, compared to other fuels, occurred in N,O emissions.

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

Structure of Fuels Source of Emission factors Method used

Activity data CO; CHa N;O CO; CHa N,O
Heating and Other Gasoil CzSO D D D Tier 1 Tier 1 Tier 1
Brown Coal + Lignite CzSO CS D D Tier 2 Tier 1 Tier 1
Gas Works Gas CzSO, CHMI 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
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This category includes all facilities that process Solid Fuels from mining through coking processes to the
production of secondary fuels, such as Brown-Coal Briquettes, Coke Oven Gas or Generator Gas. It also
includes fuels for the production of electrical energy and heat for internal consumption (reported by
companies as “own use”).

BOO0 === === === mmm e

OO0 b m o m e e e There are a number of companies in the Czech
g B000 [ooo oo Republic that belong to this category. These are
§ 5000 oo mainly companies performing underground
E 4000 F-------- and surface mining of coal and its subsequent
g 3000 [----oo- processing, located in the vicinity of coal

2000 oo

deposits. The category also includes Coke
plants and the production of Generator Gas.
Other energy industries, such as facilities for
extraction of Natural Gas and Petroleum are of
minor importance in the Czech Republic.
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The fraction of CO, emissions in subsector
1.A.1.c in CO; emissions in sector 1.A.1 was
equalled 8 % in 2018. It contributed only 5% to CO; emissions in the whole Energy sector 1.A.

Fig. 3-9 Development of CO2 emissions in 1.A.1.c.ii category

In the CzSO Questionnaire (CzSO, 2019), the consumption of the individual kinds of fuels in this sector is
reported in capture Energy Sector under the items:

e Coal Mines

e Oil and Gas Extraction

e Coke Ovens (Energy)

e Gas Works (Energy)

e Patent Fuel Plants (Energy)
e BKB Plants (Energy)

e Non-specified (Energy)

There are embodied the fuels of economic part according to NACE Rev. 2
e 05.10 Mining of Hard Coal
e 05.20 Mining of Lignite
e 06.10 Extraction of Crude Oil
e (06.20 Extraction of Natural Gas

e 19.10 Manufacture of Coke oven products (operation of Coke ovens, production of Coke and
Semi-Coke, production of Coke Oven Gas)

e 19.20 Manufacture of refined petroleum products (this class also includes: manufacture of Peat
Briquettes, manufacture of Hard-coal and Lignite fuel Briquettes)

Fig. 3-9 provides an overview of emission trends in source category 1.A.1.c. The figure clearly shows the
sharp increase in emissions in 1995 — 2012 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 category.

Sokolovskd Uhelna Inc. makes the greatest contribution to the consumption of Solid fuels. The section for
processing Brown Coal was established in 1950 and also produced Gas Works Gas and other chemical
products. Formally, the existence of this combine ended in 1974 when this facility was moved under the
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Hnédouhelné doly a briketarny company. Together with this step was established Fuel combine Viesova.
The new combined-cycle power station started to operate in 1996 (http://www.suas.cz).

Between 1990 and 1995, production of Coal Gas, which was distributed in the Czech Republic by Gas Work
Vfesovd, has been gradually phased out. On Fig. 3-9 can be seen a decline in production of Coal Gas and
the starting up of production of Gas Works Gas for the production of electricity and the supply heat.
Pipelines used to distribute Coal Gas at that time were converted for Natural Gas and took over the role
forits long-distance transport and local distribution. Coke Oven Gas is produced in the Ostrava area where
the Coke Plants are operating.

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

The fuel consumption in the Viesova Fuel combine plays a dominant role in fuel consumption in this
category. This fuel is used for its own gasification process, as well as for production of technological steam,
which enters into the process as a raw material. The produced high-pressure synthesis gas is then purified
by acidic components (CO, and H,S) and is used for power generation and supplied heat. From a
methodological point of view, the whole combined production is divided into two parts — 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 neglect CO,
emissions 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 the calculation of CO, 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 balance. Data from CHMI REZZO national emission database was used to determine the
amount of coal. Since it is only one producer, the data can’t be displayed in the NIR due to confidentiality
resons. The 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 coal, the
amount was deducted from the other calculations in the model for fuels used in autoproducers.

No other specific approaches were used in this category.

3.2.9.3 Uncertainties and time-series consistency (CRF 1.A.1.c.ii)
See chapter 3.2.5.

3.2.9.4 Category-specific QA/QC and verification (CRF 1.A.1.c.ii)

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 (data CzSO) in the period 1995-2018.
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Apart from the early years, when combined cycle was starting to reach his full power (1995 to 1998), the
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Fig. 3-10 Comparison of lignite consumption for steam production

and gasification

trends of the two curves are very similar. The
minor fluctuations are caused by annual climatic
influences, the technological 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 Department of emissions and
sources at CHMI. Other procedures were
performed as described in chapter 3.2.6.

3.2.95 Category-specific recalculations

(CRF 1.A.1.c.ii)

Only two recalculations were done due to the change of the source data (CzSO, 2019) for the year 2017
for Solid Fuels — Brown Coal + Lignite and Natural Gas. See tables below for Solid Fuels (Tab. 3-14) and

Natural Gas (Tab. 3-16).

Tab. 3-14 Changes after recalculation in 1.A.1.c.ii for Solid Fuels (Brown coal+Lignite).

Submission 2019-2017 T) 62686.29 Submission 2019-2017 kt 0.06269
Submission 2020-2018 TJ 62744.66 Submission 2020-2018 kt 0.06274
Difference TJ 58.36 Difference kt 0.00005

% 0.09 % 0.09

Submission 2019-2017 kt 5859.1 Submission 2019-2017 kt 0.06307
Submission 2020-2018 kt 5864.92 Submission 2020-2018 kt 0.06315
Difference kt 5.82 Difference kt 0.00009

% 0.10 % 0.14

Tab. 3-15 Changes after recalculation in 1.A.1.c.ii for Natural Gas.

e e 7 < N A7

Submission 2019-2017 82.15 Submission 2019-2017 kt 0.00008
Submission 2020-2018 T) 95.00 Submission 2020-2018  kt 0.00010
Difference T) 12.85 Difference  kt 0.00001

% 13.53 % 13.88

Submission 2019-2017 kt 4.56 Submission 2019-2017 kt 0.00001
Submission 2020-2018 kt 5.29 Submission 2020-2018  kt 0.00001
Difference kt 0.73 Difference  kt 0.00001

% 13.88 % 13.88

3.2.9.6 Category-specific planned improvements (CRF 1.A.1.c.ii)

Currently there are no planned improvements in this category.
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3.2.10 Manufacturing industries and construction - Iron and Steel (1.A.2.a)

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

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 CO; CH, N,O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CO,/TJ] [kt] [kg CH4/TJ] [kt] [kg N2O /TJ] [kt]
Anthracite 1522.16 98.30 1 149.63 10 0.01522 1.5 0.00228
Other Bituminous Coal 11.29 93.52*%) 0.9707%) 1.03 10 0.00011 1.5 0.00002
Brown Coal + Lignite 463.53 99.42%) 0.9846%) 45.38 10 0.00464 1.5 0.00070
Coke 9941.93 107.00 1 1063.79 10 0.09942 1.5 0.01491
Coke Oven Gas 5308.03 44.40 1 235.68 1 0.00531 0.1 0.00053
Natural Gas 9458.45 55.45%) 1 524.47 1 0.00946 0.1  0.00095
Wood/Wood Waste 0.72 112.00 1 0.08 30 0.00002 4.0 0.00000
Total year 2018™" 26 706.10 2019.96 0.13418 0.01939
Total year 2017 26 511.72 2062.71 0.14196 0.02061
Index 2018/2017 1.01 0.98 0.95 0.94
Total year 1990 155 319.22 14 860.68 1.39496 0.20941
Index 2018/1990 0.17 0.14 0.10 0.09

*) Country specific data
"*)Biomass is not included in Activity data totals

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

Structure of Fuels Source of Emission factors Method used

ACtiVity data COZ CH4 N20 COZ CH4 Nzo
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 (CzSO, 2019), the consumption
of the individual kinds of fuels in this sector is reported in section Industry Sector under the item: Iron and
Steel. There are embodied the fuels of | 16000
economic part according to NACE Rev. 2 Iron 14000
and steel: NACE Divisions 24.1 — 24.3 and 12000

24.51, 24.52. 10000

3 8000
The fraction of CO, emissions in subsector |~ 6o
1.A.2.a in CO; emissions in sector 1.A.2 4000

equalled 21 % in 2018. It contributed only 2% 2000
to CO; emissions in the whole Energy sector.

° B N L o o 3 &
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Biomass M Solid fuels Natural Gas M Liquid fuels

Important facility belongs to this category is
ArcelorMittal Ostrava, a.s. and Trinecké
Zelezdrny a.s. Both metallurgical plants Fig.3-11 Development of CO; emissions in source category 1.A.2.a
include iron ore sinter production, blast
furnaces, coke production, iron processing in
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oxygen converters for steel and casting of steel in electric furnaces and in tandem furnaces. Production of
steel using Siemens-Martin process was stopped before 1990.

The graph in Fig. 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 decrease of emissions since about 1998. On the course of emissions after
2000 the competition 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.

Further, from Fig. 3-11 is clear that the main proportion of the CO;, emissions is due to the use of fossil
fuels, which are in this sector completely dominant.

3.2.10.2 Methodological issues (CRF 1.A.2.a)

All CO; 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 combusted 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 double-counting, we report all CO; emissions coming
from metallurgical coke under 2.C.1. As a consequence of such approach we do not calculate any CO,
emissions from blast furnace and converter gas.

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

See chapter 3.2.5.

r 16

- 14

3.2.10.4 Category-specific QA/QC and
verification (CRF 1.A.2.a)

12

- 10

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 intensity. Fig. 3-12
shows the relationship between fuel
consumption and total production of sinter
and iron in mill. tons.

Lignite - steam prod. [PJ/year]
Ironand sinter [mil. ton/year]

@90 @9& \fﬁ% 19“1 100% 10\’0 10\’0' 1“@
= Fuels consumption Iron + sinter production

Fig. 3-12 The trend in the manufacture of agglomerates of iron ore
and iron, in comparison with the development of fuel consumption
in the sector 1.A.2.a

From the graph in Fig. 3-12 is clear that the

fuel consumption decreases faster than the actual production. This is due to the gradual reduction of
overall energy intensity throughout the metallurgical industry. This trend is particularly evident in the early
90s, when there was a major restructuring of production. This restructuring enabled, after the decline in
1990 and 1993, to return the volume of production almost to the level of 1990, but the decrease in total
fuel consumption went further. Additional reductions in energy intensity are evident then until the end of
the period.

Generally accepted methods of QA/QC are described in section 3.2.6.
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3.2.10.5 Category-specific recalculations (CRF 1.A.2.a)

Based on changes of activity data in CzSO 2019, fuel consumptions of Solid Fuels — Other bituminous coal
and Natural Gas for the year 2017 were corrected. See the differences in tables below.

Tab. 3-16 Changes after recalculation in 1.A.2.a for Solid Fuels (Other bituminous coal)

!
a

Submission 2019-2017 TJ 17558.92 | Submission 2019-2017 kt 0.13296
Submission 2020-2018 T 17560.77 | Submission 2020-2018 kt 0.13298
Difference T) 1.85 | Difference kt 0.00002
Submission 2019-2017 % 0.01 | Submission 2019-2017 % 0.01
COemission 2017 NOemissien 2017
Submission 2019-2017 kt 1566.17 | Submission 2019-2017 kt 0.01971
Submission 2020-2018 kt 1566.34 | Submission 2020-2018 kt 0.01971
Difference kt 0.17 | Difference kt 0.00001
Submission 2019-2017 % 0.01 | Submission 2019-2017 % 0.01

Tab. 3-17 Changes after recalculation in 1.A.2.a for Natural Gas

Submission 2019-2017 T) 11322.37 | Submission 2019-2017 kt 0.01132
Submission 2020-2018 T) 8949.94 | Submission 2020-2018 kt 0.00895
Difference T) -2372.44 | Difference kt -0.00237
Submission 2019-2017 % -26.51 | Submission 2019-2017 % -26.51
(gzemission 2017 NOemisson 2017
Submission 2019-2017 kt 627.95 | Submission 2019-2017 kt 0.00113
Submission 2020-2018 kt 496.38 | Submission 2020-2018 kt 0.00081
Difference kt -131.58 | Difference kt -0.00024
Submission 2019-2017 % -26.51 | Submission 2019-2017 % -26.51

3.2.10.6 Category-specific planned improvements (CRF 1.A.2.a)
We are planning to find data making possible to identify portions of both blast furnace and converter

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

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

3.2.11.1 Category description (CRF 1.A.2.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 CO, CH4 N,O
data EF OxF Emission EF Emission EF Emission
[TJ] [t [kt] [kg CH4/TJ] [kt] [kg N2O /TJ] [kt]
CO,/TJ]
Brown Coal + Lignite 10.52 99.42 0.9846 1.03 10 0.00011 1.5 0.00002
Coke 121.58 107.00 1 13.01 10 0.00122 1.5 0.00018
Brown Coal Briquets 0.66 97.50 0.9846%) 0.06 10 0.00001 1.5 0.00000
Natural Gas 2496.20  55.45%) 1 138.41 1 0.00250 0.1 0.00025
Wood/Wood Waste 5.75 112.00 1 0.64 30 0.00017 4 0.00002
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Total year 2018 2628.96 152.52 0.00400 0.00047
Total year 2017 2897.41 168.18 0.00438 0.00052
Index 2018/2017 0.91 0.91 0.91 0.91
Total year 1990 1476.34 101.96 0.00572 0.00081
Index 2018/1990 1.78 1.50 0.70 0.58

*) Country specific data
*)Biomass is not included in Activity data totals

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 CO, CHa N,O CO, CHa N,O
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 production of non-ferrous metals. In
the Czech Republic, this corresponds mainly to foundry processes; primary production of nonferrous
metals is not performed on an industrial scale in this country. In the CzSO Questionnaire (CzSO, 2019), the
consumption of the individual kinds of fuels in this sector is reported in the section Industry Sector under
the item:

Non-Ferrous Metals

250

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

Non-ferrous metals: NACE Divisions 24.4, 24.53,
24.54

€O, emissions [kt]

Important facility belongs to this category is
Kovohuté Pfibram. The fraction of CO, emissions in
subsector 1.A.2.b in CO, emissions in sector 1.A.2
equalled 2% in 2018. It contributed only 0.2% to CO,
emissions in the whole Energy sector.
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Fig. 3-13 Development of CO, emissions in source category It can be said that this is one of the sectors that rank
1.A.2.b according to its emissions of greenhouse gases
among the least important in the entire sector Fuel combustion.

The following figure (Fig. 3-13) provides an overview of CO, emissions in the various sub-source categories
in 1.A.2.b.

The trend of CO, emissions corresponds to the trend of consumption of individual types of fuels. After a
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 metals in the emerging 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 favour of natural gas.
Furthermore, electrical energy is increasingly used for heating the melting furnaces, which has a positive
impact on greenhouse gas emissions.
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3.2.11.2 Methodological issues (CRF 1.A.2.b)

In this subcategory, specific methodologies are not used - a description of the general procedures - see
Section 3.2.4.

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

In this subcategory, specific methodologies are not used - a description of the general procedures - see
Section 3.2.6.

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

Based on the change of activity data CzSO 2019 recalculation for Natural Gas consumption in 2017 was
done. See the table below.

Tab. 3-18 Changes after recalculation in 1.A.2.b for Natural Gas

Submission 2019-2017 T) 2320.17 | Submission 2019-2017 kt 0.00232
Submission 2020-2018 TJ 2752.05 | Submission 2020-2018 kt 0.00275
Difference T) 431.88 | Difference kt 0.00043
Submission 2019-2017 % 15.69 | Submission 2019-2017 % 15.69
(gzemission 2017 NOemissn 2017
Submission 2019-2017 kt 128.68 | Submission 2019-2017 kt 0.00023
Submission 2020-2018 kt 152.63 | Submission 2020-2018 kt 0.00028
Difference kt 23.95 | Difference kt 0.00004
Submission 2019-2017 % 15.69 | Submission 2019-2017 % 15.69

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

Currently there are no planned improvements in this category.

3.2.12 Manufacturing industries and construction - Chemicals (1.A.2.c)

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

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 CO, CH,4 N,O

data EF OxF Emission EF Emission EF Emission

[m] [t [kt] [kg [kt] [kg [kt]

CO,/TJ] CH,/TJ] N,O/TJ]

LPG 293.65 65.86 1 19.34 1 0.00029 0.1 0.00003
Fuel Oil - Low
Sulphur 43.45 77.40 1 3.36 3 0.00013 0.6 0.00003
Other Oil 1599.04 73.30 1 117.21 3 0.00480 0.6 0.00096
Other Bituminous 0.9707%)
Coal 1112.00 94.13%) 101.60 10 0.01112 1.5 0.00167
Brown Coal + 0.9846%)
Lignite 10504.13 99.42%) 1028.26 10 0.10504 1.5 0.01576
Coal Tars 137.53 80.70 1 11.10 10 0.00138 1.5 0.00021
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Natural Gas 10264.27 55.45%) 1 569.15 1 0.01026 0.1 0.00103
Wood/Wood Waste 16.55 112.00 1 1.85 30 0.00050 4.0 0.00007
Gaseous Biomass 72032 54.60 1 39.33 1 0.00072 0.1 0.00007
Total year 2018™") 23 954.07 1850.02 0.13424 0.01981
Total year 2017 24 208.02 1878.36 0.13839 0.02037
Index 2018/2017 0.99 0.98 0.97 0.97
Total year 1990 33576.71 2 996.37 0.26480 0.03975
Index 2018/1990 0.71 0.62 0.51 0.50

*) Country specific data

**)Biomass is not included in Activity

data totals

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 CO; CH4 N,O CO; CH4 N.O
LPG 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 Oil CzSO D D D Tier 1 Tier 1 Tier 1
Other Bituminous Coal CzSO (&) 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
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.
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petrochemical plants are linked to two major
refinery enterprises in Litvinov (Unipetrol RPA, sro)
and in Kralupy (Synthos 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 organic chemistry products are in

vvvvv

— processing of coal tar, SYNTHESIA a.s. Pardubice

Fig. 3-14 Development of CO, emissions in source category
1.A.2.c

- basic organic chemistry) and a number of
factories for manufacturing of inorganic products
(SPOLANA a.s. Neratovice, SPOLCHEMIE a.s. Usti
nad Labem, PRECHEZA a.s. Pferov and others). The
largest plants are also equipped with energy

resources, with a significant share of electricity and heat (autoproducers); this results in relatively high
consumption of fossil fuels (see Fig 3-14). Heat is generated using abundant natural gas and, to a lesser
extent, liquid fuels or, in some cases, electrical energy. In total, the national emission database recorded

1,000 production units that fall within sector 1.A.2.c.

In the CzSO Questionnaire (CzSO, 2019), the consumption of the individual kinds of fuels in this sector is
reported in the section Industry Sector under the item:

e Chemical (including Petrochemical)

There are embodied the fuels of economic part according to NACE Rev. 2:
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Chemicals: NACE Division 20

The fraction of CO, emissions in subsector 1.A.2.c in CO, emissions in sector 1.A.2 equalled 30% in 2018.
It contributed 3% to CO; emissions in the whole Energy sector.

The following figure (Fig. 3-14) provides an overview of CO; emissions in the sub-category in 1.A.2.c.

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

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

Given that in the IPCC 2006 Gl. (IPCC, 2006) is used an updated approach to the allocation of feedstocks
and non-energy 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 non-energy use in the questionnaire from CzSO (2019).
The reallocation of feedstocks and non-energy 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.

3.2.12.3 Uncertainties and time-series consistency (CRF 1.A.2.c)
See chapter 3.2.5.

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

3.2.12.5 Category-specific recalculations (CRF 1.A.2.c)

Based on the change of activity data in CzSO, data correction for Natural Gas consumption was made, see
table below.

Tab. 3-19 Changes after recalculation in 1.A.2.c for Natural Gas

Submission 2019-2017 T) 10734.31 | Submission 2019-2017 kt 0.01073
Submission 2020-2018 T) 10324.45 | Submission 2020-2018 kt 0.01032
Difference T) -409.86 | Difference kt -0.00041
Submission 2019-2017 % -3.97 | Submission 2019-2017 % -3.97
CO,emission 2017 NpOemission 2017
Submission 2019-2017  kt  595.34 | Submission 2019-2017 kt 0.00107 |
Submission 2020-2018 kt 572.61 | Submission 2020-2018 kt 0.00103
Difference kt -22.73 | Difference kt -0.00004
Submission 2019-2017 % -3.97 | Submission 2019-2017 % -3.97
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3.2.12.6 Category-specific planned improvements (CRF 1.A.2.c)

Currently there are no planned improvements in this category.

3.2.13 Manufacturing industries and construction - Pulp, Paper and Print (1.A.2.d)

3.2.13.1 Category 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 CO; CH,4 N,O

data EF OxF Emission EF Emission EF Emission

[m] [t [kt] [kg [kt] [kg [kt]

CO,/TJ] CH,/TJ] N,O/TJ]

LPG 48.94 65.86 1 3.22 1 0.00005 0.1 0.00000
Fuel Oil - Low Sulphur 86.90 77.40 1 6.73 3 0.00026 0.6 0.00005
Other Bitumenous Coal 3.48 94.13*) 0.9707%) 0.32 10 0.00003 1.5 0.00001
Brown Coal + Lignite 1363.78 99.42*%) 0.9846%) 133.50 10 0.01364 1.5 0.00205
Natural Gas 4775.92  55.45%) 1 264.82 1 0.00478 0.1 0.00048
Wood/Wood Waste 16 133.55 112.00 1 1 806.96 30 0.48401 4.0 0.06453
Gaseous Biomass 9018.83 54.60 1 492.43 1 0.00902 0.1 0.00090
Total year 2018"") 6279.03 408.59 0.51178 0.06802
Total year 2017 6211.39 400.81 0.52417 0.06972
Index 2018/2017 1.01 1.02 0.98 0.98
Total year 1990 25900.78 2 285.33 0.18784 0.02890
Index 2018/1990 0.24 0.18 2.72 2.35

*) Country specific data

“*)Biomass is not included in Activity data totals

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 CO, CH4 N,O CO, CH,4 N,O
LPG CzSO CS D D Tier 2 Tier 1 Tier 1
Fuel Oil - Low 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 production factories in the Czech Republic (JIP -
Papirny Vé&tini, a. s., Mondi Stéti a.s.) with a high consumption of waste wood from production processes.
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 (CzSO, 2019), the consumption of the individual kinds of fuels in this sector is
reported in the section Industry Sector under the item:

Paper, Pulp and Printing
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There are embodied the fuels of economic part according to NACE Rev. 2
Pulp, paper and print: NACE Divisions 17 and 18
The fraction of CO, emissions in subsector 1.A.2.d in CO, emissions in sector 1.A.2 equalled 4% in 2018. It

contributed 0.4% to CO, emissions in the whole 3500
Energy sector. 3000

2500

From the graph on Fig. 3-15 is clear that at the
end of the 90s there was significant
substitution, therefore used fossil fuels
(primarily lignite) with wood and later biogas.
Both biofuels represent waste products from 500
the production of paper and pulp from the two
largest plants in the Czech Republic. Following o0 N ® V 3 Ky o> K3
the decline in 2003 and 2004, the consumption ¥ @?uqmdfﬁ .So.izi.s :d: ffq.p *
of fuels after 2005 was relatively stable, while
the share of biofuels further increased.
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CO, emissions [kt]
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Fig. 3-15 Development of CO, emissions in source category
Biofuel consumption has a beneficial effect on 1.A.2.d
the production of CO,, which is included in the
balance of greenhouse gases. In Fig. 3-15 is shown the development of CO, emissions from fossil fuels only
in sector 1.A.2.d.

3.2.13.2 Methodological issues (CRF 1.A.2.d)
No specific methodological approaches were applied in this subcategory, otherwise see chapter 3.2.6.
3.2.13.3 Uncertainties and time-series consistency (CRF 1.A.2.d)
See chapter 3.2.5.
3.2.13.4 Category-specific QA/QC and verification (CRF 1.A.2.d)
No specific methods for QA/QC in this category were used - otherwise see chapter 3.2.7.4.
3.2.13.5 Category-specific recalculations (CRF 1.A.2.d)

Based on the change of activity data in CzSO, data correction for Natural Gas consumption was made, see
table below.

Tab. 3-20 Changes after recalculation in 1.A.2.d for Natural Gas

Submission 2019-2017 T) 4826.69 | Submission 2019-2017 kt 0.00483
Submission 2020-2018 TJ 4836.42 | Submission 2020-2018 kt 0.00484
Difference T) 9.73 | Difference kt 0.00001
Submission 2019-2017 % 0.20 | Submission 2019-2017 % 0.20
COpemission 2017 NOemission 2017
Submission 2019-2017  kt  267.69 | Submission 2019-2017 kt 0.00048 |
Submission 2020-2018 kt 268.23 | Submission 2020-2018 kt 0.00048
Difference kt 0.54 | Difference kt 0.00001
Submission 2019-2017 % 0.20 | Submission 2019-2017 % 0.20
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3.2.13.6 Category-specific planned improvements (CRF 1.A.2.d)
Currently there are no planned improvements in this category.
3.2.14 Manufacturing industries and construction - Food Processing, Beverages and
Tobacco (1.A.2.e)

3.2.14.1 Category 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 CO; CH, N,O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CO,/TI] [kt] [kg CH4/TJ] [kt] [kg N.O/TI] [kt]
LPG 146.83 65.86 1 9.67 1 0.00015 0.1  0.00001
Heating and Other Gasoil 63.90 74.10 1 4.73 3 0.00019 0.6  0.00004
Fuel Oil - Low Sulphur 43.45 77.40 1 3.36 3 0.00013 0.6 0.00003
Other Bituminous Coal 624.29 94.13*%) 0.9707%) 57.04 10 0.00624 1.5 0.00094
Brown Coal + Lignite 1239.80 99.42%) 0.9846%) 121.37 10 0.01240 1.5 0.00186
Coke 206.81 107.00 1 22.13 10 0.00207 1.5 0.00031
Natural Gas 13 817.70 55.45%) 1 766.18 1 0.01382 0.1 0.00138
Wood/Wood Waste 188.11 112.00 1 21.07 30 0.00564 4.0 0.00075
Gaseous Biomass 7 486.05 54.60 1 408.74 1 0.00749 0.1 0.00075
Total year 2018™" 16 142.78 984.49 0.04813 0.00607
Total year 2017 16 997.01 1032.34 0.04982 0.00620
Index 2018/2017 0.95 0.95 0.97 0.98
Total year 1990 37 616.46 2988.18 0.21342 0.03226
Index 2018/1990 0.43 0.33 0.23 0.19

*) Country specific data
“*)Biomass is not included in Activity data totals

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 Cco, CH4 N,O CO; CHa 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
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.

In the CzSO Questionnaire (CzSO, 2019), the consumption of the individual kinds of fuels in this sector is
reported in the section Industry Sector under the item:

Food, Beverages and Tobacco

Part 1: Annual inventory submission 93



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

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 of CO; emissions in subsector 1.A.2.e in CO, emissions in sector 1.A.2 equalled 10% in 2018.
It contributed 1 % to CO, emissions in the whole Energy sector.

The following figure provides an
overview of fuels consumption in the
sub-category in 1.A.2.e.

It is obvious from the graph in Fig. 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
o ™ % 0 o o o. ® period reduced continuously and with
S S T O replacement of fossil fuels by solid and
gaseous biofuels towards the end of
this period. The overall amount of fuel
Fig. 3-16 Development of CO, emissions from fossil fuels combustion in consumed decreased ur?t“ 2008._ Since
source category 1.A.2.e 2008 there has been an increase in fuel
consumption, which is covered by
increasing consumption of biofuels, 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 consumption is stable.

CO, emissions [kt]

M Liquid fuels M Solid fuels Biomass Gaseous fuels

Biofuel consumption has a beneficial effect on the production of CO,, which is included in the balance of

greenhouse gases. Fig. 3-16 shows the development of CO, emissions from fossil fuels only in sector
1.A2.e.

3.2.14.2 Methodological issues (CRF 1.A.2.e)
No specific methodological approaches were applied in this subcategory, otherwise see chapter 3.2.6.
3.2.14.3 Uncertainties and time-series consistency (CRF 1.A.2.e)
See chapter 3.2.5.
3.2.14.4 Category-specific QA/QC and verification (CRF 1.A.2.e)
No specific methods for QA/QC in this category were used - otherwise see chapter 3.2.7.4.
3.2.14.5 Category-specific recalculations (CRF 1.A.2.e)

Based on the change of activity data in CzSO, data correction for Natural Gas consumption was made, see
table below.

Tab. 3-21 Changes after recalculation in 1.A.2.e for Natural Gas

Submission 2019-2017 T) 14654.37 | Submission 2019-2017 kt 0.01465
Submission 2020-2018 T) 14686.97 | Submission 2020-2018 kt 0.01469
Difference T) 32.60 | Difference kt 0.00003
Submission 2019-2017 % 0.22 | Submission 2019-2017 % 0.22
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Submission 2019-2017 kt 812.75 | Submission 2019-2017 kt 0.00147
Submission 2020-2018 kt 814.56 | Submission 2020-2018 kt 0.00147
Difference kt 1.81 | Difference kt 0.00001
Submission 2019-2017 % 0.22 | Submission 2019-2017 % 0.22

3.2.14.6 Category-specific planned improvements (CRF 1.A.2.e)

Currently there are no planned improvements in this category.

3.2.15 Manufacturing industries and construction - Non-metallic Minerals (1.A.2.f)

3.2.15.1 Category description (CRF 1.A.2.f)

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 CO, CH4 N,O
data EF OxF Emission EF Emission EF Emission
[TI] [t CO,/TJ] [kt] [kg CH4/TJ] [kt] [kg N.O/TJ] [kt]

LPG 97.88 65.86 1 6.4 1 0.00010 0.1 0.00001
Fuel Oil - Low Sulphur 43.45 77.40 1 34 3 0.00013 0.6 0.00003
Fuel Oil - High Sulphur 474.00 77.40 1 36.7 3 0.00142 0.6  0.00028
Antracit 56.36 98.30 1.0 5.5 10  0.00056 1.5 0.00008
Other Bituminous Coal 4706.96 94.13*) 0.9707%*) 430.1 10  0.04707 1.5 0.00706
Brown Coal + Lignite 120.30  99.42*) 0.9846%) 11.8 10  0.00120 1.5 0.00018
Coke 1017.74 107.00 1 108.9 10 0.01018 1.5 0.00153
Coal Tars 865.36 80.70 1 69.8 10  0.00865 1.5 0.00130
Brown Coal Briquets 1281.43 97.50 0.9846%*) 123.0 10 0.01281 1.5 0.00192
Coke Oven Gas 70.37 44.40 1 3.1 1 0.00007 0.1 0.00001
Natural Gas 23 867.17 55.45%) 1 1323.4 1  0.02387 0.1 0.00239
Other fuels - liquid 851.98 81,64%) 1 69.6 30 0.02556 4 0.00341
Other fuels - solid 3718.42 79,69%) 1 296.3 30 0.11155 4 0.01487
Wood/Wood Waste 96.42 112.00 1 10.8 30 0.00289 4 0.00039
Total year 2018™" 37171.43 2488.06 0.24607 0.03345
Total year 2017 39 670.26 2 600.63 0.28930 0.03916
Index 2018/2017 0.94 0.96 0.85 0.85
Total year 1990 59 962.36 4527.12 0.29373 0.04487
Index 2018/1990 0.62 0.55 0.84 0.75

*) Country specific data
**)Biomass is not included in Activity data totals

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 CO, CH,4 N,O CO,; CH,4 N,O
LPG CzSO CS D D Tier 2 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
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
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L . 2
Structure of Fuels Source of Emission factors Method used
Activity data CO, CH,4 N,O CO, CH,4 N,O
Coke Oven Gas CzSO D D D Tier 1 Tier 1 Tier 1
Natural Gas CzSO () 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 of non-minerals raw materials
and products such as cement, lime, burnt building materials and refractory materials, ceramics, glass etc.
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."

The category is characterized by high energy 16
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 Waste), in which it is allowed
incinerating waste, respectively an alternative

production [Mt]

fuels made from waste. ; e N ——
Q I vl vl © O ] N
. . 292 9° 1e? A7 e S M ¢
In the CzSO Questionnaire (CzSO, 2019), the )
— clinker —cement e [ime e glass

consumption of the individual kinds of fuels in briks porcelain ——Total production
this sector is reported in the section Industry
Sector under the item:

Fig. 3-17 Production of the most important mineral products
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Fig. 3-18 Development of CO, emissions in source category 1.A.2.f

The fraction of CO; emissions in subsector 1.A.2.f in CO, emissions in sector 1.A.2 equalled 21% in 2018. It
contributed 3% to CO, 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 products is shown in the graph on Fig. 3-17.
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Fig. 3-18 provides an overview of fuels consumption and CO; emissions in the sub-category in 1.A.2.f.

The graph shows the evolution of CO, emissions, that has the same pattern as the fuel consumption. The
high consumption of fossil fuel at the beginning of the period decreased gradually, and it is evident that
the most important fuel in this sector is natural gas. The high consumption of fossil fuels gradually was
declining and liquid fuels, from 2002 gradually were replaced by alternative fuels (Other fuels). The
increase in fuel consumption between 2005 and 2008, was interrupted by the crisis development of the
economy and after some recovery in 2010-2011, followed by another decline. From 2014 was recorded
slight increase and from 2016 slight decrease.

3.2.15.2 Methodological issues (CRF 1.A.2.f)

The category of Non-Metallic 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 information is the ETS
database, where the emission factors for different 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.cz). The composition and amounts of
these alternative fuels vary significantly from year to year. These materials stated as the alternative fuels
are used in cement plants as replacements for conventional fossil fuels. For example, it can be: sorted
municipal waste (87 t CO,/TJ), rubber granulate from tires (85 t CO,/TJ), sawdust (112 t CO,/TJ), spent oils
(74 t COy/T)), rendered fats (37 t CO,/TJ), etc. Given that the offer and price change every year, their
consumption and emission factors using in submissions are not steady. These facts are reflected in IEF.
Alternative fuel consumption is shown in Tab. 3-22.

Tab. 3-22 Consumption of alternative fuels in sector 1.A.2.f

Solid fuels 2424 3200 3517 3398 3726 5037 5537 3224

Liquid fuels 1266 1156 589 1014 240 557 682 708

Total 3690 4356 4105 4412 3966 5594 6219 3932
[Ufyear] 2011 2012 2013 2014 2005 206 2017 2018

Solid fuels 3 885 3 055 1137 3234 3576 3035 5305 3718

Liquid fuels 661 394 1181 18 1017 2021 586 852

Total 4546 3449 2318 3252 4593 5056 5891 4570

Emission factors for calculating CO, emissions vary according to composition of the individual types of fuel
(solid, liquid fuels). As a solid alternative fuels are used variety of sorted waste, used tires, animal meal,
etc. Among the alternative liquid fuels are included mainly used oils, waste petroleum products, or even
rendered fats. The resulting emission factor corresponds to the relative representation of individual types
of fuels. In Tab. 3-23 is shown an overview of emission factors used for solid and liquid alternative fuels in
different years.

Tab. 3-23 CO; emission factors used in the consumption of alternative fuels in sector 1.A.2.f

solid fuels 95.48 87.63 44.20 77.21 17.52 40.07 44.04 57.46
Liquid fuels 212.19 279.87 31137  287.24  291.60 38119  419.03  274.81
Solid fuels 51.18 130.50 191.90 1.33 80.65 $255.75 356.88 137.07
Liquid fuels 333.26 293.80 10552 27819 30654 19739 4578 61.35

For the calculation of CH4 and N»,O emissions were used default emission factors in line with the IPCC
2006 Gl. (IPCC 2006), for the entire time series 2003-2018 (Tab. 3-24).
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Tab. 3-24 Emission factors for CH, and N,O emissions used in the consumption of alternative fuels sector 1.A.2.f

Solid fuels 30

4

Liquid fuels 30

4

3.2.15.3 Uncertainties and time-series consistency (CRF 1.A.2.f)

See chapter 3.2.5.

3.2.15.4 Category-specific QA/QC and verification (CRF 1.A.2.f)
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Fig. 3-19 Trends in production of mineral products compared with the

development of fuel consumption in the sector 1.A.2.f

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-
19). Comparison of total production and
total fuel consumption in the sub sector
1.A.2.f is shown in Fig. 3-19.

The basic trend flow of production of
mineral 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 individual kinds of mineral products.

Other QA/QC procedures are set out in section 3.2.6.

3.2.15.5 Category-specific recalculations (CRF 1.A.2.f)

Based on changes of activity data in CzSO 2019, fuel consumptions of Solid Fuels — Other bituminous coal
for 2016 and Natural Gas consumption for the year 2017 were corrected. See the differences in tables

below.

Tab. 3-25 Changes after recalculation in 1.A.2.f for Solid Fuels( Other bituminous coal)

Submission 2019-2017 TJ 7256.48 | Submission 2019-2017 kt 0.07202
Submission 2020-2018 TJ 7252.42 | Submission 2020-2018 kt 0.08377
Difference TJ -4.06 | Difference kt -0.00004
Submission 2019-2017 % -0.06 | Submission 2019-2017 % -0.06

Submission 2019-2017 kt 672.72 | Submission 2019-2017 kt 0.01080
Submission 2020-2018 kt 672.35 | Submission 2020-2018 kt 0.01079
Difference kt -0.37 | Difference kt -0.00001
Submission 2019-2017 % -0.06 | Submission 2019-2017 % -0.06
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Tab. 3-26 Changes after recalculation in 1.A.2.f for Natural Gas

Submission 2019-2017 TJ 25022.02 | Submission 2019-2017 kt 0.02502
Submission 2020-2018 TJ 25077.69 | Submission 2020-2018 kt 0.02508
Difference T) 55.67 | Difference kt 0.00006
Submission 2019-2017 % 0.22 | Submission 2019-2017 % 0.22

Submission 2019-2017 kt 1387.75 | Submission 2019-2017 kt 0.00250
Submission 2020-2018 kt 1390.84 | Submission 2020-2018 kt 0.00251
Difference kt 3.09 | Difference kt 0.00001
Submission 2019-2017 % 0.22 | Submission 2019-2017 % 0.22

3.2.15.6 Category-specific planned improvements (CRF 1.A.2.f)

Currently there are no planned improvements in this category.

3.2.16 Manufacturing industries and construction - Other (1.A.2.g)

3.2.16.1 Category description (CRF 1.A.2.g)

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 CO, CHy N,O

data EF OxF Emission EF Emission EF Emission

[TI] [t CO,/TJ] [kt] [kg CH4/TJ] [kt] [kg N2O/TJ] [kt]
LPG 1664.03 65.86 1 109.59 1 0.00166 0.1 0.00017
Heating and Other Gasoil 191.70 74.10 1 14.20 3 0.00058 0.6 0.00012
Fuel Oil - Low Sulphur 217.25 77.40 1 16.82 3 0.00065 0.6 0.00013
Anthracite 13.52 98.30 1 1.33 10 0.00014 1.5 0.00002
Other Bitumenous Coal 85.06 94.13*) 0.9707%) 7.77 10 0.00085 1.5 0.00013
Brown Coal + Lignite 667.95 99.42%*) 0.9846%) 65.39 10 0.00668 1.5 0.00100
Coke 185.14 107.00 1 19.81 10 0.00185 1.5 0.00028
Brown Coal Briquets 83.91 97.50 0.9846%) 8.05 10 0.00084 1.5 0.00013
Natural Gas 31 033.86 55.45%) 1 1720.81 1 0.03103 0.1 0.00310
Wood/Wood Waste 9278.78 112.00 1 1039.22 30 0.27836 4 0.03712
Gaseous Biomass 31491 54.60 1 17.19 1 0.00031 0.1 0.00003
Total year 2018 34 142.42 1963.77 0.32296 0.04222
Total year 2017 36 008.33 2 070.97 0.34135 0.04474
Index 2018/2017 0.95 0.95 0.95 0.94
Total year 1990 232 304.69 19 063.89 1.80697 0.26619
Index 2018/1990 0.15 0.10 0.18 0.16

*) Country specific data

“*)Biomass is not included in Activity data totals

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 CO, CH,4 N,O CO, CH,4 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
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L . 2
Structure of Fuels Source of Emission factors Method used
Activity data CO, CH,4 N,O CO, CH,4 N,O
Fuel Oil - Low 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 energy-demanding branch with
fuel consumption, such as the textile and
leather industry, wood processing and
subsequent production processes, the entire
machine industry, incl. production of means
of transport and the construction industry.

CO, emissions [kt]

. . o I o v o o & b
In the CzSO Questionnaire (CzSO, 2019), the O I A I A S
Consumption Of the indiVidUaI kindS Of erIS B Liguid fuels ¥ solid fuels Biomass Gaseous fuels
in this sector is reported in the section
Industry Sector under the item: Fig. 3-20 Development of CO, emissions in source category 1.A.2.g

e Transport Equipment

e Machinery

e Mining (excluding fuels) and Quarrying
e Wood and Wood Products

e Construction

e Textiles and Leather

e Non-specified (Industry)

There are embodied the fuels of economic part according to NACE Rev. 2 Other: NACE Divisions 05 — 09,
13-16,21-22,25-33 and 41 —-43.

The fraction of CO; emissions in subsector 1.A.2.f in CO, emissions in sector 1.A.2 equalled 20% in 2018. It
contributed 2% to CO, 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
decreased until 2018. Liquid fuels have also constantly decreased in importance since 1990. Natural Gas is
also important fuel in this category.

The graph in Fig. 3-20 shows that the beginning of the period was characterised by highly energy-intensive
types of industrial processes in this category. Social changes occurring in the Czech Republic in the early
90s resulted in energy-saving 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 fuels at 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 the CO, emissions (and other greenhouse gases). This is the
category with the largest relative decrease in CO, emissions from 1990 to 2018 (90% decrease).
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3.2.16.2 Methodological issues (CRF 1.A.2.g9)

Sector specific methodological approaches were not used, the general approaches are given in chapter

3.2.4.

3.2.16.3 Uncertainties and time-series consistency (CRF 1.A.2.g)

See chapter 3.2.5.

3.2.16.4 Category-specific QA/QC and verification (CRF 1.A.2.g)

See chapter 3.2.6.

3.2.16.5 Category-specific recalculations (CRF 1.A.2.g)

Based on the changes in activity data from CzSO, 2019, recalculations for Solid Fuels for the years 2016
and 2017 were done and furthermore for consumption of Natural Gas in the year 2017. The changes were
made for these specific Solid Fuels: Other bituminous coal in 2016 and for the year 2017 Other bituminous
coal, Coke, Brown briquettes, Brown coal+Lignite. The table Tab. 3-27 presents the total consumption of

Solid Fuels for years 2016 and 2017.

Tab. 3-27 Changes after recalculation in 1.A.2.g for Solid Fuels in years 2016-2017.

Submission 2019-2017 T) 1202.00 1128.69
Submission 2020-2018 T) 1233.03 1132.57
Difference T) 31.03 3.88
% 2.52 0.34

COzemisson 2016 2017
Submission 2019-2017 kt 117.53 111.72
Submission 2020-2018 kt 120.38 112.09
Difference kt 2.85 0.37
% 2.36 0.33

CHiemission 206 2017
Submission 2019-2017 kt 0.01180 0.01129
Submission 2020-2018 kt 0.01211 0.01133
Difference kt 0.00031 0.00004
% 2.56 0.34

‘NpOemission 2016 2017
Submission 2018-2016 kt 0.00177 0.00169
Submission 2019-2017 kt 0.00182 0.00170
Difference kt 0.00005 0.00001
% 2.57 0.34

Tab. 3-28 Changes after recalculation in 1.A.2.g for Natural Gas

Submission 2019-2017 T) 33134.62 | Submission 2019-2017 kt 0.03314
Submission 2020-2018 T) 33363.96 | Submission 2020-2018 kt 0.03336
Difference T) 229.34 | Difference kt 0.00023
Submission 2019-2017 % 0.69 | Submission 2019-2017 % 0.69
(COgemisson 2007 NOemisson 2007
Submission 2019-2017 kt 1837.69 | Submission 2019-2017 kt 0.00331
Submission 2020-2018 kt 1850.41 | Submission 2020-2018 kt 0.00334
Difference kt 12.72 | Difference kt 0.00002
Submission 2019-2017 % 0.69 | Submission 2019-2017 % 0.69
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3.2.16.6 Category-specific planned improvements (CRF 1.A.2.g)

Currently there are no planned improvements in this category.

3.2.17 Transport (1.A.3)

The type of transport modes and vehicle categories, for the purposes of calculations of greenhouse gases
emissions, are differed according to a certain vehicle types. A particular category consists of the transport
mode, the fuel used and the type of emission standard the particular vehicle must meet (in the road
transport). The categories of vehicles are not as detailed for non-road transport.

For road transport are the activity data (AD) calculated with helps of combining Czech Car Registry (CCR)
and Database of Technical Control stations (TCS). The result is average traffic performance for each
category per year in vehicle kilometres. These data enter to COPERT 5 calculation program (see chapter
3.2.17.3.).

The data required for calculations in other categories (aviation, railway, navigation) are primarily fuel
consumption statistics which are provided by the Ministry of Transport of the Czech Republic (transport
yearbooks), the Czech Hydrometeorological Institute (research), the Czech Air Navigation Services
(yearbooks) and the Czech Statistical Office
(Czso).

300000

The categories of mobile sources are following: 250000

Domestic Aviation (CRF 1.A.3.a) 200000 -

e airplanes fuelled by aviation gasoline 150000 4
e airplanes fuelled by jet kerosene

L]

100000 -

Road Transportation (CRF 1.A.3.b) 50000
e motorcycles conventional, EURO 1 — EURO 5 L . — — —
0 T T T T
—gasoline 23 8822 L322 23T 238583
g o o o o o o o o (=) (=) o o o o o
e passenger cars (PCs) conventional, EURO 1 — DlJet kerosene = Aviation gasoline
. . . Road Transport - Gasoline Road Transport - Diesel Oil
EURO 6 - gaSO|Ine, d|ese|, LPG B'fuel, CNG Road Transport - LPG Road Transport - CNG
. . M Road Transport - Biomass M Railways - Diesel oil
blfuell Petro' Hybrld Railways - Coal Navigation - Diesel Oil
e light duty vehicles (LDVs) conventional, EURO
1 - EURO 6 — gasoline, diesel Fig. 3-21 Annual fuel consumption by all modes of transport

e heavy duty diesel vehicles conventional
(HDVs), EURO | — EURO VI — gasoline, diesel
e buses conventional, EURO | — EURO VI — diesel, CNG

Railways (CRF 1.A.3.c)
e diesel and steam locomotives

Domestic Navigation (CRF 1.A.3.d)
e ships with diesel engines
3.2.17.1 Methodological issues

The methodology for road transport in the Czech Republic is from 2018 based on COPERT 5 methodology
(see 3.2.17.3). Other sectors operate with emission factors in [g.kg] of fuel not in [g.TJ] of energy
because the country-specific measured data of every greenhouse gas in the internal database are in this
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unit. The ADs calculated for the CRF Reporter in TJ are affected by CS calorific value (which is variable in
different years) of a particular fuel. The fuel consumption entering to the CRF Reporter must be converted
from weight to energy units (using the calorific value). So, the time series of IEF depends partially on the
trend of calorific values and mostly on EF in [g.kg!]. Emission factors of particular transport subsectors are
always given for current submission year. All calorific values used for calculations in the transport sector
are presented within the Chapter 3 (Energy).

In the table below are displayed activity data by all modes of transport, and its graphical comparison is
shown in Fig. 3-21. Mobile sources used for other purposes than transport (gasoline-powered lawn
mowers, chainsaws, construction machinery, etc.) make a smaller contribution to the increasing
consumption of gasoline and diesel oil.

Tab. 3-29 Fuel consumption by all modes of transport

2000 44 8256 79846 74321 2849 97 2590 4440 NO 213
2001 88 8774 81704 82492 2895 97 1924 4066 NO 335
2002 131 7576 82564 89451 2941 243 2701 3942 NO 168
2003 131 10187 90177 105860 2986 243 2590 3857 NO 168
2004 131 13097 89869 116053 3124 146 1332 3810 NO 251
2005 88 13610 88219 134996 3216 146 111 3848 14 209
2006 88 14116 87315 144127 3308 146 757 4107 15 257
2007 88 14808 91059 152064 3538 195 1258 4061 13 214
2008 88 15674 87692 152635 3676 244 4602 4501 14 171
2009 88 14332 85491 148037 3400 293 8154 4083 14 215
2010 88 13423 77619 142060 3538 343 9681 3959 15 172
2011 44 13293 74603 142633 3584 392 12565 3869 15 129
2012 88 12384 69494 144171 3951 489 11525 3737 15 215
2013 88 11950 65304 146333 4089 736 11602 3652 16 86
2014 88 12261 64652 153489 4503 1033 13263 3697 43 129
2015 131 12427 65174 163142 4503 1528 12414 3607 43 129
2016 131 13261 67162 170198 4549 2081 12311 3651 41 172
2017 131 15025 66128 177542 4411 2328 12881 3737 41 172
2018 131 17320 66118 180193 4227 2626 12702 3694 27 129

3.2.17.2 Aviation (CRF 1.A.3.a, 1.D.1.a)

Burning processes in air transport are very different from those in land and water transport. This is caused
by its operation in a wider range of atmospheric conditions (namely 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 (emissions of domestic civil aviation) and 1.D.1.a
(international civil aviation) are reported with respect to distinctive flight phases: the LTO (Landing/Take-
off: 0-3,000 feet) and the Cruise (above 3,000 feet). Emissions from military aircraft are not included in this
category but are reported under 1.A.5.b Military: Mobile Combustion.
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The estimate of aircraft emissions has been carried out on the basis of overall fuel consumption in aviation.
It is very important to separate domestic and international flights. CZSO provides fuel consumption for
these two categories separately. These are the numbers for “fuel sold” not “fuel used”. CDV every year
makes its own estimate of fuel used in the Czech Republic by domestic Aviation. Emissions estimates are
made on basis of overall fuel consumption by domestic flights. The source of activity data is Transport
yearbook published every year by the Ministry of transport. A process of estimating emission is based on
fuel consumption of aviation gasoline and jet kerosene obtained from the Czech Statistical Office (CZSO).
This fuel consumption is:

e In the case of aviation gasoline methodology considers that all aviation gasoline is used by
domestic flights

e Inthe case of jet kerosene methodology divides jet kerosene consumption between domestic and
international flights using the ratio between transport performance in domestic and international
aviation calculated on basis of data from Transport yearbook published every year by the Ministry
of transport

The important step is to define a ratio between fuel consumption during LTO and Cruise phases of flights
(see Tab. 3-30). Emissions are estimated by multiplying the consumption of jet kerosene and aviation
gasoline by the ratio of consumption of a flight phase and by emission factors (EF).

Tab. 3-30 Ratio of fuel usage between LTO and Cruise flight mode

LTO 0.15 |
Jet Kerosene

CRUISE 0.85
Aviation LTO 0.1
gasoline CRUISE 0.9

Activity data

Activity data are gained from CZSO and are
450 divided between LTO and Cruise flight mode
according to a ratio which is stated in the Tab.
3-30. The total consumption of jet kerosene in
the Czech Republic is divided into five categories
(Civil Aviation, International Aviation, Army,
Industry and Commercial and Public Services).
The jet kerosene consumption, as well as
relevant emissions from categories Army,
Industry, Commercial and Public Services, is not
reported in CRF tables in Transport sector 1A3,
but in sectors 1A5b, 1A2f and 1A4a respectively.
Other two categories (Civil Aviation and
International Aviation) are divided on the basis
of expert judgment in the whole time period when main criteria are the combination of transport
performance of air passengers transport (only a small amount of domestic lines among Czech main
airports) and transport performance of air freight transport (MoT, 2018). As you can see in the Tab. 3-31
the regular domestic flights (11 TJ) using kerosene are represented by a very small percentage in the Czech
Republic compared to international flights (17 309 TJ). The IEA data (1 299 TJ) include also in the Domestic
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NN NN NN NN

0w o o
o 2 o
NN

2011
2012
2013
2014
2015
2016
2017
2018

LTO m CRUISE

Fig. 3-22 Annual jet kerosene consumption in aviation
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Aviation category kerosene consumption reported to IEA by CZSO (is in CRF divided into the categories of
Army, Industry, Commercial and Public Services which is not used for aviation or transport). Tab. 3-31
shows the distribution of kerosene consumption in the CRF Reporter in comparison with IEA data. As can
be seen from the next table, total sums of kerosene (CRF vs. IEA) are identical. Tab. 3-30 displays jet
kerosene consumption according to flight mode.

Tab. 3-31 Distribution of the Jet Kerosene consumption in CRF Reporter and IEA data [TJ]

1990 19 7325 0 7 344 7344 0 7344
1991 20 6020 0 6 040 6 040 0 6 040
1992 29 6967 0 6 996 6 996 0 6 996
1993 31 5792 0 5823 5823 0 5823
1994 49 7 208 0 7 257 7 257 0 7 257
1995 15 7 805 0 7 820 7 820 0 7 820
1996 41 5 866 0 5907 5603 304 5907
1997 54 6759 0 6812 5217 1595 6812
1998 50 7991 0 8041 4902 3139 8041
1999 48 7 520 0 7 568 5633 1935 7 568
2000 22 8234 0 8256 6 665 1591 8 256
2001 24 8750 0 8774 6762 2012 8774
2002 19 7 557 770 8 346 6976 1370 8 346
2003 24 10163 556 10743 8432 2311 10743
2004 35 13062 685 13782 12 070 1712 13782
2005 37 13573 728 14 338 13182 1156 14 338
2006 46 14 070 563 14 679 14073 606 14679
2007 46 14763 1126 15934 14 462 1472 15934
2008 31 15 644 1083 16 757 14 895 1862 16 757
2009 45 14 288 1169 15501 14 246 1256 15501
2010 36 13 387 866 14 289 13120 1169 14 289
2011 22 13271 1516 14 809 12 990 1819 14 809
2012 17 12 367 736 13120 12 297 823 13120
2013 20 11931 650 12 600 11 864 736 12 600
2014 12 12 248 686 12 947 12 254 693 12 947
2015 15 12412 1386 13813 12 341 1472 13813
2016 11 13 250 1634 14 895 13 250 1645 14 895
2017 9 15016 2122 17 147 14 852 2295 17 147
2018 11 17 309 1126 18 446 17 147 1299 18 446
Tab. 3-32 Jet kerosene consumption according to flight mode
kt kt

2000 0.08 28.72 0.43 162.77

2001 0.08 30.67 0.47 173.78

2002 0.07 26.48 0.38 150.08

2003 0.08 35.62 0.47 201.84

2004 0.12 45.78 0.69 259.40

2005 0.13 47.57 0.73 269.56

2006 0.16 48.74 0.90 276.20

2007 0.16 51.14 0.90 289.80
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kt kt
2008 0.11 54.19 0.60 307.09
2009 0.16 49.49 0.88 280.47
2010 0.12 46.38 0.70 262.80
2011 0.07 45.97 0.42 260.52
2012 0.06 42.84 0.34 242.77
2013 0.07 41.33 0.38 234.21
2014 0.04 42.43 0.24 240.44
2015 0.05 43.00 0.29 243.66
2016 0.04 45.90 0.22 260.10
2017 0.03 52.02 0.18 294.77
2018 0.04 59.96 0.21 339.79

Emission factors

The emission factors for CO,, N,O and CH4 are Tier 1, based on calorific value of fuel (actualized every year
by Czech Oil Questionnaire for EEA) and EF (kg/TJ, stated in IPCC 2006 Gl. (IPCC 2006) for aviation).

Tab. 3-33 Emission factors of CO,, N2O and CH, from aviation in current year in [g.kg™] of fuel

_ [g-kg™] [g-kg™] [g-kg]

Civil Aviation - LTO Aviation Gasoline 3065 0.09 0.02

Civil Aviation - Cruise Aviation Gasoline 3065 0.09 0.02

Civil Aviation - LTO Kerosene 3096 0.09 0.02

Civil Aviation - Cruise Kerosene 3096 0.09 0.02
Emissions

1400

CO, emissions from air domestic | 1200 8
transport make a very small | - = _ 1 |
contribution to overall emissions from | Bl =B
aviation (about 1%) as it is limited 800 1 = FEiRiRiRIIIILN
mainly to flights between the three | 60 {(m 77—+ - - - - - — — — — — — — — —
largest cities in the Czech Republic, xm il i R R R R RN R EENERRREENERIRTDR
Prague, Brno and Ostrava. Similar to
road transport and consumption of C TEEEEEEEEEREEREEEE
aircraft fuel, this is not monitored 0 S o 8@z moe s ® g gD a ey
centrally by the Czech Statistical SR SRS IRI/RIIISRSARRSI
Office. Aircraft are fuelled mainly by GHG- emission international aviation B GHG emissions - domestic aviation

jet kerosene while the consumption of
aviation gasoline and CO, emissions
from aviation gasoline are limited to
small aircrafts used in agriculture and
in sports and recreational activities.

Fig. 3-23 Emissions of CO,, N>O and CH, from aviation

The total consumption by an army and domestic transport (estimated on the basis of a number of flights,
distances between destinations and specific consumption of fuels per the unit distance in the LTO regime
and the Cruise itself) was subtracted from the total kerosene consumption. The remaining kerosene
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consumption is related to an international air transport. Fig. 3-23 shows emissions of GHG from aviation
in the Czech Republic.

3.2.17.2.2 Uncertainties and time-series consistency

Uncertainty in civil aviation was calculated according to EMEP/EEA air pollutant emission inventory
guidebook 2016. The uncertainty given here has been evaluated for all of time series (1990 — 2018) and
both flight stages. Combined uncertainties of national emissions within aviation for particular pollutants
are given in Tab. 3-34.

Tab. 3-34 Uncertainty data for aviation from uncertainty analysis

| 1A3aii Civil Aviation-Aviation Gasoline ~ CO, 138.1 9.2 4.0 3.9 5.6
1A3aii Civil Aviation-Jet Kerosene CO; 1.4 0.8 4.0 3.2 5.1
1D1a International Aviation-Jet Kerosene CO; 523.72 1073.65 4.0 3.2 5.1
1A3aii Civil Aviation-Aviation Gasoline CHy 0.0010 0.0001 4.0 78.5 78.7
1A3aii Civil Aviation-Jet Kerosene CHa 0.00001 0.00001 4.0 78.5 78.6
1D1a International Aviation-Jet Kerosene CHa 0.0037 0.0087 4.0 78.5 78.6
1A3aii Civil Aviation-Aviation Gasoline N,O 0.0039 0.0003 4.0 110.0 110.1
1A3aii Civil Aviation-Jet Kerosene N,O 0.00004 0.00002 4.0 110.0 110.1
1D1a International Aviation-Jet Kerosene N,O 0.01 0.03 4.0 110.0 110.1

3.2.17.3 Road Transportation (CRF 1.A.3.b)

This category covers all GHG emissions from motor road traffic in the Czech Republic. It includes all private
as well as public transport except agricultural and forestry transports and military transports which are
reported in separate categories. Estimations are made for these vehicle categories: passenger cars (PCs),
light duty vehicles (LDVs), heavy duty vehicles (HDVs), buses and motorcycles. For calculation purposes,
the vehicle categories were broken down by a type of fuel and EURO norms.

3.2.17.3.1 Methodological issues

The appropriate distribution is necessary for assigning of a relevant emission factor. Sector 1A3b Road
Transportation is split into four subsectors:

e 1.A3.bi PassengerCars

e 1.A3.bii Light Duty Vehicles

e 1.A.3.biii Heavy Duty Vehicles and Buses
e 1.A3.biv Mopedsand Motorcycles

Methodology for the calculation of emissions from road transport has been improved in 2018. COPERT 5
has been introduced for this purpose. Also, national ratios of H:C and O:C has been calculated on basis of
laboratory analysis (Cerny, 2018). These changes improved calculation method for CO, to Tier 2, for N,O
and CHa to Tier 3. The basis for emission calculations in COPERT 5 are numbers of vehicles, average annual
mileage and average total mileage for COPERT categories. Other important variables are:

e CS meteorological information

e EU average information about driver behaviour (trip length, trip duration, average speed on
different roads etc.)
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e Technical parameters of vehicles (technologies for emissions reduction, A/C in vehicles, tank size,
number of axles...)

e Fuel quality and composition of fuel

e Calorific value of fuels (from CZSO)

e H:Cand O:C ratios

e Share of fossil fraction in biodiesel

e ETBE content in biogasoline
This is an only brief summary. Full description of COPERT 5 program is possible to find here:
https://www.emisia.com/utilities/copert/documentation/. Full methodology of application COPERT 5 in
CZ is described in Pelikan, Brich 2017 and Pelikan, Brich 2018.

Activity data

AD for COPERT program are gained from two
large databases - Czech Car Registry (CCR) and
database of Technical Control stations (TCS).
250000 _EEE gR= CCR contains information about numbers and

EEggh technical details of vehicles registered in
200000 I I I particular categories in CZ. TCS define
s I I I I I I I I I I I I annually traffic performance for a particular
= car. By combining these two databases is
possible to obtain numbers of vehicles,

300000

100000
average annual mileage and average total
50000 mileage for all of 373 COPERT categories
which are relevant in CZ. Results are in full
b Lt e ok ma e oo e accuracy four years before actual reported
SR E R R EEEEEEEEE:
NN AN N AN AN NN NN N NN NN NN

year. Reason is that new cars in CZ have to
undertake technical control after four years
after signing in CCR. To have precise average
Fig. 3-24 Trend of fuel consumption according fossil fuels by PCs annual mileage and emissions estimates is

necessary to recalculate results 4 vyears
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 AD to calculate fuel consumption in all categories. Fuel consumption in categories is normalized with
the help of total fuel consumption provided by CZSO for national level.

~ 2017
2018

Passenger Cars M Heavy Duty Trucks i Light Commercial Vehicles ® Buses Category

Fig. 3-24 shows trends of fuel consumption after 2000. General rising trend of fuel consumption by PCs
and LDVs is in line with general trend in whole Europe. There is an obvious influence of economic crisis
between 2008 and 2013 to fossil fuels consumption (Tab. 3-35). From 2014 there is a significant increase
of fuel consumption of main fossil fuels. In 2017 almost 10 % lower prices of diesel and gasoline influenced
increase of fossil fuels consumption. The consumption of gasoline fluctuated around 90 000 TJ from 2002
to 2009, but it has started to decline significantly since 2010. It even reached a value of 64 000 TJ in 2014.
This decline is caused especially by the downward trend in an average fuel consumption of modern
passenger cars. In 2013 the gasoline consumption decreased to 65 304 TJ. Since then gasoline fuel
consumption is fluctuating around this value (2018 — 68 682 TJ). Fuel consumption of diesel growing
steadily after 2000. Steep increase has begun after 2013 and was connected to economic growth and
growing popularity of diesel PCs. In 2018 diesel consumption reached 180 193 TJ. Trend of increase is less
intense compared to previous years.

Till 2008, there was not almost used bioethanol in the Czech Republic, and biodiesel only in a small share.
Since 2008 the consumption of gasoline has also included the consumption of bioethanol, which has been
added to all gasoline in the amount of 2 % since January 1, 2008. 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
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renewable resource in diesel oil reached a value 6 % in 2010 and both values will remain unchanged in the
coming years. Share of biofuels in fossil fuels is increasing too (6.8 % in 2010 and 8.5 % in 2015). These
facts (the reduction in a consumption and an increasing share of bio-components) have a favourable
impact on CO; emissions. After 2015 can see an increase in consumption of biodiesel. In 2015 were
implemented the decrease of taxes for blends with a high percentage of biodiesel, but customers slowly
accepted this change. Bioethanol shows no specific long-term trend. Between 2015 and 2018 there were
some fluctuations caused by variable ratio between price of petrol and bioethanol.

Tab. 3-35 Fuel consumption within road transport in the Czech Republic

2000 79 846 74 321 2 849 97 2590 0
2001 81704 82492 2895 97 1924 0
2002 82 564 89451 2941 243 2701 0
2003 90 177 105 860 2986 243 2 590 0
2004 89 869 116 053 3124 146 1332 0
2005 88 219 134 996 3216 146 111 0
2006 87 315 144 127 3308 146 703 54
2007 91 059 152 064 3538 195 1258 0
2008 87 692 152 635 3676 244 3144 1458
2009 85491 148 037 3400 293 5697 2457
2010 77 619 142 060 3538 343 7251 2430
2011 74 603 142 633 3584 392 10 027 2538
2012 69 494 144171 3951 489 9176 2 349
2013 65 304 146 333 4089 736 9361 2241
2014 64 652 153 489 4503 1033 10 509 2754
2015 65 174 163 142 4503 1528 9768 2 646
2016 67 162 170 198 4549 2081 10 286 2025
2017 66 128 177 542 4411 2328 10397 2484
2018 66 118 180193 4227 2626 10137 2 565

CNG buses are used in the Czech Republic from 1994 and using CNG PCs has started after the year 2000.
The steep increase of the CNG consumption from 2012 is caused by subsidies from public resources in
order to encourage the use of CNG buses especially. Another subsidies were determined for CNG LDVs and
which PCs has been used by local authorities. This means stead increase of CNG consumption.
Consumption of LPG continuously grows until 2016. After 2016 there is slight decrease most likely caused
by low prices of diesel and gasoline.

Emission factors

Emission factors are COPERT based. COPERT methodology is in line with IPCC 2006 GI. (IPCC 2006) an
EMEP/EEA Guidebook 2019. EFs for CO, are on Tier 2 level and N,O, CH4 on Tier 3 level. Generally, EFs for
all GHG are composed from Hot EFs, Cold EFs and they are additionally dependent on vehicle category and
driving mode (share of urban, rural, highway driving).

Tab. 3-36 Implied EFs for CO; in road transport

t/T) t/T) t/T) t/T) t/T)
2010 70.48 73.36 65.76 56.19 72.03
2011 70.33 73.54 65.76  56.25 72.28
2012 70.33 73.55 65.76  56.37 72.27
2013 70.32 73.55 65.76  56.16 72.32
2014 70.14 73.52 65.76  56.06 72.24
2015 70.05 73.56 65.76  55.92 72.22
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2016 70.53 73.54 65.76  55.65 72.48
2017  70.52 7353 6576 55.65 72.33
2018 71.81 73.94 6576 5565  72.28

EFs CO, counts with using A/C, SCR and lubricant consumption. Implied EFs are additionally dependent on
calorific value of fuel (kg/TJ) - actualized every year form Czech Oil Questionnaire for EEA, and country-
specific H:C and O:C ratios (Cerny, 2018). In the Tab. 3-36 are shown implied EFs of CO, after year 2010.

Tab. 3-37 Implied EFs for CH, in road transport

kg/T) kg/T) kg/T)  kg/T) kg/T)
2010 16.71 1.78 10.57 54.24 8.42
2011 16.10 1.50 10.43 52.49 6.72
2012 15.14 1.32 10.32 49.71 6.29
2013 13.91 1.09 10.29 48.33 5.43
2014 13.12 1.01 10.06 45.31 5.42
2015 12.02 0.83 10.01 45.93 4.98
2016 11.39 0.70 10.03 43.19 3.75
2017 10.88 0.65 9.92 40.90 4.04
2018 9.99 0.53 9.84 43.61 3.79

In the Tab. 3-37 and Tab. 3-38 are shown implied EFs of CHs and N,O for road transport after year 2010.

Tab. 3-38 Implied EFs for N>O in road transport

—
kg/T) kg/T) kg/T)  kg/T) kg/T)
2010 1.63 2.28 221 171 2.65
2011 1.55 2.37 209 1.68 2.71
2012 145 2.45 2.00 156 2.74
2013 1.38 2.51 1.93 148 2.79
2014 137 2.52 1.88 137 2.79
2015 1.27 2.56 1.80 1.35 2.79
2016 1.22 2.59 173  1.23 2.84
2017 1.16 2.60 165 113 2.80
2018 1.04 2.63 1.60 1.24 2.78
CO; emissions 20000

18000

Carbon dioxide emissions were calculated 16000 -
on the basis of the total consumption in
373 COPERT vehicle categories which are
relevant in CZ. COPERT separately
calculate emissions from hot engines,
cold engines, emissions originate from
A/C and SCR usage (diesel cars) and
emissions caused by lubricant

consumption during burning processes.
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Fig. 3-25 Emissions of CO, from road transport according subsectors
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A gradually increasing share of transport in total CO, emissions in the Czech Republic became evident
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Fig. 3-28 Comparison of energy consumption and CH; emissions from

road transoort

during the 90’s and this trend continued
until 2007. Individual road and freight
transport make the greatest contribution
to energy consumption in road transport
(see Fig. 3-25). It is obvious, according to
the methodology of calculation CO;
emissions described above, that trend in
CO, emissions copies trend in fuel
consumption (see Fig. 3-26) In 2008, for
the first time, in emissions of carbon
dioxide from road transport, is recorded a
decrease, which has started a downward
trend continuing until 2014 (Jedlicka et al,
2014). From 2014 till 2018 emissions from
road transport grew over 18 000 kt of CO,.
The carbon dioxide emissions trend is
primarily a result of the changes in the
traffic performance by gasoline and
diesel cars. According to the Fig. 3-26 the
emissions of CO, from road
transportation are following the trend of
an energy consumption. There are no
disproportions. Small fluctuation can be
caused by fact, that EFs are calculated on
the basis of a slightly variable calorific
value of a particular fuel. These values
are every year given (by CZSO). Other
factor is, that CO, emissions are
dependent on the ratio between energy
consumption of a particular type of fuel.

CH, emissions

The Czech Republic has been very
successful in stabilizing and decreasing
methane emissions derived from road
transport-related greenhouse gas
emissions. Trends in CHs emission
production according to subcategories are
shown in Fig. 3-27. The annual trends in
these emissions are constantly decreasing
and are very similar to other hydrocarbons
emissions, which are limited in accordance
with EURO regulations. New vehicles must
fulfil substantially higher EURO standards
for hydrocarbons than older vehicles
(currently the EURO 6 standard for
passenger cars and EURO VI for heavy duty
vehicles and buses). The greatest problems
are associated with a slow renewal of the

freight transport fleet. There has been a slight decrease in the number of older trucks in this country and
these older vehicles are frequently used in the construction and food industries. The potential problem in
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CH4emissions could be growing share of CNG vehicles (especially busses from 2012). CNG is composed of
approx. from 98 % of CHi. On the other CNG is beneficial for other GHG and pollutants.

0.7
06 | Fig. 3-28 shows the opposite trend in
os | emission production of CH; and energy
consumption in road transportation.
0.4 1 The continuous decrease started in
£03 1996 when the EURO 2 (Il) standard
02 | was implemented. The decrease in the
ot following years was intensified by
toughening the THC limits in 2005 by
0 T T T s i 0~ o o 6 o~ m < i w ~ o | theEURO 4 standard. Another cause of
SSE8ESEEE8SE8SE8EEEEEEEEEE | the downward trend is an increasing

mPCs WLDVs HDVs + Buses Motorcycles

ratio of diesel passenger cars within
the car fleet over the past few years,
g. 3-29 Emissions of N,O from road transport according subsectors which produce less CHs. In 2018
increase of energy consumption
continues  (not so intensively

Fi

300000 -
compared to the last years) but CHa

50000 emissions, thanks to car fleet renewal still
_ decreasing under 1 kt of emissions in 2018.
E. 200000 - -
c =, ..
S 04a| N0 emissions
2 150000 - 8
g -o034
© 400000 A== m mmm o mf e E| Trends in N,O emissions production
?gn 02 according to subsectors are shown in Fig.
[ 1]

50000 f-------mooomoooo o oooooomoooooo oo - 0. 3-29. Nitrous oxide emissions had been
decreased from 2008 similar to carbon

o
=

0 ' B ' T ! UU . . . .
8353358583299 3488q¢8 dioxide emissions as a consequence of
R AT reduced consumption of gasoline and diesel
=—=gnergy consumption N20O emissions

oil. New vehicles exhibit higher emissions
compared to older models because they are
Fig. 3-30 Comparison of energy consumption and N.O emissions equipped with 3-way catalytic converters
from road transport which reduce only NOx emissions but not
N,O emissions. However, this effect is
suppressed in new vehicles as a consequence of a lower fuel consumption. Between 2008 and 2010 the
N,O emissions were decreasing because of economic crisis and lower traffic performance. From 2014 N,O
emissions has been increasing. This fact is caused by a higher consumption of a diesel oil which is
influenced by progress in the national economy and by increase in a transportation of goods and material.
In 2018 increase of fuel consumption continues but not so intensively as in the last years. N,O emissions
reached almost 0.6 kt in 2018. This increase is mitigated by modernization of car fleet in the Czech
Republic.

Road transport was identified as a key source of the N,O emissions over the past 5 years as the share of
vehicles with high N,O emissions has been increasing in this period. Consequently, N,O emissions from
mobile sources represent higher contribution than CH; emissions. In N,O emissions from mobile sources,
the most important source seems to be passenger automobile transport, especially gasoline-fuelled
passenger cars with catalysts. Fig. 3-30 shows a similar trend in N>O emissions from road transport
compared to the energy consumption trend. Between years 2006 and 2010 there was more significant
decrease in trend on N,O emissions compared to fuel consumption. This effect could be connected
introducing more advanced emission control technologies.
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3.2.17.3.2 Uncertainties and time-series consistency

Uncertainty in road transport was calculated according to EMEP/EEA air pollutant emission inventory
guidebook 2016. The uncertainty given here has been evaluated for all of time series (1990 — 2018) and
reported categories. Combined uncertainties of national emissions within road transport for particular

pollutants are given in Tab. 3-39.

Tab. 3-39 Uncertainty data for road transport from uncertainty analysis

kt

%

1A3bi PC-Gasoline CO, 3351.4 4518.8 3.0 4.0 5.0
1A3bi PC-Diesel Oil CO, 938.0 6900.7 3.0 1.5 33
1A3bi PC-LPG Co, 0.0 278.0 3.0 3.2 4.4
1A3bi PC-Gaseous Fuels CO, 0.0 74.3 3.0 3.2 4.4
1A3bi PC-Biomass CO, 0.0 551.2 3.0 2.5 3.9
1A3bi LDV-Gasoline CO, 83.9 188.5 3.0 4.0 5.0
1A3bi LDV-Diesel Oil CO, 896.8 2310.1 3.0 1.5 33
1A3bi LDV-Biomass CO, 0.0 135.8 3.0 1.8 3.5
1A3biii HDV-Diesel Oil CO, 4819.8 4112.7 3.0 1.5 33
1A3biii HDV-Gaseous Fuels CO, 0.0 71.8 3.0 3.2 4.4
1A3biii HDV-Biomass CO, 0.0 229.5 3.0 1.5 33
1A3biv Motorcycles-Gasoline CO; 154.9 40.4 3.0 4.0 5.0
1A3biv Motorcycles-Biomass CO, 0.0 1.5 3.0 4.0 5.0
1A3bi PC-Gasoline CHy 1.919 0.607 3.0 157.0 157.0
1A3bi PC-Diesel Oil CHa 0.075 0.027 3.0 101.3 101.3
1A3bi PC-LPG CHy 0.0 0.042 3.0 809.8 809.8
1A3bi PC-Gaseous Fuels CHy 0.0 0.032 3.0 809.8 809.8
1A3bi PC-Biomass CHa 0.000 0.040 3.0 123.0 123.0
1A3bi LDV-Gasoline CHy 0.030 0.015 3.0 157.0 157.0
1A3bi LDV-Diesel Oil CHy 0.050 0.007 3.0 101.3 101.3
1A3bi LDV-Biomass CHa 0.0 0.001 3.0 107.4 107.5
1A3biii HDV-Diesel Oil CHy 0.582 0.061 3.0 101.3 101.3
1A3biii HDV-Gaseous Fuels CHy 0.0 0.083 3.0 809.8 809.8
1A3biii HDV-Biomass CHa 0.0 0.004 3.0 101.3 101.3
1A3biv Motorcycles-Gasoline CH4 0.327 0.038 3.0 152.1 152.2
1A3biv Motorcycles-Biomass CH4 0.0 0.002 3.0 152.1 152.2
1A3bi PC-Gasoline N,O 0.12664 0.06572 3.0 133.8 133.8
1A3bi PC-Diesel Oil N,O 0.00053 0.26595 3.0 137.2 137.2
1A3bi PC-LPG N,O 0.00000 0.00677 3.0 1266.7 1266.7
1A3bi PC-Gaseous Fuels N,O 0.00000 0.00058 3.0 1266.7 1266.7
1A3bi PC-Biomass N,O 0.00000 0.02154 3.0 135.8 135.9
1A3bi LDV-Gasoline N,O 0.00198 0.00253 3.0 133.8 133.8
1A3bi LDV-Diesel Oil N,O 0.00010 0.06349 3.0 137.2 137.2
1A3bi LDV-Biomass N,O 0.00000 0.00431 3.0 136.8 136.8
1A3biii HDV-Diesel Oil N,O 0.20283 0.14405 3.0 137.2 137.2
1A3biii HDV-Gaseous Fuels N20 0.00000 0.00269 3.0 1266.7 1266.7
1A3biii HDV-Biomass N,O 0.00000 0.00941 3.0 97.9 97.9
1A3biv Motorcycles-Gasoline \P0] 0.00324 0.00070 3.0 156.9 156.9
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‘ 1A3biv Motorcycles-Biomass N,O 0.00000 0.00004 3.0 156.9 156.9

3.2.17.4 Railways (CRF 1.A.3.c)

3.2.17.4.1 Methodological issues

The Czech railway sector is undergoing a long-term modernization process. The aim is to make electricity
the main energy source for rail transports. Use 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 %. Railways power stations for generation
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 apart from electric power.

Activity data

Regular railway operation uses only diesel oil. Coal is used solely within historical rides and the percentage
of its consumption is very small. In general, fuel consumption by railways has a slightly decreasing trend
from 2000. The only exception is the period 2006 — 2008. After this, the increase stopped at approx. 85 kt
per year because of the economic crisis and replacement of diesel-powered locomotives by electric ones.
In 2018 was diesel consumption 86 kt which is slightly less than previous year. Coal started to be used at
Czech railways again in 2005 (bituminous coal) for purposes of historical rides. From 2014 has been used
lignite too. Total coal consumption reached 1 kt in 2018. This is half of previous year, because in 2018
wasn’t use any lignite but only bituminous coal

Tab. 3-40 Fuel consumption by railways

2000 104.0 2010 92.0 2000 0.0 2010 1.0
2001 97.0 2011 90.0 2001 0.0 2011 1.0

2002 94.0 2012 87.0 2002 0.0 2012 1.0
2003 920 2013 85.0 2003 0.0 2013 1.0
2004 910 2014 86.0 2004 0.0 2014 2.0
2005 920 2015 84.0 2005 1.0 2015 2.0
2006 96.0 2016 85.0 2006 1.0 2016 2.0
2007 95.0 2017 87.0 2007 1.0 2017 2.0
2008 105.0 2018 86.0 2008 1.0 2018 1.0
2009 95.0 2009 1.0

Emission factors

The emission factors for diesel oil and coal for CO,, N,O and CH,4 are Tier 1 based on calorific value of fuel
(actualized every year by Czech Oil Questionnaire for EEA) and EF [kg.TJ™] stated in IPCC 2006 Gl. (IPCC
2006) for railways see Tab. 3-41.

Tab. 3-41 Emission factors of CO,, N>O and CH, from railways in current year in [g.kg-1] of fuel

Railways Diesel Qil 3183 1.2 0.2

Railways Coal 2553 0.04 0.05
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Emissions
Emissions from railways are strongly dependent
:ZZ on fuel consumption. Emissions of GHG are given
200 1L __ N in the Fig. 3-31. Sharpest decrease in emissions
- 11101 ERERER BemEnmln took place until 1994. This is connected with
e rrErREREEEREEOREOBOBO decrease of freight transport, because of
e F R R R R B BB R BB significantly lowest coal mining intensity
e FrRrEnRnonnnnnonnnl compared to period before 1989. Next factor is
50 - - — - — - = — — — — - — — — — - - - e .
. | | 11111 electrification  of core  network  and
8583835885883 ggg3388e5¢8 modernization of rolling stock during these years.
e o e i o In the following years GHG emissions are

balanced slightly increasing between 2004 and

2008 in relation to economic growth. After 2008
decrease of emissions was recorded in relation to
economic crisis. After 2013 emissions of GHG from
railways are oscillating around 270 kt, depending on transport performance on railways in the current
year. From 2005 there are some minor emissions from burning coal, which has been started to use for
historical rides. In 2018 was emissions of GHG from diesel oil 274 kt and from coal 2.6 kt.

Fig. 3-31 Trend in emissions of CO,, CH4 and N,O from railways

3.2.17.4.2 Uncertainties and time-series consistency

Uncertainties for railways were calculated according to the EMEP/EEA air pollutant emission inventory
guidebook 2016. The uncertainties given here have been evaluated for all of time series (2000 — 2018) and
for all reported categories. Combined uncertainties of national emissions within railways for particular
pollutants are given in Tab. 3-42.

Tab. 3-42 Uncertainty data for railways from uncertainty analysis

kt kt
1A3c Railways-Diesel Oil CO; 768.1 273.7 5.0 1.5 5.2
1A3c Railways-Coal CO, 0.0 2.6 5.0 14.2 15.0
1A3c Railways-Diesel Oil CHa 0.043 0.015 5.0 157.0 157.1
1A3c Railways-Coal CHa 0.0 0.0001 5.0 135.0 135.1
1A3c Railways-Diesel Oil N,O  0.29648 0.10566 5.0 137.2 137.3
1A3c Railways-Coal N,O 0.0 0.00004 5.0 150.0 150.1

3.2.17.5 Domestic Navigation (CRF 1.A.3.d)

3.2.17.5.1 Methodological issues

Primary data on fuels available via the CZSO or other statistics do not allow a proper differentiation into
national and international inland navigation on inland waterways in the Czech Republic. Therefore, for the
time being, all activity data are allocated to NFR 1.A.3.d ii - National Navigation (Shipping) and to the sub-
sector of 1.A.3.d ii (b) - National inland navigation.
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Activity data

Fuel consumption by national navigation is very low (see Tab. 3-43). The CZSO provides only data regarding
diesel oil consumption within recreational fleet, which basically represent most of fuel consumption by
national navigation in the Czech Republic. The Czech merchant fleet doesn’t exist.

Tab. 3-43 Fuel consumption by national navigation

2000 5 2010 4
2001 8 2011 3
2002 4 2012 5
2003 4 2013 2
2004 6 2014 3
2005 5 2015 3
2006 6 2016 4
2007 5 2017 4
2008 4 2018 3
2009 5

Emission factors

The emission factors for CO,, N,O and CH,4 are Tier 1 based on calorific value of fuel (actualized every year
by Czech Oil Questionnaire for EEA) and EF (kg/TJ) stated in IPCC 2006 GI. (IPCC 2006) for navigation.

Tab. 3-44 Emission factors of CO,, N,O and CH, from national navigation in current year in [g.kg™] of fuel

[g-ks™] [g-ks™] [g-ks™]
Water-borne navigation Diesel QOil 3183 0.09 0.30

Emissions

Emissions from national inland navigation are strongly dependent on fuel consumption. Values are quite
fluctuating because of irregularities in traffic performance on Czech inland waterways. Overall emissions
of GHG are given in the Fig. 3-32.
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Fig. 3-32 Trend in emissions of CO,, CH; and N,O from domestic navigation

Part 1: Annual inventory submission 116



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

3.2.17.6 Uncertainties and time-series consistency

Uncertainties for domestic navigation were calculated according to the EMEP/EEA air pollutant emission
inventory guidebook 2016. The uncertainties given here have been evaluated for all of time series (1990 —
2018) and for all reported categories. Combined uncertainties of national emissions within national
navigation for particular pollutants are given in Tab. 3-45.

Tab. 3-45 Uncertainty data for national navigation from uncertainty analysis

kt kt
1A3dii National navigation-Diesel Oil CO; 53.5 9.5 5.0 1.5 5.2
1A3dii National navigation-Diesel Oil CH4 0.0051 0.0009 5.0 157.0 157.1
1A3dii National navigation-Diesel Oil N,O 0.00144 0.00026 5.0 137.2 137.3

3.2.17.7 Other Transportation (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 IEA — CzSO (CzSO, 2019) Questionnaire in the Transport Sector section
under the item:

e Pipeline Transport

There are embodied the fuels of economic part according to NACE Rev. 2 Pipeline Transport: NACE
Divisions 35.22, 49.50.

3.2.17.8 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 all 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 information 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 world and
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 the CzSO, deciding 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 implementation QA/QC procedures among persons not
directly involved in the compilation of inventory and among organizations.

A QA/QC planis afundamental element of a QA/QC and verification system. The plan of QA/QC procedures
in the CDV is based on the inner quality 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 field of energy and fuel
consumption data as well as specific energy data used in calculations in units [MJ.kg] of fuel. The CHMI
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in close cooperation with CzSO ensure that the Transport research centre works with the most updated
data about total energy and specific energy consumed.

a.

QA/QC activities

QC Activities:

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 that parameters 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 steps is correct.

Checking that uncertainties in emissions and removals are estimated and calculated correctly.

Checking time series consistency.

QA Activities:

b.

Checking completeness (confirming that estimates are reported for all categories, all years, all
subcategories and confirm that entire category of mobile sources is being covered).

Trend checks (checking value of implied emission factors and unusual, unexplained trends noticed for

activity data or other parameters across the time series)

Checking of internal documentation and archiving.

Responsibilities in CDV

The sectoral guarantor of QA/QC procedures for mobile sources:

is responsible for the sectoral QA/QC plan and the compliance of all QA/QC procedures,

provides plan for the QC procedure and is responsible 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 the NFR table,

is responsible for the storing of documents,

carries out auto-control and control of data consistency,

performs the uncertainty calculation,

introduces improvements.

The third person check (Mr. Jiri Dufek, MOTRAN RESEARCH, s.r.o.)

detailed control of timeliness, completeness, consistency, comparability and transparency.

The sectoral guarantor of QA/QC procedures for Agricultural and Forestry non-road mobile sources:

Martin Dedina (Research Institute of Agricultural Technology)

QA/QC procedure in CDV
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During every submission, in the beginning of summer, the inventory compiler first receives preliminary
activity data from CzSO and 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 are consulted with CzSO and
inaccuracies are corrected. During autumn CzSO provides 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 Mr. Jiri 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 with CzSO and explained during reviews Emission estimates are prepared
for a submission until 5 February and send to an inventory coordinator. The Stage 1 review questions are
processed during the second half of March. The Stage 2 review questions are processed during May and
June.

3.2.17.9 Recalculations and improvements

3.2.17.9.1 Source-specific recalculations, including changes made in response to the review
process and impact on emission trend

3.2.17.9.1.1 Recalculations due to review process
There was no need to do any recalculation due to review process.
3.2.17.9.1.2 Recalculation due to methodology changes

3.2.17.9.1.2.1 Methodology changes in COPERT 5

There wasrecalculation in all-time series for road transportation due to changes in COPERT methodology.
Main reason was updates in program. The second reason was recommendations resulting from the
COPERT workshop in Copenhagen (October 2019).

COPERT 5 software developer issued e new version 5.3 in September 2019. Main changes are:

e New Emission Factors for L-Category Mopeds 4-stroke.

e New Emission Factors for L-Category Motorcycles.

e (Calculation of the fossil fuel fraction in biodiesel.

e Fixed bug with Petrol Hybrid vehicles. Cold Emissions now are in line with the corresponding PC
Petrol vehicles.

e Corrected CH4 Hot Emission Factor for PC, LCV vehicles.

Because of recommendations resulting from the COPERT workshop calculation setting was changed in
parameter mileage degradation from ,without regular maintenance” to ,with regular maintenance”.
Reason is, that in CZ all cars must undergo regular technical control and pass otherwise they are not
allowed to be operate on the road.

Also in the last submission was fossil part of biofuel calculated according to document , Note on fossil
carbon content in biofuels” prepared by loannis Sempos. This year, calculation of fossil part of FAME is
included in COPERT. ETBE content in biogasoline in COPERT was set to 5.66 %.

3.2.17.9.1.2.2 Activity data methodology changes

Methodology for calculating vehicles stock and annual mean activity is briefly described in chapter
3.2.17.3.1 in section ,Activity data“. Until 2019 imported vehicles were distributed between emission
standards according to records about first registration in CZ. This was obviously inaccurate and led to the
effect that approximately 21 % imported vehicles were assigned to the higher euro standard. For 2020
submission the methodology was actualized and vehicles are assigned to euro standards with the help of
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the records about first registration in the world. During actualization process were fixed sum minor

inaccuracies in vehicle distribution between COPERT categories.

Recalculation tables for the whole time series 1990 — 2017 are given below. It should be taken into
consideration, that changes are not caused only by changes in activity data methodology, but also caused

by synthetic influence of the following factors:
e Changes in activity data methodology.

e Extensive changes in COPERT made by program developer (see chapter 3.2.17.9.1.2.1) concerning
emission factors.
e 2015 — 2017 changes in annual mean activity especially for PCs caused by Czech law. Annual
mileage is calculated from data gained during technical control. Technical control is for new private
PCs obligatory after 4 years of using a car. At first, we have data about company cars which have
much higher annual mileage. When we work with data for the year 2018 the final dataset is for

time series 1990 — 2014. 2015 — 2017 are changed because described effect.

Tab. 3-46 Differences in FC and GHG emissions between submissions 2019 and 2020 — Road transportation

1990 140156.3 140156.3 0.00% 10251.9 10252.6 0.01% 298 298 0.14% 034 034 -0.01%
1991 127739.0 127739.0 0.00% 93443 93448 0.01% 275 275 0.13% 031 031 -0.01%
1992  134247.0 134247.0 0.00% 9779.4 9780.4 0.01% 3.32 333 012% 033 033 -0.16%
1993  129846.5 129846.4 0.00%  9452.1 94533  0.01% 3.04 3.05 0.16% 0.34 0.34 -1.87%
1994 1424453 1424451 0.00% 10348.4 10350.2 0.02% 3.34 334 0.23% 042 041 -2.71%
1995 132642.0 132641.6 0.00% 9599.5 9601.8 0.02% 3.20 3.21 030% 046 044 -477%
1996 136028.2 136027.7 0.00% 9815.0 98179 0.03% 3.35 3.34 -0.12% 0.51 0.49 -3.58%
1997 135599.9 135599.1 0.00% 9743.2 9747.2 0.04% 3.11 3.12 0.17% 054 051 -513%
1998 152006.8 152005.3 0.00% 10939.8 10944.1 0.04% 3.03 3.03 0.19% 060 0.56 -6.37%
1999 157124.0 157122.3 0.00% 11264.8 11269.8 0.04% 296 297 032% 0.67 0.63 -6.26%
2000 159705.1 159702.4 0.00% 11407.5 114143 0.06% 2.79 2.78 -039% 069 064 -8.04%
2001 169113.7 169110.7 0.00% 12262.6 12267.7 0.04% 2.75 2.72 -1.04% 0.47 046 -2.30%
2002 1779039 177899.1 0.00%  12854.3 12861.3 0.05% 272 265 -244% 049 047 -3.32%
2003 201861.1 201856.0 0.00% 14638.4 146452 0.05% 2.78 2.69 -3.27% 054 052 -3.72%
2004 210529.3 210523.8 0.00%  15400.4 15404.0 0.02% 263 253 -391% 055 052 -441%
2005 226694.1 226687.6 0.00% 16721.6 16722.2 0.00% 2.53 2.41 -459% 057 055 -4.94%
2006 235661.5 235652.7 0.00% 17031.5 17033.6 0.01% 231 219 -510% 060 056 -5.73%
2007 248119.7 248113.8 0.00% 17912.6 17916.0 0.02% 222 210 -525% 059 056 -6.03%
2008 248855.9 248848.4 0.00% 17688.4 177074 0.11% 2.07 1.98 -421% 059 056 -6.35%
2009 2453839 245375.1 0.00% 17106.3 171399 0.20% 198 193 -260% 0.53 050 -6.61%
2010 233256.1 2332415 -0.01% 16102.6 16143.5 0.25% 1.73 1.69 -2.64% 052 048 -7.00%
2011 2337945 233776.8 -0.01% 15939.1 159939 0.34% 161 156 -3.08% 053 050 -7.07%
2012  229652.6 229630.3 -0.01% 15728.8 15779.2 0.32% 1.41 1.38 -236% 054 049 -7.87%
2013 228087.0 228064.2 -0.01% 15614.1 15665.0 0.33% 1.24 1.21 -2.77% 054 050 -8.16%
2014 236960.3 236939.1 -0.01% 16115.1 16173.2 0.36% 1.14  1.17 2.06% 057 0.52 -8.05%
2015 246778.2 246761.7 -0.01% 16894.7 16948.1 0.32% 1.06 1.10 3.56% 058 055 -6.75%
2016 256624.6 256300.1 -0.13% 17614.6 17668.2 0.30% 1.04 1.07 2.86% 0.60 0.57 -5.45%
2017 263562.6 263290.1 -0.10% 18081.8 18137.9 0.31% 099 1.03 3.97% 061 058 -4.93%
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Over all emissions in road transportation shows differences between +4 % to -8 %. The highest decrease
is for N,O in 2013 and highest increase is for CH4 in 2017. CO; differences variability is in most years less
than +0.3 %. Differences are caused mainly by changes in emission factors in COPERT. This confirms minor
changes in CO, emissions which are fuel consumption dependent only. Differences are caused partly by
changes in emission factors in COPERT and changes in activity data calculation methodology.

Tab. 3-47 Differences in FC and GHG emissions between submissions 2019 and 2020 — PCs

1990 59531 59517 -0.02% 4290 4289 -0.02% 1.994 1994 -0.03% 0.127 0.127 -0.03%
1991 55760 55747 -0.02% 4021 4020 -0.02% 1.866 1.865 -0.03% 0.119 0.119 -0.04%
1992 68050 68040 -0.01% 4897 489  -0.01% 2.395 2.394 -0.04% 0.158 0.157 -0.31%
1993 66676 66627 -0.07% 4801 4798 -0.07% 2.164 2161 -0.12% 0.185 0.179 -3.22%
1994 77968 77821 -0.19% 5615 5605 -0.18% 2.399 2392 -0.30% 0.259 0.249 -4.08%
1995 79167 79069 -0.12% 5695 5689 -0.12% 2.346 2.345 -0.05% 0.326 0.306 -6.23%
1996 86949 86674 -0.32% 6252 6233 -030% 2.521 2493 -1.10% 0.388 0.371 -4.44%
1997 88135 88082 -0.06% 6326 6323 -0.05% 2.321 2.320 -0.08% 0.422 0.396 -6.12%
1998 94004 93950 -0.06% 6748 6745 -0.04% 2195 2194 -0.06% 0.466 0.430 -7.71%
1999 100697 100603 -0.09% 7217 7212 -0.07% 2.185 2.183 -0.10% 0.545 0.505 -7.28%
2000 101318 101812 0.49% 7248 7285  0.51% 2.034 2.022 -0.58% 0.565 0.515 -8.80%
2001 106367 106269 -0.09% 7670 7665 -0.06% 1971 1.951 -1.01% 0.354 0.349 -1.63%
2002 111866 112190 0.29% 8055 8081 0.33% 1906 1.862 -2.29% 0.364 0.356 -2.16%
2003 128254 128840 0.46% 9259 9305 0.50% 1927 1.875 -2.66% 0.405 0.397 -2.03%
2004 133278 133148 -0.10% 9677 9670 -0.07% 1.818 1.762 -3.06% 0.410 0.400 -2.58%
2005 139787 139735 -0.04% 10209 10208 -0.01% 1.727 1.671 -3.20% 0.420 0.409 -2.66%
2006 145089 143901 -0.82% 10416 10332 -0.80% 1.598 1.543 -3.48% 0.428 0.414 -3.12%
2007 154819 152370 -1.58% 11115 10941 -1.57% 1.545 1.489 -3.64% 0.414 0.401 -3.03%
2008 152311 148863 -2.26% 10761 10526 -2.18% 1.447 1.414 -2.25% 0.401 0.391 -2.43%
2009 152109 148366 -2.46% 10546 10303 -2.30% 1.404 1394 -0.71% 0.338 0.331 -1.96%
2010 145050 141295 -2.59% 9978 9740 -2.38% 1.221 1.212 -0.74% 0322 0.315 -2.18%
2011 145775 142789 -2.05% 9926 9751 -1.77% 1.127 1.117 -092% 0323 0.319 -1.19%
2012 145270 139363 -4.07% 9928 9548 -3.82% 0.990 0.979 -1.12% 0.323 0.308 -4.66%
2013 147348 140086 -4.93% 10067 959  -4.68% 0.875 0.880 0.55% 0.329 0.311 -5.50%
2014 152317 144506 -5.13% 10331 9828 -4.86% 0.804 0.863 7.37% 0.336 0.323 -3.94%
2015 158909 151503 -4.66% 10840 10358 -4.44% 0.732 0.823 12.48% 0.340 0.332 -2.22%
2016 168096 158793 -5.53% 11526 10925 -5.22% 0.726 0.818 12.69% 0.352 0.345 -2.06%
2017 171772 164455 -4.26% 11755 11293 -3.93% 0.701 0.800 14.05% 0.357 0.356 -0.23%

PCs show differences between +14 % to -9 %. The highest decrease is for N,O in 2000 and highest increase
is for CH4 in 2017. CO; differences variability is in most years between +0.5 % to -5 %. Differences are
caused mainly by changes in emission factors in COPERT and partly by changes in activity data calculation
methodology.

Tab. 3-48 Differences in FC and GHG emissions between submissions 2019 and 2020 — LDVs
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1990 13281 13279 -0.01%  980.7 980.7 0.00% 0.080 0.080 -0.01% 0.002 0.002 -0.05%
1991 12057 12055 -0.02% 8903 890.3 -0.01% 0.075 0.075 -0.02% 0.002 0.002 -0.04%
1992 12630 12624 -0.05%  929.2 9289 -0.03% 0.096 0.096 -0.10% 0.004 0.004 -1.16%
1993 13547 13565 0.14% 9948 9964  0.16% 0.101 0.102 0.54% 0.007 0.007 -6.98%
1994 15549 15624  0.48%  1139.1 11448 050% 0.114 0.116 1.64% 0014 0013 -6.90%
1995 14392 14445 0.37% 10493 1053.6 0.40% 0.108 0.110 1.32% 0018 0.017 -9.04%
1996 14826 14979  1.04% 10757 1087.3 108% 0.107 0.111 3.17% 0022 0021 -4.87%
1997 15363 15393  0.19% 11068 1109.8 027% 0.095 0.096 1.07% 0.026 0.024 -6.55%
1998 19559 19589  0.15%  1414.1 1417.2 022% 0.01 0.102 0.99% 0031 0029 -6.75%
1999 20148 20179  0.15% 14468 1450.1 023% 0.096 0.097 1.11% 0036 0.034 -6.22%
2000 20550 21031  2.34% 14663 1502.1 2.45% 0.091 0.091 -0.46% 0.041 0038 -8.71%
2001 20637 22482 8.94% 1509.6 1645.7 9.02% 0.084 0.083 -1.46% 0.035 0.034 -4.35%
2002 20066 22784 13.55%  1458.9 1658.1 13.65% 0.077 0074 -3.62% 0.041 0038 -7.01%
2003 21814 25898 18.72% 1594.2 1894.2 18.82% 0.078 0.074 -4.89% 0.050 0.046 -8.66%
2004 22884 28478 24.45% 1693.1 2108.4 2453% 0077 0072 -541% 0.059 0053 -9.62%
2005 25707 32802 27.60% 1922.5 24539 27.64% 0.077 0.072 -6.23% 0.069 0.062 -10.77%
2006 25744 35025 36.05% 1878.0 2555.9 36.09% 0.069 0.064 -7.23% 0.078 0.069 -12.01%
2007 27175 38184 40.51% 1977.7 2779.8 40.56% 0071 0.066 -7.55% 0.083 0.073 -12.76%
2008 29601 42408 43.27% 21215 3043.2 43.44% 0.071 0.067 -6.66% 0.095 0.082 -14.19%
2009 28640 41365 44.43% 2012.3 2912.9 4476% 0069 0.065 -5.01% 0.090 0.077 -14.39%
2010 26658 38728 45.28% 1850.3 2696.3 45.72% 0.062 0.059 -5.30% 0.085 0.073 -14.92%
2011 25326 37395 47.65% 1731.1 2566.9 4829% 0055 0.053 -4.57% 0.084 0071 -15.10%
2012 23203 35603 53.44% 15957 24582 54.05% 0.046 0.044 -4.46% 0.079 0069 -12.64%
2013 21782 34127 56.68% 1497.5 2355.6 57.30% 0.036 0.036 -1.14% 0.077 0.067 -13.07%
2014 21456 33772 57.40% 1467.1 2319.0 5806% 0033 0.035 6.13% 0.077 0067 -13.45%
2015 22463 34130 51.94% 1549.3 2362.3 52.47% 0.029 0.032 10.44% 0.076 0.067 -12.10%
2016 24079 35321 46.69% 1659.6 2447.1 47.45% 0027 0.030 13.27% 0.078 0.069 -10.48%
2017 25829 36887 42.81% 1782.8 2558.0 43.48% 0.024 0.028 16.14% 0.080 0.072 -9.76%

LDVs shows differences between +58 % to -15 %. The highest decrease is for N,O in 2011 and highest
increase is for CO, in 2014. CH, differences variability is in most years between +16 % to -8 %. Differences
are caused partly by changes in emission factors and in COPERT and partly by updated AD calculation

methodology.

Tab. 3-49 Differences in FC and GHG emissions between submissions 2019 and 2020 — HDVs and Buses

1990 65190 65190 0.00% 4828 4828 0.00% 0.584 0.584 0.00% 0.203 0.203  0.00%
1991 57961 57961 0.00% 4293 4293 0.00% 0.517 0.517 0.00% 0.183 0.183 0.00%
1992 51086 51086  0.00% 3777 3777 0.00% 0.460 0.460 0.00% 0.163 0.163  0.00%
1993 47305 47306 0.00% 3491 3491 0.01% 0.431 0431 0.00% 0.147 0.147 0.00%
1994 46336 46339  0.00% 3409 3410 0.02% 0.437 0.437 0.01% 0.144 0.144 0.00%
1995 36475 36476 0.00% 2669 2670 0.04% 0.358 0.358 0.00% 0.111 0.111 0.00%
1996 31537 31541 0.01% 2293 2294 0.07% 0.315 0.315 0.02% 0.093 0.093 0.00%
1997 29386 29386 0.00% 2116 2118 0.08% 0.294 0.294 0.00% 0.084 0.084 0.00%
1998 35885 35885 0.00% 2595 2597 0.07% 0.352 0.352 0.00% 0.095 0.095 0.00%
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1999 33939 33939  0.00% 2434 2436 0.09% 0.334 0334 0.00% 0084 0.084  0.00%
2000 35679 34628 -2.95% 2540 2468 -2.84% 0348 0339 -2.74% 0083 0.080 -2.93%
2001 39944 38133  -4.54% 2928 2797 -4.47% 0379 0363 -4.25% 0080 0.077 -4.51%
2002 43899 40788  -7.09% 3193 2969 -7.01% 0441 0.414 -6.14% 0078 0.073 -6.96%
2003 49672 44925 -9.56% 3634 3289 -9.50% 0481 0.440 -8.52% 0081 0.073 -9.31%
2004 52399 46866 -10.56% 3890 3480 -10.53% 0.467 0.420 -9.97% 0.077 0.069 -10.40%
2005 59538 52440 -11.92% 4472 3939 -11.93% 0.502 0.444 -11.63% 0.082 0.072 -11.79%
2006 63203 55090 -12.84% 4624 4031 -12.83% 0433 0377 -12.82% 0.090 0.078 -12.83%
2007 64332 55758 -13.33% 4693 4069 -13.31% 0.376 0.325 -13.47% 0.093 0.080 -13.44%
2008 65068 55601 -14.55% 4677 4001 -14.44% 0.334 0283 -15.15% 0.096 0.081 -15.13%
2009 62715 53526 -14.65% 4418 3780 -14.44% 0.298 0252 -15.26% 0.103 0.087 -15.36%
2010 59851 51340 -14.22% 4160 3580 -13.94% 0.263 0.222 -15.39% 0.110 0.094 -15.16%
2011 61000 51713 -15.23% 4168 3550 -14.84% 0.238 0.194 -18.70% 0.124 0.103 -17.14%
2012 59565 52868 -11.24% 4098 3652 -10.88% 0.203 0.175 -13.95% 0.131 0.114 -13.07%
2013 57412 52244 -9.00% 3946 3606 -8.63% 0.176 0.152 -13.46% 0.135 0.119 -11.81%
2014 61657 57381 -6.94% 4216 3941 -6.52% 0.167 0.157 -6.27% 0.153 0.131 -14.13%
2015 63776 60133 -5.71% 4397 4162 -5.35% 0.161 0.156 -2.63% 0.166 0.145 -13.01%
2016 62692 61380 -2.09% 4310 4243 -156% 0.144 0.151 4.64% 0.169 0.153 -9.39%
2017 63740 61243 -3.92% 4395 4241 -3.51% 0.122 0.145 18.79% 0.174 0.155 -11.15%

HDVs and Buses shows differences between +19% to -19% both for CH.. The highest decrease is for in 2011
and highest increase is in 2017. CO, differences variability is in most years up to + 16 % and N,O differences
mostly up to — 17 %. Differences are caused by changes in activity data calculation methodology.

Tab. 3-50 Differences in FC and GHG emissions between submissions 2019 and 2020 — motorcycles and mopeds

e e e e e

1990 2155 2171 0.73% 153 155 1.08% 0.322 0.327 1.43% 0.00322 0.00324 0.64%
1991 1962 1976  0.74% 140 141 1.07% 0293 0.297 1.44%  0.00293 0.00295  0.63%
1992 2481 2498 0.66% 177 178 0.98% 0.370 0.375 1.36% 0.00370 0.00372 0.52%
1993 2319 2349  1.28% 165 168 1.60% 0346 0.352 1.99%  0.00346 0.00350  1.13%
1994 2592 2661  2.67% 185 190  2.99% 0386 0.399 3.41%  0.00386 0.00396  2.50%
1995 2607 2652 1.71% 186 190 1.99% 0.388 0.397 2.42% 0.00388 0.00394 1.48%
1996 2716 2833  4.29% 194 203 4.54% 0403 0.424 500%  0.00403 0.00420  4.00%
1997 2716 2739 0.84% 194 196 1.09% 0.402 0.408 1.50% 0.00402 0.00405 0.63%
1998 2559 2582  0.93% 183 185 1.19% 0378 0.384 1.62%  0.00378 0.00381  0.70%
1999 2340 2401 2.61% 167 172 2.86% 0.344 0.354 3.10% 0.00344 0.00351 2.00%
2000 2158 2232 3.43% 154 160 3.71% 0.314 0.325 3.51% 0.00316 0.00324 2.48%
2001 2165 2227  2.85% 155 159  3.06% 0314 0.322 2.76%  0.00317 0.00323  1.84%
2002 2072 2137 3.13% 148 153 3.32% 0.296 0.303 2.37% 0.00301 0.00305 1.37%
2003 2121 2193  3.40% 151 157  3.62%  0.298 0.303 1.61%  0.00306 0.00310  1.32%
2004 1969 2031 3.15% 140 145 3.33% 0.273 0.276 1.26% 0.00283 0.00286 0.85%
2005 1663 1711  2.87% 118 122 3.08%  0.225 0.227 1.04%  0.00238 0.00238  0.24%
2006 1626 1637  0.67% 114 115  0.89% 0211 0.209 -0.83%  0.00232 0.00228  -1.52%
2007 1793 1802 0.48% 126 127 0.65% 0.224 0.220 -1.79% 0.00256 0.00251 -1.97%
2008 1876 1977  5.38% 130 137  564% 0213 0.214 0.48%  0.00265 0.00266  0.09%
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2009 1919 2117 10.31% 130 144 10.70% 0.208 0.216 3.51% 0.00271 0.00279 2.86%
2010 1697 1879 10.67% 114 127 11.07%  0.187 0.194 3.80% 0.00241 0.00248 2.89%
2011 1693 1880 11.08% 113 126 11.55% 0.186 0.194 4.27% 0.00241 0.00249 3.38%
2012 1613 1796 11.32% 108 121 11.81% 0.175 0.183 4.57% 0.00230 0.00237 3.46%
2013 1545 1608 4.06% 103 108 4.36% 0.155 0.140 -9.76%  0.00219 0.00201 -8.37%
2014 1531 1280 -16.36% 101 85 -16.39% 0.140 0.112 -19.49% 0.00216 0.00160 -25.81%
2015 1631 996 -38.93% 108 65 -39.41% 0.137 0.085 -38.28% 0.00229 0.00122 -46.49%
2016 1758 805 -54.23% 119 53 -54.95% 0.139 0.067 -52.17% 0.00245 0.00098 -60.22%
2017 2223 705 -68.28% 149 46 -69.08% 0.139 0.052 -62.30% 0.00310 0.00085 -72.66%

L — Category shows differences between +12 % to -73%. The highest decrease is for N,O in 2017 and highest
increase is for CO; in 2012. CH,4 differences variability is in most years between +5 % to -62 %. Differences
are caused mainly by changes in emission factors in COPERT and partly to updated AD calculation
methodology.

3.2.17.9.1.3 Recalculation due to changes of activity data

Calorific value for diesel oil and gasoline was slightly changed in the years 2016 and 2017, because new
information from CZSO.

Tab. 3-51 Changes in calorific values

2019 submission 2020 submission 2019 submission 2020 submission

2016 44.203 44.192 42.600 42.957

2017 43.400 44.203 42.600 42.957

3.2.17.10 Source-specific planned improvements, including tracking of those identified in the
review process

Planned improvement is to update the process of calculation of emissions from domestic and international
aviation (enhance methodology of gaining more precise AD and calculation method). Actualized
methodology should be finished at the end of 2021.

Next improvement will be to actualized methodology for railways. This should be finished at the end of

2022.

3.2.18 Other Sectors - Commercial/Institutional (1.A.4.a)

3.2.18.1 Category 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.
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Structure of Fuels Activity CcO; CH4 N,O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CO,/TI] [kt] [kg CH4/TJ] [kt] [kg N.O/TJ] [kt]
LPG 367.56 65.86%) 1 24.21 5 0.00184 0.1  0.00004
Other kerosene 85.60 71.90 1 6.15 10  0.00086 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 118.50 77.40 1 9.17 10 0.00119 0.6  0.00007
Other Bituminous Coal 51.11 93.89*%) 0.9707%) 4.66 10  0.00051 1.5 0.00008
Brown Coal + Lignite 444.64 98.46*%) 0.9846%) 43.10 10  0.00445 1.5 0.00067
Coke 47.95 107.00 1 5.13 10  0.00048 1.5 0.00007
Brown Coal Briquets 400.28 97.50 0.9846%*) 38.43 10  0.00400 1.5 0.00060
Natural Gas 47 678.76 55.45%) 1 2 643.76 5 0.23839 0.1  0.00477
Wood/Wood Waste 476.54 112.00 1 53.37 300 0.14296 4 0.00477
Gaseous Biomass 872.18 54.60 1 47.62 5 0.00436 0.1 0.00477
Total year 2018™) 49 237.01 2777.77 0.39946 0.01590
Total year 2017 54 552.12 3095.41 0.42790 0.00957
Index 2018/2017 0.90 0.90 0.93 1.66
Total year 1990 119 864.09 9907.15 1.00085 0.10113
Index 2018/1990 0.41 0.28 0.40 0.16

*) Country specific data

"*)Biomass is not included in Activity data totals

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 CcO, CHga N,O CO; CH4 N,O
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 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
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
Waste - fossil fraction 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
can be generally defined as heat production processes for internal consumption.
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Fig. 3-33 Development of CO, emissions in source
category 1.A.4.a

The main driving force for CO, 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 periods. The trend of decreasing
CO, emissions is a result of higher standards for new
buildings and of successful execution of energy-efficiency-
oriented modernisations of existing buildings. The trend
has also been supported by shifting to fuels with lower CO,
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 minor role in this category.
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CO; emissions produced in category 1.A.4.a represent in 2018 23% of whole 1.A.4, which is 3% of CO,
emissions from the Energy sector 1.A.

The 1.A.4.a subcategory includes all combustion sources that utilize heat combustion for heating
production halls and operational buildings in institutions, commercial facilities, services and trade.

In the CzSO Questionnaire (CzSO, 2019), the consumption of the individual kinds of fuels in this sector is
reported in capture Other sectors under the item:

e Commercial and Public Services

e Non-specified (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/Institutional: NACE
Divisions 35 excluding 1.A.1.a and 1.A.3.e, 36 — 39, 45 — 99 excluding 1.A.3.e and 1.A.5.a.

Fig. 3-33 shows that at the beginning of the period in the subsector 1.A.4.a predominated the consumption
of fossil fuels, which was coupled with liquid fuels, and gradually substituted primarily with natural gas.
The share of biofuels in this subsector is a minority. The overall decrease in fuel consumption is almost
60%, which resulted in a decrease in CO; emissions by about 72%. Higher decrease in emissions than the
one in the fuel consumption is determined by the changes in the structure of fuels in favour of natural gas.

Outlier values in the fuel consumption are apparent at the beginning of the time series. This unusual trend
will be the subject of detailed revision of the activity data. This aspect is also included in the Improvement
plan.

3.2.18.2 Methodological 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 of these fossil fuels is given
in Tab. 3-52 in TJ.

Tab. 3-52 Quantities of fuels used in the sector transport in stationary sources

| Ti/year 12.7 35.2 33.7 35.9 12.4 12.5 12.2 123 |
| Ti/year 125 373 373 127 35.2 33.7 36.5 38.1 |
| T4/year 27.54 |

According to the communication to CzSO, this is a fuel for heating the buildings of the state-owned
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 worth 1-2 kt per year. The amount of these fuels in the total
balance of 1.A.4.a virtually has no effect.

No other sector-specific methodological issues are applied, the general issues are given in chapter 3.2.4.
3.2.18.3 Uncertainties and time-series consistency (CRF 1.A.4.a)

See chapter 3.2.5.
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3.2.18.4 Category-specific QA/QC and verification (CRF 1.A.4.a)
See chapter 3.2.6.
3.2.18.5 Category-specific recalculations (CRF 1.A.4.a)

Recalculation was carried out only for Natural Gas in this submission, due to the changes in activity data
in CzSO, 2019. CzSO (2019) edited the activity data for the year 2017 for Natural gas.

Tab. 3-53 Changes after recalculation in 1.A.4.a for Natural Gas

Submission 2019-2017 T) 50065.53 | Submission 2019-2017 kt 0.25033
Submission 2020-2018 T) 52404.63 | Submission 2020-2018 kt 0.26202
Difference T) 2339.10 | Difference kt 0.01170
Submission 2019-2017 % 4.46 | Submission 2019-2017 % 4.46
(COzemission 2017 NOemisson 2017
Submission 2019-2017 kt 2776.70 | Submission 2019-2017 kt 0.00501
Submission 2020-2018 kt 2906.43 | Submission 2020-2018 kt 0.00524
Difference kt 129.73 | Difference kt 0.00023
Submission 2019-2017 % 4.46 | Submission 2019-2017 % 4.46

3.2.18.6 Category-specific planned improvements (CRF 1.A.4.a)

Currently there are no planned improvements in this category.

3.2.19 Other Sectors - Residential (1.A.4.b)

3.2.19.1 Category description (CRF 1.A.4.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 CO; CH,4 N,O

data EF OxF Emission EF Emission EF Emission

[TI] [t CO,/TJ] [kt] [kg CH4/TJ] [kt] [kg N.O/TI] [kt]
LPG 2 205.38 65.86%) 1 145.24 5 0.01103 0.1 0.00022
Other Bituminous Coal 9145.81 93.89*) 0.9707%) 833.57 300 2.74374 1.5 0.01372
Brown Coal + Lignite 24 875.63 96.39*) 0.9846%) 2360.78 300 7.46269 1.5 0.03731
Coke 827.26 107.00 1 88.52 300 0.24818 1.5 0.00124
Brown Coal Briquets 3282.30 97.50 0.9846%) 315.10 300 0.98469 1.5 0.00492
Natural Gas 78 843.94 55.45%) 1 4371.86 5 0.39422 0.1 0.00788
Wood/Wood Waste 78 824.79 112.00 1 8828.38 300 23.64744 4  0.31530
Charcoal 750.83 112.00 1 84.09 200 0.15017 1 0.00075
Total year 2018 119 180.31 8115.06 35.64215 0.38135
Total year 2017 128 130.73 8 761.65 35.93733 0.37569
Index 2018/2017 0.93 0.93 0.99 1.02
Total year 1990 208 699.35 18 374.86 60.61958 0.41486
Index 2018/1990 0.57 0.44 0.59 0.92

*) Country specific data
**)Biomass is not included in Activity data totals

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.
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Structure of Fuels Source for Emission factors Method used
Activity data CO, CH,4 N,O CO, CH,4 N,O

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 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
Charcoal FAOSTAT D D D Tier 1 Tier 1 Tier 1

25000 Fuel consumption in households is determined on

the basis of the results of the statistical study

g 20 “Energy consumption in households”, published
2 15000 in 1997 and 2004 by the Czech Statistical Office
2 according to the PHARE/EUROSTAT method.
£ 10000
8 000 In the CzSO Questionnaire (CzSO, 2019), the

consumption of the individual kinds of fuels in this
sector is reported in capture Other Sector under
the item: Residential
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The fraction of CO, emissions in subsector
1.A.4.b in CO; emissions in sector 1.A.4 equalled
67% in 2018. It contributed 9% to CO; emissions in the whole Energy sector 1.A.

Fig. 3-34 Development of CO, emissions in source category 1.A.4.b

At the beginning of the period, a majority of households in the Czech Republic used coal as a heating fuel
(mainly brown coal + lignite). This 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 in the last few years. This trend
is also apparent in the Fig. 3-34.

The graph shows that at the beginning of the period in the subsector 1.A.4.b dominated consumption 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 are to 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 importantly building insulations, which is
controlled by the national programs "Green Savings". Increasing share of biomass has a positive effect on
reducing CO, emissions, which are included in total greenhouse gas emissions. While the total fuel
consumption declines in this subsector generally slightly (only about 10%), CO, emissions from the
combustion of fossil fuels decreased by about 55%.

3.2.19.2 Methodological issues (CRF 1.A.4.b)

No specific methodological approaches were applied - general approaches are given in section 3.2.4.
3.2.19.3 Uncertainties and time-series consistency (CRF 1.A.4.b)

See chapter 3.2.5.
3.2.19.4 Category-specific QA/QC and verification (CRF 1.A.4.b)

See chapter 3.2.6.
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3.2.19.5 Category-specific recalculations (CRF 1.A.4.b)

Some recalculations were carried out in this submission due to the activity data changes in CzSO, 2019.
There were change in acitivty data (CzSO, 2019) for Liquid fuels, namely LPG, for the years 2008 and 2009.
Furthermore, activity data were changed also for biomas, namely charcoal, for the period 2015-2017. See

tables below with activity data and emissions.

Tab. 3-54 Changes after recalculation in 1.A.4.b for Liquid Fuels

M

Submission 2019-2017 T) 1424.31 1194.58
Submission 2020-2018 T) 781.07 275.67
Difference T) -643.24 -918.91
% -82.35 -333.33
Submission 2019-2017 kt 69.59 93.80
Submission 2020-2018 kt 51.44 18.15
Difference kt -18.15 -75.65
% -35.29 -416.67

CHiemission 2008 2009
Submission 2019-2017 kt 0.00528 0.00712
Submission 2020-2018 kt 0.00391 0.00138
Difference kt -0.00138 -0.00574
% -35.29 -416.67

‘NpOemission 2008 2009
Submission 2019-2017 kt 0.00011 0.00014
Submission 2020-2018 kt 0.00008 0.00003
Difference kt -0.00003 -0.00011
% -35.29 -416.67

Tab. 3-55 Changes after recalculation in 1.A.4.b for Biomass

Submission 2019-2017 TJ 74108.40 74818.55 76214.23
Submission 2020-2018 TJ 74102.78 75139.29 76568.75
Difference TJ -5.62 320.75 354.52
% -0.01 0.43 0.46

COzemission 2015 2016 2017
Submission 2019-2017 kt 8300.14 8379.68 8535.99
Submission 2020-2018 kt 8299.51 8415.60 8575.70
Difference kt -0.63 35.92 39.71
% -0.01 0.43 0.46
Submission 2019-2017 kt 22.16148 22.40321 22.82464
Submission 2020-2018 kt 22.16036 22.46736 22.89554
Difference kt -0.00112 0.06415 0.07090
% -0.01 0.29 0.31

NpOemission 2015 2016 2017
Submission 2019-2017 kt 0.29430 0.29800 0.30367
Submission 2020-2018 kt 0.29430 0.29832 0.30402
Difference kt -0.00001 0.00032 0.00035
% -0.002 0.11 0.12

3.2.19.6 Category-specific planned improvements (CRF 1.A.4.b)

Currently there are no planned improvements in this category.
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3.2.20 Other Sectors - Agriculture/Forestry/Fishing (1.A.4.c)

The subsector is further divided into:
e Stationary sources—1.A.4.c.i

e Off-road Vehicles and Other Machinery — 1.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 the following outline.

Structure of Fuels Activity CO, CH4 N,O

data EF OxF Emission EF Emission EF Emission

[TI] [t CO,/TI] [kt] [kg CH4/TJ] [kt] [kg N.O/TJ] [kt]
LPG 275.67 65.86%) 1 18.15 5 0.00138 0.1 0.00003
Gasoline 266.59 69.30 1 18.47 6.90  0.00184 0.6  0.00514
Diesel Oil 13 696.27 74.10 1 1014.89 5.43 0.07442 0.6 0.06765
Fuel Oil - Low Sulphur 79.00 77.40 1 6.11 10 0.00079 0.6 0.00005
Other Bituminous Coal 21.09 93.89*) 0.9707%) 1.92 300 0.00633 1.5 0.00003
Brown Coal + Lignite 224.40 98.46*) 0.9846%) 21.75 300 0.06732 1.5 0.00034
Coke 8.60 107.00 1 0.92 300 0.00258 1.5 0.00001
Brown Coal Briquets 6.88 97.50 0.9846%*) 0.66 300 0.00207 1.5 0.00001
Natural Gas 2211.69 55.45%) 1 122.64 5 0.01106 0.1 0.00022
Wood/Wood Waste 368.00 112.00 1 41.22 300 0.11040 4 0.00147
Gaseous Biomass 5251.95 54.60 1 286.76 5 0.02626 0.1 0.00053
Total year 2018 16 790.20 1205.53 0.30444 0.07547
Total year 2017 16991.14 1211.64 0.31740 0.07411
Index 2018/2017 0.99 0.99 0.96 1.02
Total year 1990 46 022.87 3671.66 5.40541 0.08166
Index 2018/1990 0.36 0.33 0.06 0.92

*) Country specific data
“*)Biomass is not included in Activity data totals

The high emission of CH, in 1990 is mainly due to the high consumption of other bituminous coal and
lignite in the early periods, that have high emission factors (300 kg CH4/TJ) compared to other fuels. At the
end of the period there was a significant decrease in the consumption of solid 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 COZ CH4 N20 COZ CH4 Nzo
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
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 both combustion 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 energy-intensive operations, such as
greenhouses, drying grain and hops.
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In accordance with the IPCC 2006 Gl., data on fuel consumption and emission data are divided into two
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Fig. 3-36 Development of CO, emissions in source category 1.A.4.c.i

CO, emissions in the whole Energy sector.

subcategories, as mentioned above. In rural
areas is mainly about fuel consumption for land
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.

In the CzSO Questionnaire (CzSO, 2019), the
consumption of the individual kinds of fuels in
this sector is reported in capture Industry
Sector under the item:

e Agriculture/Forestry

e Fishing

The distribution of fuels is done according to
their nature - motor fuels are allocated to the
subcategory 1.A.4.c.ii, all other fuels -into
subcategory 1.A.4.c.i. This division is
subsequently agreed annually with the CzSO
during mutual consultation.

There are embodied the fuels of economic part
according to NACE Rev. 2
Agriculture/Forestry/Fisheries: NACE Divisions
01-03.

The fraction of CO, emissions in subsector
1.A4.c in CO, emissions in sector 1.A.4
equalled 10% in 2018. It contributed 1% to

Development of fuel consumption and the corresponding CO, emissions throughout the subcategory

1.A.4.c are visible on Fig. 3-35.
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Fig. 3-37 Development of CO, emissions in source category 1.A.4.c.ii

From the graph on Fig. 3-36 is evident, that
the stake in the entire subsector and in the
overall period is 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 fuels, but
their consumption during the entire period
declines due to the cancelation of the
inefficient ways of heating of buildings and
process plants. Biofuels are increasingly
used until the end of the period.

In the next chart is shown the fuel
consumption and the corresponding CO,
emissions of only stationary sources and in
the following graphs (Fig. 3-37) are
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represented the consumption of fuels in off-road transportation and other mechanisms in the agriculture,
forestry and fisheries.

In the stationary sources decreased decisively 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 stations, built on individual agricultural farms.

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
noticeable decrease 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.

3.2.20.1 Methodological issues (CRF 1.A.4.c)

The basic requirement for processing fuel consumption from mobile sources is their division between
subsectors 1.A.3 Transport, 1.A.4.c.ii Off-road vehicles and other machinery and 1.A.5 Other. This
distribution is done in coordination with CDV. The aim is that no fuel 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 for off-road vehicles 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
in the fields of construction, extraction of fuels and minerals, 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.

3.2.20.2 Uncertainties and time-series consistency (CRF 1.A.4.c)
See chapter 3.2.5.
3.2.20.3 Category-specific QA/QC and verification (CRF 1.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 1.A.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 omission.

Other QA/QC and verification - see section 3.2.6.
3.2.20.4 Category-specific recalculations (CRF 1.A.4.c)

Recalculation was performed in 1.A.4.c.i Solid fuels, namely Brown Coal Briquets in this submission. This
change was caused by updated activity data by CzSO (2019) for the year 2017.

Tab. 3-56 Changes after recalculation in 1.A.4.c.i for Solid Fuels

Fuel consumption 2017 CH, emission 2017
Submission 2019-2017 TJ 263.94 | Submission 2019-2017 kt 0.07918
Submission 2020-2018 T) 270.03 | Submission 2020-2018 kt 0.08101
Difference T) 6.08 | Difference kt 0.00182
Submission 2019-2017 % 2.25 | Submission 2019-2017 % 2.25
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Submission 2019-2017 kt 25.56 | Submission 2019-2017 kt 0.00040
Submission 2020-2018 kt 26.14 | Submission 2020-2018 kt 0.00041
Difference kt 0.58 | Difference kt 0.00001
Submission 2019-2017 % 2.23 | Submission 2019-2017 % 2.25

3.2.20.5 Category-specific planned improvements (CRF 1.A.4.c)

Currently there are no planned improvements in this category.

3.2.21 Other (1.A.5)

The subsector is further divided into:

Stationary sources — 1.A.5.a (Non specified stationary; Emissions from fuel combustion in stationary
sources that are not specified elsewhere)

Mobile sources — 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 from fuel delivered
for aviation and water-borne 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.)

The structure of fuels throughout the subsector 1.A.5. their consumption, used emission factors and
emissions of individual greenhouse gases are shown in the following outline.

Structure of Fuels Activity CO, CH4 N.O

data EF OxF Emission EF Emission EF Emission

[TJ] [t CO,/TI] [kt] [kg CH4/TJ] [kt] [kg N2O TJ] [kt]
Gasoline 311.02 69.30 1 21.55 6.90%) 0.00215 19.27%) 0.00599
Kerosene Jet Fuel 1039.20 71.50 1 74.30 14.38%) 0.01495 10.26%) 0.01066
Diesel Oil 2 919.58 74.10 1 216.34 5.43%) 0.01586 4.94%) 0.01442
Total year 2018 4 269.80 312.20 0.03296 0.03108
Total year 2017 6 165.82 449.50 0.05441 0.04693
Index 2018/2017 0.69 0.69 0.61 0.66
Total year 1990 2591.59 192.04 0.01349 0.00634
Index 2018/1990 1.65 1.63 2.44 4.90

*) 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 CO, CH,s N,O CO, CH,4 N,O
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., 1.A.2. and 1.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:
e 1.A.5.b.i— Mobile (aviation component)
e 1.A.5.b.iii — Mobile (other)
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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 aviation fuels in the
army, in state institutions (aerial vehicles from Integrated Rescue System) or private air transport.

SO0 - .. Subsector 1.A.5.b.ii is not exploited in the
450 o oo oo submission of the Czech Republic, especially as it
00 mmmmmm e e e - - L. .

360 L m oA ] relates to maritime transport which is not present in

300 oo mmm e - the Czech Republic.

150 Subsector 1.A.5.b.iii is used for the reporting of all
100 M remaining fuels (and greenhouse gases) that have
% not been reported elsewhere; it is mainly the

I G (L R R consumption of motor fuels for ground vehicles in
the military and in governmental institutions
(Integrated Rescue System). Furthermore, it includes
Fig. 3-38 Development of CO; emissions in source category the consumption in the fields of construction, mining

LAS5.b. of fuels and minerals, industry (only areal transport).
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N
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The fraction of CO, emissions in subsector 1.A.5 in
2018 contributed 0.3% to CO, emissions in the whole Energy sector 1.A.

Development of fuel consumption and the corresponding CO, emissions throughout the subcategory
1.A.5.b. are seen in Fig. 3-38. Data of Kerosene Jet Fuel and Gasoline before 1998 are not available in
sufficient details. Shares of fuels and corresponding emissions before 1998 are reported in the sector 1.A.3.
Transport.

The graph on Fig. 3-38 shows that a decisive proportion has diesel oil, another significant share is appertain
to kerosene jet fuel (mainly army), the proportion of gasoline is minor.

3.2.21.1 Methodological issues (CRF 1.A.5.b)

The basic requirement for processing fuel consumption by mobile sources is their division between
subsectors 1.A.3 Transport 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 for off-road 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 consumption in 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.

3.2.21.2 Uncertainties and time-series consistency (CRF 1.A.5.b)
See chapter 3.2.5.
3.2.21.3 Category-specific QA/QC and verification (CRF 1.A.5.b)

QA/QC procedures in this subsector must be coordinated with CDV. KONEKO, as the company responsible
for processing the entire sector 1.A, evaluates the distribution of motor fuels among the various subsectors
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1.A.3, 1.A.5 and 1.A.4.c.ii before each submission. Simultaneously, after processing the data portion of the
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 verification - see section 3.2.6.
3.2.21.4 Category-specific recalculations (CRF 1.A.5.b)
In this submission is no recalculation for the category 1.A.5.b.
3.2.21.5 Category-specific planned improvements (CRF 1.A.5.b)

Currently there are no planned improvements in this category.

3.3 Fugitive emissions from solid fuels and oil and natural gas and other
emissions from energy production (CRF 1.B)

Mining, treatment and all handling of fossil fuels are sources of fugitive emissions. In the Czech Republic,
CH4 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.

The current inventory includes CH4 emissions for the following categories:
e 1.B.1Solid fuels
e 1.B.2 Oil and Natural Gas

In 1.B Fugitive Emissions from Fuels category, especially 1.B.1.a Coal Mining and Handling was evaluated
as a key category (Tab. 3-1). Category 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 non-key categories.
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Development of individual emissions of greenhouse gases in sector 1.B is shown on the graphs in
Fig. 3-39.

Sector 1.B is dominated by methane emissions from subcategory 1.B.1. - Solid fuels, while emissions from
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Fig. 3-39 GHG emissions trends from Fugitive emissions from fuels [kt/year]

sector 1.B.2. - Oil and Natural gas represents on average 15% of the total emissions. CO, emissions arise
primarily in subcategory 1.B.1 - Solid fuels (share of the subcategory 1.B.2 has low importance-about 2%
of total CO, emissions). N,O emissions originate only from the subsector 1.B.2.a - Qil and there are
insignificant.

The importance of individual greenhouse gases from the
total emissions, expressed as CO, equivalent, is visible

10000 from Fig. 3-40.

£ 8000

§ 6000 From the graphs on Fig. 3-39 and Fig. 3-40 is also clear

£ ziz that during the period occurred a significant decrease in

2: o GHG emissions across category 1.B. As it is shown below,

T P S o the decrease was mfainly du'e to' a ‘decrease in
mOHA(CO2eq)  WN2O(CO2eg) - CO2 subcategory 1.B.1. - Solid fuels, in which vital source of

emissions is underground mining of hard coal. For 2018,

oo
Fig. 3-40 The share of individual GHG emissions from the decrease of total GHG emissions is 78% compared to

the total emissions, expressed as CO; eq. (1.B.) the 1990 level.

3.3.1 Solid Fuels (CRF 1.B.1)

The category is further divided into the following subcategories according to IPCC 2006 Gl.:
e 1.B.1.a Coal mining and handling

o 1.B.1.a.1 Underground mines

» 1.B.1.al.i Mining
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» 1.B.l.a.l.ii Post-mining seam gas emissions

» 1.B.l1.a.l.iii Abandoned underground mines
o 1.B.1.a.2 Surface mines

» 1.B.1.a.2.i Mining

» 1.B.l.a.2.ii Post-mining seam gas emissions

e 1.B.1.b Solid fuel transformation

e 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 shown in the following outline.

Activity CH, Cco; N,O
Structure of sector data EF Emission EF Emission EF Emission
[Gg] [kgCHa/t]  [kt] [tCO/t]  [kt]  [kgN2O/t]  [ki]
1.B.1.a Coal mining/handl. 43 572 104.34 22.7 99.34 NO
1.B.1.a.1 Underground mines 4381 49.20 22.7 99.34 NA
1.B.1.a.1.i Mining 8.750 37.63 22.7 99.34 NA NA
1.B.1.a.1.ii Post-mining activ. 1.675 7.20 NA NE NA NA
1.B.1.a.1.iii Abandoned mines +) 4.37 NE NA NA
1.B.1.a.2 Surface mines 39191 55.14 NE NA
1.B.1.a.2.i Mining 1.340 52.52 NA NE NA NA
1.B.1.a.2.ii Post-mining activ. 0.067 2.63 NA NE NA NA
1.B.1.b Solid fuel transformation 7.98 30 0.24 NO NE NA NA
Total year 2018 104.58 99.34 NA
Total year 2017 116.08 122.45 NA
Index 2018/2017 0.90 0.81 NA
Total year 1990 412.93 456.24 NA
Index 2018/1990 0.25 0.22 NA

+) Methodology and emission factors are explained in 3.3.1.2.

The origin of the 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, co; N0 CH,4 co, N.O

1.B.1.a Coal mining/handl. CzSO Tier 1-2 Tier1-2 -
1.B.1.a.1 Underground mines CzSO Tier 1-2 Tier1-2 -
1.B.1.a.1.i Mining CzSO CS CS NA Tier 2 Tier 2 -
1.B.1.a.1.ii  Post-mining activ. CzSO D D NA Tier 1 Tier 1 -
1.B.1.a.1.iii Abandoned mines 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  Post-mining activ. 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.

The source category 1.B.1 Solid Fuels consists of three sub — source categories: source category 1B.1.a Coal
mining and Handling, source category 1.B.1.b Coal transformation and source category 1.B.1.c Other.

The main process that emits about 84% of methane emissions from the category 1.B.1 Solid Fuels category
is underground mining of Hard Coal in the Ostrava-Karvina area. A lesser source consists in Brown Coal
mining by surface methods and post-mining treatment of Hard and Brown Coal. Coal mining (especially
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Hard Coal mining) is accompanied by an occurrence of methane. Methane, as a product of the coal-
formation process, is physically bonded to the coal mass or is present as the free gas in pores and cracks
in the coal and in the surrounding rocks.

Besides methane, during mining of coal mass a certain amount of carbon dioxide is released, that
accompanies methane in the firedamp. CO; is reported only for the underground mining of hard coal, for
surface mining of lignite emission factor is not available.

The proportion of subcategory 1.B.2 - Solid fuel transformation in the total emissions of greenhouse gases
is quite minor. Subcategory 1.B.1.c - Other is not used, because for reporting the previous subcategories
are used.

12000

10000

The graph on Fig. 3-41 shows the time trend of total
emissions of greenhouse gases in the entire subsector
1.B.1. The chart also demonstrates the share of CO,
emissions in the total GHG emissions, which on average
makes about 4%.The contribution of the individual
subsectors to the total emissions of CH,, depending on
the volume of mining from underground mines (hard
coal) and surface mines (lignite) in category 1.B.1 is

Fig. 3-41 The trend of GHG emissions and the relationship shown on the graph in Fig. 3-42.
between emissions of CO;, and CH,4 (1.B.1)
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The Czech Republic has historically mined and is still
mining large volumes of lignite, primarily for energy purposes. Hard coal is used for energy purposes, as
well as for the production of metallurgical coke. Hard coal mining, although its volume is about 10% of the
total volume, is accompanied by considerably more significant CH, emissions than mining of lignite.
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Fig. 3-42 The ratio of methane emissions from Underground mines and Surface mines and the corresponding development
of mining of Hard Coal and Lignite (1.B.1)

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 Ostrava-Karvina coalmining area.
In the end of year 2016, the part of Ostrava-Karvinna coalmining area was closed, which results in
decreasing of amount of mined Hard Coal and emissions. In the past, Hard Coal was also mined in the
icinity of the city of Kladno. These mines were closed in 2003. Brown Coal is mined in only one underground
mine in the Northern Bohemia. Emissions from this mine are reported together with surface mining of
Brown Coal — Lignite in subcategory 1.B.1.a.2 Surface Mines.

Part 1: Annual inventory submission 138



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

Data for mining of various types of coal are taken from the CzSO report for the IEA/EUROSTAT (the report
CZECH_COAL.xls). For control purposes are used data from the miners yearbooks issued by the State
Mining Administration and the Employers' Association of Mining and Qil Industries.

Underground Mines (CRF 1.B.1.a.1)

In underground Hard Coal mining, CHa 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)

Hard-coal mining is the principal source of fugitive emissions of CHs. The mine ventilation must be
regulated according to the amounts of gas released to keep its concentration on safe level. At the end of
1950’s mine gas removal systems were introduced in opening new mines and levels in the Ostrava —
Karvina coal-mining area, 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 concentrations in the mine air and their total annual volume.

Post-Mining 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 residual methane is released.

Abandoned underground mines (1.B.1.a.1.iii)

Abandoned underground mines in the Czech Republic are located in Kladno Basin (near Kladno, 30 km
northwest of Prague) and in the Ostrava-Karvina coalfield - OKR (North Moravia). In terms of methane
emissions are 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 emissions estimate is made only from OKR
mines.

In the Ostrava-Karvina coalfield 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 and in terms of 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, exceeded the daily amount of gas is 500 thousand. m3 CH4. 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 around 40 thousand. m?3
CH4 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 of abandoned mines have CH,4 recovery systems. There is company, which has established mining
areas for mining of fire-damp in Ostrava-Karvina area. In the abandoned mines there are automatic suction
devices and firedamp stations. Firedamp arises from abandoned mining 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 engine) (http://www.dpb.cz/).
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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 mines are located 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 been a 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.

Post-Mining 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 Coking Coal

Fugitive methane emissions from coal treatment prior to the actual coking process are listed under
1.B.1.a.1.ii Post-Mining 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 Post-Mining Activities. CO, emissions from the actual production of briquettes are included in
subcategory 1.A.2.g.

Production of charcoal

CH4 emissions from charcoal production were estimated by using EF provided by the Revised 1996
Guidelines (IPCC, 1997); the value of 1000 kg CH4/TJ of charcoal produced was used. Since there are no
available official activity data about charcoal production in the Czech Republic, the un-official data from
FAOSTAT statistics were used. The missing data were extrapolated. The default net calorific value 30 MJ/kg
(Table 1-13 in Revised 1996 Guidelines) was used to convert activity data to the energy units. Resulting
CH,4 emissions please see in the Tab. 3-57. Unfortunately IPCC 2006 Gl. (IPCC, 2006) don’t provide default
emissions factors for fugitive emissions from 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.

Tab. 3-57 CH4 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
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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 8.00 240.00 0.24
2018 8.00 240.00 0.24

Fugitive CO, emissions are not estimated or are negligible and no known method is available for their
determination in this category (notation key NE). Fugitive N,O emissions are not estimated because,
according to the current state of knowledge, these emissions cannot occur (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.B.1.a.1)

Underground Mining Activities (1.B.1.a.1.i)

Country specific emission factors were determined for calculation of fugitive methane emissions in
underground mines in the second half of the 1990’s: the ratio between mining and the volume of methane
emissions is given in Tab. 3-58, see (Takla and Novacek, 1997).

Tab. 3-58 Coal mining and CH4 emissions in the Ostrava - Karvina coal-mining 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 3375.3 20.2
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| 1990 till 1996 50.76 927.8 183 |

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 18.3 m3/t was recalculated to 12.261 kg/t using a density of
methane of 0.67 m3/kg. This emission factor is used for coal mined in the Ostrava-Karvina coalmining area
for years 1990 - 1999. The emission factor set by estimation at 50% of this value was used for the remaining
Hard Coal from underground mines in other areas. This is valid for coal with minimum coal gas capacity
(coal from the Kladno area to 2002 and coal from the Zacléf area from 1998).

For the period after 2000 were determined new, revised emission factors CHs/t mined coal.

The management of OKD, a.s. (Ostrava-Karvind mines, joint share company) was contacted since this
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 amount of 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 atmosphere. A summary of the information provided is given in Tab. 3-59.

Tab. 3-59 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 13 130.3
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 2000-2008.

The emission factors given in Tab. 3-60 are used for 2000 — 2008. After 2008, the emission factor calculated
as the average value from the values for 2000-2008, i.e. 8.12 t/kt, is used. Research with aim to develop
this emission factor was performed in 2011.

Tab. 3-60 Calculation of emission factors from OKD mines for period 2000 onwards

[kt/year] [t/year] [t CH4/kt]
2000 11514 106 396 9.24
2001 11844 94 336 7.96
2002 12 049 87301 7.25
2003 11301 85626 7.58
2004 10901 80 869 7.42
2005 10 822 92 058 8.51
2006 11 656 97 150 8.33
2007 10153 82 879 8.16
2008 10030 87770 8.75
2000 - 2008 100 270 814 385 8.12
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For years 2000 — 2008 were used emission factors given in Tab. 3-60 for calculation of emission factors
from OKD mines. For years onwards 2008 is used average emission factors from the period 2000-2008;
8.12 t/kt of mined hard coal, for period before 1999 the value is same as in previous submission 12.3 t/kt
of mined coal (Takla and Novacek, 1997).

This emission factor can be considered as emissions factor on the level Tier Il — it is country-specific
emission factor, which is applicable for Ostrava-Karvina area.

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. However it is necessary to remind that underground mining in the
mines of other areas than OKD is really minor and at the 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 the CO, emission factor for underground hard coal mining.
Monthly data on the concentrations and amounts of CO, 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 the volume of mining. The emission factor is equal to 22.75 t CO,/kt of mined
coal and this emission factor is country specific — Tier Il level. This value is valid for the OKD area. The
author of the study recommended that the determined emission factor for 1990 — 2009 be used. He
determined an emission factor 22.68 t CO,/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 data for CO,
emissions for underground hard coal mining; the values are given in the Tab. 3-61.

Tab. 3-61 Emission factors and emissions from underground mining of hard coal

[kt/year] [t cO./kt] [kt CO,/year]
1990 22371 22.75 456.3
1991 19461 22.75 395.1
1992 18 481 22.75 392.9
1993 18 297 22.75 373.5
1994 17 376 22.75 362.6
1995 17 169 22.75 356.2
1996 16 532 22.75 343.7
1997 16 069 22.75 337.8
1998 15 863 22.75 332.6
1999 14 419 22.75 306.4
2000 14 855 22.75 315.2
2001 15138 22.75 324.1
2002 14 470 22.75 323.0
2003 13643 22.75 309.7
2004 13 302 22.75 301.9
2005 13 252 22.75 300.9
2006 14 292 22.75 324.8
2007 12 895 22.75 293.1
2008 12 662 22.75 287.1
2009 11 001 22.75 250.2
2010 11435 22.68 259.3
2011 11 265 22.68 255.4
2012 11 440 22.68 259.4
2013 8 594 22.68 194.9
2014 8 680 22.68 196.8
2015 8314 22.68 188.5
2016 6 900 22.68 156.5
2017 5400 22.68 122.5
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| 2018 4381 22.68 99.3 |

Post-Mining Activities (CRF 1.B.1.a.1.ii)

Methane emissions in the subcategory of Post-Mining Activities are calculated using a uniform emission
factor based on the default value of 1.68 kg CHa/t coal; the activity data are employed at the same level as
in subcategory 1.B.1.a.1.i Mining Activities.

Tab. 3-62 Used emissions factors and calculation of CH; emissions from underground coal mining — post mines operations in
period 1990 - 2018

1990 . 22371 1.675 37.47
1991 19 461 1.675 32.60
1992 18 481 1.675 30.96
1993 18 297 1.675 30.65
1994 17 376 1.675 29.10
1995 17 169 1.675 28.76
1996 16 532 1.675 27.69
1997 16 069 1.675 26.92
1998 15 863 1.675 26.57
1999 14 419 1.675 24.15
2000 14 855 1.675 24.88
2001 15138 1.675 25.36
2002 14 470 1.675 24.24
2003 13 643 1.675 22.85
2004 13 302 1.675 22.28
2005 13 252 1.675 22.20
2006 14 292 1.675 23.94
2007 12 895 1.675 21.60
2008 12 662 1.675 21.21
2009 11001 1.675 18.43
2010 11435 1.675 19.15
2011 11 265 1.675 18.87
2012 11 440 1.675 19.16
2013 8594 1.675 14.39
2014 8 680 1.675 14.54
2015 8314 1.675 13.93
2016 6 900 1.675 11.56
2017 5400 1.675 9.05
2018 4381 1.675 7.20

Abandoned underground mines (CRF 1.B.1.a.1.ii)

Calculation of methane emissions from abandoned mines has been carried out in accordance with the
methodology IPCC 2006 Gl. at the level Tier 1. For the purposes of this calculation, the number of closed
mines in the Ostrava-Karvina coalfield was determined in prescribed intervals (intervals years 1901-1925,
1926-1950, 1951-1975, 1976 — 2000, 2001 to the present). Given that in the Ostrava-Karvina coalfield
occur only mines with high amount of the gas, were used values for the percentage of coal mines that are
gassy from the column High (IPCC 2006 Gl. (IPCC 2006): Tab. 4.1.5: TIER 1 — ABANDONED UNDERGROUND
MINES, DEFAULT VALUES - PERCENTAGE OF COAL MINES THAT ARE GASSY, page 4.24.), the following:

1901 - 1925: 0%
1926 - 1950: 50%
1951 -1975: 75%
1976 — 2018: 100%
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Emission factors from Table 4.1.6, p. 4.25 were used for calculating the emissions (TABLE 4.1.6: TIER 1 -
Abandoned UNDERGROUND MINES - EMISSION FACTOR, MILLION M3 methane/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
cogeneration units, stationed for on-site extraction of methane). The overall data and the calculation
procedure are shown in Tab. 3-63.

Tab. 3-63 Emission of CH4 on abandoned 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 10.31 1.75 14.13 70.0 4.24
2017 0.37 1.71 10.31 1.75 14.13 70.0 4.24
2018 0.37 1.71 10.31 2.18 14.57 70.0 4.37

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 and post-mining related adjustments are presented in the Tab. 3-64.

Tab. 3-64 Used activity data, emissions factors and calculation of CHs emissions from surface coal mining and post mines
operations in period 1990 - 2018

1990 78 983 1.34 0.067 111.13
1991 76 680 1.34 0.067 107.89
1992 68 084 1.34 0.067 95.79
1993 66 884 1.34 0.067 94.11
1994 59 568 1.34 0.067 83.81
1995 57 163 1.34 0.067 80.43
1996 57 356 1.34 0.067 80.70
1997 57 446 1.34 0.067 80.83
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1998 48619 134 0.067 68.41
1999 41524 134 0.067 58.42
2000 46 655 134 0.067 65.64
2001 47 960 134 0.067 67.48
2002 45 480 134 0.067 63.99
2003 46 240 134 0.067 65.06
2004 44 498 1.34 0.067 62.61
2005 44 619 1.34 0.067 62.78
2006 44 849 134 0.067 63.10
2007 45 664 1.34 0.067 64.25
2008 43362 134 0.067 61.01
2009 45416 134 0.067 63.90
2010 43774 134 0.067 61.59
2011 46 639 134 0.067 65.62
2012 43533 134 0.067 61.25
2013 40 385 1.34 0.067 56.82
2014 38177 1.34 0.067 53.72
2015 38 105 1.34 0.067 53.61
2016 38528 1.34 0.067 54.21
2017 39 306 1.34 0.067 55.30
2018 39191 1.34 0.067 55.14

Determination of activity data and emission factors for mining and post-mining treatment is given in the
description of the individual activities on surface mines.

Surface Mining Activities (1.B.1.a.2)
Post-Mining Activities (1.B.1.a.2.ii)

Data from the source part of the questionnaire completed in the CzSO Questionnaire (CzSO, 2019), was
employed to determine activity data on extraction of Brown Coal and Lignite. The 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 into the air. Consequently, default IPCC emission factors are
employed to calculate methane emissions from surface mining and from post-mining treatment (IPCC
2006).

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 chapter 3.3.1.1.2.

CH4 emissions from charcoal production were estimated by using EF provided by the Revised 1996
Guidelines (IPCC 1997); the value of 1000 kg CH4/TJ of charcoal produced was used. Since there are no
available official activity data about charcoal production in the Czech Republic, the un-official data from
FAOSTAT statistics were used. The missing data were extrapolated. The default net calorific value 30 MJ/kg
(Table 1-13 in Revised 1996 Guidelines) was used to convert activity data to the energy units.
Unfortunately IPCC 2006 GI. (IPCC 2006) don’t provide default emissions factors for fugitive emissions from
charcoal production. From this reason the emission factor provided in Revised 1996 Guidelines (IPCC 1997)
is still used. Since these emissions are very low the team consider this approach to be relevant in this case.
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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 to 2018. The uncertainties in the activity rate result primarily from
inaccuracies in weighing of extracted coal. Extensive research concerning new evaluation of uncertainties
was performed last year. Uncertainties in determining the activity data were estimated at 4%.

Uncertainties in calculating methane emissions further follow from the emission 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
half of the 1990’s. The uncertainty in the emission factors is considered to be at the level of 12.9%.

The uncertainty in the CO; emission factor is considered to be at the level of 25%.

Summary of uncertainty estimates provides Tab. 3-65.

Tab. 3-65 Uncertainty estimates for fugitive emissions from Solid Fuels

CO; 1.B.1.a Coal Mining and 4 25 V. Neuzil, P. Fott, AD unc. in line with 2006
Handling Guidelines, EF unc. expert judgement

CH4 1.B.1.a Coal Mining and 4 13 V. Neuzil, P. Fott, AD unc. in line with 2006
Handling Guidelines, EF unc. expert judgement

3.3.1.4 Category-specific QA/QC and verification

General quality control and source-specific 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 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:

e activity data employed,

e emission factors employed,

e calculation procedures employed,

e 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 used in the 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
Republic methodology 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 calculation of CHs emissions from
abandoned mines and the performance of own calculations were checked. The calculation procedure was
consulted with an independent expert from the VSB-Technical University of Ostrava. It was concluded that
the input data and the method of calculation are in line with the methodology.

Control that the transfer 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
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archived at the coordination workplace. The protocols on the performed QA/QC procedures are stored
too.

3.3.1.5 Category-specific recalculations
No recalculations performed in this submission.
3.3.1.6 Category-specific planned improvements

Given that the issue of emissions from abandoned mines 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 cooperation with the
specialist on the issue of leakage of methane from abandoned mines in the Ostrava-Karvina coalfield.

In the other sub-sectors no improvements are planned at the present.

3.3.2 Oil and Natural Gas (CRF 1.B.2)

The category is divided according to IPCC 2006 Gl. and CRF Reporter into subcategories:

e 1.B.2.a Qil
o 1.B.2.a.1 Exploration

o 1.B.2.a.2 Production

o 1.B.2.a.3 Transport

o 1.B.2.a.4 Refining/Storage

o 1.B.2.a.5 Distribution of Oil Products

o 1.B.2.a.6 Other

e 1.B.2.b Natural Gas
o 1.B.2.b.1 Exploration

o 1.B.2.b.2 Production
o 1.B.2.b.3 Processing
o 1.B.2.b.4 Transmission and Storage
o 1.B.2.b.5 Distribution

o 1.B.2.b.6 Other

e 1.B.2.c Venting and Flaring
o 1.B.2.c.1Venting

o 1.B.2.c.2 Flaring
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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.

Activity CH,4 Cco; N0
Structure of sector data EF Emission EF Emission EF Emission
[PJ] [t CH4/PJ] [kt] [t CO,/PJ] [kt] [kg N>O/PJ] [kt]

1.B.2.a.1 Exploration NE
1.B.2.a.2 Production and Upgr. 4.71 4.7021 0.022 7.576 0.0357 NA -
1.B.2.a.3 Transport 321.98 0.146 0.047 0.013 0.0043 NA -
1.B.2.a.4 Refining 321.98 0.134 0.188 NA - NA -
1.B.2.a.5 Distrib. of Qil Prod. 321.98 NA - NA - NA -
1.B.2.a.6 Other NO
1.B.2.b.1 Exploration NE
1.B.2.b.2 Production 7.70 38.14 0.294 +)  0.0001 NA -
1.B.2.b.3 Processing NO
1.B.2.b.4 Transmission and 1372.06 3.92 5.377 +) 0.0246 NA -

Storage 199.41 3.97 0.791 +)  0.0032 NA -
1.B.2.b.5 Distribution 128.44 126.92 16.302 +) 0.0649 NA -
1.B.2.b.6 Other L.E.
1.B.2.c.1 Venting - Oil 4.71 235.3 1.108 48.7  0.2293 NA -
1.B.2.c.2 Flaring - Oil 4.71 0.568 0.003 919.9 4.3310 0.015 0.0001
Total year 2018 24.132 4.690 0.00007
Total year 2017 24.312 4.565 0.00007
Index 2018/2017 0.99 1.03 1.03
Total year 1990 43.196 2.202 0.00003
Index 2018/1990 0.56 2.13 2.29

+) As emission factor is used the average annual CO; content 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, Co, N,O CH, CO, 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 - Qil 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 94% of emissions 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 and refining processes
are very less important.

Determination of methane emissions from the processes of refining of Crude QOil is based on the
recommended (default) emission factors according to the IPCC 2006 Gl. (IPCC 2006).
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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.

The graph in Fig. 3-44 gives an overview of the trend in emissions in this category in the time series since
1990.
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Fig. 3-44 The trend of GHG emissions and the relationship Fig. 3-44 The ratio of methane emissions from subsector Oil
between CO; and CH, emissions (1.B.2) (1.B.2.a) and Natural Gas (1.B.2.b)

The graph on Fig. 3-44 shows that the proportion of total CO, emissions from the total GHG emissions is
negligible (approximately 0.1%).

The contribution of the individual subsectors (Oil and Natural Gas) to the total CHs emissions throughout
the period in the category 1.B.2 is shown on Fig. 3-44.

As shown on Fig. 3-44 for the amount of CHs emissions in sector 1.B.2. Oil and Natural Gas are therefore
crucial the emissions, produced in the gas
industry.
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Fig. 3-46 Crude Oil production in the CZ in 1990 — 2018
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Emissions from this subcategory are not estimated, since activity data are not available. Exploration is not
regularly performed in the Czech Republic. The statement of MND a.s. (only company
with licence for exploration in Czechia) is that they did not perform exploration last several years and this
activity is not performed in the Czech Republic, or only completely random.

Production and Upgrading (1.B.2.a.iii.2)

Crude Qil is mined in the Czech Republic in Southern Moravia. The following Fig. 3-46 gives the amount of
mined Crude Qil in the territory of the Czech Republic.

The quantity of crude oil extracted in each year depends on the amount of recoverable reserves. From Fig.
3-46 is visible that the maximum extraction was in the period from 2003 to 2006. It is expected that the
decline in production until 2018 will continue.

Transport (1.B.2.a.iii.3)

Transport of Crude Qil in the territory of the Czech Republic is performed only in closed systems (pipeline
transport — Oil pipeline Druzba from Russia and Ingolstat from Germany). Default emission factors were
used to calculate fugitive CHs and CO; emissions in this subsector.

Refining (1.B.2.a.iii.4)

Crude Qil is processed in the territory of the Czech Republic in two main refinery facilities. The total volume
of Crude Qil processed in the Czech Republic is presented in Fig. 3-41.

Distribution of Oil Products (1.B.2.a.iii.5)
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Fig. 3-47 Natural Gas production and import in the CZ in 1990

3.3.2.1.2 Natural Gas (CRF 1.B.2.b) —2018

In the subcategory Natural Gas are reported GHG Natural Gas production
emissions from domestic natural gas production and 1000 -
emissions related to the operation of individual parts
of the gas system (import, transit, storage and
distribution to end users). The share of the domestic
natural gas production is very small - about 1.3% (from
0.7 to 2.1%). The time profile of domestic production
and import of natural gas in the Czech Republic is
shown on Fig. 3-47.
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Fig. 3-48 Natural Gas production in the area of CZ in 1990
-2018
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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 is extracted in the Czech Republic in the area of Southern Moravia, accompanying extraction
of Crude Qil, and in Northern Moravia, where it is derived from degassing of hard coal deposits. The
following Fig. 3-48 gives the amount of production Natural Gas in the territory of the Czech Republic.

The development of domestic extraction is relatively stable over time. Fluctuations in individual years are
due to technical and geological conditions of mining and market demand.

Processing (1.B.2.b.iii.3)

Gas treatments, except for drying, are not performed in the Czech Republic. The drying process is not a
source of GHG emissions.

Transmission and Storage (1.B.2.b.iii.4)

The calculation of GHG emissions in this subcategory is carried out in two steps: independently in the first
step is carried out an estimation of the emissions for the transit system and high-pressure 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 transit gas pipeline runs through the territory of the Czech Republic, transporting Natural Gas from
Russia to the countries of Western Europe, with a length of 3 822 km. In addition to this central gas
pipeline, a system of high-pressure gas pipelines is in operation in the territory of the Czech Repubilic,
providing supplies of Natural Gas from the transit gas pipeline and underground gas storage areas to
centres of consumption. In 2018, the high-pressure gas pipelines had an overall length of 12 859 km.

This subcategory also includes all the technical equipment on high-pressure 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 long-distance 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 the gas 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 this subcategory. The total turnover (injection and mining) of Natural Gas in underground
storage areas corresponded to 5 856 mil. m?in 2018.

Distribution (1.B.2.b.iii.5)

Emissions from distribution gas pipelines, with an overall length in 2018 of 65 328 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.

Other (1.B.2.b.iii.6)

No additional emissions are reported.
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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 extraction takes place
there, along with natural gas production.

Tab. 3-82 gives the CH, and CO, 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 emissions CHs, CO, 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 of CHs, CO, and N,O from Venting and Flaring in 1990 — 2018

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 1.81 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
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

3.3.2.2 Methodological issues

During the 1990’s, Czech refineries have undergone a quite extensive process of innovation and
reconstruction, to decrease technical losses of raw materials and final products. Comprehensive
verification has been carried out of 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 factors taken from 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
couldn’t be determined by direct measurements, as they are not connected with specific air outlets or
chimneys. Thus, they can be determined only on the basis of professional estimates from balance losses
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or using emission factors. The resultant emissions of the individual substances were compared 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 Qil saturated in carbon dioxide and methane is in contact with the atmosphere.
All operations involving Crude Oil in the Czech Republic are hermetically sealed. Thus, fugitive emissions
are formed only through leaks in the technical equipment. Following thermal treatment of Crude Oil, the
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)

CH4 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 category. CO, emissions
from the refinery resulting from combustion processes (including flaring) are included in 1.A.1.b Crude Oil
Refining.

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 subsector.

Activity data: number of mined boreholes — notation key NE, default emission factors have not been
published for CO, and CHs — notation key NE. N,O emissions: notation key NA: N,O emissions are practically
not formed in exploratory work.

Production and Upgrading (1.B.2.a.iii.2)

Activity data for determining CHs and CO, emissions are taken from the CzSO — IEA questionnaires and
controlled using data from the Mining Yearbook.

CH4 emissions are determined as the product of annual Crude Oil mining and the emission factor. The
emission factor has a value of 4.746 kg/PJ 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 and from storage of raw Crude Oil. These data were obtained by direct measurement.
The resultant emission factor was increased by an estimate of fugitive emissions at mining boreholes
(probes).

CO, emissions are estimated based on the default emission factor (IPCC 2006 Gl. (IPCC 2006), Table 4.2.4,
Tier 1 Emission factors for fugitive emissions from Qil and Gas operation in developed countries, page
4.52).

EF CO,: 2.8E-04 Gg per 10° m3 total oil production = 7 576 kg/PJ
For the estimation of N,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 default emission factors from IPCC 2006 Gl. (IPCC 2006), Table
4.2.4, Tier 1 Emission factors for fugitive emissions from Qil and Gas operation in developed countries,
page 4.52 are employed to calculate the CH; and CO, emissions.
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EF CH4: 5.4E-06 Gg per 10° m? oil transported by pipeline = 146 kg/P)J

EF CO,: 4.9E-07 Gg per 10° m3 oil transported by pipeline = 13 kg/P)J

These emission factors were used to calculate fugitive emissions for the years since 1990.
For the estimation of N,O emissions, no emission factor was available.

Refining (1.B.2.q.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 Qil 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 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

EF CHy: 2.6x10°® to 41.0x10° Gg per 10°* m3 oil refined = 585 kg/PJ (average)
The IPCC method does not give any EF for CO, or N,O. Consequently, the notation key NA is used in CRF.
Distribution of Oil Products (1.B.2.a.iii.5)

The available IPCC methodology does not provide any EF for CO,, CHs or N,O — notation key — NA. The
products which originate during oil processing cannot contain CO; or CHa. There isn’t known process by
which could arise fugitive CO, or CH4 emissions during the distribution of oil products.

Other (1.B.2.a.iii.6)

Activity data: notation key: NO; CH4, CO; and N,O emissions — notation key NO.
3.3.2.2.2 Natural Gas (CRF 1.B.2.b)

Leakages in 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 was reconstructed 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 the CR is at a high technical level and
it can be stated that all leakages are carefully 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 standpoint 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. Classification of Gas losses as low, medium or high at selected
types of Natural gas facilities, IPCC 2006 Gl. (IPCC 2006), page 4.71)

The total emission value given corresponds to about 0.3% of the total consumption of 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:
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e through poor seals in the flanges and joints, fittings, probes in mining and storage fields and other
parts of the pipeline system,

e through pipeline perforation,
e through technical discharge of gas into the air,
e through accidents.

Exploration (1.B.2.b.iii.1)

Exploration of Natural gas is not carried out in the Czech republic regularly, but only very randomly and
thus the notation key NE is used in the CRF Report for the emissions and activity data.

Production (1.B.2.b.iii.2)
Transmission and Storage (1.B.2.b.iii.4)
Distribution (1.B.2.b.iii.5)

Fugitive methane emissions are calculated in these subcategories using an internal calculation model
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 of Natural Gas.

Tab. 3-67 Model calculation of CH; emissions in the Natural Gas sector (2018)

EF Activity data Losses of NG

value units value units mil.m3/year
production 0.2 %vol. 223 mil.m3 0.44
high pressure pipelines 600 m3/km.year 12859  km 7.58
transmission pipelines” 0.22
compressors™) 0.22
storage™”) 1.18
regulation stations 1000 m3/station 4500 pcs 4.42
distribution network 300 m3/km.year 48646  km 14.33
final comsumption 2 m3/consumer 2832110 pcs 5.58
Total 33.98
Emissions in Gg (0.67 kg/m3) 22.76

) data from IRZ (Integrated Pollution Register of Czech Republic — Czech version of E-PRTR) - company NET4GAS
") data from operating records of leakage Natural Gas - company RWE
“*) data from operating records of leakage Natural Gas - company RWE Gas Storage

Emissions calculated in this model are then transformed to the structure of the sectors and subsectors
according to the IPCC methodology.

3.3.2.2.3 Venting and Flaring (CRF 1.B.2.c)

The estimations of CO,, 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 Gl. (IPCC 2006) (see table 4.2.4, pages
4.48 — 4.54). In this case the following EFs were taken:

Venting (Default Weighted Total)

CH4:  8.7E-03 Gg per 10° m? total oil production
CO,: 1.8E-03 Gg per 10° m? total oil production

N2O: NA
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Flaring (Default Weighted Total)

CH4:  2.1E-05 Gg per 10° m3 total oil production
CO,: 3.4E-02 Gg per 10° m3 total oil production
N,O: 5.4E-07 Gg per 10° m? 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 simple average for domestic oil (42 MJ/kg):

Venting
CHa: 235390 kg/P)

CO,: 48701 kg/PJ

Flaring

CH4: 568.2 kg/P)
CO,: 919913 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 consistently employed across the whole reporting
period from the base year of 1990 to 2009. Uncertainties in determining the activity data are estimated at
7%. This estimate is based on the precision of measurement of the volumes of Crude Qil, Crude Oil
products and Natural Gas.

The emission factors for determining emissions in extraction of Natural Gas and Crude Oil are based on
specific measurements, accompanied by an error of approx. 10%. Emission factors used to determine
emissions in transport and distribution of Natural Gas are based on isolated measurements and estimates
by experts in the gas industry. The uncertainty in these emission factors is considered to be at the level of
25%. Determination of gas leaks in technical operations, starting-up of compressors and accidents, as
appropriate, are evaluated on the basis of calculations with knowledge of the necessary technical
parameters, such as the gas pressure, pipeline volume, etc. The uncertainties then correspond to
knowledge of these technical parameters — 10%. The other emission factors were taken from the IPCC
methodology as default values, considered to have an uncertainty of 80% in this methodology. Overall,
the uncertainty in the emission factors in category 1.B.2 Oil and Natural Gas is estimated to equal 75%.

Summary of uncertainty values provides Tab. 3-68.

Tab. 3-68 Uncertainty estimates for fugitive emissions from Oil and Natural Gas

CO; 1.B.2 Oil and Natural Gas 7 75 V. Neuzil, P. Fott, AD and EF unc. in line with
2006 Guidelines

CH4 1.B.2 Oil and Natural Gas 7 75 V. Neuzil, P. Fott, AD unc. in line with 2006
Guidelines, EF unc. expert judgement
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3.3.2.4 Category-specific QA/QC and verification

General quality control and source-specific 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 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:

e activity data employed,

e emission factors employed,

e calculation procedures employed,

e 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, 2018) and with data obtained 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 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 Republic methodology correspond, in their range, to the emission
factors employed in the other countries. 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 reveal any
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

No recalculations were performed in this submission.
3.3.2,6 Category-specific planned improvements

We are planning obtain activity data for subcategory Exploration 1.B.2.a.iii.1.

3.4 CO: transport and storage (CRF 1.C)

Not performed in the Czech Republic.

Part 1: Annual inventory submission 158



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

4 Industrial processes and product use (CRF Sector 2)

The sector of industrial processes of GHG emission inventory includes emissions 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 from technological 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 (specifically CO, 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 of the CO, emissions 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 2018, the total aggregate GHG emissions from industrial processes were 16197.51 kt of CO; equivalents,
which represent increase of 4% compared to the previous year. Emissions decreased by 5% compared to
the reference year 1990.

4.1 Overview of sector

4.1.1 General description and key categories identification

The major share of CO, emissions in this sector comes from sub-source categories 2.C.1 Iron and Steel
Production, 2.F.1 Refrigeration and Air Conditioning and 2.A Mineral Industry. N,O emissions coming from
2.B Chemical Industry are less significant. Iron and Steel, Cement Production, F-gases Use in Refrigeration
and Air Conditioning, Lime Production and Nitric Acid Production can be considered to be key categories
(KC) according to IPCC 2006 Gl. (IPCC 2006). Tab. 4-1 gives a summary of the main sources of direct
greenhouse gases in this sector, shows share of national emissions in 2018 and lists type of key category
analysis for key categories.

Tab. 4-1 Overview of key categories in sector Industrial Processes (2018)

2.C.1 Iron and Steel Production CO, LA TA LA yes yes yes yes 5.12 5.35
2.F.1 Refrigeration and Air

Conditioning Equipment (CO; eq.) HFC LA LA, TA  vyes yes yes yes 2.77 2.89
2.A.1 Cement Production CO, LA TA LA yes yes yes yes 1.40 1.46
2.B.8 Petrochemical and Carbon

Black Production CO, LA TA LA yes yes yes yes 0.76 0.80
2.A.2 Lime Production CO, LA TA yes yes 0.56 0.59
2.B.1 Ammonia Production COo, LA yes yes 0.44 0.46

KC: key category
1 including LULUCF
2 excluding LULUCF
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4.1.2 Emissions trends

This chapter describes the emissions of greenhouse gases in more disaggregated way than chapter 2:

Trends in Greenhouse Gas emissions.
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Fig. 4-1 Trend of emissions from IPPU [kt CO; eq.]

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 from base year 1990 to
2018 is depicted in Fig. 4-1. CO; eq.
emissions have shown stable trend
since 2010 with minor increase in last
three years.
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GHG emission trends for the
principal categories of IPPU are
depicted on Fig. 4-2 for years
1990, 1995, 2000, 2005, 2010,
2015 and 2018. Emissions in 2009
and 2010 were rather influenced
by the economic crisis. Emissions
from category 2.A decreased by
25% compared to 1990. Similar
decreasing trend of emissions is
observed for categories 2.B and

Fig. 4-2 Emissions from principal subcategories of IPPU [kt CO; eq.]

2.C. Emissions decreased by 30%
for 2.B and 29% for 2.C compared
to 1990. It can be seen that the

emissions of fluorinated greenhouse gases from category 2.F are constantly increasing. A brief description
of the relevant category trends is provided for all the categories in the following chapters. Tab. 4-2 lists all
categories under IPPU sector with indicated type of emissions.

Tab. 4-2 Overview of categories in sector Industrial Processes and Product Use (2018)

2.A Mineral Industry

2.B Chemical Industry

2.C Metal Industry

2.D Non Energy Products from Fuels
and Solvent Use

2.E Electronics Industry

2.F Product Uses as Substitutes for ODS

2.G Other Product Manufacture and
Use

2.H Other
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4.2 Mineral Industry (CRF 2.A)
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Fig. 4-3 Trend of emissions from 2.A Mineral Industry and share of specific

subcategories [kt CO;]

This category describes GHG
emissions from the non-combustion
processes from the following
categories: 2.A1 Cement
Production, 2.A.2 Lime Production,
2.A.3 Glass Production, 2.A.4 Other
Process Uses of Carbonates.

Emission trend for category 2.A
Mineral Industry is depicted on Fig.
4-3. The major share 61% belongs to
2.A.1 Cement Production, 24%
belongs to 2.A.2 Lime Production,
5% belongs to 2.A.3 Glass
Production and 10% to 2.A.4 Other
Process Uses of Carbonates.

Tab. 4-3 lists the CO, emissions in the individual subcategories in 2.A Mineral Products in 2018.

Tab. 4-3 CO; emissions in individual subcategories in 2.A Mineral Products category in 1990 — 2018

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 1.03 215.91
2014 1482.73 630.90 135.23 89.94 1.11 229.89
2015 1558.16 611.54 151.96 68.64 1.01 203.58
2016 1697.60 639.82 138.06 70.26 1.01 287.50
2017 1728.27 673.53 155.01 78.97 1.15 218.72
2018 1867.54 749.37 147.68 90.36 0.75 221.92
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Tab. 4-4 gives an overview of the emission factors and methodology used for computations of emissions
in category 2.A Mineral Products in 2018.

Tab. 4-4 CO, emission factors and methodology used for computations of 2018 emissions in category 2.A

2.A.1 Cement Production 0.53 t CO,/t sinter EU ETS Tier 3

2.A.2 Lime Production 0.76 t CO,t CaO CS Tier 3

2.A.3 Glass Production 0.12 t COyt Glass EU ETS Tier 3

2.A.4.a Ceramics 0.13 t CO,/tiles thousand m? CS (EU ETS) Tier 3

0.04 t CO,/brick unit CS (EU ETS) Tier 3

C t COy/roofing tiles CS (EU ETS) Tier 3

2.A.4.b Other Uses of Soda Ash C t CO,/t soda ash IEF Tier 3

2.A.4.d Other 0.43 t COy/t desulfurated flue-  CS (EU ETS) Tier 3
Flue-gas desulfurisation gas

Mineral wool production 0.25 t CO,/t mineral wool Default (IPCC Tier 1

2006)
Denitrification 0.74 t CO,/t urea CS (EU ETS) Tier 3

The column source or type of EF indicates the way how was the certain emission factor determined. Detailed information for each
emission factor is given in the relevant chapters.

4.2.1 Cement Production (CRF 2.A.1)

CO; emissions from cement production have decreased since 1990 by 25%. Total CO, emissions equal to
1867.54 kt in 2018. The decrease in the emissions during 1990’s was caused by the transition from planned
economy to market economy. This led to decline in industrial production and consequently to 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 identified as a key category in this year’s submission.

4.2.1.1 Source category 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 CO; is emitted during transformation of raw materials (mainly decarbonisation of
limestone). Process-related CO; is emitted during the production of clinker (calcination process) when
calcium carbonate (CaCOs) is heated in a cement kiln up to temperatures of about 1 500 °C. During this
process, calcium carbonate is converted into lime (CaO - calcium oxide) and carbon dioxide. CO, emissions
from combustion processes taking place in the cement industry (especially heating of rotary kilns) have
been reported in IPCC category 1.A.2.f Limestone (and dolomite). This category contains also small amount
of magnesium carbonate (MgCOs) and fossil carbon (C), which will also calcinate or oxidize in the process
causing CO; emissions.

4.2.1.2 Methodological issues

CO,emissions from 2.A.1 Cement Production are calculated according to the Tier 3 methodology described
in IPCC 2006 GlI. (IPCC 2006). This methodology describes an approach based on direct data from individual
operators of cement kilns.

Four cement plants operate in the Czech Republic. Information submitted directly by the cement kiln
operators is available for years 1990, 1996, 1998 - 2002 and 2005 - 2018. For these years, the emission
factor value was derived from CCA (Czech Cement Association) data (activity data about production of
clinker) and individual installation data about emissions. For years 1991 - 1995, 1999 - 2001 EFs were
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interpolated. Since 2010, CO; emissions are based on data submitted by the cement kiln operators in the
EU ETS system. EU ETS system covers all cement kiln operators in the Czech Republic. The content of
calcium/magnesium oxide (CaO/Mg0O) and composition of the limestone and dolomite are measured and
independently verified. These parameters are used for calculation of the CO, emissions and, therefore,
substantial attention is devoted to their determination.

The methodology used for CO; emissions must be in accordance with national legislation (Zakon 383/ 2012
o podminkach obchodovani s povolenkami na emise sklenikovych plyn/Act No. 383/2012 Coll., the
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 Parliament 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 carbon (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. Clinker production data together with interpolated EFs were used
for years without direct data from cement kiln operators (1991 - 1995, 1999 - 2001). IEF, which is calculated
based on CO, emissions and clinker production, varies during the whole time series from 0.527 to 0.553 t
CO,/t clinker.

Tab. 4-5 introduces the activity data for clinker production, emission factor and CO, emissions for the
whole time series.

Tab. 4-5 Activity data, CO, emission factor and CO, emissions in 2.A.1 Cement Production category in 1990 - 2018

Clinker [kt] 47260 43680 4653.0 41220 41340 37400 39340 38290 37580 3547.0
production
EF CO2 t[ct“ii;/r , 0527 0529 0531 0532 0534 0536 0538 0544 0550  0.553
o [kt] 24892 23089 24684 21946 22084 20050 21165 20834 20677 1962.9
emissions
Clinker

) [kt] 3537.0 29540  2549.0 27250  3017.0 30451  3287.7  3837.0 37587 29232
production
EF CO2 t[;nick);/r ] 0548 0551 0551 0545 0539 0533 0532 0532 0531  0.536
o [kt] 1936.9 16288  1403.5 14849 16268 16245 17485  2043.1  1996.1  1566.1
emissions )
Clinker

) [kt] 27485 31323 2837.6 24722 27921 29192 31881 32360 35143
production
EF CO: [t COo/ 0534 0531 0535 0539 0531 0534 0532 0534 0531

t clinker]

co: [kt] 1469.0 16645  1517.1  1331.8 14827 15582  1697.6 17283  1867.5
emissions

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 2006 Gl. (IPCC 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.
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Time series consistency is ensured as the inventory approaches concerned are employed identically across
the whole reporting period from the base year 1990 to 2018.

4.2.1.4 Source-specific QA/QC and verification
The input 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 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 with data provided by CzSO, ISPOP and data obtained from EU ETS forms. The
percentage differences between cement production data for 2018 obtained from CCA and other sources
are as follows:

e Difference between the data from CCA and CzSO: -0.03%
e Difference between the data from CCA and ISPOP: -0.02%
e Difference between the data from CCA and EU ETS: -0.02%

In addition to verification of the input data, the inter-annual changes in the implied emission factors are
analysed. The EU ETS reports, which have been used for emission 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 calculations in this category, no significant improvements are
planned.

4.2.2 Lime Production (CRF 2.A.2)

CO; emissions from lime production have decreased considerably since 1990 by 44%. The decrease in
emissions between 1990 and 1991 was caused by the transition from a planned economy 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 758.07 kt. In 2018, production of lime increased to 985.60 kt which represent
increase by 97.56 kt compared to previous year. Lime production was identified as a key category in this
year’s submission.

4.2.2.1 Souce category description

From a chemical point of view, lime is calcium oxide. CO; is released during calcination. During the
production of lime, the limestone is heated up which leads to decomposition (i.e. calcination) of
CaC03/MgCOs to the lime (CaO, Ca0-Mg0) and CO; is being released into the atmosphere.
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4.2.2.2 Methodological issues

Five lime producers operate in the Czech Republic. CO, emissions from 2.A.2 Lime Production are
calculated according to the Tier 3 methodology described in IPCC 2006 Gl. (IPCC 2006) since 2010.

CO; emissions are based on data submitted by the lime producers in the EU ETS system. The ETS data are
available for time period 2010 - 2018 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 included in the
data and thus emission estimates also include LKD). IEF is not constant because emissions reported in EU
ETS forms are calculated with the detailed information mentioned above. IEF has varied between 0.788
and 0.758 t CO/t CaCOs since 2010.

EU ETS data are also available for time period 2005 - 2009, but only in the form of total emissions for each
plant (including emissions which are reported in the Energy sector) and this is not sufficient for their use
for this reporting. Only CO, emissions generated in the process of the calcination step of lime treatment
are considered in this category. CO, emissions from combustion processes (heating of kilns and furnaces)
are reported under category 1.A.2.f.

For the time period 1990 - 2009, in
which EU ETS was not implemented in
- the Czech Republic, data were kept by
& CLA (Czech Lime Association) and
emissions were calculated by using the
Tier 1 method. The national EF, used
g | for time period 1990 - 2009, reflects
N the production of lime and quick lime
g —'AD fom GLA EF 0 7304 (0.7884 t CO,/t lime) (Vacha, 2004).

Emissions according EU ETS Furthermore, the average purity (93%)
T T T U T (Vacha, 2004) of the lime produced in
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 the Czech Republic is taken into
account, thus applied emission factor
is 0.733 t COy/t lime. The reason of
lower IEF for the time period 1990 —
2009 than IEF for the time period 2010-2018 is in different source of activity data for each time series. On
Fig. 4-4 is depicted that emissions would be overestimated if just national EF (without considering purity)
was used.
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Fig. 4-4 Final emission values [kt CO;] with applied EF 0.7332 and 0.7884
compared to EU ETS data

In 2015, research was carried out related to the country-specific emission factor from lime production
(Beck, 2015). This research clarified the very small fluctuation of the emission factor (depending on the
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 2010 - 2014 period. Detailed information about the research
is provided in Annex 3.

For the time period 1990 - 2009, the activity data are based on the data from CLA (the Czech Lime
Association). These data were considered to be more accurate than the data provided by CzSO, which do
not differentiate between lime and hydrated lime (the data from CLA differentiate between lime and
hydrated lime). For the 2010 - 2018 time period, the activity data are based on the data from EU ETS, which
publishes data on pure lime production. The data are published directly by lime plant operators and thus
these data are considered to be on a higher level of accuracy than the data obtained from CLA. Data about
the production of lime from the above sources are compared annually during the preparation of emission
estimates.
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Tab. 4-6 lists activity data for lime production, emission factors and CO, emissions for the whole time
series.

Tab. 4-6 Activity data, CO, emission factor and CO, emissions in 2.A.2 Lime Production category in 1990 - 2018

Lime kt] 18230 11520 11340 1062.0 11000 11150 11330 11630 10870 1074.0
production
EF CO, t[(tZ;:(?Cz)/ | 0733 0733 0733 0733 0733 0733 0733 0733 0733 0733
3
0. kt] 13366 8447 8315 7787 8065 8175 8307 8527 7970 7875
emissions ) ) )
Lime kt] 11300 11280 11120 11020 11030 10404  1033.8 10830 10120  853.0
production
EF CO. [t O/ 0733 0733 0733 0733 0733 0733 0733 0733 0733 0733
t CaCOs]
0. kt] 8285 871 8153 8080 8087  762.8 7580 7941 7420 6254
emissions .
) [kt] 8317 8581 7581 7780 8162  800.2 8358 8880  985.6
production
EF CO: [t COo/ 0788 0788 0788 0788 0773 0764 0766  0.758  0.760
t CaCOs]
co. [kt] 6558 6764 5974 6130 6309 6115  639.8 6735  749.4
emissions

4.2.2.3 Uncertainties and time-series consistency

The uncertainties for this category are in line with the IPCC 2006 Gl. (IPCC 2006). Since activity data are
based on the EU ETS for time period 2010 - 2018, which include all the lime producers in the Czech
Republic, the uncertainty in the activity data was estimated at the level of 2%.

For time period 1990 - 2009, the country-specific emission factor is used and the uncertainty was
estimated to be at the same level as that for the activity data, i.e. 2%. The overall uncertainty 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 2018.

4.2.2.4 Source-specific QA/QC and verification
The input 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 percentage differences between the lime production data for
2018 obtained from EU ETS and other sources are as follows:

° Difference between the data from EU ETS and CLA: 532%
° Difference between the data from EU ETS and CzSO: 9.57%

In addition to verification of the input data, the inter-annual 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 sum of the emissions from
technological processes reported by the individual kiln operators. The country-specific emission factor
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used for emission estimates for 1990 - 2009 was compared with the emission factors used for the
calculation by individual operators.

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 in this sector.

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 Glass Production (CRF 2.A.3)

CO; emissions from glass production have increased by 3% since 1990. The production of glass reached a
maximum value in 2006, equalling 1750.00 kt. CO; emissions from 2.A.3 Glass production equalled 147.68
kt CO, in 2018.

4.2.3.1 Source category description

CO;, emissions from Glass Production (2.A.3) are derived particularly from the decomposition of alkaline
carbonates added to glass-making sand.

4.2.3.2 Methodological issues

CO, emissions from 2.A.3 Glass Production were calculated according to the Tier 3 methodology described
in the IPCC 2006 Gl. (IPCC 2006) since 2010.

Since 2010, CO; emissions have been based on data submitted by the glass producers in the EU ETS. The
ETS data are available for the time period 2010 - 2018 for each process. These data are at the Tier 3 level.
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 as the average emission factor from
data submitted directly by the manufacturers in EU ETS for 2010 - 2018. The country specific emission
factor used for emission estimates in 1990 - 2009 equals 0.115 t CO/t glass, which indicates that the
country specific emission factor is slightly higher than the default emission factor multiplied by cullet ratio
50%, which equals 0.10 t CO»/t glass. The activity data for the emission estimates were obtained from the
Association of the Glass and Ceramic Industry for 1990 - 2009.

Tab. 4-7 lists activity data for glass production, emission factors and CO, emissions for the whole time
series.

Tab. 4-7 Activity data, CO, emission factor and CO, emissions in 2.A.3 Glass Production category in 1990 — 2018

[kt] 1236.6 1060.2 1046.1 1014.7 1097.1 832.0 875.0 970.0 1012.0 1042.0 |

Part 1: Annual inventory submission 167



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018
EF CO, t[tglca(zzg 0115 0115 0115 0115 0115 0115 0115 0115 0115  0.115
gzzissions [kt] 1428 1224 1208 1171 1267 9.0 1010 1120 1168 1203

©Unt 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
g:z:lsuction [kt] 11970  1203.0 13490 14160 16620 16540 17500  1688.0 15192  1329.3
EF CO, t[tglcaig 0115 0415 0115 0115 015 0115 0115 0115 0115  0.15
gzzissions [kt] 1382 1389 1557 1635 1919 1909  202.0 1949 1754 1535

© Ut 2010 2om 2012 2013 2014 2005 206 2017 2018
g:zzsuction [kt] 10225 10555  1088.4  1157.6 11193 12547 12953 11945  1219.4
EF CO; t[tgfacig 0125 0108 0118 0109 0121 0121 0107 0130  0.121
gzzissions [kt] 1278 1138 1281 1262 1352 1520 1381 1550  147.7

4.2.3.3 Uncertainties and time-series consistency

Since activity data are based on the EU ETS for time period 2010 - 2018, 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 whole reporting period from the base year 1990 to 2018.

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 were discussed with a representative of the Association
of the Glass and Ceramic Industry, who confirmed their reliability. In addition to verification of the input
data, the inter-annual changes of the implied emission factors are analysed. The EU ETS reports which are
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 sector.

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 in this category, 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 Republic, CO, emissions
from 2.A.4.a Ceramics, 2.A.4.b Other uses of Soda Ash and from 2.A.4.d Other. CO, emissions from 2.A.4
Other Process Uses of Carbonates have increased by 175% since 1990.
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CO; emissions from 2.A.4.a Ceramics equalled to 90.36 kt in 2018. 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 ETS. CO; emissions from 2.A.4.b Other Uses of Soda Ash amounted to 0.75 kt
CO, in 2018. CO, emissions from 2.A.4.d Other amounted to 221.92 kt CO; in 2018.

4.2.4.1 Source category description

CO, emissions from 2.A.4.a Ceramics are derived particularly from the decomposition of alkaline
carbonates, fossil and biogenic carbon-based substances included in the raw materials.

CO; 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 installation. CO, emissions from this category are
small and insignificant (varied between 0.10 and 1.15 kt CO;) compared to the other categories.

CO; emissions from the 2.A.4.d Other category include emissions from mineral wool production, flue-gas
desulphurisation and denitrification. The CRF reporter does not allow separation of these three categories
by adding new nodes under 2.A.4.d Other category. Consequently, these three categories are reported
collectively.

4.2.4.2 Methodological issues
2.A.4.a Ceramics

CO, emissions from 2.A.4.a Ceramics have been calculated according to the Tier 3 methodology described
in the IPCC 2006 Gl. (IPCC 2006) since 2010.

The activity data and emissions are taken directly from EU ETS forms for 2010 - 2018. Emissions for 1990 -
2009 were 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 for 2010 - 2013. The activity data
for production were obtained from CzSO. The calculation is 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 of soda ash used, one mole
of CO; is emitted, so that the mass of CO, 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 soda 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.

2.A.4.d Other

CO; emissions from the 2.A.4.d Other category include emissions from mineral wool production, flue-gas
desulphurisation and denitrification by using urea.

Emissions from mineral wool production are estimated according to Tier 1 methodology, using default EF.
Activity data about mineral wool production are obtained by CzSO. Activity data are available for time
period 2000 - 2002 and 2007 - 2018. CO, emissions for time period 2003 - 2006 were interpolated. Data
before 2000 are not available but, according a representative of the mineral wool industry, a small amount
of production took place before 2000. The total amount of CO, emissions before 2000 would be lower than
the total amount of emissions in 2000. The total amount of emissions in 2000 is under the threshold of
significance and thus emissions before 2000 are reported as NE.
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Emissions from flue-gas desulphurization are obtained from EU ETS forms which correspond to Tier 3
methodology with CS EF. CO, emissions from sulphur removal were calculated 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
comparison with data from the individual operators, which were collected for EU ETS preparation and
cover the years 1999 - 2005. The EU ETS data forms have been used since 2006. The methodology used
for estimation of the CO, emissions must be in accordance with the national legislation (Zakon ¢. 383/2012
Sh. Zakon o podminkach obchodovani s povolenkami na emise sklenikovych plynd /Act No. 383/2012 Coll.
The Act on conditions for trading in greenhouse gas emission allowances) 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 Parliament and of the
Council).

Denitrification by using urea was introduced in EU ETS for the first time in year 2017. Main purpose of
denitrification by using urea is to reduce NOx emissions which are produced during combustion processes.
As a reducing agent in the denitrification process is used aqueous urea solution (CO(NH,);). Denitrification
process can be described using the following equation

CO(NHy); + 2NO +1/,0, > 2N, + CO, + 2H,0

It is obvious that as a side effect of this process, CO, emissions are emitted. In 2018, 21 facilities (power
plants, heating plants and chemical plants) reported CO, emissions from denitrification processes. Data
(activity data, emission factors and CO, emissions) are obtained directly from users of this process and
thus methodology used for emission estimates is Tier 3. CO, emissions from denitrification amounted to
3.30 kt in 2018; emissions are under the threshold of significance.

These three categories (mineral wool production, flue-gas 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 production, flue-gas desulphurization and denitrification because
activity data describe completely different type of inputs and thus activity data are reported as C (NK).

Tab. 4-8 lists the CO; emissions in the individual subcategories in 2.A.4 Other Process Uses of Carbonates
for time period 1990 - 2018.

Tab. 4-8 CO; emissions in individual subcategories in 2.A.4 Other Process Uses of Carbonates category in 1990 - 2018

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
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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 42.83 173.08 NO
2014 89.94 1.11 46.89 183.00 NO
2015 68.64 1.01 47.62 155.96 NO
2016 70.26 1.01 46.00 241.50 NE
2017 78.97 1.15 48.99 167.00 2.72
2018 90.36 0.75 49.78 168.83 3.30

4.2.4.3 Uncertainties and time-series consistency

The uncertainties for this category are in line with the IPCC 2006 Gl. (IPCC 2006), i.e. at the level of 5% for
the activity data and 10% for the CO; 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 to 2018.

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 2018.

For 2.A.4.d Other the time series consistency is ensured as the inventory approaches concerned are
employed identically across the whole reporting period for mineral wool production from 2000 to 2018
and for flue-gas desulphurization from 1996 to 2018.

4.2.4.4 Source-specific QA/QC and verification
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 inter-annual changes of the implied emission factors are analysed.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.2.4.5 Source-specific recalculations, including changes made in response to the review
process and impact on emission trend

Subcategory 2.A.4.d Other was recalculated due to updated activity data for mineral wool production for
2017.

The impact of the recalculation on the total emissions from 2.A.4.d is shown in Tab. 4-9.
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Tab. 4-9 Impact of the recalculation in category 2.A.4.d

Submission 2019 [kt] 218.61
Submission 2020 [kt] 218.72
Difference [%] 0.05

4.2.4.6 Source-specific planned improvements, including tracking of those identified in the

review process

Since the Tier 3 method (except mineral wool production) is used for emission calculations in this category,
no significant improvements are planned.

4.3 Chemical Industry (CRF 2.B)

Emissions [kt CO, eq.]

2500

1500

500

Fig. 4-5 Trend of emissions from 2.B Chemical Industry and share of specific
subcategories [kt COzeq.]

From the categories of sources
classified under the Chemical
industry (2.B), categories
Ammonia Production (2.B.1),
Nitric Acid Production (2.B.2),
Caprolactam (2.B.4.a), Titanium
Dioxide  Production (2.B.6),
Petrochemical and Carbon Black
Production (2.B.8) are relevant
for the Czech Republic, while
Adipic Acid Production (2.B.3),
Glyoxal (2.B.4.b), Glyoxylic Acid
(2.B.4.c), Carbide 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 non-energy use in chemical industry and
Non selective catalytic reduction.

The major share 52 % belongs to 2.B.8 Petrochemical and Carbon Black Production, 29 % belongs to 2.B.1
Ammonia Production, 10% to 2.B.10 Other, 6% to 2.B.2 Nitric Acid Production and 3% belongs to 2.B.4.a

Caprolactam Production.

The emission trend for the category 2.B Chemical Industry is depicted in Fig. 4-5.

Tab. 4-10 lists the exact amount of CO; eq. emissions from the individual subcategories in 2.B Chemical
Industry for time period 1990 - 2018.

Tab. 4-10 CO; eq. emissions in individual subcategories in 2.B Chemical industry category in 1990 - 2018

1990 990.80 1050.29 74.50 828.63 IE
1991 933.44 673.06 74.50 628.41 IE
1992 989.89 853.90 74.50 706.50 IE
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1993 933.98 644.93 74.50 724.17 IE
1994 1055.82 842.51 74.50 903.61 IE
1995 903.19 972.95 74.50 857.57 IE
1996 989.20 932.10 74.50 902.20 IE
1997 931.15 963.55 74.50 919.89 IE
1998 886.50 1036.69 74.50 1015.73 IE
1999 788.90 846.51 74.50 1056.47 IE
2000 936.02 967.79 74.50 958.76 IE
2001 761.75 956.30 74.50 1009.21 IE
2002 638.58 823.26 74.50 939.43 IE
2003 850.60 820.74 74.50 921.55 IE
2004 843.43 942.22 74.50 1149.93 IE
2005 721.70 886.89 74.50 1154.80 IE
2006 683.27 790.51 74.50 1072.27 IE
2007 617.11 646.36 74.50 965.93 IE
2008 700.21 603.31 74.50 1078.11 222.76
2009 744.18 453.58 74.50 979.92 136.47
2010 705.45 326.16 74.50 1054.79 210.17
2011 628.05 369.46 74.50 963.41 22021
2012 653.79 377.89 74.50 1026.28 224.53
2013 601.13 212.10 74.50 991.29 214.76
2014 689.05 255.52 68.96 1134.14 219.52
2015 741.66 280.18 73.72 751.98 223.06
2016 685.72 216.44 66.59 324.91 23358
2017 743.75 134.32 73.38 1058.64 206.53
2018 585.60 112.24 73.38 1068.94 207.40

Tab. 4-11 gives an overview of the emission factors used for computations of emissions in category 2.B
Chemical Industry for year 2018.

Tab. 4-11 Emission factors used for computations of 2018 emissions in category 2.B

2.B.1 Ammonia Production 3.27 kt CO,/kt NH3 (& Tier 1
2.B.2 Nitric Acid Production 0.65 kg N,O /t HNO3 IEF Tier 3
2.B.4 Caprolactam, Glyoxal and kg NoO/t .
. 1
Glyoxilic Acid Production 270 caprolactam s Tier
2.B.8 Petrochemical and Carbon Black Default (IPCC .
production 1.90 t CO,/t ethylene 2006) Tier 1
Default (IPCC ]
3.00 kg CHa4/t ethylene 2006) Tier 1
Default (IPCC ;
0.29 t CO,/t VCM 2006) Tier 1
Default (IPCC .
0.02 t CHa/t VCM 2006) Tier 1
c t CO,/t carbon Ps Tier 3
black
kg CHa4/t carbon Default (IPCC .
0.06 black 2006) Tier 1
C t COy/t styrene PS Tier 1
Default (IPCC .
0.004 t CHa/t styrene 2006) Tier 1
2.B.10 Other 2.70 t CO,/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 each
emission factor is given in the relevant chapters.
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Following table (Tab. 4-12) contains information about chemical production in the Czech Republic and
number of manufactures. It can be seen, that except 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 from manufacturers.
Each manufacturer (in the case of the Czech Republic — chemical 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 all processes carried out in a plant (other production, combustion processes etc.).
For those reasons, Tier 1 methodology is used for emission estimates, except of N,O emissions from nitric
acid production and CO, emissions from carbon black production.

Tab. 4-12 Chemical production in the Czech Republic with number of manufacturers

2.B.1 Ammonia Production 1
2.B.2 Nitric Acid Production 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

4.3.1 Ammonia Production (CRF 2.B.1)

The production of ammonia constitutes an important source of CO; derived from non-energy use of fuels
in the chemical industry. CO, emissions from ammonia production in 2018 equalled to 585.60 kt of CO,,
emissions decreased by 41 % compared to 1990 and decreased by 21 % compared to previous year.
Emissions in period 2005 - 2018 fluctuate slightly every year with minimum in 2013 and maximum in 2009.
Increase of emissions from 2014 was mainly caused by the end of urea production, which has not been
produced since 2014. Ammonia production (CO; emissions) was identified as a key category in this year’s
submission.

4.3.1.1 Source category description
Industrial ammonia production is based on the catalytic reaction between nitrogen and hydrogen:
N, +3H, - 2NH;

Nitrogen is obtained by cryogenic rectification of air and hydrogen is prepared using starting materials
containing bonded carbon (such as, e.g., Natural Gas, Residual Qil, Heating Oil, etc.). Carbon dioxide is
generated in the preparation of these starting materials. In the Czech Republic, hydrogen for ammonia
production is derived from residual oil from petroleum refining, which undergoes partial oxidation in the
presence of 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 two-step process are hydrogen and carbon dioxide. The production
technology has practically not changed since 1990.

4.3.1.2 Methodological issues

Emissions are calculated from the corresponding amount of ammonia produced, using the default
emission factor provided in IPCC 2006 Gl. 3.273 kt CO,/kt NH3 (IPCC 2006). This emission factor was
obtained from IPCC 2006 Gl., Volume 3, Chapter 3, Table 3.1, corresponding to the total fuel requirement,
which is 44.65 GJ (NCV)/t NH3 (IPCC 2006). Total CO, emissions from ammonia production where lowered
by CO, used in urea production and thus the emissions were calculated using the following equation
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CO, Emissions = (NH; production * EF) — (CO, consumed in urea production
* stochiometric coef ficient)

Urea production decreased to 1.1 kt in 2013. Untill 2013, the urea-related emissions were allocated under
the agriculture sector. Since 2014, urea has not been produced in the Czech Republic and emissions are
calculated without subtraction of CO, consumed in urea production. A potential uncertainty in the
emission factor for ammonia would not influence the total sum of CO, emissions, because a corresponding
amount of oil is not considered in the energy sector. The relevant activity data and corresponding
emissions are given in Tab. 4-13. Related CO, emissions from ammonia production are reported in
Tablel1.A(d) under Other Oil, which is the feedstock used, as well (please see chapter 3.2.3. for details).

Tab. 4-13 Activity data and CO, emissions from ammonia production in 1990 — 2018

Residual fuel oil used for [TJ] 14 997 14 534 14 985 14 012 15 644 13 812 14 865 13623 14 044 11963
NH;s product

Ammonia produced [kt] 335.86 325.51 335.59 313.8 350.35 309.32 332.91 305.1 314.52 267.91
CO; from 2.B.1 [kt] 990.80 933.44 989.89 933.98 1055.82 903.19 989.20 931.15 886.50 788.9
CO; consumed in urea [kt] 108.48 131.94 108.48 93.09 90.89 109.22 100.42 67.44 142.94 87.96
production

Residual fuel oil used for [TJ] 13 690 11522 10 052 13084 12 987 11326 10 802 10119 11453 11793
NH;s product

Ammonia produced [kt] 306.59 258.04  225.12  293.03 290.84  253.65 241.91 226.62  256.49 264.10

CO; from 2.B.1 [kt] 936.02 761.75 638.58  850.60 843.43 721.70  683.27 617.11  700.21 744.18

CO2 consumed in urea [kt] 67.44 82.83 98.22 108.48 108.48 108.48 108.48 124.61 139.27 120.21
production

Residual fuel oil used for [TJ] 11484 10278 10 659 8212 9400 10118 9355 10 146 7 989
NHs product

Ammonia produced [kt] 257.19 230.18 238.72 183.91 210.53 226.60 209.51 227.24 178.92
CO; from 2.B.1 [kt] 705.45 628.05 653.79 601.13 689.05 741.66 685.72 743.75 585.60
CO; consumed in urea [kt] 136.34 125.34 127.54 0.81 NO NO NO 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 into account data given in the IPCC 2006 GI. (IPCC 2006).
The uncertainty in the activity data remains unchanged at 5% and the uncertainty in the emission factor
(CO; EF) was also left at a value of 7%.

Time series consistency is ensured as the above mentioned methodology are employed identically across
the whole reporting period from the base year 1990 to 2018.

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 verification, 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.
Therefore CO, emissions from residual oil used for ammonia production 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).

The quality control was held by fulfilling the QA/QC form presented in Annex 5.
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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 sector.

4.3.1.6 Source-specific planned improvements, including tracking of those identified in the
review process

For future submissions, it is planned that the country specific conditions will be investigated to revise the
emission factor used for emission estimates in category 2.B.1. Research will be conducted by cooperation
with experts from University of Chemistry and Technology in Prague.

Only one manufacturer is producing ammonia in the Czech Republic. Producer reports emissions related
to the Energy activities under EU ETS. Unfortunately, no data reported in EU ETS are related to emissions
originating from ammonia production. It is not possible to obtain data related to ammonia production
emissions directly from producer due to confidentiality issues and thus data about production obtained
from CzSO are used for emission estimates.

4.3.2 Nitric Acid Production (CRF 2.B.2)

The production of nitric acid constitutes one of the most important sources of N,O in the chemical industry.
N,O emissions from production of nitric acid in 2018 equalled to 0.38 kt N,O, emissions have decreased
by 89 % compared to 1990; the substantial decrease in recent years has been a consequence of the gradual
introduction of mitigation technology and improving its effectiveness. In 2018, the production of nitric acid
(N20O emissions) was identified as a key category by trend assessment. In this submission this category was
identified as a key source.

4.3.2.1 Source category 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 classical method, high-temperature 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 can be described using the following
stoichiometric equations:

a) Ammonia oxidation in the gas phase

4NH; + 50, - 4NO + 6H,0
b) NO oxidation in the gas phase

2NO + 0, & 2NO,

c) NO; absorption in water

3NO, + H,0 & 2HNO; + NO

The nitric acid is manufactured at three pressure levels (at atmospheric pressure, slightly elevated pressure
(approx. 0.4 MPa) and at elevated pressure (0.7 - 0.8 MPa)). While production 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.
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All the nitric acid production processes in the Czech Republic are equipped with technologies for removal
of nitrogen oxides, NOx, based on selective or non-selective catalytic reduction. Non-selective catalytic
reduction also makes a substantial contribution to removal of N,O. Since 2004, the technology to reduce
N,O emissions, 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.

4.3.2.2 Methodological issues

Nitrous oxide emissions from 2.B.2 Nitric Acid Production are generated as a by-product in the catalytic
process of oxidation of ammonia. It follows from domestic studies (Markvart and Bernauer, 1999, 2000,
2003), describing conditions prior to 2004, that the 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 medium-pressure processes. Two types of processes were carried
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 oxides, NOx (i.e. NO and
NO3). In this country, the process of Selective Catalytic Reduction (SCR) is mostly used, which slightly
increases the amount of N,O, and also to a certain degree Non-Selective Catalytic Reduction (NSCR), which
also removes N,O to 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 given in Tab. 4-14. The emission factors for the
basic process (without DENOy technology) are in accord with the principles given in IPPC 2006 Gl. (IPCC
2006). The effect of the NOx removal technology on the emission factor for N,O was evaluated on the basis
of the balance calculations presented in studies (Markvart and Bernauer, 2000, 2003).

Tab. 4-14 Emission factors for NoO recommended by (Markvart and Bernauer, 2000) for 1990 - 2003

Emission factors N,O
[kg N20/t HNO;]

Collection of activity data for HNOs production is difficult, because of the present legislation, which
complicates the releasing of statistical data on manufactured products where the number of producers is
smaller than (or equal to) three. Therefore, it was necessary to obtain them by questioning/interviewing
all three producers in the Czech Republic, see (Markvart and Bernauer, 2000, 2003, 2004).

During 2003, conditions changed substantially as a result of the installation of new technologies operating
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, 2005). This study presents a slightly modified table of
N,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 technology-specific emission factors is given below.
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Tab. 4-15 Emission factors for N,O recommended by Markvart and Bernauer, for 2004 and thereafter

Emission factors N,O [kg N,O/t HNOs] 9.05 4.9 1.09 7.82

a) EF without N,O mitigation.

In the last quarter of 2005, a new N,O mitigation unit based on catalytic decomposition of N,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 to 4.68 kg N,O/t HNO3
(100%). Therefore, the mean value in 2005 for the 0.7 MPa technology was equal to 7.02 kg N,O/t HNO3
(100%) (Markvart and Bernauer, 2006).

In 2006 - 2018, the mitigation unit described above was utilized in a more effective way. The decrease in
the emission factor for 0.7 MPa technology as a result of installation of the N,O mitigation unit and gradual
improvement of the effectiveness is given in Tab. 4-16.

Two high temperature N,O decomposition catalytic systems were used in the above-mentioned high
pressure nitric acid technology (0.7 MPa) in 2009; these systems were more efficient in comparison with
the catalytic systems used in previous years. The first system consisting of Raschig rings provided by
Heraeus was used in the January - June 2009 period and the measured EF N,O was 3.10 kg N,O/t HNO3
(100%); in the July-November 2009 period, EF N2O was 3.30 kg N2O/t HNOs (100%). The second system
consisting of high temperature N,O decomposition catalyst developed by YARA company, decreased EF
N>O in the November - December 2009 period to the value 0.95 kg N,O/t HNO; (100%) in a high-pressure
nitric plant. The catalytic activity of the high temperature decomposition system has decreased slightly
due to both increasing selectivity of the Pt-Rh ammonia oxidation catalyst towards N,O and slow
deactivation of the N,O decomposition catalyst. Thus, the mean value of EF N,O for this high pressure
nitric acid technology in 2009 was assessed at a value of 2.85 kg N,O/t HNO; (100%) (Tab. 4-16).

The most efficient decomposition catalyst provided by YARA was used in this high pressure nitric acid
technology during whole year of 2010. It is expected that, if high temperature N,O decomposition catalyst
(i.e. YARA catalyst) is employed, the EF N,O would be approximately close to 1.3 kg N,O/t HNOs (100%).

YARA'’s catalyst, which was also used in 2012, exhibits excellent stability with respect to N,O conversion
and the catalyst efficiency was practically constant during the last three years in the high-pressure
(0.7 MPa) nitric acid unit.

Tab. 4-16 Decrease in the emission factor for 0.7 MPa technology due to installation of the N,O mitigation unit

EF [kg N2O/t HNO3
(100%)]
Effectiveness of
mitigation [%]

7.8 7.02 5.94 4.37 4.82 2.85 1.29 1.30 1.45

- 10.00 23.85 43.97 38.21 63.46 83.46 83.33 81.41

EF [kg N,O/t HNOs
(100%)]

Effectiveness of
mitigation [%]

a) EF without N,O mitigation.

78.82 67.82 65.13 77.15 82.71 89.35

The emission factors used in the Czech Republic are compared with the EFs presented in the IPCC 2006 Gl.
(IPCC 2006) in the Tab. 4-17.
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Tab. 4-17 Comparison of emission factors for NO from HNO; production

Plants with NSCR (all processes) 2.00 +10% (IPCC 2006)
Plants with processed integrated or tailgas N,O destruction 2.50+10%

Atmospheric presssure plants (low pressure) 5.00 +10%

Medium pressure combustion plants 7.00 +20%

High pressure plants 9.00 +40%

Czech Republic (Markvart and
Atmospheric pressure plants 9.05 Bernauer, 2009,
Medium pressure plants with SCR 4.90 2010)
Medium pressure plants with NSCR 1.09

High pressure plants SCR (no N,O decomposition) 7.80

High pressure plants SCR (with N>O decomposition) 4.82-1.29

Tab. 4-18 gives the N,O emissions from production of nitric acid, including the production values. Since
2013, activity data and emissions have been taken directly from the EU ETS form and thus Tier 3 is the
methodology for emission estimates.

Tab. 4-18 Emission trends for HNO; production and N,O emissions in 1990 - 2018

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
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

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 given in Tab. 4-14 and
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Tab. 4-15, since 2005 the reduction in IEF has been caused mainly by the gradual increase in the
effectiveness of the mitigation units employed for the dominant technology (see Tab. 4-16) to 2010.
A further 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 HNOs.

The Institute of Physical Chemistry of the Czech Academy of Science together with the University of
Chemistry and Technology (Prague) are studying the high temperature decomposition of N;O from HNO;
production by using a structured catalyst with focus on the possible use of the technology 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 basis of in the 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 equalled to 4 % and the uncertainty in the average emission factor
(N2O EF) was 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 2018.

4.3.2.4 Source-specific QA/QC and verification
The input information and calculations are archived by the sectoral expert and the coordinator of NIS.

In addition to verification of the input data, the inter-annual changes of the implied emission factors are
analysed. The EU ETS reports, which are used for emission estimates are proved by independent verifiers.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.3.2.5 Source-specific recalculations, including changes made in response to the review
process and impact on emissions trend

The subcategory 2.B.2 Nitric acid production has corrections in years 2017 and 2018 due to QA/QC.

4.3.2.6 Source-specific planned improvements, 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 Republic.

4.3.4 Caprolactam, Glyoxal and Glyoxylic Acid Production (CRF 2.B.4)

4.3.4.1 Source category 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 caprolactam
production.

Part 1: Annual inventory submission 180



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

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 caprolactam is 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. Emission estimates for
caprolactam production are based on a series of studies (Markvart and Bernauer, 2004 — 2013) and
(Bernauer and Markvart, 2014 - 2016). The facility for caprolactam production provided data on the
consumption of ammonia (1177 kg NHs/hour) and the production capacity (5.4 t caprolactam/hour).
Assuming that the conversion of NH3 to N,O is routinely 2%, the emission factor 5.7 kg N>O/t 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 with the emission factor for atmospheric burning of
ammonia and not with high-pressure burning of ammonia. Emissions of N,O in the amount 246 t N,O/year
were estimated by using the plant-specific emission factor and working hours per year (8000 hours/year).
Due to the lack of activity data, emissions were reported consistently through the time series until 2014.
For 2014 - 2016, the activity data have been obtained directly from the producer. Activity data for 2017
and 2018 have not been obtained directly from manufacturer and thus activity data were used same as
for years 1990 — 2013.

4.3.4.3 Uncertainties and time-series consistency

In relation to the relatively insignificant greenhouse gas emissions from category 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 emissions from these source was determined by an expert estimate.

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 greenhouse gas emissions from category 2.B.4, only QC, Tier 1
procedures were used, in accordance with the QA/QC plan.

Data from the EU ETS forms cannot be used for emission estimates because the facility reports all sources
of emissions together and thus it is not possible to separate the data for caprolactam. However, according
the EU ETS forms of this facility, it can be stated that the emissions from caprolactam production are not
greater than the estimated amount of 0.25 kt N,O used for 1990 - 2013.

4.3.4.5 Category-specific recalculations, including changes made in response to the review
process and impact on emission trend

Owning to recommendation from the last review process if there is no data, the value from
the caprolactam production was used the same as in the years 1990-2013 in the subcategory
2.B.4.a Caprolactam. The value 43.20 kt comes from series of studies (Bernauer and Markvart) based on
the data obtained from manufacturer. The values different from 43.20 kt (for example in years 2014-2016)
were obtained directly from manufacturer.
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4.3.4.6 Category-specific planned improvements, including tracking of those identified in the
review process

No improvement is planned for the next submission. Emissions are estimated according a series of studies
(Markvart and Bernauer, 2004 — 2013) and (Bernauer and Markvart, 2014 - 2016). Data from EU ETS forms
include only the aggregated amount of emissions, which cannot be linked with specific chemicals.

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 Gl. (IPCC 2006) that this process does not give rise to process greenhouse gas emissions that are
of significance.

4.3.7 Soda Ash Production (CRF 2.B.7)

A factory for soda ash production in the Czech Republic was founded in 1905 and the first production of
soda ash started in 1907. The factory constituted a monopolist manufacturer of soda in the Czech Republic
and Czechoslovakia. Soda was produced by the traditional Solvay process and the 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 carbon dioxide and methane emissions from the production of ethylene, ethylene
dichloride, carbon black and styrene. Total emissions from category 2.B.8 Petrochemical and Carbon Black
Production equalled to 1068.94 kt CO; eq., emissions have increased by 29 % compared to 1990 and by
229 % compared to year 2016. 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 an unplanned shutdown of
the petrochemical part of the production plant. The ethylene unit was reconstructed. The production
capacity of the unit is now greater than that before the accident and thus emissions from ethylene
production increased rapidly compared to previous year. Category 2.B.8 was identified as a key source.

4.3.8.1 Source category description

Ethylene in the Czech Republic is produced by pyrolysis of petroleum fractions, composed of a very wide
range from fractions of C3-C4 (propane) to the higher boiling fractions. The ethylene unit contains several
pyrolysis furnaces that process raw gas (LPG, ethane and propane) and liquids (HCVD - hydrocracked
vacuum distillate, naphtha, and in very limited quantities of diesel fuel). Basically, a thermal, non-catalytic
fission in the presence of steam is performed and its major products are ethylene, propylene, 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 Markvart, 2016). 1,2-dichloroethane is prepared by oxychlorination of ethylene and is then
used as source material for vinyl chloride monomer (VCM) production.
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In the Czech Republic, carbon black is produced in one facility by the furnace black process. The input
materials for the 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 system of 2
reactors in the presence of catalysers (Fe205-Cr,03-K;0).

4.3.8.2 Methodological issues

Default emission factors from the IPCC 2006 Gl. (IPCC 2006) are employed to determine carbon dioxide
and methane emissions from the production of carbon black, ethylene, ethylene dichloride and styrene.
Related CO, 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).

CO; and CH, emissions from the production of ethylene

Reliable data for the production of ethylene are available from CzSO. The IPCC 2006 Gl. provides a value
of 1.73 t CO/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 1990 — 2018, CO, emissions
varied between 184.41 (due to the accident) to 958.85 kt CO, and methane emissions varied between
0.29 and 1.51 kt CH,, detailed values for each year are available in Tab. 4-19.

Tab. 4-19 Emission trends from CO, and CH4 emissions from production of ethylene in 1990 - 2018

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
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 503.86 958.85 1.51
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

CO; and CH, emissions from the production of ethylene dichloride and vinyl chloride monomer
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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 Gl. methodology provides a value of emissions of carbon dioxide 0.294 t CO,/t VCM
produced and for methane 0.0226 kg CH4/t VMC produced as default emission factors (IPCC 2006). Carbon
dioxide emissions varied in the period 1990 - 2018 between 16.68 kt CO; and 40.29 kt CO,. Due to the low
emission factors' value, the values of methane emissions varied in the period 1990 — 2018 between 0.001
and 0.003 kt CH4, which is considered as insignificant value. In 2018, emissions of carbon dioxide equalled
to 31.32 kt and methane emissions equalled to 0.0024 kt.

CO; 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, 2016). Since 2013, the activity data
and CO, 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 reporter. Data are available for review experts in calculation sheets upon a request. The emission
factor taken from the IPCC 2006 Gl. equals to 0.06 kg CH4/t carbon black produced and 2.62 t CO, /t carbon
black produced (IPCC 2006). In 2018, emissions of carbon dioxide equalled to 87.92 kt and methane
emissions equalled to 0.0020 kt.

CO; 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 also does not publish any information on the production of styrene. Thus, the necessary
activity data were estimated on the basis of production capacities:

1990 - 1998 70 kt styrene p.a.

1999 80 kt styrene p.a.

2000 - 2003 110 kt styrene p.a.

2004 140 kt styrene p.a.

2005 - 2010 150 kt styrene p.a.

from 2011 exact production from EU ETS forms

These estimates on the amount of styrene produced were based on the data given in the article (Dvorak
and Novak, 2010). The emission factor taken from the IPCC 2006 Gl. equals to 0.004 kt CH4/kt styrene (IPCC
2006). The emission factor for CO, emissions is 0.27 kt CO,/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 2018,
emissions of carbon dioxide equalled to 41.18 kt and methane emissions equalled to 0.61 kt.

4.3.8.3 Uncertainties and time-series consistency

The uncertainties for this category are in line with the IPCC 2006 Gl. (IPCC 2006), i.e. at the level of 5% for
the activity data and 40% for the CO, and CH4 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.
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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 to the review
process and impact on emission trend

In this year, no recalculations were performed in this sector.

4.3.8.6 Source-specific planned improvements, including tracking of those identified in the
review process

No improvements are planned.

4.3.9 Fluorochemical Production (2.B.9)

Fluorinates are not produced in the Czech Republic.

4.3.10 Other (2.B.10)

CO; emissions from category 2.B.10, which includes other non-energy use in chemical industry and non-
selective catalytic reduction equalled to 207.40 kt CO; in 2018.

4.3.10.1 Source category description

Subcategory 2.B.10 Other is divided into two subcategories. The first sub-category includes CO, emissions
from non-selective 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 NHs production, which is based on other feedstock than NG, see
section 4.3.1). Emissions from NSCR are not very significant (about 15 kt of CO,). Emissions from steam
reforming of NG are somewhat more significant (about 200 kt of CO,)).

4.3.10.2 Methodological 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 from non-energy use and thus reallocate
activity data, which are reported under 1.A.2.c in accordance with IPCC 2006 Gl. (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. Emissions of CO; are 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, 2004 — 2013) and (Bernauer and Markvart, 2014 -
2016). Reduction of oxygen, which is the main source of CO, emissions in the NSCR process, can be
described by the following reaction

CH, + 20, - C0O, + 2H,0
The emission factor 103 kg CO,/1 t HNO; was derived for the reaction and was used for emission estimates.

Emissions for hydrogen production by steam reforming in the petrochemical and chemical industry
(excluding hydrogen used for NHs production) are calculated using the following equation

Emissions = (Net calorific value of NG * EF for NG) — emissions of NSCR
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The net calorific value of natural gas consumed for non-energy use in the chemical industry is obtained
from the Energy Questionnaire - Natural Gas provided by AIE - Eurostat — UNECE. EF for natural gas is
calculated on the basis of the NETAGAS Ltd. correlation (see Annex A5.1).

Tab. 4-20 gives an overview of the CO; emissions from category 2.B.10 Other. Related CO; emissions from
2.B.10 are reported in Table1.A(d) under Natural Gas as well (please see chapter 3.2.3. for details).

Tab. 4-20 Emission trends for category 2.B.10 Other in 2008 - 2018

co; e["k‘t']ssm“s 208.34 123.08 195.74 20672 21001  201.33
CO; emissions 14.42 13.39 14.42 13.49 14.52 13.43

[kt]

CO; emissions

[kt] 204.76 208.02 220.49 190.15 191.76
CO; emissions
[kt] 14.77 15.04 13.09 16.37 15.64

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
industries and construction. The 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 employed identically across
the whole reporting period from 2008 to 2018.

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.

4.3.10.5 Source-specific recalculations, including changes made in response to the review
process and impact on emission trend

The subcategory 2.B.10 Other has corrections in years 2017 and 2018 due to QA/QC.

4.3.10.6 Source-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 for non-energy and
energy use of NG for the 1990 - 2007 period. CO, emissions from NG in the chemical industry were reported

for this period under 1.A.2.c.
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4.4 Metal Industry (CRF 2.C)

This category includes mainly CO; emissions from 2.C.1 Iron and Steel Production; 99.8% of CO, emissions
arise from 2.C.1. CO, emissions from iron and steel are identified as a key category (by both level and trend
assessments). A small amount of CHg is also emitted.

Ferro-alloys were manufactured in limited amounts in a small production unit in the Czech Republic; this
process could constitute an unsubstantial source of CO, emissions. Specific data were obtained straight
from the operator — there is only one producer of ferrovanadium.

For the production of Lead and Zinc data are also obtained straight from the operators, however there is
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 to CO, 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 large metallurgical facilities located in the cities of Ostrava
and Tfinec in the Moravian-Silesian Region, in the north-eastern 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 immediately next to the
metallurgical works in Ostrava, taking raw iron (in the liquid state) from the nearby blast furnaces (located
in the area of the Ostrava metallurgical works).

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

The CO; emissions from iron

and steel production were

calculated using the national

approach which can be o | e

cHonS|dered .as Tler. .2. § . -....l . o .l.

owever, Tier 2 emission 5 m® m e Illl .

estimations based in IPCC | T 8 A n m ™ |

2006 Gl. (IPCC 2006) include o o

recommendations to also o) g -

include emissions arising © N

from combustion of Blast § .

Furnace and Oxygen Steel h

Furnace Gas in other than o 41 HEEE e

metallurgical complexes (for

instance in Energy category 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017
. . O Metallurgical Coke @ Limestone and Dolomite Use

1.A.1.a). However, it s

expected in the Czech
Republic that all Blast Furnace Fig. 4-6 Trend of CO2 emissions in 2.C.1, 1990 — 2018 [kt CO2]

and Oxygen Steel Furnace
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Gases are combusted directly 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 amount of carbon 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 2014, 2015 and was also used as reducing agent in the blast furnace, as well as Coal
Tar in years 2007 till 2013. Thus, the approach used is considered to be as close to Tier 2 based on IPCC
2006 Gl. (IPCC 2006) as possible. Details of the amount of reducing agents are given in Tab. 4-21. In the
carbon balance the amount of carbon in coke, bituminous coal (in 2014 — 2016) and coal tar (in 2007 -
2013) used in blast furnaces. Further amount of carbon in sinter, pig iron and steel is part of the emission
estimation. The total amount of total carbon produced in the process is following equation

Ctotal = (Ccoke + Cbituminous coal + Ccoal tar + Cscrap + Celectrodes) - Csteel

Coke Oven Gas 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 used immediately 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 and also secondary materials. Blast
furnace coke is supplied 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, additionally alloyed to the exact chemical composition, heated to the
appropriate casting temperature and desulphurized, and modification of inclusions is performed using
filled profiles. After this out-of-furnace processing molten steel is sequentially cast on three continuous
casters into billets, slabs or small slabs. Finishing lines represents two section-rolling mills and a wire-rod
mill, which provide a wide assortment of profiles and wire rod. In the total production of the iron and steel
in the Czech Republic, the electric furnaces covers less than 5%. From the total amount of CO, emissions
about 6% is recycled in the process.

The calculation in IPCC 2006 Gl. (IPCC 2006) also includes CO; emissions from limestone and dolomite used
in iron and steel metallurgy. Since the 2015 submission, these emissions have been reported under 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 available in the stastics, the extrapolation method was applied for the time series 1990 — 2010
base on the data available for 2011-2018.

The computational approach as well as the parameters used were consulted in general with a
representative of The Steel Federation, Inc. Related CO, emissions from 2.C.1 are reported in Table1.A(d)
under Coke Oven Coke (1990-2018), Other bituminous coal (2014-2018) and Coal Tar as well (2007-2013,
2018) as well(please see chapter 3.2.3. for details).

Tab. 4-21 The activity data and CO; emissions in 1990 — 2018

1990 3211 NO NO 891.04 9642.54
1991 2559 NO NO 891.03 7750.98
1992 2624 NO NO 891.03 8049.44
1993 2426 NO NO 891.04 7479.70
1994 2663 NO NO 891.03 8143.88
1995 2587 NO NO 891.04 7930.90
1996 2701 NO NO 891.05 8257.45
1997 2846 NO NO 891.01 8907.86
1998 2750 NO NO 891.05 8625.62
1999 1941 NO NO 891.08 6346.94
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2000 2327 NO NO 890.88 7418.03
2001 2175 NO NO 891.20 7016.95
2002 2252 NO NO 891.16 7251.30
2003 2459 NO NO 890.29 7846.70
2004 2628 NO NO 892.15 8176.00
2005 2260 NO NO 891.06 7084.34
2006 2480 NO NO 887.65 7952.48
2007 2570 NO 35 897.73 8258.72
2008 2366 NO 59 887.78 7715.56
2009 1801 NO 56 877.45 6022.92
2010 2082 NO 33 927.97 6733.78
2011 2086 NO 26 857.92 6536.30
2012 2007 NO 23 846.47 6368.95
2013 2057 NO 7 1079.53 7041.88
2014 1886 276 NO 1051.93 7241.89
2015 1780 300 NO 947.59 6929.35
2016 1842 319 NO 1039.28 7256.87
2017 1605 278 NO 926.77 6430.08
2018 1735 285 30 1001.44 6923.24

The amounts of blast furnace coke consumed and corresponding emissions are given in Tab. 4-21.

Estimation of CH, from metal production is based on the IPCC 2006 Gl. Tier 1 methodology. Default
emission factors 0.1 g CH4 per tonne of coke produced and 0.07 kg CH4 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 precursors 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 improvement is ongoing and
some uncertainty estimates for Iron and steel production have been revised in previous submissions
(CHMI, 2012b). The new estimate of EF (CO,) is now 10%, which is in accordance with the 2006 Gl. (IPCC
2006) and is slightly higher than the former value (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 2018.

4.4.1.4 Source-specific QA/QC and verification

The sector-specific QA/QC plan follows from the overall plan described in Chapter 1. The greatest attention
was focused on identifying gaps and imperfections using the new reporting software (CRF Reporter),
specifically by observing trends in figures and by checking IEFs. Attention was also focused on checking
sources from inter-sector boundaries (Energy, Industry) that they are neither omitted nor counted twice.
CO> 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 independently determined
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 also used former coordinator of National Inventory System.
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The quality control was held by fulfilling the QA/QC form presented in Annex 5.

4.4.1.5 Source-specific recalculations, including changes made in response to the review
process and impact on emission trend

The emission and oxidation factor for other bituminous coal were updated following the change in the
data. The change was carried out for years 2014 — 2017; the impact of recalculation is minus 0.4% or 22 kt
(in 2014) and 23 kt (in 2018). Thus this change is for the Czech Republic under the threshold of significance,
but brings more accurate emission data in the inventory.

4.4.1.6 Source-specific planned improvements, including tracking of those identified in the
review process

In future submissions is planned to investigate data relevant for potential implementation of Tier 3
methodology in this category. Specific steps were already taken in recent years, however the issue need
further detailed activity data, which will be discussed with relevant representatives.

4.4.2 Ferroalloys Production (CRF 2.C.2)

4.4.2.1 Source category 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 reported as confidential.

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 Gl.
provides emission factors based on specific share of Si in the ferroalloy. Chemical composition of the
ferrovanadium produced in the Czech Republic is known. Using the simple proportion rule, emission
factors were calculated for CO,, as well as for CHs4. This can be considered as conservative approach.

The emissions are under the threshold of significance and can be considered negligible.

Tab. 4-22 Evaluation of emission factors used for 2.C.2 emission estimates

_—_

Vanadium 75-85% FeSi 45% Si 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
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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 GI. (IPCC 2006) as 25%. The uncertainty of
activity data is estimated on the level of 5%.

4.4.2.4 Source-specific QA/QC and verification

The sector-specific 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 representative 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 was used as a
reducing agent; this did not lead to CO, 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. There is recycling of aluminium. In order to avoid using of F-gases is used cover
salts method. The recommendation from FCCC/ARR/2016/CZE, 1.13 is not in line with IPCC 2006 Gl. and
further not comparable to the reporting of other Annex | Parties. The recommendation is requesting to
report CO; 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. The inventory team believes, that no greenhouse gases are arising from the
processes mentioned.

4.4.4 Lead Production (2.C.5)

4.4.4.1 Source category 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 producers in the Czech Republic. The data were obtained
straight from the operator; the data has to be displayed as confidential. The CO, emissions were estimated
at the level of Tier 1 methodology based on the IPCC 2006 Gl. (IPCC 2006) using the default CO, emission
factor 0.2 t CO,/t of lead. CO, emissions in 2018 equalled 10.03 kt.

The emissions are under the threshold of significance.
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4.4.4.3 Uncertainties and time consistency

Since default emission factors were used for emission computations, the uncertainties were based in IPCC
2006 Gl. recommendation, i.e. 10% for activity data and 50% for emission factor.

4.4.4.4 Source-specific QA/QC and verification

The sector-specific 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 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 the emissions are negligible, no improvement is planned.

4.4.5 Zinc Production (2.C.6)

4.4.5.1 Source category description

There is no primary production of Zinc in the Czech Republic, however secondary production is occurring.
The reported emission are all from secondary production, there is one producer of zinc, which is operating
since 1998. Updated activity data from other producer, which was operating during 1990 — 1999 were
obtained in this submission. No GHG emissions are arising from the secondary zinc production.

4.4.5.2 Methodological issues

The research of potential Zinc producers in the Czech Republic was performed. Detailed data were
obtained straight from the operator, the data has to be displayed as confidential. The CO, emissions were
estimated on the level Tier 1 methodology based on IPCC 2006 Gl. (IPCC 2006) using default CO; emission
factor 1.72 t CO,/t of zinc. CO, emissions in 2018 equalled 0.7 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 were based in IPCC
2006 Gl. recommendation, i.e. 10% for activity data and 50% for emission factor.

4.4.5.4 Source-specific QA/QC and verification

The sector-specific QA/QC plan follows from the overall plan described in Chapter 1. General QC
procedures were applied in this sector.
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4.4.5.5 Source-specific recalculations, including changes made in response to the review
process and impact on emission trend

Recalculation due to new obtained activity data was performed for 1990 - 1999. The transparency of
reporting was increased due to this recalculation. The updated emissions are by 0.5% higher in comparison
to the reporting of last 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.

4.5 Non-energy products from fuels
and solvent use (CRF 2.D)

83%

This subcategory includes the emissions from the first
use of fossil fuels as products, where their primary use
is other than combustion for energy production or use
as a reducing agent in industrial processes.

1%

Products reported in this subcategory include o

Lubricants, Paraffins, Asphalts and Solvents.
Emissions from other (secondary) use or disposal of
these products are included in the relevant sectors
(e.g. Energy, Waste).

O 2D.1 Lubricant use
B 2D.2 Paraffin wax use Production
B 2D.3 Other

Fig. 4-6 shows the share of individual subcategories in
2.D. 83% of 2.D CO, emissions are produced from
Lubricant Use, followed by Urea used as catalysts
(11%) and the use of Paraffin Wax (6%).

Fig. 4-7 The share of individual subcategories for
CO2 emissions in 2.D in 201 [kt CO2]

4.5.1 Lubricant Use (2.D.1)

4.5.1.1 Source category description

Lubricants are produced from refining of crude oil in petrochemical installations. There can 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 Republic. The non-energy
use of fuels is also included. The amount of lubricants used for other than energy production is included
in this category as activity data.

Tier 1 methodology from the IPCC 2006 Gl. was used for CO, emission estimations. The default emission
factor 20 kg C/GJ was used; the Oxidised During Use (ODU) factor was used as a default value equal to 0.2.
CO; emissions from this category in 2018 were equal to 129 kt CO,. Related CO, emissions from 2.D.1 are
reported in Tablel.A(d) under Lubricants as well (please see chapter 3.2.3. for details).
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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 factor uncertainty.

4.5.1.4 Source-specific QA/QC and verification

Standard QA/QC procedures were applied for this subcategory. Special attention was paid to cross-sectoral
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.

4.5.1.6 Source-specific planned improvements, including tracking of those identified in the
review process

No improvements are planned in this subcategory.

4.5.2 Paraffin Wax Use (2.D.2)

4.5.2.1 Source category 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 point of solidification and amount of oil contained.

4.5.2.2 Methodological issues

Activity data reported in official Energy balance of CzSO as non-energy use are used for emission
estimation in this category. Tier 1 methodology from IPCC 2006 Gl. (IPCC 2006) was used for CO; emission
estimation. Default emission factor 20 kg C/GJ was used, Oxidised During Use (ODU) factor was used
default equal to 0.2. CO, emissions in 2018 from this category were equal to 9.4 kt CO..

4.5.2.3 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 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 to cross-sectoral
issues (Energy x IPPU), so no emissions are omitted, nor counted twice.

4.5.2.5 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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4.5.2.6 Source-specific planned improvements, including tracking of those identified in the
review process

No improvements are planned in this subcategory.

4.5.3 Other (2.D.3)

4.5.3.1 Source category description
Solvent Use

This category includes particularly emissions of NMVOC (ozone precursor) from the use of solvents, which
based in IPCC 2006 Gl. (IPCC 2006) are not considered to be a source of direct CO, emissions.

Road Paving With Asphalt

This category includes particularly emissions of ozone precursors in 1990 — 2005 time - series. Based on
the IPCC 2006 Gl. (IPCC 2006) only NMVOC emission should be reported. Data in reporting for the
UNECE/CLRTAP inventory in NFR are used. Emissions from Road Paving with Asphalt are not considered to
be a source of CO, emissions (IPCC 2006).

Urea used as catalyst

IPCC 2006 GlI. (IPCC 2006) incorporate this category as source of CO, emissions. 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 GI. (IPCC 2006) uses the CORINAIR 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. SNAP) structure to the
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:
e statistical information on producers and imports from the Czech Statistical Office,
e REZZO data,
e annual reports of the Association of Coatings Producers and Association of Industrial Distilleries,
e information from the Customs Administration,

e regular monitoring of economic activities 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,

e regular monitoring of investment activities is performed in the CR for technical branches
affecting the consumption of solvents and for overall developmental technical trends of all
branches of industry,
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e monitoring of implementation of BAT in the individual technical branches,

e technical analysis of consumption 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 official Energy balance. Form the whole amount
of non-energy use of Other oil products were extracted the Oil needed for NHs production. Sum of the rest
of Other Oil and non-energy use of White spirit was considered as the best available data for Solvent Use.
This approach was approved with relevant experts from CzSO.

Road Paving With Asphalt
The activity data from last submission were used. Emissions are used from UNECE/CLRTAP inventories.
Urea used as catalyst

Since no detailed data about urea used as catalyst is available, 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 activity data. This
approach was used for the emission estimates for 1998 — 2018 time series, which was consulted as
appropriate time series, when this process can occur. The computational approach presented in Eq. 3.2.2
in IPCC 2006 Gl. (IPCC 2006) was applied to estimate CO, emissions. This approach is 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 are under the threshold of significance.

CO, emissions in 2018 from this category were equal to 16.5 kt CO..

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. (IPCC 2006) it is
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 year 1990 to 2018.

Road Paving With Asphalt

Since no CO,, CH4 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 Energy (IPCC 2006), where methodology for emission estimation
from urea used as catalyst is provided.

Part 1: Annual inventory submission 196



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

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 available 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 specific QA/QC or verification procedures is applied.

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 Other — Urea Used as catalyst.

4.5.3.6 Source-specific planned improvements, including tracking of those identified in the
review process

Solvent Use

No improvements are 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.

Part 1: Annual inventory submission 197



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

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
relevant for the Czech Republic.

N This category includes the gases
= CE HFC-23, CFs, CiFs, SFs and NFs.
8‘ i According to information obtained

uw -
£ o] from manufactures, SFs or other
g 0 fluorine compounds are not used in
E . category 2.E.3 Photovoltaics.
w 0 4
e - The emission trend for the category
> 2238598388583 2 -y 2.E Electronics Industry, which also
O 0O 000 0000000 00000000000
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represent the emission trend of
subcategory 2.E.1 is depicted in Fig.
4-8 from year 1997, when the use of CF, began to 2018. Emissions of F-gases equalled to 6.64 kt CO; eq.
in 2018. Total emissions of F-gases from 2.E decreased in 2018 by 0.49 kt CO; eq. compared to previous
year. Tab. 4-23 lists the exact amount of CO; eq. emissions from category 2.E.

Fig. 4-8 Trend of emissions from 2.E Electronics Industry [kt CO; eq.]

Tab. 4-23 Emissions from category 2.E. Electronics Industry in time period 1997 - 2018

1117  21.03 2032 6.64 2203  19.68

Emissions [kt COz eq.]

Emissions [kt CO: eq.] 28.94 35.50 41.95

Tab. 4-24 gives an overview of the emission factors and methodology used for computations of emissions
in category 2.E. Electronics Industry in 2018.

Tab. 4-24 Type of CO; emissions factors used for computations of 2018 emissions in category 2.E Electronics Industry

2.E.1 Integrated Circuit or Semiconductor HFC-23, CF4, CyF6, SFs, NF3 Default (IPCC 2006) Tier 2a

4.6.1 Integrated Circuit or Semiconductor (CRF 2.E.1)

4.6.1.1 Source category description

This category includes the gases CjFs, CFs, SFs, CHF3; (HFC-23) and NFs; used by semiconductor
manufacturers. These gases are used in the plasma chemical thin layer etching process. The 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 capacity-induced plasma.

Gases SFg and NF; are currently used for semiconductor manufacturing in the Czech Republic.
Consumption of NF; has increased since 2010, when the first use of NFsfor semiconductor manufacturing
was recorded. According to the main manufacturer, the fluctuating trend in emissions is linked with the
fluctuating consumption of gases for semiconductor manufacturing. The consumption of gases in the
current year depends on the planned capacity of production, type of manufactured products and types of
etching processes.

Part 1: Annual inventory submission 198



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018

4.6.2 Methodological issues

Because of the lack of detailed information, the data about gases C,F¢, CF4, SFs, CHF3 (HFC-23) and NF3 are
reported for category 2.E.1 Integrated Circuit or Semiconductor. Activity data about consumption of F-
gases are available since 1997.

Emissions from this category are calculated using Tier 2a methodology described in IPCC 2006 Gl., Equation
6.2 without using fractions a; and d;, which are considered by expert judgement to be negligible and further
using Equation 6.3 for estimation of by-product emissions of CF4(IPCC 2006). By-product emissions of CF4
are reported together with regular CF4 emissions.

The manufacturers of electrical equipment maintain very eco-friendly policies (involving treatment,
training of staff, certificate etc.). Operational leakages are not measured (legislation does not force
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 non-existent and depend solely on accidents. Leakages
represent less than 100 kg/yr in total. Such a low amount of SFs is not required to be reported from the
operator into national database "Integrated system of reporting obligations" (Integrovany systém plnéni
ohlasovacich povinnosti - ISPOP).

The emission factors employed are summarized in Tab. 4-25. The default emission factors for the gases
HFC-23, CF4, C5F, SFs and NF; were chosen from IPCC 2006 Gl., Volume 3, Table 6.3 (IPCC 2006).

Tab. 4-25 Emissions factors used for computations of 2018 emissions from 2.E.1 Integrated Circuit or Semiconductor

HFC-23 (CHF3) 0.4 0.07 NA NA
CF4 0.9 NA NA NA
CF¢ 0.6 0.2 NA NA
SFs 0.2 NA NA NA
NF3 0.2 0.09 NA NA

4.6.3 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 1997 when the use of CF, began to 2018.

4.6.4 Source -specific QA/QC and verification
The input information 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 Custom Office of the Czech Republic, ISPOP and Ministry of the Environment.

The quality control was held by fulfilling the QA/QC form presented in Annex 5.
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4.6.5 Source -specific recalculations, including changes made in response to the review
process and impact on emission trend

For 2020 submission, due to updated activity data provided directly by the main Czech manufacturer of
semiconductors, emissions were recalculated for 2017.

The impact of the recalculation on the total emissions from 2.E is shown in Tab. 4-26.

Tab. 4-26 Impact of the recalculation in category 2.E

Emissions Unit 2017
Submission 2019 [kt COz eq.] 6.72
Submission 2020 [kt CO eq.] 7.13
Difference [%] 6.12

Research on SFs and other fluorine compound emissions related to the production process of photovoltaics
was conducted. According to information obtained from manufactures, SF¢ or any other fluorine
compounds are not used in production of photovoltaics in the Czech Republic.

4.6.6 Source -specific planned improvements, including tracking of those identified in
the review process

Although the current survey considered factors ai and di in Tier 2a methodology as negligible, it is planned
to explore this technology further in more details in future submissions, no later than the introduction of
F-gases in the EU ETS trading. Improvement of uncertainty estimation is in progress.

4.7 Product Uses as Substitutes for Ozone Depleting Substances (ODS) (CRF
2.F)

This category describes emissions of F-gases 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
year of using F-gases 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 composition.

The emission trend for category 2.F is depicted in Fig. 4-9. The major share of 99% in the range of actual
emissions for year 2018 corresponds to category 2.F.1. Actual emissions from other categories under 2.F
are insignificant compared to category 2.F.1. Actual emissions of F-gases increased from 13.82 kt CO; eq.
in 1995 to 3736.79 kt CO; eq. in 2018. This significant leap forward by orders of magnitude has been driven
mainly by substantial increase in the use of HFCs in refrigeration.
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Detailed information  about
actual emissions is given in Tab.
4-27 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
of F-gases remain  from
production of refrigerators and
air conditioners.

Tab. 4-27 Actual emissions of HFCs and

Emissions [kt CO, eq.]
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Fig. 4-9 Trend of emissions from 2.F Product Uses as Substitutes for Ozone
Depleting Substances and share of specific subcategories [kt CO; eq.]

1995 13.82 13.81 0.01
1996 71.53 70.85 0.68
1997 174.45 173.86 0.59
1998 242.98 242.46 0.52
1999 300.15 299.27 0.88
2000 420.20 418.11 2.10
2001 570.22 566.86 3.36
2002 702.82 699.32 3.50
2003 851.02 844.30 6.71
2004 961.17 952.50 8.67
2005 1083.26 1073.89 9.37
2006 1360.14 1350.29 9.85
2007 1774.22 1763.77 10.44
2008 2064.28 2052.56 11.72
2009 2132.35 2121.74 10.61
2010 2429.17 2421.35 7.81
2011 2688.43 2682.64 5.80
2012 2797.41 2792.65 4.76
2013 2921.49 2917.69 3.81
2014 3074.78 3072.22 2.56
2015 3291.42 3289.90 1.52
2016 3441.65 3440.63 1.02
2017 3638.72 3637.88 0.84
2018 3736.79 3736.07 0.73

Tab. 4-28 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 2018.

Tab. 4-28 Type of emissions factors used for computations of 2018 emissions in category 2.F

2.F.1 Refrigeration and Air Conditioning HFCs, PFCs CS and Default (IPCC 2006) Tier 2a
2.F.2 Foam Blowing Agents HFCs Default (IPCC 2006) Tier 1a
2.F.3 Fire protection HFCs, PFCs Default (IPCC 2006) Tier 1a
2.F.4 Aerosols NO Default (IPCC 2006) Tier 1a
2.F.5 Solvents HFCs Default (IPCC 2006) Tier 1a
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Emissions of F-gases (HFCs, PFCs, SFs, NFs3) in the Czech Republic are at relatively low level due to the
absence of large industrial sources. Furthermore all of the F-gases in the Czech Republic are imported,
therefore there are no fugitive emissions from manufacturing. Additionally, there is no production of other
fluorinated gases (CFCs, HCFCs, etc.) that could lead to by-product F-gas emissions and there is no primary
aluminium and magnesium industry in the Czech Repubilic.

Currently, the national F-gas inventory is based on the method of actual emissions, 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:

e ISPOP ("Integrated system of reporting obligations"),

e The F-gas register (Questionnaire on production, import, export, feedstock use and destruction
of the substances listed in Annexes | or Il of the F-gas regulation),

e The Customs Administration of the Czech Republic.

Collecting of data and preparation of input data for emission estimates is described in more detail in
chapter 4.7.1.2. The description in chapter 4.7.1.2 is related to subcategory 2.F.1 but data sources and
input data preparation are the same for each subcategory under 2.F.

In 2018 no significant changes occurred in the collection and treatment policies of discarded refrigeration
appliances.

Only two companies in Czech Republic are dealing with regeneration of HFC coolants (only one of them
reported data for 2018 in the ISPOP database). Companies used privately constructed distilling machinery
to process app. 5 t of HFC-134a contaminated with mineral oil fractions. The HFC was collected and stored
during previous years. Emissions from this process are not included in the inventory.

The discarded refrigeration appliances contained old refrigerant's media - CFC-12 and HCFC-22, old
insulating materials - CFC-11 but also HFCs. According to ISPOP database and F-gas register in the Czech
Republic 8.81 t of HFC-134a, 13.81 t of HFC-32, 16.75 t of HFC-125, 2.71 t of HFC-143a were disposed in
2018. Appliances containing HFCs are still being disposed in lower amounts, considering their 6 - 30 year
life cycle (IPCC 2006 Gl., Volume 3, Chapter 7, Table 7.9.) which depends on the type of device.

A mixture of retrieved cooling media is being incinerated in specialized facilities. In one case, the retrieved
mixture of ODS is exported as a raw material for a different industrial processes than air-conditioning or
refrigeration.
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4.7.1 Refrigeration and Air Conditioning (CRF 2.F.1)

4.7.1.1 Source category description

This category describes emissions of F-gases from the following subcategories: 2.F.1.a Commercial
Refrigeration, 2.F.1.b Domestic Refrigeration, 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 40% in the range
of actual emissions for year 2018
belongs to the subcategory
2.F.1.a, share 24% belongs to the
subcategory 2.F.l.e, share 20%
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Category 2.F.1 was identified as @  share of specific subcategories [kt COz eq.]
key category in this submission.

Alarge number of blends are being used in refrigeration and air conditioning systems. Many blends contain
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 is R 410A, a mixture of HFC-32 and HFC-125 in a ratio
of 50:50. Blends R-407C and R-507A are used in smaller amounts. R-407C is a mixture of HFC-32, HFC-125
and HFC-134a in a ratio of 23:25:52. R-407C is used mainly in stationary air conditioning. R-507A is a
mixture of HFC-125 and HFC-143a in a ratio of 50:50. In 2018, there was significant decrease in use of
blend R-404A , which contains HFC-125, HFC-143a and HFC-134a gases in a ratio of 44:52:4. This is
consequence of fact, that manufacturers are preparing for limitation of this blend according to EU
legislative.

An overview of reported gases under specific subcategory is presented in Tab. 4-29. PFCs have not been
used in the Czech Republic for many years, but emissions from previous use of PFCs still occur.

Tab. 4-29 An overview of the F-gases reported under subcategory 2.F.1

I,

2.F.1.a Commercial Refrigeration HFC-125, HFC-143a, HFC-23, HFC-134a, HFC-227ea, HFC-32, HFC-1523,
CeF14, C3Fs, CoFs

2.F.1.b Domestic Refrigeration HFC-134a

2.F.1.c Industrial Refrigeration HFC-32, HFC-125, HFC-134a, HFC-143a

2.F.1.d Transport Refrigeration HFC-32, HFC-125, HFC-134a, HFC-143a

2.F.1.e Mobile Air Conditioning HFC-134a

2.F.1.f Stationary Air Conditioning HFC-32, HFC-125, HFC-134a, HFC-143a

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
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2.F.1; the emission factors used for the estimation are 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 the first time for submission 2017 — 2015 (Ondrusova, Krtkova 2018).

The calculation model can be divided to four main parts: input, divider, emission estimates and output. For
input, it is important to update the data on the consumption of F-gases, emission factors and legislative
changes. The divider separates the input activity data into sub-applications, where division into the sub-
applications is based on expert judgement. The emission estimates are fully automatic and calculate the
emissions of refrigerant 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 updated - activity data, emission factors
and legislative measures. Data about direct import/export, use and destruction are obtained from
following sources:

e ISPOP ("Integrated system of reporting obligations"),

e The F-gas register (Questionnaire on production, import, export, feedstock use and destruction
of the substances listed in Annexes | or Il of the F-gas regulation),

e The Customs Administration of the Czech Republic.

ISPOP provides data about import, export, regeneration, destruction and first placing on the market of F-
gases considering the EU market. The threshold for submitting data to ISPOP by importers, exporters and
users is 0.1 metric tonne of F-gases. The F-gas register provides data about the imported, exported and
disposed amounts of F-gases and also contains information about the average specific charge of
equipment, amount of imported, exported or disposed equipment and information about specific use of
the equipment. Information in the F-gas register is related to the trade between EU countries and non-EU
countries and the threshold for submitting data to the F-gas register is more than 1 metric tonne of F-
gases. The threshold refers to the sum of F-gases, not each imported/exported gas separately. Customs
data provides information about trading between the Czech Republic and the world market. These data
provide information about imported/exported products and containers of fluorinated greenhouse gases;
information is classified according to the combined nomenclature, which is regularly updated.

The worldwide market is covered in the inventory because the data sources cover trade between the Czech
Republic and EU countries and also non-EU countries. In the case of ISPOP, the importers/exporters/users
of F-gases also voluntarily report amounts of used F-gases below the threshold, which is 0.1 metric tonne
for submitting data into ISPOP. The F-gas register contains data about imported/exported equipment with
a charge of F-gases smaller than 3 kg. For example, 25 importers out of 41 reported information related to
products with a charge of F-gases less than 3 kg in 2018. The remaining importers submitted data related
to equipment charged with 3 kg or more of refrigerant. Data from the Customs Administration of the Czech
Republic contains information related to the sum of specific gases imported/exported to/from the Czech
Republic; in some cases, the amount is less than 3 kg of a specific gas. Verification of the data by each
importer/exporter/user of F-gases in all the data sources is a very important step in the process of
inventory preparation, because it is necessary to avoid double counting.

Addition to the stock of specific F-gas is calculated from the data mentioned above. Net consumption in
the current year is calculated as import minus export and destruction. The calculation of an addition to the
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stock of F-gas takes into account the total amount of chemical banked in 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 administration 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 7.9 (IPCC 2006). Emission factors used for emissions estimates are shown in Tab. 4-30.

Tab. 4-30 Parameters used for emission calculations for category 2.F.1 in calculation model

(k) (x) (Nrec,a) (p)
Initial Operation Recovery Initial Charge
Emissions Emissions Efficiency Remaining
2.F.1.a Commercial Refrigeration 10.50 3.00 13.00 55.00 70.00
2.F.1.b Domestic Refrigeration 13.50 0.50 3.50 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 Air Conditioning 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 sub-applications by a divider. The divider is
shown in Tab. 4-31. The percentage share of each gas in the relevant sub-application is currently based
on sectoral expert judgement, which is supported by the data obtained from Association of refrigeration
and air conditioning.

The calculation model takes into account the phasing out or the phasing down of F-gases depending on
the Montreal Protocol and national and regional regulation schedules, e.g. according to Regulation EU No
517/2014, the F-gas HFC-134a cannot be longer used in domestic refrigeration since 2015, which means
that the relative share of HFC-134a has been considered to be 0% since 2015.

Tab. 4-31 Distribution of HFCs and PFCs use by application area used for emission calculations in 2018

HFC-125 40% X 15% 5% 40%
HFC-143a 60% X 15% 5% 20%
HFC-23 100% X X X X
HFC-134a 60% 0% 15% 5% 20%
HFC-227ea 100% X X X X
HFC-32 40% X 15% 5% 40%
HFC-152a 100% X X X X
CoF14 100% X X X X
CsFg, 100% X X X X
CyFs 100% X X X X
EMISSION ESTIMATES
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Total emissions for individual F-gas are calculated as the sum of emissions from filling of new equipment
Echarge, €emissions during the equipment lifetime Ejetime and emissions at the system end of life Ecnaofiife in
accordance with Equation 7.10 described in IPCC 2006 Gl. (IPCC 2006). Emissions from subcategories under
2.F.1 are calculated using Tier 2a Method (emission-factor approach) described in IPCC 2006 Gl. (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 calculation are in accordance
with the equations described in the IPCC 2006 Gl. (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 account different approach for serviced equipment and newly filled
equipment, assuming only half life-expectancy for the serviced equipment, resp. the amount of service-
filled gas.

OuTPUT

The output of the model represents an overview of F-gas emissions in sub-applications for the 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.e). Tab. 4-32 depicts emissions of F-gases for the individual sub-
applications in 2018 and comparison with levels of emissions in 2017 and in the base year.

Tab. 4-32 Emissions of HFCs and PFCs from subcategories under 2.F.1 in 2018 — comparison to levels of emissions in 2017 and
1995

2.F.1.a Commercial Refrigeration 1484.61 2.52 . 743273
2.F.1.b Domestic Refrigeration 1.99 -2.17 226883
2.F.1.c Industrial Refrigeration 449.61 1.48 885413
2.F.1.d Transport Refrigeration 164.42 0.43 708789
2.F.1.f Stationary Air Conditioning 727.51 4.14 2330558

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 of C¢F14, HFC-134a and HFC-32 gases.
Notation key NE is used in accordance with decision 24/CP.19. Emissions are considered 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 emissions lower than 1.0E-14. A number lower than 1.0E-14 is rounded off to 0.00 by the CRF
reporter. Specific subcategories with notation key NE and the related year are shown in Tab. 4-33.

Tab. 4-33 Subcategories in which is used notation key NE for gases CgF14, HFC-134a and HFC-32 with related year

2.F.1.a Commercial Refrigeration CeF1a 2016, 2017, 2018
HFC-134a 1996
HFC-32 1998, 1999
2.F.1.b Domestic Refrigeration HFC-134a 1996
2.F.1.c Industrial Refrigeration HFC-32 1998, 1999, 2000
HFC-134a 1996
HFC-143a 1996, 1997
2.F.1.d Transport Refrigeration HFC-32 1998
HFC-134a 1996
2.F.1.f Stationary Air Conditioning HFC-32 1998, 1999
HFC-134a 1996

2.F.1.e
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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 HFC-134a from filling new equipment Echarge, €missions during the
equipment lifetime Ejietime, and emissions at the end of life of the system Ecnaofiire, are calculated separately.
Total emissions are calculated as a sum of emissions from filling new equipment Echarge, €missions during
lifetime Ejietime and emissions at the end of life of the equipment Ecndofiire. Emission factors used for emission
estimates for 2.F.1.e are shown in Tab. 4-34.

Tab. 4-34 Parameters used for emission calculations for subcategory 2.F.1.e

(d) (k) (x) (Nrec,d) (p)
Initial Operation Recovery Initial Charge
Emissions Emissions Efficiency Remaining
2.F.1.e Mobile air Passenger cars
conditioning 15

Light duty vehicles
13
Heavy duty vehicles
16
Buses
14

0.50 20.00 10.00 30.00

Since 2016, car producers started to use HFC-1234yf as a substitute for HFC-134a in accordance with the
Directive 2006/40/EC and thus also emissions of HFC-1234yf were calculated. It was estimated that
amount 619.67 t HFC-1234yf was used for filling of new equipment in the Czech Republic in 2018.
Emissions from filling were 3.10 t HFC-1234yf. Vehicles with HFC-1234yf started to be part of the Czech
car fleet and thus also operation emissions were calculated. It was calculated that operation emissions of
HFC-134a amounted to 31.37 t HFC-1234yf in 2018. Unfortunately, CRF Reporter doesn’t allow creating
node for alternative refrigerant under 2.F.1.e category and thus emissions of HFC-1234yf are reported
under category 2.H Other and then emissions are accounted in national inventory.

Emissions from filling new equipment

Data for emission estimates are obtained from the Automotive Industry Association. These data contain
the production figures for the Czech automobile industry since 1995. Three car producers (SKODA AUTO
Inc., Hyundai Motor Manufacturing Czech Ltd. and TPCA), bus producers (SOR Libchavy Ltd., lveco Czech
Republic Inc. and other) and one truck producer (TATRA TRUCKS Inc.) are currently operating in the Czech
Republic. Approximately 60% of all new passenger cars are produced by a single manufacturer.

Emissions from filling of new cars are calculated by following steps:

e Data about total production for each producer are obtained from the Automotive Industry
Association.

e Theinitial charge of HFC-134a filled into new equipment is estimated for each producer. The initial
charge is not constant through the time series because the calculation takes into account the types
of cars produced in a given year. Estimation of the average initial charge for a producer in a given
year is based on knowledge of the types of cars produced in the Czech Republic in the given year
and the charges for those specific types. The average initial charge decreased over the years from
750 g per unit to 500 g per unit.

e 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 producer separately. . The data from bazaar
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gives information about amount of cars with and without air conditioning and their year of
production. This information is used for determination of trend in percentage share of air
conditioned cars.

In 2016, producers started to use HFC-1234yf as a substitute for HFC-134a in accordance with the
preparation of Phase 3 of Directive 2006/40/EC. HFC-134a is filled into cars which are intended for
the non-EU market. The share of cars that were intended for the non-EU market was calculated
on the basis of data from the producers’ yearbooks and these data have been used for emission
estimates since 2016.

The amount of HFC-134a filled into new cars by the producer in a given year is calculated as:
Amount of HFC-134a « = Production : * Average initial charge : * Average percentage share of cars
with AC+. Since 2016, the calculation has also taken into account transition to the use of alternative
refrigerant. The total amount of HFC-134a filled into the new cars produced in the Czech Republic
is calculated as the sum of the amounts used by each producer.

The emissions are calculated according Equation 7.12 described in IPCC 2006 Gl. The emission
factors are in the default ranges proposed in Table 7.9 IPCC 2006 Gl. (IPCC 2006).

Emissions from filling of new buses and trucks are calculated by the following steps:

Data about the total production for each producer are obtained from the Automotive Industry
Association.

The initial charge of HFC-134a 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 all buses and 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 the conditions in the Czech Republic.

The amount of HFC-134a filled into new buses and trucks in a given year is calculated separately
as: Amount of HFC-134a = Production . * Initial charge « * Percentage share of buses/trucks with
AC . The total amount of HFC-134a 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 Gl. The emission factors
are in the default ranges proposed in Table 7.9 IPCC 2006 Gl. (IPCC 2006).

Emissions during the equipment lifetime

For this submission, new approach of data collection for estimating emissions during equipment lifetime
was introduced. Detailed data about vehicles stock in the Czech Republic are obtained from COPERT
(software and methodology developed by EMISIA S.A.) for 1995 - 2018. 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 summarized in Tab. 4-35.

Tab. 4-35 Information about vehicles fleet of the Czech Republic obtained from COPERT

Petrol Mini Conventional
Passenger Cars Diesel Small ECE 15/00-01
LPG Bifuel Medium ECE 15/02
CNG Bifuel Large SUV ECE 15/03
Petrol Hybrid ECE 15/04
Euro 1
Euro 2
Euro 3

Part 1: Annual inventory submission 208



CHMI NATIONAL GHG INVENTORY REPORT OF THE CZECH REPUBLIC 1990-2018
Euro 4
Euro 5
Euro 6 2017 - 2019
Euro 6 up to 2016
PRE ECE
Light Commercial vehicles Petrol N1-I Conventional
Diesel N1-1l Euro 1
N21-I11 Euro 2
Euro 3
Euro 4
Euro 5
Euro 6 up to 2016
Euro 6 up to 2017
Heavy duty trucks Petrol Articulated (divided according Conventional
Diesel weight ) Euro |
Rigid (divided according weight) Euro Il
Euro 11l
Euro IV
EuroV
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 15-18t Euro IV
Urban CNG buses EuroV
Euro VI

Information obtained from COPERT and depicted in the table above is too detailed for the emission
estimates of HFC-134a and thus as important input for emission estimates is only taken the type of vehicle
(passenger car, light duty vehicle, heavy duty truck and bus) in adequate euro standard (in the case of
buses and heavy duty trucks euro standard it’s not taken into account).

Operational emissions for cars and light duty vehicles are calculated as follows:

e Number of cars or light duty vehicles in adequate euro standard is obtained from COPERT (e.g.

1 093 835 passenger cars (Euro standard 4) were registered in the Czech Republic in 2018).

e Percentage shares of cars or light duty vehicles equipment with AC in each Euro standard group
are based on data from COPERT and expert judgement as it is in following table.

Tab. 4-36 AC shares in Euro standard

Conventional 10%
ECE 15/00-01 10%
ECE 15/02 10%
ECE 15/03 10%
ECE 15/04 10%
Euro 1 20%
Euro 2 60%
Euro 3 85%
Euro 4 95%
Euro 5 95%
Euro 6 2017 - 2019 95%
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Type AC Share
Euro 6 up to 2016 95%
Euro 6 up to 2017 95%
PRE ECE 10%

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 share as in Tab. 4-37.

The specific charge for the year is estimated as 0.7 kg per unit for 1995 - 2005, 0.65 kg per unit for
2006 - 2008 and, since 2009, 0.6 kg per unit. The lower charges are a result of transformation of
the car fleet.

The refrigerant stocks are calculated for cars and light duty vehicles as follows: HFC-134 stock + =
Number of cars or light duty vehicles equipped with air conditioning + * charge ..

Emissions are calculated according Equation 7.13 described in IPCC 2006 Gl. The emission factors
are in the default ranges proposed in Table 7.9 IPCC 2006 Gl. (IPCC 2006).

Operation emissions for heavy duty trucks and buses are calculated by the following steps:

The number of heavy duty trucks and buses for 1995 - 2018 are obtained from COPERT.

The percentage share of buses equipment with air conditioning is linearly interpolated from 10%
in 1995 to 65% in 2018; the percentage share of trucks equipped with air conditioning is linearly
interpolated from 50% in 1995 to 94% in 2018. 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 is based on the emission estimates of neighbouring
countries and the conditions in the Czech Republic.

The specific charge of HFC-134a filled into the equipment is estimated as 10 kg per bus and 1.2 kg
per truck.

The refrigerant stocks are calculated separately for buses and trucks as: HFC-134 stock : = Number
of buses or trucks with air conditioning + * specific charge ..

The emissions are calculated according Equation 7.13 described in IPCC 2006 Gl. The emission
factors are in the default ranges proposed in Table 7.9 IPCC 2006 Gl. (IPCC 2006).

Emissions at the system end of life

Emissions at the system end of life are calculated by the following steps:

The number of disposed vehicles (passenger cars, light duty vehicles, heavy duty vehicles and
buses) is obtained 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 as for the 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 are not sorted to Euro standard). The data from bazaar gives information about
amount of cars with and without air conditioning and their year of production. This information is
used for determination of trend in percentage share of air conditioned cars.

The specific charge of refrigerant is the same as for the estimation of operational emissions (please
see paragraphs above).

The amount of disposed refrigerant is calculated as: HFC-134a disposed : = Number of disposed
vehicles + * percentage share of cars with air conditioning t-average iifetime * ChArge t-average iifetime

The emissions are calculated according Equation 7.14 described in IPCC 2006 Gl. The emission
factors are in the default ranges proposed in Table 7.9 IPCC 2006 Gl. (IPCC 2006).
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Tab. 4-38 gives the emissions of F-gases from mobile air conditioning units in 2018 and comparison with
emission levels in 2017 and in the base year for HFC-134a.

Tab. 4-38 Emissions of HFCs and PFCs from 2.F.1.e in 2018 — comparison to emission levels in 2017 and 1995

| 2.F.1.e Mobile air conditioning 875.09 3.75 6387 |

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: HFC-134a (from stocks, from disposal), HFC-227ea
(from stocks), HFC-245fa (from stocks). F-gases were used in the Czech Republic only for producing hard
foam. Solely HFC-143a was used regularly for foam blowing. HFC-227ea and HFC-245fa were used
occasionally in previous years for testing purposes. Due to high costs, HFCs are being replaced by other
hydrocarbons. Total emissions from 2.F.2 amounted to 6.82 kt CO, eq. in 2018. Use of HFC for foam
blowing was not reported in 2018.

Increased amount of emissions from category 2.F.2 in 2016, 2017 and 2018 was driven by emissions from
disposal of HFC-134a. Default product lifetime is 20 years which means that emissions from disposal
started to be accounted in inventory since 2015. In 1995, small amount of HFC-134a was used in category
2.F.2 and thus emissions from disposal in 2015 were not so significant. The amount of HFC-134a 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.,
Equation 7.7 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 protection: HFC-227ea, HFC-236fa, CsFs
(only from stocks and disposal). Total emissions from 2.F.3 amounted to 26.30 kt CO, eq. in 2018.

4.7.3.1 Methodological issues

Emissions from this category are calculated on the basis of IPCC 2006 Gl., Equation 7.17 (IPCC 2006).
Calculations are based on data concerning production of new equipment and servicing the old equipment.
It was revealed in consultations with servicing companies that first-fill leakages are very low and remain
below 2 % of the total emissions. Operational leakages are virtually non-existent and depend solely upon
activation of fire alarms.

In the equipment servicing process, the original halons are sucked out and usually re-used again. The
halons are recycled either with simple filtration or distillation. Re-use of original media without any
treatment may also occur. Old types of halons (prohibited in the years before 2000) can no longer be
manufactured but some of the mixtures can be reused after regeneration. A major part of new equipment
employs HFC-227ea, while some installations are filled with HFC-236fa. Due to reuse of regenerated old
halon mixtures, HFCs are being introduced rather slowly.
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4.74 Aerosols (Propellants and Solvents) (CRF 2.F.4)

The use of HFC-134a in metered dose inhalers was not reported in the Czech Republic in 2018. The
emissions from this category were not occurring in 2018. The latest use of HFC-134a in metered dose
inhalers was reported in 2015 and thus three years later emissions are not occurring.

4.7.4.1 Methodological issues

Emissions from this category are based on IPCC 2006 Gl., Equation 7.6; EF equals to 50% (default) (IPCC
2006). The consumption of HFC-134a used as a propellant for aerosols decreased during previous years.
F-gases as propellants for aerosols are currently being replaced by cheaper propellants, specifically
dimethyl ether and other hydrocarbons (butane, isobutane and propane).

4.7.5 Solvents (Non-Aerosol) (CRF 2.F.5)

Only emissions from the use of HFC-245fa are occurring in 2018 in category 2.F.5; emissions of other gases
such as HFC-134a, HFC-152a are not occurring from 2014 and 2007 specifically. According to the F-gas
expert HFC-245fa is used only as a solvent in this country. Total emissions from 2.F.5 amounted to 0.44 kt
CO; eq. in 2018.

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 estimates 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 consistency 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 QA/QC and verification
The input information and calculations are archived by the sectoral experts and the coordinator of NIS.

QA/QC and verification are provided for the activity data, emission factors and emission estimates:

e The activity data for all the subcategories under 2.F, except subcategory 2.F.1.e, are obtained from
ISPOP, the F-gas register and the Customs Administration of the Czech Republic. Verification of
the activity data is conducted by comparison of the data received from the mentioned sources to
ensure that no double counting occurs. Verification of the activity data for subcategory 2.F.1.e is
ensured by comparison of the data obtained from COPERT, the Automotive Industry Association
and the Car Importers Association. Estimated inputs of HFC-134a used in mobile air conditioning
are compared with the data obtained from the latest NIRs for neighbouring countries with similar
transportation status. All inputs for emission estimates are checked by external QA/QC staff
members.

e Selection of the emission factors for emission estimates is currently based on expert judgement.
All the emission factors are default or in the default ranges proposed by IPPC 2006 Gl. For category
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2.F.1, the emission 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.

Quality control was performed by completion of the QA/QC form in Annex 5 by 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

Subcategory 2.F.1.e  Mobile Air
Conditioning was recalculated as a
result of improvements in

1 methodology changes in the collection
of activity data for operation emission
estimates from previous submission.

. The activity data for operation emission
estimates are obtained from the

il . I I COPERT since 2017 submission. The

e calculation of emissions from filling of
1995 1998 2001 2004 2007 2010 2013 2016 new cars was refined on the basis of the
information about production of
specific models obtained from main
Fig. 4-11 Impact of the recalculation in category 2.F Czech car producer for years from 1996
to 2018. The impact of the

recalculation on the total emissions for category 2.F is shown in Tab. 4-39. and on Fig. 4-10.
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Tab. 4-39 Impact of the recalculation in category 2.F

(Fgasemissions  Unit 1995 199 1997 1998 199 2000 2001 2002 2003 2004

Submission 2019 [kt CO; eq.] 27.15 88.19 194.14 265.33  325.37 446.61 564.89 685.86 826.78  930.58
Submission 2020 [kt CO; eq.] 13.82 7153 17445 24298 300.15 420.20 570.22 702.82 851.02 961.17
Difference [%] -49.11 -18.89 -10.14 -8.43 -7.75 -5.91 0.94 2.47 2.93 3.29

Submission 2019 . [kt CO2eq.] 1046.42 1318.26 1726.28 2021.67 2101.10 2388.88 2643.59 2762.42 2910.40 3107.33
Submission 2020 [kt CO2eq.] 1083.26 1360.14 1774.22 2064.28 2132.35 2429.17 2688.43 2797.41 2921.49 3074.78
Difference [%] 3.52 3.18 2.78 211 1.49 1.69 1.70 1.27 0.38 -1.05

Submission 2019 [kt CO.eq.] 3319.35 3463.60 3641.60
Submission 2020 [kt CO.eq.] 3291.42 3441.65 3638.72
Difference [%] -0.84 -0.63 -0.08

4.7.9 Source-specific planned improvements, including tracking of those identified in
the review process

In future submission it is planned to investigate the emission 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 country -specific
conditions and properly document the reasons for our choice, which will lead to improvement in the
transparency of our reporting.
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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 SF¢
and 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 SFs and N,O emissions.
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Fig. 4-12 Trend of emissions from 2.G Other Product Manufacture and Use and

share of specific subcategories [kt CO; eq.]

The emission trend for category
2.G is depicted in Fig. 4-12. The
major share of 77% of GHG
emissions for year 2018 belongs to
category 2.G.3, the share 22%
belongs to category 2.G.1 and the
share 1% belongs to category
2.G.2. Total GHG emissions from
2.G were lower by 3.24 kt CO; eq.
in 2018 compared to the previous
year.

Tab. 4-40 lists the exact amount of CO,
emissions from the individual
subcategories in 2.G. Other Product
Manufacture and Use for the 1990 to
2018 period.

Tab. 4-40 CO; eq. emissions in individual subcategories in 2.G Other Product Manufacture and Use category in 1990 - 2018

1990 84.10 0.14 206.22 NO
1991 83.94 0.14 206.22 NO
1992 85.23 0.18 206.22 NO
1993 86.40 0.16 206.22 NO
1994 87.48 0.18 206.22 NO
1995 88.47 0.21 206.22 NO
1996 89.03 9.28 206.22 NO
1997 88.12 7.98 206.22 NO
1998 86.71 8.27 206.22 NO
1999 81.76 6.16 206.22 NO
2000 80.09 19.73 206.22 NO
2001 80.47 3.70 206.22 NO
2002 86.72 27.12 206.22 NO
2003 91.59 50.07 206.22 NO
2004 90.36 28.13 206.22 1.89
2005 84.46 16.38 206.22 9.87
2006 84.58 11.77 206.22 7.98
2007 83.96 9.37 206.22 NO
2008 80.91 6.86 223.50 NO
2009 82.99 5.39 223.50 NO
2010 76.84 4.35 223.50 NO
2011 82.03 4.36 223.50 NO
2012 86.31 4.33 223.50 NO
2013 76.50 4.29 223.50 NO
2014 74.28 4.26 223.50 NO
2015 71.08 4.46 223.50 NO
2016 70.41 4.40 223.50 NO
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2017 66.48 4.39 223.50 NO

2018 63.34 4.29 223.50 NO

Tab. 4-41 gives an overview of the emission factors and methodology used for computations of emissions
in category 2.G for year 2018.

Tab. 4-41 Type of emissions factors used for computations of 2018 emissions in category 2.G Other Product Manufacture and
Use

2.G.1 Electrical Equipment SFe Default (IPCC 2006) T1
2.G.2 SFg and PFCs from Other Product Use SFe Default (IPCC 2006) D
2.G.3 N,O from Product Uses N,O Default (IPCC 2006) D

4.8.1 Electrical Equipment (2.G.1)

4.8.1.1 Source category description

This subcategory is divided into Medium Voltage (MV) Electrical equipment (< 52 kV) and High Voltage
(HV) Electrical Equipment (> 52 kV) containing SFs. The 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 is attributed to HV Electrical Equipment and 1.6%
to MV Electrical equipment.

Data about consumption of SFs in electrical equipment are obtained from ISPOP, the F-gas register and
data from the Customs Administration of the Czech Republic (for more details see chapter 4.7.1). SF¢ for
use in electrical equipment is mainly imported as part of the equipment, which is filled below operational
amount. First servicing could be then considered as "first fill". Bulk imports are mostly being transferred
for the purpose of operational stock-in-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 Switchgear). The CRF reporter does not allow separation of
the subcategory 2.G.1 Electrical equipment into two groups. Emissions of SF¢ from MV Electrical
equipment and HV Electrical Equipment are reported collectively.

Operational leakage is not measured (legislation does not force operators to do so) but operators usually
distinguish between amount of SFe used for servicing or filling to new equipment. According to
consultations with the main operator in the country, the leakage is virtually non-existent and depends
solely on accidents; leakage usually remains below 100 kg p.a. in total. Such a low amount of SFs does not
even require the operator to report SFs usage in ISPOP.

SFs for use in electrical equipment is mainly imported as the part of the equipment which is filled below
the operational amount. First servicing is then considered as "first fill". Bulk imports are mostly imported
for the purpose of operational stock-in-trade.
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4.8.1.3 Uncertainties and time-series consistency

The uncertainty estimates were based on expert judgment (see IPCC 2006 Gl., Volume 1, Chapter 3
Uncertainties). Improvement of 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 2018.

4.8.1.4 Source -specific QA/QC and 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 comparison of the data obtained
from ISPOP, from the F-gas register and from the Customs Administration of the Czech Republic.

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 sector.

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 facilities for 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  SFe¢ and PFCs from Other Product Use (CRF 2.G.2)

4.8.2.1 Source category description

This category includes emission estimates from double-glazed sound-proof window (2.G.2.c) and from
accelerators use (2.G.2.b).

SFs was used for manufacturing sound-proof windows in the Czech Republic during 1996 - 2009. The use
of SFg for sound-proof windows manufacturing reached a maximum during 2002 - 2004, with the highest
consumption in 2003. Higher consumption of SFs during these years led to an increase in emissions from
manufacturing. Then SFe started to be replaced by nitrogen and argon. The lifetime of windows filled with
SFs is assumed to be 25 years, which means that emissions are now occurring only from stocks.

The survey of other uses of SF¢ was undertaken for submission 2018 - 2016. Category 2.G.2.b Accelerators
has been added to the submission. In the Czech Republic, accelerators are used in radiotherapy centres
and one accelerator containing SFs is used in a research institute (UJV ReZ, Tandetron). Data about the
total number of accelerators used for radiotherapy treatment is obtained from the Institute of Health
Information and Statistics of the Czech Republic. According to the data, hospitals and radiotherapy centres
were equipped with 51 accelerators in 2018.

The main shoe producers were contacted to obtain information about the amount of SFs used in the
production of shoe soles. According the data, SFs is not used by shoe manufacturers in the Czech Republic.
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4.8.2.2 Methodological issues
SFs emissions from soundproof windows

Emissions from this category (Sound-proof glazing) are calculated in line with IPCC 2006 Gl., specifically
Equation 8.20, 8.21 and 8.22 (IPCC 2006).

SFs emissions from accelerators

Total SFe emissions 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 number of accelerators 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 using SFs. To avoid
underestimation of emissions, we used a conservative estimate and assume that every medical accelerator
uses SFe. Emissions are calculated according to Tier 1 methodology, Equation 8.18 with default charge
factor 0.5 kg and emission factor 2 kg/kg SFs (IPCC 2006).

Tandetron is a research particle accelerator. Detailed information about SFswas obtained directly from the
research institute. According to the research institute, leakages of SFs were negligible during the 12 years
of operation. During the year, SFs can leak into the atmosphere only during regular checks of the
installation and this leak is estimated at 6.17 g SF¢ per 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 2018.

4.8.2.4 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.

4.8.2.5 Source-specific recalculations, including changes made in response to the review
process

In this year, no recalculations were performed in this sector.

4.8.2.6 Source-specific planned improvements, including those in response to the review
process

The survey of other uses of SFs will continue. For future submissions, it is planned to investigate the use of
SFs 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 of SFs in military applications will not be
provided to the sectoral expert for emission estimates but effort will be exerted in the survey.
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4.8.3 N0 from Product Uses (CRF 2.G.3)

4.8.3.1 Source category description

This category (2.G.3) includes N,O emissions from the use of this substance in the food industry (aerosol
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 0.75 kt N,O were derived from
production in the Czech Republic (0.6 kt N2O) and from import of N,O (0.15 kt N,O), see (Markvart and
Bernauer, 2010 - 2013 and Bernauer and Markvart 2014 - 2016).

So far, in the Czech Republic, no relevant data have been available to distinguish between N,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 oxides of nitrogen not only 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 to -20 kt of oxides of nitrogen. It was concluded that customs data are not
suitable for emission estimates of N,O in category 2.G.3. Firstly, customs data are related to import/export
of oxides of nitrogen not only N,O. Secondly, oxides of nitrogen are imported by companies trading with
industrial gases. These companies sell their products to the end users and thus information about 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.

Uncertainties for activity data in this category at the level of 50% were estimated. No uncertainty was
determined for the emission factor since we assumed that all the gas is emitted (the emission factor is
equal 1 t/t N,O). Overall uncertainty data are given in Chapter 1.7.

Time series consistency is ensured as the inventory approaches concerned are employed identically across
the whole reporting period from the base year 1990 to 2018.

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 quality control was held by fulfilling the QA/QC form presented in Annex 5.
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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 sector.

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)

4.84.1 Source category description
This category includes estimated emissions from the experimental use of SF¢ under 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 SFe used in the experiments is investigated every year in data obtained from ISPOP, the F-
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 amount of SFg, the research institutes
are contacted for more detailed information.

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.

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 sector.

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.
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4.9 Other (CRF 2.H)

Category 2.H other contains emission estimates of HFC-1234yf which is used as alternative refrigerant to
HFC 134a in mobile air conditioning systems. Unfortunately, CRF Reporter doesn’t allow creating node for
alternative refrigerant under 2.F.1.e category and thus emissions of HFC-1234yf are reported under
category 2.H Other. Emissions of HFC-1234yf are accounted in national inventory. For more details please
see chapter 4.7.1.
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5 Agriculture (CRF Sector 3)

5.1 Overview of sector

Agricultural land covers 53% and arable land 30% of the area of the country. Czech agriculture is affected
by the Communist history of the country, when small farmers were almost eliminated by the
collectivization process after World War Il. Unfortunately, the period with cooperative ownership without
any small family farms lasted far too long and only very few original farmers started managing their farms
again in the 1990s. At the present time, 72% of agricultural land is rented and farms smaller than 50 ha
occupy only 9% of agricultural land.

The Czech Republic is situated in the cool climate zone (the long term annual average temperature is 7.9
°Cfor the 1981-2010 period, CHMI). The level of livestock breeding, manure management and agricultural
land management is comparable to that in developed Western European countries.

In 2018 much higher annual temperatures were recorded, the year was about 1.7 ° C warmer than the
long-term average. The amount of precipitation was about 25% lower than the long-term annual average,
only 522 mm (CHMI). These specific climate conditions affected agriculture in different ways (lower yield
of agriculture products including forage crops, lower consumption of fertilizers, increase in concentrate
diets in livestock breeding, etc.) and had an impact on GHG emissions from this sector.

Under Czech national conditions, agricultural greenhouse gas emissions consist mainly of emissions from
enteric fermentation (CHs emissions), manure management (CHs and N,O emissions), agricultural soils
(N2O emissions), urea application and liming (CO, emissions). The other IPCC subcategories — rice
cultivation, prescribed burning of savannahs, field burning of agricultural residues and “other” — do not
occur in the Czech Republic.

Methane emissions are derived from animal breeding. These emissions originate primarily from enteric
fermentation (digestive processes), which is manifested most for ungulate animals (mostly cattle in the
Czech Republic). Another part of methane emission is derived from manure management, where methane
is formed under anaerobic conditions with simultaneous formation of ammonia which, however, is not
monitored in the framework of greenhouse gas inventories®.

Nitrous oxide emissions are formed mainly by nitrification and denitrification processes in manure and
soils. The anthropogenic contribution that is determined in the national inventory of greenhouse gases is
caused by nitrogenous substances derived from inorganic nitrogen containing fertilizers, manure from
animal breeding, sewage sludge application to soils, nitrogen contained in parts of agricultural crops that
are returned to the soil and N mineralized in soils. In addition, emissions are also included from storage
facilities and manure fertilizer management and indirect emissions derived from atmospheric deposition
and from nitrogenous substances leached into water courses and reservoirs.

Carbon oxide emissions are derived from utilizing non-organic fertilizers on agricultural soils based on
industrially produced urea and the application of limestone and dolomite to soils.

L The reporting of ammonia emissions is coordinated and managed by CHMI under the supervision of the Ministry of the
Environment. For the national estimation of ammonia emissions from manure management the Tier 2 approach is used according
to the 3B Manure management EMEP/EEA Emission Inventory Guidebook (EEA 2019). Ammonia emissions from synthetic
fertilizers application are estimated according to the the Tier 2 approach described in the 3.D.Crop production and agricultural
soils EMEP/EEA Emission Inventory Guidebook (EEA 2019).
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The NIR submission of 2020 has been updated due to important changes in data inputs (notably AWMS,
typical animal weight, the amount of mineral fertilizers applied to farmland, etc.) and corrections of
technical errors - double counting of nitrogen emissions from the “Pasture, range and paddock” section.
All the changes described below were consulted with a team of experts (Dr. Klir, Dr. Wollnerova) from the
Research Institute of Crop Production (CRI), who are newly included in the NIS team of the Czech Repubilic.
CRI experts are responsible for the implementation of the Council Directive of 12 December 1991 on the
protection of waters against pollution caused by nitrates from agricultural sources 91/676 / EEC and for
EUROSTAT / OECD statistics on nutrient budgets from the agricultural sector. As part of this cooperation,
a Czech-specific nitrogen balance model will be developed and tested.

A new research project “Development of the methodologies for reporting and projections of greenhouse
gas emissions and removals including projections of usual pollutants” funded by The Technological Agency
of the Czech Republic (TACR) started in May 2019. The project addresses two tasks that are directly aimed
at improving emission reporting in the Agriculture sector:

1. Evaluation of the possibility of using specific emission factors in estimating greenhouse gas
emissions from enteral fermentation

2. Conditions and possible consequences of nitrate balance model implementation in reporting
agricultural land emissions.

The experts from CRI and IFER mentioned above participate in this TACR project; the results will be
implemented in the sector reporting in 2023 submission at the latest.

5.1.1 Key categories
There are six categories of sources evaluated by the analyses described in IPCC 2006 GI. (IPCC 2006) as key

categories in Agricultural sector. An overview of sources, including their contribution to aggregate
emissions, is given in Tab. 5-1.

Tab. 5-1 Overview of significant categories in this sector (submission 2018), assessed with and without considering LULUCF

3.D.1 Agricultural Soils, Direct N,O LA,
emissions N,O TA LA yes yes yes yes 2.40 2.51
. . LA, LA,

3.A Enteric Fermentation CHy4 yes yes yes yes 2.27 2.37
TA TA

3G Liming co, A TA yes yes  yes 012 0.3
LA,

3.B Manure Management CHy4 TA TA yes yes yes 0.40 0.42

3.D:2 :Qgrlcultural Soils, Indirect N,O N,O LA ves ves 0.75 0.79

emissions

3.B Manure Management N,O TA ves 039 0.40

KC: key category
1 including LULUCF
2 excluding LULUCF
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5.1.2 Quantitative overview

Agriculture is the third largest sector in the Czech Republic producing 6.46% of total GHG emissions incl.
LULUCF and indirect emissions in 2018 with 8 606 kt CO; eq.; 49% of emissions came from Managed
Agricultural Soils, 35% from Enteric Fermentation and 12% from Manure Management. Carbon dioxide
emissions from liming and urea application on managed soils contributed 3% to the total agricultural
emissions in 2018. The share of emission categories in the total emissions has changed since 2016 when
the new AWMS including anaerobic digesters was incorporated into the estimation. While the share of
emissions from manure managements decreased, the share of emissions from managed soils increased.
The total emissions from Agriculture decreased by about 45% during the 1990 - 2018 period. A quantitative
overview and emission trends in the reported period are provided in Tab. 5-2.

Tab. 5-2 Emissions of Agriculture in period 1990-2018 (sorted by categories)

1990 15 649 5601 3125 5627 1188 109
1991 13536 5284 2986 4817 316 132
1992 11684 4740 2790 3936 109 109
1993 10 405 4111 2560 3537 104 93
1994 9430 3603 2249 3383 104 91
1995 9442 3506 2131 3585 111 109
1996 9146 3472 2096 3363 113 100
1997 8780 3246 2015 3358 93 67
1998 8430 3041 1949 3206 91 143
1999 8 465 3112 1972 3206 88 88
2000 8554 2989 1899 3505 113 48
2001 8 888 3013 1862 3830 105 77
2002 8560 2950 1875 3571 100 64
2003 8037 2920 1863 3114 79 61
2004 8464 2 856 1770 3691 77 70
2005 8187 2799 1696 3553 65 74
2006 8131 2757 1670 3542 78 83
2007 8379 2787 1658 3732 80 122
2008 8 446 2819 1587 3844 96 100
2009 7588 2749 1448 3241 65 86
2010 7484 2657 1402 3252 62 111
2011 8086 2664 1342 3889 81 111
2012 8019 2696 1329 3766 117 136
2013 7989 2696 1329 3702 137 126
2014 8049 2752 1306 3783 152 57
2015 8629 2828 1324 4125 164 187
2016 8859 2 888 1015 4578 168 211
2017 8789 2939 993 4574 159 124
2018 8 606 3039 1050 4229 161 126
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Fig. 5-1 The emission trend of agricultural sector in period 1990-2018 (in Gg CO; eq.)

The sum of emissions from agriculture in the Czech Republic culminated in 1990 (100%) and the lowest
emissions were estimated in 2010 (48% of the total emission in 1990, decrease by 52%). The reason for
the relatively significant decrease after 1990 was a decrease in the number of livestock. The total emissions
were relatively stable from 1997 to 2018, fluctuating by + 10% with the lowest values in 2010. In 2015 and
2016 the consumption of Urea was the highest in the history of NIR. This negative environmental trend
ended in 2017 when the consumption decreased. Emission categories expressed in relative shares with
respect to 1990 are shown in Tab. 5-3.

Tab. 5-3 Emissions categories expressed in relative shares with respect to 1990 (year 1990 is stated as 100%).

1990 100 100 100 100 100 100
1995 60 63 68 64 9 101
2000 55 53 61 62 10 44
2005 52 50 54 63 5 68
2010 48 47 45 58 5 103
2015 55 50 42 73 14 172
2016 57 52 32 81 14 194
2017 56 52 32 81 13 115
2018 55 54 34 75 14 116

An overview of the latest recalculations is given in Chapter 10. The methodology used is in accordance
with the IPCC 2006 Gl. (IPCC 2006).

While the total emissions in the 2020 submission are approximately 0.3% lower than in the 2017
submission, there are significant differences in the subcategories within these submissions: 3.B Manure
management decreased (- 20%) and 3.D Managed soils (+ 3%) and 3.A Enteric fermentation both increased
(+7%). The share of the main categories in the total GHG emissions from the sector has not changed
significantly. The reasoning behind the changes is described in the following paragraphs.
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5.1.3 General overview of source specific QA/QC and verification

Following the recommendation in the latest in-country review, a sector-specific QA/QC plan was
formulated, 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 sector-specific QA/QC procedures. This plan consolidates the quality
assurance procedures and facilitates effective quality control of the Agriculture inventory. The Institute of
Forest Ecosystem Research (IFER) is the sector-solving institution for this category. Experts (Dr. Klir,
Dr. Wollnerova) representing the Crop Research Institute (CRI) joined the team during 2019. These experts
were also involved in the QA/QC procedures.

The agricultural greenhouse gas inventory was compiled by an experienced expert from IFER. Direct inputs
and independent controlling were performed by experts from CRI (Chapter Manure management and Soil
Management).

The Ministry of Agriculture, Czech University of Life Sciences, Institute of Animal Science Prague, Research
Institute for Cattle Breeding, Research Institute of Agricultural Engineering, Institute of Agricultural
Economicsand Czech Hydrometeorological Institute are additional institutions contributing information
used in the sector of Agriculture. Slovak NIR experts responsible for the agricultural sector (Slovak Hydro-
meteorological Institute, SHMI) cooperate closely in the inventory methods and potential improvements.

The potential errors and inconsistencies were documented, and corrections were made if necessary. In
addition to the official review process, the emission inventory methods and were are internally reviewed
by the technical experts involved in the emission inventory of the Agriculture and LULUCF sectors. To
comply with QA/QC, it is necessary to check (e.g. comparison of country specific and default value):

e The inclusion of all activity data for animal categories, annual crop production, amount of
synthetic fertilizers, sewage sludge, liming and urea applied to managed soils (Czech official
statistics, urea production data)

e The consistency of the time-series activity data and emission factors

e The update of national zoo-technical data

e All the emission factors and parameters/fractions employed

QA/QC includes checking of the activity data, emission factors and methods employed. Additionally, the
direct communication and exchange of information on activity data, emissions factors and methods was
performed with the respective Czech experts responsible for other reporting (Convention on Long-Range
Transboundary Air Pollution, Dr. Budnakova in-country reporting of the Ministry of Agriculture, etc.)

All the differences were discussed and, if necessary, also corrected. The procedure of inventory compiling
is initiated by IFER, where all the necessary data, obtained from the Czech Statistical Office (CzSO), are
inserted into the excel spreadsheets and verified by other IFER experts. Some more specific parameters,
which are not available from CzSO, are required to estimate the country-specific emission factors for cattle
(Tier 2). The zoo-technical national data (esp. cattle breeding) is supplied by experts from the agricultural
institute (see above). The appropriate values in the calculation spreadsheets are updated at IFER, replacing
the older values. The verified data is transferred to the CRF Reporter, where the data is once again
technically verified. The completeness check of the CRF tables was performed for final time-series
approval.

A responsible person (IFER expert) fills in the QA/QC forms, including information from checking and
verifying the activity data, CRF data 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 used for the
inventory report is archived by the author and by the NIS coordinator. Hence, all the background data and
calculations are verifiable.
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In May 2019, the new scientific project funded by the Technological Agency of the Czech Republic, was
started. The close and open cooperation between all sector experts is an unexpected effect of this project
that contributes to the QA/QC procedures.

More precise information about QA/QC procedures is available in relevant subchapters.

5.2 Livestock (CRF 3.1)

The methods for estimating CHs and N,O emissions from enteric fermentation and manure management
for livestock require definitions of livestock sub-categories and their annual populations (see Tab. 5-4) and,
for higher Tier 2 methods used for cattle, also feed intake and other zoo-technical characteristics.
Coordinated livestock characterization was used to ensure consistency across the following source
categories for the whole emission inventory. The Czech Statistical Yearbook was the source of population
data for the livestock categories. The numbers were confirmed by The Ministry of Agriculture.

Tab. 5-4 Trends of the livestock population in the period 1990-2018 (thousands of heads), (CzSO 2019)

Cattle 3506 2030 1574 1397 1349 1407 1416 1421 1416
Swine 4790 3867 3688 2877 1909 1560 1610 1491 1557
Sheep 430 165 84 140 197 232 218 217 219
Poultry 31981 26 688 30784 25372 24 838 22 508 21314 21494 23573
Horses 27 18 24 21 30 33 32 35 35
Goats 41 45 32 13 22 27 27 28 30

Trends in the livestock populations in the key categories (cattle, swine, and poultry) are determining for
emissions trends in Agricultural sector. The cattle population in 2018 corresponded to only 40% of the
population in 1990 and the swine population in 2018 corresponded to even less - only 33% of the initial
population.

5.2.1 Enteric Fermentation (CRF 3.A)

5.2.1.1 Source category description

This chapter describes estimation of CH,4 emissions from enteric fermentation. In 2018, 85% of agricultural
CH4 emissions arose from this source category. This category includes emissions from cattle (dairy and
non-dairy), swine, sheep, horses and goats. Camels, llamas, mules, asses and buffaloes are kept in several
private farms and ZOOs, but the populations of these non-original livestock are very low (hundreds of
head). Their breeding is not very intensive and therefore methane emissions were not estimated for them.
Enteric fermentation emissions from poultry were not estimated as the IPCC 2006 Gl. (IPCC 2006) does not
provide a default emission factor for this animal category.

5.2.1.2 Methodological issues

Emissions from enteric fermentation of domestic livestock were calculated by using the Tier 2 (cattle
category) and Tier 1 (other livestock) methodologies presented in the IPCC 2006 Gl. (IPCC 2006) that are
linked to the previous methodologies IPCC (1997 and 2000). The contribution of emissions from livestock
other than cattle to the total emissions from enteric fermentation was not significant: 4% of the total CH,4
emissions from the enteric fermentation category.
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Enteric Fermentation of cattle

As the most important output of the national study (Kolar, Havlikova and Fott, 2004), a system of
calculation spreadsheets has been drawn up and used for all the relevant calculations of CH4 emissions by
Tier 2.

The emission factor for methane from fermentation (EF) in kg/head p.a. is proportional to the daily food
intake and the conversion factor. It thus holds that:

EF, = GE 365 Y
L 55.65

where the “gross energy intake” (GE, MJ/head/day) is taken as the main feed ration for the given type of
cattle (there are 10 subcategories of cattle) and Y is the methane conversion factor, which is considered
to be 0.065 for cattle (Table 10.12, Volume 4, IPCC 2006 Gl. (IPCC 2006)), where a methane conversion
factor of zero is assumed for all juveniles consuming only milk (calves categories) — p.10.30 IPCC 2006 Gl.
(IPCC 2006).

Coefficient 55.65 is the energy content of methane and has dimensions of MJ/kg CHy4. This equation should
be solved for each cattle subcategory, denoted by index i.

EF is counted for each cattle category and reported for dairy and non-dairy cattle. The value reported for
non-dairy (other) cattle is the weighted average of the results calculated for each “non-dairy” category
separately, including calves. Total emissions are the sum of the two products (EFpairycattie *population of
dairy cattle + EFnonpairycattie *population of non-dairy cattle).

There are 10 cattle subcategories in use for which data are available in Czech Statistical Yearbooks (CzSO,
1990-2018):

e Calves younger than 6 months of age (male and female)
e Young bulls and heifers (6 — 12 months of age)

e Bulls and bullocks (1 — 2 years, over 2 years)

e Heifers (1 —2 years, over 2 years)

e Mature cows (dairy and suckler cows)

In the calculation, it is also very important to distinguish between dairy and suckler cows, where the
fraction of suckler cows (ratio of suckler/all cows) gradually increased in the 1990-2018 time period. The
share of suckler cows in the population of mature cows increased from 2% to 38% during the reporting
period as a result of changes in agricultural policy after 1990.

According to the IPCC methodology (Tier 2, IPCC 2006 Gl. (IPCC 2006)), the “daily food intake” for each
subcategory of cattle is not measured directly, but is calculated from national zoo-technical inputs: weight,
weight gain (for growing animals), mature weight, daily milk production including the percentage of fat in
milk, pregnancy (% of females that give birth in the year), feeding digestibility (% of energy in feed not
extracted) and the feeding situation (stall, pasture).

The national zoo-technical inputs (noted above) were updated by expert from the Czech University of
Agriculture in Prague in 2006 and 2011 and were discussed with an expert from the Institute of Animal
Science in 2017. Input data in use (Hons and Mudfik, 2003, Mudfik and Havranek, 2006, Kvapilik J. 2017,
Stanek, P., 2017 — pers. com.) is given below, Tab. 5-5 and Tab. 5-6. The numbers of grazing days for
individual cattle categories are presented in Tab. 5-7.

In 2017, the Czech Statistical Office harmonized the age categories used for cattle with the national
legislation. Accordingly, the relevant body weight of calves and young bulls and heifers were updated in
the estimation. As a result of harmonisation of nitrogen reporting, the weight of mature cows and heifers
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increased and the weight of mature bulls decreased (see highlighted values in Tab. 5-5). The body weight
data are currently fully harmonized with the Czech legislation.

Tab. 5-5 Weights of individual cattle categories, 1990-2018, in kg

Mature cows (dairy and suckler) 520 540 580 585 590 620 620 650
Heifers > 2 years 485 490 505 510 515 541 541 600
Bulls and bullocks > 2 years 750 780 820 840 850 850 850 800
Heifers 1-2 years 380 385 395 395 390 410 410 470
Bulls 1-2 years 490 510 530 540 560 560 560 560
Heifers 6-12 months* 275 280 285 285 290 299 265* 265
Bulls 6-12 months* 325 330 335 340 350 368 300* 300
Calves female to 6 months* 128 132 133 135 135 139 115%* 115
Calves male to 6 months* 128 132 133 135 135 149 115%* 115

* Before 2017 the Czech Statistical Office used age categories different from the national legislation (0-8 months, 8-
12 months for young categories) and the relevant body weight of calves, young bulls and heifers were used in the
estimates. Since 2017 the input data has been adapted to the Czech legislation (0-6 months, 6-12 months). The time
series is consistent — the weight data are relevant to the number of heads in the category.

The feeding situation is the most important input to estimation of the Net energy for activity NEa (Eq. 10.4).

Tab. 5-6 Feeding situation, 1990-2017, in % of time suitable for pasture (time suitable for pasture is consider 180 days of the
year, from April to September), otherwise stall is considered

Dairy cows 10 20 20 22 15 15 15 15
Suckler cows 10 20 20 50 95 95 95 95
Heifers > 2 years 30 30 30 35 50 50 50 50
Bulls > 2 years. 30 40 40 40 25 25 25 25
Heifers 1-2 years 30 40 40 40 50 50 50 50
Bulls 1-2 years 30 40 40 40 25 25 25 25
Heifers 6-12 months 30 40 40 40 50 50 50 50
Bulls 6-12 months 30 40 40 40 50 50 50 50
Calves female to 6 months 0 0 0 0 0 0 0 0
Calves male to 6 months 0 0 0 0 0 0 0 0

Percentages of pasture are related only to the summer part of the year (180 days), while only the stall type
is used for the rest of the year. The number of grazing days is presented in Tab. 5-7.

Tab. 5-7 Grazing days for individual cattle categories for the entire period, number of days.

Dairy cows 18 36 36 40 27 27 27 27
Suckler cows 18 36 36 90 171 171 171 171
Heifers > 2 years 54 54 54 63 90 90 90 90
Bulls > 2 years. 54 72 72 72 45 45 45 45
Heifers 1-2 years 54 72 72 72 90 90 90 90
Bulls 1-2 years 54 72 72 72 45 45 45 45
Heifers 6-12 months 54 72 72 72 90 90 90 90
Bulls 6-12 months 54 72 72 72 90 90 90 90
Calves female to 6 months 0 0 0 0 0 0 0 0
Calves male to 6 months 0 0 0 0 0 0 0 0

The daily milk production statistics (Tab. 5-8), in which only milk from dairy cows is considered, increased
to 23.36 I/day/head in 2018, with an average fat content of 3.86%. A relevant daily milk production of non-
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dairy cows is 3.5 I/day/head. The activity data 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).

Tab. 5-8 Milk production of dairy cows ( I/day/head) and fat content, %, (1990-2018)

1990 1206 10.67 4.03
1995 732 11.34 4.02
2000 548 13.55 4.00
2005 438 17.13 3.90
2010 384 18.91 3.86
2015 376 21.92 3.84
2016 373 22.02 3.91
2017 370 22.53 3.89
2018 365 23.36 3.86

As the official statistics, specifically from CzSO, provide population values for cows and other cattle, the
resulting EFs in the CRF Tables are defined for the categories of “Dairy cows” and “Non-dairy cattle”.

The weighted average values for the non-dairy cattle feeding situation and pregnancy, in %, were
calculated and entered to the CRF tables. The weighted feeding situation is mostly affected by time in the
pasture of suckler cows (95%), as well as in the case of pregnancy (90% of suckler cows are pregnant, 0%
for the other cattle categories).

The country-specific parameter, digestibility (DE, in %), for cattle was estimated based on existing
publications. Considering the individual OMD (organic matter digestibility) values for the most common
feed (e.g. corn silage, hay and straw, green fodder — alfalfa and clover, etc.) the average digestibility for
cattle was estimated. The estimated average digestibility corresponds to approximately 70% (Koukolova
and Homolka 2008 and 2010, Tomankova and Homolka 2010, Jancik et al. 2010, Petrikovi¢ et al. 2000,
Petrikovi¢ and Sommer 2002, Sommer 1994, Zeman et. al. 2006, T¥inacty 2010, Cermak et al. 2008). Dr.
Pozdisek (expert from the Research Institute for Cattle Breeding, Ltd., pers. com.) determined the
conservative average digestibility values for 3 basic cattle sub-categories. These digestibility values were
employed for the emission estimation:

e Dairy cattle DE=67%

e Suckler cows DE =62%

e Other cattle DE = 65%

An overview of the current input data (submission 2020) is presented in Tab. 5-9, and the calculated values
are presented in Tab. 5-10.

The sources of input data are as follows:
e (CzSO =The Czech Statistical Yearbook
e (S = Country Specific, publicly available data (the Czech legislation, Cattle breeding Yearbook, etc.)
e |PCCGL 2006, default values, Table 10.4 - 10.7, 10.12

For example:

The coefficients (Cs) for calculating the Net energy for maintenance (New) of cattle is the default value from
Table 10.4 (IPCC 2006 GI. (IPCC 2006)).
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Tab. 5-9 Activity data and input data used for estimation of gross energy intake (GE) and emission factors for all age cattle
categories, actual data from 2018,

Population
222 77 2 2 1 111 71 12 104
(th of heads), CSU* 365 0 09 06 ° 0
ggff weight (kg), 650 650 600 800 470 560 265 300 115 115
g"sat“re weight (ke), 650 650 650 800 650 800 650 800 650 800
Av. Weight gain 000  0.00 0.00 0.00 083 08 070 112 065 080
(kg/d), calc.
Av. Daily milk
production (I/d), CS 23.36 3.50
H 0,
Milk fat content %, 336 336
cs
—
E‘fd digestibility, %, 67 62 65 65 65 65 65 65 65 65
P
Emitting, % of the 100 100 100 100 100 100 100 100 35 35
year, CS
N of day on pasture,
%% of 180 days, €5 15 95 50 25 50 25 50 50 0 0
Pregnancy % year, CS 90 90 0 0 0 0 0 0 0 0
Protein content,
il %, Cs 3.47 3.47
Cfi net energy for
maintenance, T 038 038 0322 0370 0322 0370 0322 0370 0322 0370
10.4%%*
C, activity coef.,
0.00 0.00 0.00 0.00 0.00 000 0.0 0.00 0.00 0.00
stall, T.10.5
G, activity coef,, 0.17 0.17 0.17 0.17 017 017 017 0.17 0.17 0.17
pasture, T. 10.5
Coregnancy, N€t energy
for pregnancy, T. 0.10 0.10 0.10 0.10 010 010 0.10 0.10 0.10 0.10
10.7
Y methane
conversion factor, 0.065 0065 0065  0.065 0065 0065 0065 0.065 0000  0.000
T10.12
C, net energy for
srowth, T 10.6 0.8 0.8 0.8 12 0.8 12 0.8 12 0.8 12

Tab. 5-10 Calculated values used for estimation of methane emissions form enteric fermentation, all age cattle categories,
actual data from 2018,

NEm, net energy for
mainten., MJ/day
NEa, net energy for
activity, MJ/day
NEg, net energy for

49.69 49.69 39.04 55.66 32.50 42.59 21.15 26.67 1131 12.99

4.17 4.17 3.27 4.66 2.72 3.57 1.77 2.23 0.95 1.09

growth, MJ/day 0 0 0 0 16.64 12.14 8.98 10.42 4.43 3.51
NEI, net energy for 7041  10.55 0 0 0 0 0 0 0 0
lactation, MJ/day ’ ’
NEw, net energy for
work, MJ/day 0 0 0 0 0 0 0 0 0 0
NEp, net energy for

4.47 4.47 0 0 0 0 0 0 0 0

pregnancy, MJ/day
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GE, gross energy
intake, MJ/day
REM, ratio of net
energy for mainten.
REG, ratio of net
energy for growth
EF, enteric.ferment.
kg CHs/head/year

359.15 220.24 121.78 170.14 18438 190.75 110.77 135.18 55.94 56.41

0.52 0.50 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51

0.32 0.29 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31

153.11 93.89 51.92 72.53 78.61 81.32 47.22 57.63 0 0

Details of the calculation are given in the above-mentioned study (Kolar, Havlikova and Fott, 2004) and the
results are illustrated in Tab. 5-10. It is obvious that EFs have increased slightly since 1990 because of the
increasing weight and milk production for cows and because of the increasing weight and weight gain for
other cattle. On the other hand, CH, emissions from enteric fermentation of cattle dropped during the
1990-2018 period to about one half of the former values due to the rapid decreases of the numbers of
animals kept (Tab. 5-11).

Tab. 5-11 Activity data and methane emissions from enteric fermentation, cattle category (Tier 2, 1990-2018)

1990 1206 2300 96.68 41.78 116.61 96.10 212.71
1991 1165 2195 93.06 41.91 108.45 91.98 200.43
1992 1006 1943 94.85 43.19 95.44 83.92 179.37
1993 902 1609 95.17 42.92 85.88 69.07 154.95
1994 796 1366 97.17 42.90 77.32 58.59 135.91
1995 732 1298 101.21 45.05 74.11 58.46 132.57
1996 713 1275 102.83 45.43 73.27 57.98 131.25
1997 656 1210 100.99 46.26 66.28 55.96 122.24
1998 598 1103 105.53 46.44 63.09 51.22 114.31
1999 583 1074 110.16 49.30 64.23 52.97 117.19
2000 548 1026 112.61 49.79 61.69 51.08 112.76
2001 529 1053 114.51 50.69 60.62 53.38 114.00
2002 496 1024 118.21 51.74 58.67 52.97 111.64
2003 490 984 120.81 52.12 59.23 51.26 110.50
2004 476 952 123.20 52.05 58.63 49.58 108.21
2005 438 960 125.72 53.18 55.04 51.02 106.07
2006 424 950 126.91 53.22 53.81 50.54 104.35
2007 410 981 128.55 53.63 52.75 52.62 105.37
2008 406 996 130.48 54.38 52.91 54.16 107.08
2009 400 964 131.53 54.37 52.55 52.39 104.94
2010 384 966 132.02 52.35 50.63 50.55 101.19
2011 374 970 134.49 52.91 50.28 51.32 101.59
2012 373 981 137.08 52.86 51.15 51.83 102.98
2013 367 985 137.67 53.16 50.57 52.39 102.96
2014 373 1001 140.54 52.71 52.37 52.76 105.13
2015 376 1031 142.90 52.81 53.75 54.44 108.19
2016 373 1043 146.38 53.80 54.53 56.12 110.65
2017 370 1051 148.05 55.25 54.75 58.09 112.84
2018 365 1050 153.11 57.84 55.96 60.75 116.71

Enteric Fermentation of other livestock (sheep, goats, swine, horses)

Compared to cattle, the contribution of other farm animals to all CH, emissions from enteric fermentation
is much smaller (4% in 2018). Therefore, CH4 emissions from enteric fermentation of other farm animals
(other than cattle) are estimated using the Tier 1 approach. Because some of the features of keeping
livestock in the Czech Republic are like those in the neighbouring countries of Germany and Austria, default
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EFs for Tier 1 approaches recommended for Developed countries were employed. The Czech Statistical
Office (CzSO) publishes data on the numbers of goats, sheep, swine, horses and poultry annually in the
Statistical Yearbooks (1990-2018). Considering the rather small numbers in these animal categories,
default emission factors (Table 10.10 from IPCC 2006 Gl. (IPCC 2006)) were used for estimating methane
emissions: 8 kg of methane annually per head for sheep, 5 kg of methane for goats, 1.5 kg of methane for
swine a8 kg of methane for horses. An overview of methane emission estimated for other livestock in
period 1990-2018 is presented in Tab. 5-12.

Tab. 5-12 Methane emissions from enteric fermentation, other livestock (Tier 1, 1990-2018)

1990 3.44 7.19 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 2.42 0.13 0.58 4.88
2017 1.74 2.24 0.14 0.62 4.74
2018 1.75 2.34 0.15 0.63 4.87

5.2.1.3 Uncertainty and time-series consistency

Uncertainty estimates are based on expert judgment. The uncertainty in the activity data equals 5% and
the uncertainty in the emission factor equals 20%. The combined uncertainty, calculated according to IPCC
Tier 1 methodology, equals 20.6%.

Several methodological updates were made during the reporting period described in the relevant NIR text.
Time series consistency is always preserved. Recalculations due to the methodological updates were
carried out for the whole reported period.

Historical overview

Initially, calculations were based on historical studies (Dolejs, 1994) and (Jelinek et al, 1996). In principle,
emissions from animal excrements could be calculated according to Tier 1; however, because of tradition
and for consistency of the time series, the final values were also calculated according to Tier 2 using the
emission factors from above-mentioned studies (Dolejs, 1994; Jelinek et al, 1996). It has been suggested
in many reviews organized by UNFCCC that an approach based on historical studies was is obsolete.
Moreover, IEFs (implied emission factors) were mostly found as outliers: especially EFs for enteric
fermentation in cattle seemed to be substantially underestimated. Details of the historical approach are
given in former NIRs (submitted before 2006).

The Czech team accepted critical remarks from the International Expert Review Teams (ERT) and prepared
a new concept for calculating CHs emissions. This concept, in accordance with the Good Practice
implementation plan, was based on the following decisions:

1) Emissions of methane from enteric fermentation by livestock (a key source) come predominantly
from cattle. Therefore Tier 2, as described in Good Practice (Good Practice Guidance, 2000) is
employed only for cattle.

2) CH4 emissions from enteric fermentations of other farm animals are estimated by the Tier 1
approach. Because some features of keeping livestock in the Czech Republic are similar those in
the neighbouring countries of Germany and Austria, default EFs for Tier 1 approaches
recommended for developed countries were employed.
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Increased attention was firstly paid to enteric fermentation. It was stated that cooperation with specialized
agricultural experts is crucial for obtaining new consistent and comparable data of suitable quality. The
relevant nationally specific data for milk production, weight, weight gain for growing animals, type of
stabling, etc. was collected by our external experts (Hons and Mudrik, 2003). Moreover, statistical data for
sufficiently detailed classification of cattle, which is available in the Czech Republic, was also collected at
the same time. Calculation of enteric fermentation of cattle using the Tier 2 approach was described in a
study (Kolar, Havlikova and Fott, 2004) for the whole time series since 1990 using the above-mentioned
country-specific data. The necessary QA/QC procedures were performed in cooperation with experts from
IFER. The nationally specific data like the weight of individual categories of cattle, weight gains in these
categories and recent feeding situations were revised in 2006. The new values were estimated in a similar
way by our external experts (Mudrik and Havranek, 2006) for the next period.

The national zoo-technical inputs (mainly weight, weight gain, daily milk production including the
percentage of fat and the feeding situation) were updated several times in cooperation with experts from
the Institute of Animal Sciences. These changes in the activity data and input parameters obviously did not
result in changes in emissions for the entire reporting period.

The important revision of cattle weight data (Submission 2018), along with harmonization of this input
data with the national legislation, resulted in an increase in the country specific emission factors for enteric
fermentation as well as an increase in the total emission by about 2% in the category enteric fermentation.

Before 2017 the Czech Statistical Office used age categories different from the national legislation (the age
periods were 0-8 months and 8-12 months for young categories) and the relevant body weight of calves,
young bulls and heifers were used in the estimates. Since 2017, the input data has been adapted to the
Czech legislation (0-6, 6-12 months). The time series is consistent — the weight data are relevant to the
number of heads in the category. This change does not have any significant impact on the emissions from
livestock.

5.2.1.4 Source-specific QA/QC and verification

Generally, QA/QC includes checking of 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 from the Czech Statistical Office (CzSO), are
inserted into the excel spreadsheets and verified by other IFER experts. Some more specific parameters,
which are not available from CzSO, are required to estimate the country-specific emission factors for cattle
(Tier 2). The zoo-technical national data (esp. cattle breeding) are supplied by experts from agricultural
institutes. The appropriate values in the calculation spreadsheets are updated at IFER, replacing the older
values. The verified data is transferred to the CRF Reporter, where the data is again technically verified. A
completeness check of CRF tables was performed for final time-series approval.

Estimated enteric fermentation emission factor for dairy and other cattle were compared with the default
enteric fermentation factors available for the Western Europe region in IPCC 2006 Gl. (IPCC 2006) (Table
10.11). While the EF for other cattle is comparable with the country specific value (default value = 57,
country specific value = 56.03), the EF for dairy cattle is rather different: default value = 117, country
specific value = 153.11.

The technical update of specific calculation spreadsheet used for generating input data (EFs, GE, Nex rate)
of cattle categories was carried out during the summer of 2018. The complete set of equations was revised.
The new system is robust and safe and minimizes the risk of technical errors.
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5.2.1.5 Source-specific recalculations, including changes made in response to the review
process and impact of emission trends

As a result of validation of the activity data with CRI experts, the body weight of all the animal categories
was updated. Harmonization with the Czech legislation and EUROSTAT/OECD reporting has been
completed. The change in body weight (increase) was implemented from 2018 for cattle, swine, goats,
horses and sheep (see Tab. 5-13 and Tab. 5-28).

Since 2017 the Czech Statistical Office has harmonized the age categories with the national legislation and
we accordingly used the relevant body weight of calves in the estimates. It is not possible to estimate the
change in total emissions because the change in the age categories simultaneously influence the body
weight and number of head in the relevant categories. An overview of the animal weight data used in the
2017-2019 submissions is presented in Tab. 5-13.

Tab. 5-13 Overview of activity data (animal weight) development per individual cattle categories in submissions 2017, 2018,
2019, 2020

Mature cows (dairy and suckler) 590 620 620 650 650
Heifers > 2 years 515 541 541 600 600
Bulls and bullocks > 2 years 850 850 850 800 800
Heifers 1-2 years 390 410 410 470 470
Bulls 1-2 years 560 560 560 560 560
Heifers 6-12 months* 290* 290* 265 265 265
Bulls 6-12 months* 350* 368* 300 300 300
Calves female to 6 months* 135%* 139* 115 115 115
Calves male to 6 months* 135%* 149* 115 115 115

** Since 2017 the reporting of the Czech Statistical Office harmonized the age categories with the national legislation (i.e. 0-6
months, 6-12 months) the relevant body weights of calves and young bulls and heifers were used in the estimates.

5.2.1.6 Source-specific planned improvements, including tracking of those identified in the
review process

The value of the methane emission factor for enteric fermentation in dairy cattle is significantly larger than
the default value recommended by IPCC GL (IPCC 2006). The value is even larger than the value
recommended for North America. There is a serious need to validate i) the country specific Tier 2 method
used to estimate the value and ii) the country specific inputs into the estimation (Digestibility, for
example).

One of the tasks of the new research project mentioned above is aimed directly at evaluation of the
possibility of using specific emission factors in estimating greenhouse gas emissions from enteric
fermentation. Analysis of NIR reports from neighbouring countries and in-country studies and information
are planned for 2020.

5.2.2 Manure Management (CRF 3.B)

This chapter describes the estimation of CHs (51% share of emissions from the Manure management
category) and direct (24%) and indirect (25%) N,O emissions from animal Manure Management. The total
emissions from manure management (CH, and N,0) equalled 1,050 Gg CO; eq. in 2018. For detailed
information, see Tab. 5-2.
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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 relevant proteins in livestock feed, regular cleaning of the
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 complicated procedures, such as using
low-emission techniques for application and storage and suitable livestock housing.

While the total emissions in the 2017 and 2020 submissions yielded approximately the same result (-0.5%),
there are significant differences in the share of subcategory 3.B Manure Management. Emissions
estimated in this category are currently around 20% lower than in the 2017 submission. There are several
reasons for this: the AWMS system was upgraded and further improvements and corrections described in
detail below in the text, tables and figures were implemented.

5.2.2.1 Source category description

This emission source covers manure management for domestic livestock. Both nitrous oxide (N,O) and
methane (CH4) emissions from manure management for 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 manure during the decomposition of organic material by anaerobic and
facultative bacteria under anaerobic conditions. The amount of emissions is dependent on the amount of
organic material in the manure, climatic conditions and manure management. An overview of total
emissions from manure management is presented in Tab. 5-14.

During the 1990-2018 period, the emissions from manure management decreased by about 66%.
Decreasing emissions from cattle and swine predominated in this trend. The reduction in the cattle
population is partly counterbalanced by an increase in cow efficiency (increasing gross energy intake and
milk production and milk quality).

Tab. 5-14 Overview of emissions from manure management (1990-2018, kt CO, eq)

1990 3125 1731 792 602
1995 2131 1209 525 397
2000 1899 1058 483 358
2005 1696 964 419 313
2010 1402 771 366 265
2015 1324 744 333 247
2016 1015 517 246 252
2017 993 502 243 247
2018 1050 533 256 261

5.2.2.2 Methodological aspects
5.2.2.2.1 Animal Waste Management Systems

There are four main Manure Management systems defined in the Czech Republic (Klir 2011, Klir 2019)
according Table 10.18 (IPCC 2006):

1. Anaerobic digesters
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2. Liquid

3. Solid storage
4. Pasture/Range/Paddock

The use of manure in anaerobic digesters is relevant for cattle, swine and poultry manure. Operation of
anaerobic digesters began in 2006. The specific structure of Czech animal breeding (mostly in factory
farming) made it possible to build anaerobic digesters close to farms to very efficiently consume daily
manure production without the need to store the manure. Consumption of manure in anaerobic digesters
in the Czech Republic is limited because sources of “biological” input (manure, green biomass etc.) are also
limited. The number and capacity of anaerobic digesters has remained at its maximum value since
2015/2016.

Animal waste management systems (AWMS) distinguish N>O and CH4 emission estimations in the same
way. The system was upgraded based on Klir et al (2011) for goats, horses and sheep. This upgrade
concerned the 2014-2018 data series. Update of AWMS for cattle, swine and poultry categories based on
Klir, J. (2019) and Nesnal, J. et al. (2018) concerned on the 2016-2018 data series. The amount of manure
in liquid and solid forms consumed in anaerobic digesters was derived from a statistical survey.

The previous country specific AWMS system was based on the expert study of Mudrik, Z., Hons P. (2004)
and was updated several times by an expert opinion during the reporting period. The last update of this
system based on Kvapilik, J., Institute of Animal Science, personal communication) was carried out in 2011.
The history and current status of the country-specific distribution is shown in Tab. 5-15, Tab. 5-16 and Tab.
5-17.

Tab. 5-15 Overview of the Czech country specific AWMS, cattle categories, 1990-2018, fraction of manure management system,
%.

1990 0 25 2 68 5
1995 0 23 1 66 10
2000 0 15 1 74 10
2005 0 26 1 62 11
2010 -2015 0 27 1 65 7
2016 - now 37 16 0 47 0
Non Dairy cattle (Weighted AVG)

1990 0 45 1 42 12
1995 0 43 1 39 17
2000 0 44 1 38 17
2005 0 49 1 34 16
2010 0 43 1 32 24
2011 - 2015 0 42 1 32 25
2016 - now 3 9 0 58 30
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Tab. 5-16 Overview of the Czech country specific AWMS systems for swine and poultry, 1990-2018, fraction of manure
management system, %.

Swine 1990- 2015 0 76 0 23 0 1
Swine 2016 - now 42 45 0 13 0 0
Poultry 1990-2015 13 0 1 2 84
Poultry 2016 — now 7 3 0 90 0 0

Tab. 5-17 Overview of the Czech country specific AWMS systems for sheep, goats and horses, 1990-2018, fraction of manure
management system, %.

Sheep 1990-2013 0 0 2 87 11
Sheep 2014-now 0 0 45 55 0
Horses 1990-2013 0 0 0 96 4
Horses 2014 — now 0 0 42 58 0
Goats 1990-2013 0 0 0 96 4
Goats 2014 — now 0 0 45 55 0

Manure management storage and usage is subject 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
prior to 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 store manure for fertilizer again on the same agricultural
land four years after soil cultivation of the agricultural land. Liquid manure is to be stored in leak-proof
tanks or scrub areas in stables. Reservoirs and tanks or areas in the stables must match the capacity of at
least four months estimated production of liquid manure or share a minimum of three months estimated
production of liquid manure and dung, depending on the climatic conditions of the region. Decree No.
377/2013 Coll. includes five annexes with data for calculating 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, N content in excrement, dry mass of excrement, etc.). A farmer can calculate
production and control the use of manure according the number of head of livestock.

5.2.2.2.2 Methane emissions (CRF 3.B.1)

CH,4 emissions from manure management were identified as a key source by trend and level assessments
(TA, LA) / see Tab. 5-1. The estimation of methane emissions from Manure Management for the Cattle
category is performed by the Tier 2 method. Methane emissions in other livestock categories are estimated
by the Tier 1 approach.

In relation to the decreasing trend in the animal population (especially cattle and swine), the methane
emissions from manure management rapidly decreased during the 1990-201 period. The slow increase
begun in 2014 was interrupted by the update of AWMS in 2016. The trend in methane emissions from
manure management is presented in Fig. 5-2.
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Fig. 5-2 The trend in methane emissions from manure management in period 1990-2018 (in Gg)
Cattle category

The activity data on cattle population distributed by age and gender were obtained from the Czech
Statistical Office (CzSO) Yearbook. This is a consistent time series of the number of animals during the
entire reported period (1990-2018). Gross energy (GE) values are estimated based on the national study
of Kolar et al. (2004) and IPCC 2006 Gl. (IPCC 2006) in the special spreadsheet (more information in the
Enteric Fermentation chapter). These GE parameters are reported in CRF as country-specific data for the
entire reported period (Tab. 5-18).

Tab. 5-18 Gross Energy (GE, MJ/head/day) of cattle in reported period (1990-2018)

1990 1995 2000 2005 2010 2015 2016 2017 2018
| Dairy cows 226.8 237.4 264.2 294.9 309.7 335.2 343.4 347.3 359.2 |
Other cattle 116.0 122.7 132.3 138.6 140.3 140.9 144.0 142.4 148.1

EF is calculated for each cattle category and reported for dairy and non-dairy cattle. The value reported
for non-dairy (other) cattle is the weighted average of the results calculated for each “non-dairy” category
separately. The total emissions are the sum of two products (EFpairycattie*population of dairy cattle +
EFnonbairycattie *population of non-dairy cattle).

The current updated data of the AWMS distribution were employed for the emission estimation. The other
specific parameters for estimation of the emission factors for cattle were obtained (Bo, MCF) from
Dammgen et al. (2012). The specific parameters recommended for use by studies in neighbouring
countries (Dammgen et al. 2012) are the same as the default values (IPCC 2006 Gl. (IPCC 2006)) and
correspond to the Czech climatic zone. The parameters recommended in Dammgen et al. (2012) were used
for the emission estimation (Tab. 5-19). The VS parameters calculated by Dammgen et al. (2012) on the
basis of Bo, ASH and MCF values) and EF for estimation of methane emissions are presented in Tab. 5-19
and Tab. 5-20.
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Tab. 5-19 Activity data, input data and calculated data used for estimation of methane emission factors for manure
management for all age cattle categories, actual data from 2018

Population
(th of heads), CSU 365 222 77 20 209 106 111 71 129 104
Body weight (kg), CS 650 650 600 800 470 560 265 300 115 115

GE Gross energy,
MJ/head/day *
DE Digestibility of
the feed, %, CS
ASH, content of
manure as a fraction 8 8 8 8 8 8 8 8 8 8
of dry feed intake, %

VS volatile solid

359.1 220.2 121.8 170.1 184.4 190.7 110.8 135.2 55.9 56.4

67 62 65 65 65 65 65 65 65 65

excr.per day in dry 6.63 4.61 237 331 3.59 371 215 2.63 1.09 1.10
organic matter *
MMS, Anaerobic 37 0 0 0 0 25 0 0 0 0

digesters, share, %
MMS,Pasture and

0 55 0 0 12 0 55 53 52 52
range, share, %
MMS, Liquid system, 16 0 37 19 10 6 9 17 1 1
share, %
MMS, Solid storage, 47 45 63 81 78 69 36 30 47 47
share, %

Sum of (MCF*MS) * 0.037 0.015 0.076 0.049 0.034 0.024  0.028 0.040 0.018 0.018

BO the maximum

methane production 0.24 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
capacity

Emission factor

kg CHa/head/yr* 14.23 2.94 7.87 7.06 5.33 3.92 2.66 4.65 0.78 0.79

*Calculated value

CS — country specific data

CSU — The Czech Statistical Yearbook
B, (Table 10A-4, Table 10A-5)

ASH (recommendation p.10.42)

Tab. 5-20 List of parameters for methane emission factor estimation from manure management in the Czech conditions. MCF
values, %.

Anaerobic digesters 0%
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 2006 Gl. (IPCC 2006)):

1. Eqg.10.22 (IPCC 2006 Gl., p. 10.37) was used to estimate the methane emissions:

kt ] _ z (EF - cattle population ng

CH4 emissions [w - 106 kt
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2. Eq. 10.24 (IPCC 2006 Gl., p. 10.42) was utilized to estimate the VS parameter:
VS = GE - |— E+(UE GE)] 1—ASH
B 100 18.45

3. The methane emission factors were estimated using Eq. 10.23 (IPCC 2006 Gl., p. 10.41) :
EF =VS-365-B, - 0.67-Z(MCF - MS)

An overview of the daily volatile excreted solids (VS, kg dry matter/animal/day), methane emission factor
and methane emissions for dairy cattle and non-dairy cattle is presented in Tab. 5-21.

Tab. 5-21 Overview of VS (kg dry matter/head/day), EF (kg CHs/h/yr) and methane emissions (Gg) from manure management,
Cattle category (1990-2017)

1990 4.18 13.91 16.78 2.26 7.86 18.09
1991 4.03 13.39 15.60 2.26 7.89 17.31
1992 4.10 13.64 13.73 2.30 8.10 15.75
1993 4.12 13.69 12.35 2.29 8.06 12.97
1994 4.21 13.66 10.87 2.29 8.07 11.03
1995 4.38 13.61 9.97 2.39 8.08 10.49
1996 4.45 10.55 7.51 2.40 8.15 10.40
1997 4.37 8.51 5.59 2.43 8.30 10.04
1998 4.57 8.90 5.32 2.44 8.35 9.21
1999 4.77 9.42 5.50 2.57 8.87 9.53
2000 4.87 11.76 6.44 2.59 8.98 9.21
2001 4.96 12.10 6.41 2.63 9.80 10.32
2002 5.12 15.10 7.49 2.67 10.04 10.28
2003 5.23 17.98 8.82 2.68 10.12 9.95
2004 5.33 18.34 8.73 2.68 10.10 9.63
2005 5.44 18.54 8.12 2.74 10.33 9.97
2006 5.49 18.72 7.94 2.74 10.41 9.88
2007 5.56 18.96 7.78 2.76 10.22 10.02
2008 5.65 19.24 7.80 2.79 10.07 10.04
2009 5.69 19.40 7.75 2.81 9.79 9.44
2010 5.71 20.10 7.71 2.78 9.21 8.89
2011 5.82 20.48 7.66 2.80 9.19 8.92
2012 5.93 20.87 7.79 2.80 9.10 8.93
2013 5.96 20.97 7.70 2.81 9.13 9.00
2014 6.08 21.40 7.98 2.80 9.04 9.05
2015 6.18 20.00 8.27 2.81 9.15 9.44
2016 6.33 13.61 5.07 2.87 3.19 3.33
2017 6.41 13.76 5.09 2.84 3.19 3.36
2018 6.63 14.23 5.20 2.95 3.56 3.74
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Other livestock category

The emissions from other farm animals are estimated by the Tier 1 approach. The default EFs for developed
countries were employed (Tab. 5-22).

Tab. 5-22 Default methane emission factors used to estimate CH,; emissions from manure management (Table 10.15 and 10.14
IPCC 2006 Gl.)

Sheep 0.19
Goats 0.13
Horses 1.56
Swine (weighted average)** 6.3
Market swine (90% of the swine population) 6.0
Breeding swine (10% of the swine population) 9.0
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 system
(13% wet and 87% dry systems; 0.182 = 1.2 x 0.13 + 0.03 x 0.87).

** The emission factor for swine is calculated as the weighted average of two default EFs — for market swine and breeding swine.
The share of market swine in animal population was derived from livestock statistics provided by the Czech Statistical Yearbook
(CzS0).

A more detailed description of methane and nitrogen emissions from Manure Management for the poultry
category is presented in Tab. 5-23.

Tab. 5-23 Activity data, default emissions factors and emissions estimated for poultry population

Poultry 23573 0.1 (IEF) 2.464 0.172
Broilers 11283 0.02 1.1
Other poultry 12 289 0.182 (WA)*
Wet system 13% 1.2
Dry system 87% 0.03
Other poultry 12 289 0.95 (WA)*
Hens (95% ) 11675 0.96
Other species (5%) 614 0.83

* Weighted average calculated from subcategories

5.2.2.2.3 Nitrous oxide emissions (CRF 3.B.2)

N,O emissions from manure management were identified as a key source. Tier 2 methodology is used for
emission estimation for the cattle category and Tier 1 and 2 for other animals. Emissions are calculated
based on N excretion per animal and the animal waste management system. Following the guidelines, all
the emissions of N,O that take place before the manure is applied to soils are reported under manure
management. The IPCC Guidelines method for estimating N,O emissions from manure management
entails multiplying 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.

Input data consists of the mass fraction Xi,j of animal excrement in the animal category i (i = dairy cows,
other cattle, pigs, ...) for various types of excrement management (AWMS - Animal Waste Management
System) j (actually: j = liquid manure, solid manure, pasturage, anaerobic digesters). Here, it holds that Xi,
1+Xi,2+...+Xi,6=1. For Tier 1, only the values of matrix X for typical means of management of animal
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excrement in Europe are given. AWMS parameters presented in the IPCC 2006 Gl. (IPCC 2006) were
adapted to the Czech conditions.

A special spreadsheet is used for the calculation in the cattle categories. There are several sources of
activity data: population data, annual average excretion rates calculated from daily food intake (GE), share
of protein in the feed and in the milk. Input data for the current year (2018) is provided in Tab. 5-26. Eq.
10.32 and Eg. 10.33 (IPCC 2006 Gl. (IPCC 2006)) were used for calculation of the variables for nitrogen
intake and nitrogen retained (milk production and growth). The results were used as an input for Eq. 10.31.

The parameters for estimation of the Nex for cattle were collected from the literature and from personal
communications with agricultural experts. The protein content in milk is taken from the literature
references (Poustka 2007, Ingr 2003 and Turek 2000) and the protein content in feed (in dry matter) equal
16.5% is also taken from the available references (Zeman - Czech feed standards 12-21%, Central Institute
for Supervising and Testing in Agriculture 18%, Karabcova pers. commun. 16-18%). The Nex rate is
estimated for each cattle category, reported for dairy, non-dairy (weighted average) and summarized for
all cattle. The sources of input data are presented in Tab. 5-25

To estimate N,O emissions from manure management, the default emission factors for the different
animal waste management systems were taken from Table 10.21 (IPCC 2006 Gl.) see Tab. 5-24.

Tab. 5-24 IPCC default emission factors of animal waste for different AWMS

Anaerobic Digesters 0
Daily spread 0
Liquid/Slurry 0.005
Solid Storage 0.005
Other Systems 0.01

Tab. 5-25 Sources of input data used for calculation of Nex for dairy cattle

Protein, milk, % Annual book of cattle breeding
Protein, feed, % Task force of reactive nitrogen, 2015
Milk production, I/head Annual book of cattle breeding

N intake, kg N/head/yr Calculated, IPCC 2006 Gl., eq 10.32
N milk, kg N/head/yr Calculated, IPCC 2006 Gl., eq 10.33
N weight gain, kg N/head/yr Calculated, IPCC 2006 Gl., eq 10.32
N excreted, kg N/head/yr Calculated, IPCC 2006 Gl., eq 10.31

Tab. 5-26 Activity data, input data and calculated data used for estimation of annual nitrogen excretion rate for all age cattle
categories, actual data from 2018
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Population
(th of heads), CSU 365 222 77 20 209 106 111 71 129 104
Body weight (kg), CS 650 650 600 800 470 560 265 300 115 115
GE Gross energy,
MJ/head/day * 359.1 2202  121.8 170.1 184.4 1907 1108 1352 559 56.4
Protein content, milk,
% Cs 3.47 3.47
Protein content, . ¢ 16.5 16.5 16.5 165 165  16.5 16.5 16.5 16.5
foed, %, CS . . . . . . . . . .
N intake rate

(ke N/head/yr) * 187.58 115.02 63.60 88.86 96.30 99.62 57.85 70.60 29.21 29.46

N milk retention

(kg N/head/yr) * 4637  6.95

N weight gain

(kg N/head/day * 0 0 0 0 6.16 8.16 7.27 13.25 8.36 11.08
Annual N excretion

rate * 141.2 108.1 63.6 88.9 90.1 91.5 50.58 57.35 20.86 18.38

kg N/head/yr*
*Calculated value
CS — country specific data
CSU —Czech Statistical Yearbook

An overview of the estimated nitrogen excretion value used for calculation of N,O emissions from manure
in cattle category is presented in Tab. 5-27.

Tab. 5-27 The Czech country-specific Nex (nitrogen excretion) values used for estimation of N>O emissions from manure
management (1990-2018) in the cattle category

1990 98.29 54.54
1995 102.57 57.41
2000 112.38 61.78
2005 121.68 65.21
2010 126.03 65.93
2015 132.55 66.21
2016 136.12 67.90
2017 136.78 66.90
2018 141.20 70.05

The Nex value for other animal categories is based on the country specific data for Typical Animal Mass
(TAM) and Eqg. 10.30 and the default excretion rate (Table 10.19, IPCC 2006 Gl.). The relevant input data is
available in Tab. 5-28. As a result of validation of the activity data with other reporting, the TAM value for
all the animal categories was updated. Harmonization with the Czech legislation and EUROSTAT/OECD
reporting was completed by this change. The change in body weight (increase) has been implemented
since 2018 for cattle, swine, goats, horses and sheep. The decrease in the average weight in the poultry
category was employed for the 2014 -2018 time series.
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Tab. 5-28 Input data and nitrogen excretion (Nex) for other animal categories, input data, Submission 2020

Sheep 49 50 0.85 15.51
Swine 59 63 0.68 15.64
Poultry 2 1.32
Broilers 1.10 0.53
Other poultry 0.95* 0.46
Horses 498 616 0.26 58.46
Goats 50 50 1.28 23.46

* * The emission factor for other poultry is calculated as the weighted average of two default EFs for two animal category: hens
(95%) and other poultry (5%) =(0.96*95+5*0.83)/100.

A more detailed description of methane and nitrogen emissions from Manure Management for the poultry
category is presented in Tab. 5-23.

The emissions are then summed over all the manure management systems. The manure production data
for individual AWMS in 2018 is reported in Tab. 5-29. The values are compared with outputs from the 2017
submission (the previous AWMS in use).

Tab. 5-29 Nitrogen production in manure distributed by individual AWMS (kg N/yr), submission 2017 and 2020

Anaerobic digesters 0 32 340508
Liquid systems 60943 711 26 184 115
Daily spread 1181166 0
Solid storage 62 000 042 83336 330
Pasture range and paddock 23 747 058 25451797
Other 9632774 0
Totals 157 504 751 167 312 749

5.2.2.2.4 Indirect Emissions from Manure Management (CRF 3.B.2.5)

Indirect emissions result from volatile nitrogen losses that occur primarily in the form of ammonia and
NOx. The fraction of excreted organic nitrogen that is mineralized to ammonia nitrogen during manure
collection and storage 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 calculation of N volatilization in the form of NH;and NOx from manure management systems (MMS)
is based on multiplication of the amount of nitrogen excreted (from all the livestock categories) and
managed in each MMS by the fraction of volatilized nitrogen (Eg. 10.26). N losses are then summed over
all the MMS’s. The Tier 1 method is employed using national nitrogen excretion data, MMS data and
default fractions of N losses from MMS due to volatilization (Table 10.22, IPCC 2006 Gl. In order to estimate
indirect N,O emissions from Manure Management, the fraction of nitrogen losses due to volatilization and
the default indirect factor EF, associated with these losses were employed (Table 11.3, 2006 IPCC Gl.).

In cooperation with the Crop Research Institute, a specific value for the proportion of nitrogen from
manure that is leached from the solid management system has been set up. The results of very recent
research (Klir et al. 2018) were used for estimation of the country specific Fracieachms value. The value is
1% of solid manure stored outdoors or in feedlots.
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Tier 1 calculation of N losses due to leaching from manure management systems is based on Eq. 10.28,
where the amount of N from the solid fraction of annual production of manure per animal is multiplied by
the percentage of manged manure nitrogen losses for the livestock category (country specific value) —
FracleachMS.

An overview of indirect and direct N,O emissions estimated during the period 1990 — 2020 is presented in
Tab. 5-30.

Tab. 5-30 Indirect and direct N,O emissions from manure management, period 1990-2020, Gg N,O/year

1990 1.99 0.02 2.02 2.66 4.68
1991 1.91 0.02 1.93 2.56 4.49
1992 1.76 0.02 1.78 2.34 4.12
1993 1.59 0.02 1.61 2.11 3.71
1994 1.39 0.02 1.41 1.85 3.26
1995 1.32 0.01 1.33 1.76 3.09
1996 1.32 0.02 1.34 1.78 3.12
1997 1.28 0.01 1.29 1.72 3.01
1998 1.23 0.01 1.24 1.66 2.91
1999 1.24 0.01 1.26 1.69 2.94
2000 1.19 0.01 1.20 1.62 2.82
2001 1.17 0.01 1.18 1.59 2.77
2002 1.16 0.01 1.17 1.58 2.74
2003 1.13 0.01 1.14 1.52 2.65
2004 1.08 0.01 1.09 1.46 2.55
2005 1.04 0.01 1.05 1.41 2.46
2006 1.02 0.01 1.03 1.38 2.41
2007 1.01 0.01 1.02 1.37 2.39
2008 0.98 0.01 0.99 1.35 2.34
2009 0.91 0.01 0.91 1.26 2.18
2010 0.88 0.01 0.89 1.23 2.12
2011 0.84 0.01 0.85 1.16 2.01
2012 0.82 0.01 0.83 1.14 1.98
2013 0.84 0.01 0.85 1.17 2.01
2014 0.81 0.01 0.82 1.10 1.92
2015 0.82 0.01 0.83 1.12 1.95
2016 0.83 0.01 0.85 0.83 1.67
2017 0.82 0.01 0.83 0.82 1.65
2018 0.86 0.01 0.88 0.86 1.74

5.2.2.3 Uncertainty and time-series consistency

Uncertainty estimates are based on expert judgment. The uncertainty in the activity data equals
5%. The uncertainty in the emission factor equals 20% for estimation of the CHs emissions and 30% for
estimation of the N,O emissions. The combined uncertainty for CHs emissions equals 20.6% and that for
N,O emissions equals 30.41%.

The time series consistency was negatively affected by unequal development of the manure system
distribution. The first expert judgement (Mudrik Z., Hons, P 2004) assumed an important decrease in the
share of the liquid fraction in the dairy cattle category and decrease in the solid fraction in the non-dairy
cattle category caused by a change in the technology of cattle breeding as the early 1990s. This expectation
has not been met and, until the 2019 submission, the manure distribution retained its original value. Fig.
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5-3). This trend is interrupted by implementation of the new AWMS for the concerned time series in 2016-
2018.

100%
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10%
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M Liquid M Daily spread m Solid PRP

Fig. 5-3 Development of Manure Managements systems share used for calculations, dairy cattle.

Before 2017, the Czech Statistical Office used age categories that differed from the national legislation
(age periods of 0-8 months and 8-12 months for young categories) and the relevant body weight of calves,
young bulls and heifers were used in the estimates. Since 2017, the input data has been adapted to the
Czech legislation (0-6, 6-12 months). The time series is consistent — the weight data are relevant to the
number of head in the category. This adoption does not have any significant impact on the emissions from
livestock.

5.2.2.4 Source-specific QA/QC and verification

QA/QC includes checking the 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 from the Czech Statistical Office (CzSO), are inserted into the excel
spreadsheets and verified by other IFER experts. Some more specific parameters, which are not available
from CzSO, are required to estimate the country-specific emission factors for cattle (Tier 2). The zoo-
technical national data (esp. cattle breeding) is supplied by experts at the agricultural institute (see above).
The appropriate values in the calculation spreadsheets are updated at IFER, replacing the older values. The
verified data is transferred to the CRF Reporter, where the data is once again technically verified. A
completeness check of the CRF tables was performed for final time-series approval.

Special attention was paid to validation of the emission factors estimated by the Tier 2 method and the
country-specific animal waste management system.

The emission factor for methane production from manure management is calculated by Tier 2 methods
for both cattle categories. The default values (Table 10.14, IPCC 2006 Gl.) are lower than the country
specific ones:

Dairy cattle, methane emission factor for manure management:
Default value = 21, country specific value (Submission 2020) = 14.23
Non-dairy cattle, methane emission factor for manure management:
Default value = 6, country specific value (Submission 2020) = 3.56
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The values of the country specific emissions factors changed due to the implementation of AWMS.

The Tier 2 procedures used for estimation of nitrogen excretion for cattle do not yield the nitrogen
excretion rate for dairy cattle and other cattle, but the rates can be calculated from typical animal mass
data and estimated nitrogen excretion. The nitrogen excretion rate for dairy cattle and other cattle was
compared with the default Nex rate factors available for the Western Europe region in IPCC 2006 Gl. (Table
10.19). The default values for the both categories are lower than the country specific ones:

Dairy cattle, Nex rate:

Default value= 0.48, country specific value (Submission 2020) = 0.8,
Non-dairy cattle, Nex rate:

Default value= 0.33, country specific value (Submission 2020) = 0.45.

Tier 2 procedures are used for estimation of the VS parameters for cattle. The country specific values were
compared with the default value available in IPCC 2006 GI. (Tables 10A-4 and 10A-5):

Dairy cattle, daily volatile solid excreted (VS):

Default value = 5.10, country specific value (Submission 2020) = 6.63
Non-dairy cattle, daily volatile solid excreted (VS):

Default value = 2.66, country specific value (Submission 2020) = 2.95

The Nex excretions estimated for all livestock categories were compared with the data in Czech Decree
No. 377/2103 Coll. The results are presented in Tab. 5-31. Overestimation of N,O emissions in the Manure
Management category is probable.

Tab. 5-31 Comparison of Nitrogen excretion data estimated in NIR (Submission 2020) and information available in the Czech
regulation, Decree No. 377/2013 Coll.

Nex, Czech regulation Nex, Czech regulation, Nex , used in NIR
kg N/livestock unit*/year livestock weight from NIR Kg N/head/year
kg N/head/year

Dairy cattle (Tier 2) 84 109,2 136.8
Other cattle (Tier 2) 69 89.7 66.9
Swine (Tier 1) 100 12.6 15.6
Sheep (Tier 1) 50 7.5 15.5
Goats (Tier 1) 50 7.5 23.4
Horses (Tier 1) 40 49.2 58.5
Poultry (Tier 1) 175 0.35 0.49

* livestock unit = 500 kg

5.2.2.5 Source-specific recalculations, including changes made in response to the review
process and impact of emission trend

Most of recalculations for the current NIR submission concerned this category. Changes caused a decrease
in the total emissions from Manure Management by about 30% compared with the results of the 2017
submission (before implementation of the new AWMS). The share of GHG emissions from Manure
Management in the total emissions from Agriculture decreased by about 3% due to these recalculations.

Overview of changes implemented in category 3.B. in the 2020 submission:

3.B.1. Methane emissions from Manure management — dairy and non-dairy cattle category
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An increase in body weight in dairy and some of non-dairy categories was implemented (see Tab. 5-5). The
cattle body weight data are now fully harmonized with the Czech legislation. Together with increasing the
milk production, the calculated Gross Energy (GE, MJ/head/day) value increased by about 3% (see Tab.
5-18). This change was employed for 2018.

3.B.1. Methane emissions from Manure Management — non-dairy cattle category

The increase in the body weight in non-dairy cattle categories due to harmonizing with the Czech
legislation (Decree No. 377/2013) led to an increase in the weighted average of other cattle mass to 420.9
kg per head. Consequently, the higher value (0.18 instead 0.17) of Bp — maximum methane producing
capacity for manure produced by the livestock category was used for the estimation (Table 10 A-5). As a
result, the methane emission factor from Manure Management increased from 3.19 to 3.56 (12%) in this
category. Correspondingly, CH4 emissions from manure in non-dairy cattle category increased by 12%. This
change was applied for year 2018.

3.B.1. Methane emissions from Manure Management — dairy and non- dairy cattle category

The update of AWMS concerned the 2016 -2018 data series. The MCF value calculated as the weighted
average of the manure systems in use decreased by about 38% for dairy cattle and by 65% for non-dairy
cattle. Correspondingly, methane emission factors and methane emissions from manure management
decreased by about 50%.

3.B.1. Methane emissions from Manure Management - swine

The methane emission factors for manure management of swine were updated. The long-term data in the
Czech Statistical Yearbook allows the swine population to be divided into market (90%) and breeding swine
(10%). This division allows calculation of the weighted average of the methane emission factor for manure
management (Table 10.14, IPCC GL) and use of the value 6.3 instead of 6.0. The recalculation was prepared
for the whole time series. Correspondingly, CH4 emissions from manure in the swine category increased
by about 5%.

3.B.2 N,0 emissions from Manure Management

A technical error was found in the calculation of N,O emissions from Manure Management. The error
involved the inclusion of nitrogen from pastures, range and paddock in the calculation of emissions in both
Categories 3.B and 3.D. This double counting was eliminated. This change results in a decrease in N,O
emissions from Manure Management by about 15%. Recalculation was carried out for the whole time
series.

3.B.2 Direct and indirect N,O emissions from manure management — Update of AWMS for other
livestock categories (horses, goats, sheep)

Based on Klir et al (2011), the update of AWMS for goats, horses and sheep was implemented since 2014.
An increase in the direct and indirect N,O emissions of about 5% was recorded in these categories, while
an additional increasing effect occurred in 3.D N,O emissions from soil management. The starting year of
2014 was confirmed by CRI experts and corresponds to EUROSTAT/OECD reporting.

3 B Direct and indirect N,O emissions from manure management - Update of AWMS (cattle, swine,
poultry)

Based on Klir, J. (2019) and Nesnal, J. et al. (2018) the update of AWMS for the cattle, swine and poultry
categories was implemented since 2016. Consumption of manure in liquid and solid form in anaerobic
digesters was derived from a statistical survey. The starting year of 2016 was confirmed by CRI experts and
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corresponds to EUROSTAT/OECD reporting. This important change in AWMS affected the results of 3.B.2
N,O Emissions from manure, which decreased by 10%.

3.B.2.5. Indirect emissions from Manure Management — N losses due to leaching

In cooperation with the Crop Research Institute, a specific value for the proportion of nitrogen from
manure that is leached from the solid management system has been set up. The results of very recent
research (Klir et al. 2018) were used to estimate the country specific Fracieach value. The value is 1% of solid
manure stored outdoors or in feedlots. The recalculation was prepared for the whole period. Indirect N,O
emissions from manure increased by about 1.5% as a result.

5.2.2.6 Source-specific planned improvements, including tracking of those identified in the
review process

The analysis of uncertainties is in progress.

Harmonization with the reporting under UNECE is planned to provide a consistent nitrogen balance
approach in estimation of the amount of manure nitrogen produced by livestock in the Czech Republic as
the key input information. An informal working group for the national nitrogen balance, nitrogen emission
inventories and emission projections were established at the Ministry of Environment. The Czech NIR team
participates in this group.

A higher tier method for estimation of nitrous oxide emissions from manure management of swine will be
prepared in cooperation with CRI experts and institutions. The annual Nex rate used for the estimation of
nitrogen in manure for swine for NIR is higher (+24%) than the value recommended in the relevant
legislation in the Czech Republic. Recalculation based on country-specific zootechnical data will be
prepared for the next submission (2021 or 2022).

One of the tasks of the new research project mentioned above is aimed directly at improvement of
emissions reporting in the Manure Management sector: Conditions and consequences of implementation
of the nitrate balance model in the reporting of agricultural land emissions. The results of this project will
be implemented in the sector reporting in the 2023 submission at the latest.

5.3 Rice cultivation (CRF 3.C)

At present, no commercial rice cultivation is being carried out in the Czech Republic. The “NO” notation
key is reported in the CRF tables.

5.4 Agricultural soils (CRF 3.D)
5.4.1 Source category description

This source category includes the direct and the indirect nitrous oxide emissions from Agricultural soils.
Both sub- categories (direct and indirect emissions) are key sources of N,O soil emissions (Tab. 5-1). Nitrous
oxide is produced in agricultural soils as a result of microbial nitrification and denitrification processes. The
processes are influenced by the chemical and physical characteristics (availability 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 sludge enhanced the formation of nitrous oxide emissions.

Nitrous oxide emissions from Agricultural managed soils include these subcategories:
e  The direct emissions (synthetic fertilizers, animal manure applied to soils, crop residues, sewage

sludge and other organic fertilizers applied to soils)
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e  The emissions from pasture manure (PRP)
e  Amount of Nitrogen mineralized in mineral soils considered for Cropland remaining Cropland
e The indirect emissions (atmospheric deposition and nitrogenous substances flushed into water
courses and reservoirs — leaching).
An overview of direct and indirect emissions by individual sources is presented in Tab. 5-32.

Tab. 5-32 Direct and indirect N2O emissions from Agricultural Soils in period 1990-2018 in kt N,O

1990 18.9 6.6 3.0 0.004 3.9 0.04 0.8 1.4 3.2
1995 12.0 3.6 1.9 0.01 2.9 0.04 0.7 0.8 2.0
2000 11.8 4.1 1.7 0.02 2.5 0.04 0.6 0.8 2.0
2005 11.9 4.6 1.5 0.02 2.3 0.04 0.6 0.8 2.0
2010 10.9 4.2 1.3 0.04 2.0 0.04 0.7 0.8 1.8
2015 13.8 6.2 1.3 0.04 2.3 0.03 0.7 1.0 2.6
2016 15.3 6.4 1.9 0.04 2.6 0.03 0.7 1.1 2.6
2017 15.4 6.2 1.9* 0.04 2.8 0.03 0.7 1.1 2.6
2018 14.2 5.5 2.0* 0.05 2.5 0.02 0.7 1.0 2.4

e  Animal Manure + Digestate are sources of emissions

In 2018, 89% of total N,O emissions from Agriculture originated from Agricultural Soils, while the rest
originated from Manure Management (11%). The trend in N,O emissions from this category decreased
during the 1990-2010 reporting period (the minimum level) and then slowly increased. The emissions from
managed soils decreased by about 25% from 1990 to 2018. Tab. 5-32 and Fig. 5-4 show the N,0 emissions
from Agricultural soils from the individual sub-categories.
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Fig. 5-4 N»,O emissions of Agricultural soils by the individual sub-categories

5.4.2 Methodological aspects

Although agricultural soils are the key source, emissions of N,O are estimated and analysed using the Tier 1
approach of IPCC 2006 Gl. (IPCC 2006). A set of interconnected spreadsheets in MS Excel has been used
for the relevant calculations for several years. The emissions from nitrogen excreted onto pastures and
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paddocks by animals are reported under animal production in the CRF table. The nitrogen from manure
that is spread daily is consistently included in the manure nitrogen applied to soils.

5.4.2.1 Activity data

The standard calculation of Tier 1 required the following input information:

e The amount of nitrogen applied to the soil in the form of industrial nitrogen fertilizers (CzSO data,
Statistical Yearbooks, 1990-2018, Ministry of Agriculture);

e Managed manure nitrogen available for application to the soil (NIR data, Eq.10.34);
e Annual yields (harvest/production area) (CzSO data, Statistical Yearbooks, 1990-2018)
e Annual amount of urine and dung N deposited by grazing animals on PRP (NIR data, eq.11.5)

e Amount of sewage sludge directly applied to agricultural soils (CzSO data, Statistical Yearbooks,
2002-2018, retrospective analysis for the 1990 — 2001 period)

e Amount of N in mineral soils that is mineralised, in association with loss of soil C in the Cropland
remaining Cropland category (LULUCF, NIR data)

e Amount of organic nitrogen inputs applied to the soil (digestate), CRI data

5.4.2.2 Direct emissions from managed soils (CRF 3.D.1)

The emission factors used for calculation of direct N,O emissions are shown in Tab. 5-33. The IPCC default
fraction values are used to estimate N,O emissions.

Tab. 5-33 The emission factors for the estimation of the direct emissions from managed soils (Table 11.1, IPCC 2006 Gl.)

| Synthetic fertilizer

| Animal Waste, digestate

Sewage Sludge EF1=0.01 kg N2O-N/kg N

| N-crop residues

| Mineralized N
| Cattle, pigs, poultry EF3=0.02 kg N2O-N/kg N
' Sheep, others EF3= 0.01 kg N;O-N/kg N

Synthetic N fertilizers (Fsn, CRF 3.D.1.1)

The application of agricultural fertilizers was formerly intense in the Czech Republic but decreased radically
after 1990. The activity data is taken from the official statistical offices (CzSO). The amount of nitrogen
fertilizers applied in 1990 equalled over 418 kt, which decreased to 180 kt in 1993. From that year, nitrogen
consumption has slowly grown to 407 kt in 2016 (the highest value). Hopefully, this negative trend ended
in 2017 and 2018 when only 397 kt of fertilizers was applied (2% decreasing), respectively 351 kt (14%
decreasing). This trend is presented in Fig. 5-5.
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Fig. 5-5 Consumption of N from synthetic fertilizers (kt) during reporting period (1990-2018)

Organic N applied as fertilizer (Fon incl. animal manure and sewage sludge, digestate, CRF
3.D.1.2)

The amount of managed manure nitrogen available for application to manged soils (FAM) is calculated as
the product of the annual average N excretion per animal per species and the fraction of the manure
management system and (1 —Fraciessms). The default value of the fraction Fraciessms is given in Table 10.23,
Equations 10.34 and 11.4 (IPCC 2006 Gl. ).

The data on sewage sludge applied to the soil have been officially available since 2002. The data for the
previous period was estimated by statistical methods. Specifically, linear regression was used to estimate
the trend from known activity data for 2003 to 2016 (r?= 0.62). This trend was used to estimate the missing
AD since 1990. The regressed values are not used in the period where AD is available from CzSO. The
national specific value of nitrogen content of 3.7% (Cerny et al. 2009) and default emission factor (EF3, see
Table 11.1., IPCC 2006 Gl.) were employed to estimate the emissions from sewage sludge (FSEW).

Implementation of the new AWMS was also reflected in N,O emissions from managed soils. The
corresponding amount of animal manure available for managed soils has been reduced but, on the other
hand, a new source of nitrogen has been added as "Other organic fertilizers applied to the soil" — digestate
(Fooa). The change in the activity data applied to the 2016-2018 time series.

Total amount of organic N fertilizer applied to the soil (Fon) is calculated as the sum of Fam + Fsew + Fooa. An
overview of activity data inputs is presented in Tab. 5-34.

Tab. 5-34 Activity data inputs to calculation of FON: annual amount of animal manure N, annual amount of sewage sludge N
and annual amount of digestate N, period 1990-2018, kt N/yr

1990 193 663 253 193916
1995 123 841 656 124 497
2000 110933 1059 111992
2005 98 443 1275 99 718
2010 85632 2244 87 876
2015 81951 2333 84 284
2016 77 843 2314 44 421 124 578
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2017 76 386 2792 44 421 123598
2018 80 826 3289 44 421 128535

Urine and dung N deposited on pasture by grazing animals (Fprp, CRF 3.D.1.3)

The annual amount of N deposited on pasture, range and paddock soils by grazing animals was estimated
using Eq. 11.5 based on the number of animals of each livestock species, the annual average amount of N
excreted by each livestock species 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 estimation of the
nitrogen content in an animal waste management system and the share of PRP in the relevant livestock
category. The trend in development of the total amount of nitrogen from pasture is steady state for the
whole reporting period, while the trend in total excreted N decreases rapidly because of substantial
changes in the livestock population (Fig. 5-6).
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Fig. 5-6 Trend in the total amount of nitrogen excretion and nitrogen excretion from pasture during the reporting period

Two default emission factors (Tab. 5-35) are used to estimate emissions from different animal categories
(Table 11.1, IPCC 2006 Gl.). The fraction of livestock N excreted and deposited onto soil during grazing
(Fracgraz) varied from 0.083 in 1990 to 0.152 in 2018.

Tab. 5-35 IPCC default emission factors of pasture, paddock, range (PRP) animal waste management system
[kg N2O-N per kg N excreted]

PRP (cattle, swine, poultry) 0.02
PRP (sheep, others) 0.01

N-crop residues (Fcr, CRF 3.D.1.4)

This category includes the amount of N in crop residues (above-ground and below-ground), including N-
fixing crops, returned to soils annually. It also includes the N from N-fixing and non-N-fixing forages
mineralised during forage or pasture renewal. This is estimated from crop yield statistics (CzSO) and default
factors for above/below-ground residues: yield ratios and residual N contents (see Tab. 5-37). The zero
values were applied as the parameters Fracremove and Fracgurn because no survey data is available from
experts in the country required on page 11.14 IPCC 2006 Gl.
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An overview of the annual yield of agriculture products is presented in Tab. 5-36. The 2018 yield of
agricultural products except for pulses was lower compared to the same data for the previous year.

Tab. 5-36 Annual yield of agricultural products (t/ha) during the reporting period

1990 5.42 2.68 16.00 33.89 6.77 3.67
1995 4.18 2.38 17.04 39.63 6.13 1.29
2000 3.92 2.09 21.32 45.62 5.60 1.25
2005 4.81 2.44 28.08 53.31 6.20 2.04
2010 4.71 1.86 24.56 54.36 6.05 1.69
2015 5.83 2.89 22.26 59.38 5.91 1.64
2016 6.36 2.37 29.88 67.81 7.30 2.64
2017 5.50 2.34 29.42 66.56 9.97 241
2018 5.20 2.62 25.50 54.96 8.47 1.66

Tab. 5-37 Default value of input factors used in estimation of FCR, Table 11.2 (IPCC 2006 Gl.), calculated data — Submission 2020

Dry mater 0.88 0.91 0.22 0.22 - 0.91
Rag calculated 1.26 1.51 0.14 0.12 0.30 1.74
AGp, calcul. 6.56 3.40 3.61 6.56 2.54 2.89
Fracremove 0.0 0.0 0.0 0.0 0.0 0.0
NAG 0.006 0.008 0.019 0.019 0.027 0.008
Rss-BIO 0.22 0.19 0.20 0.20 0.40 0.19
Nse 0.009 0.008 0.014 0.014 0.022 0.008

Note: The parameters Rac and AGpy are calculated by using Eq. 11.6 (IPCC 2006 Gl.) and adequate parameters.

Since different crop types vary in residue, yield ratios, renewal time and nitrogen contents, separate
calculations are performed for major crop types and then the nitrogen values for all crop types are
summed. Crops are segregated into: 1) non-N-fixing grain crops, 2) N-fixing grains and pulses, 3) potatoes,
4) sugar beets, 5) N-fixing forage crops (alfalfa, clover) and 6) soya. Eq. 11.6 is used to estimate N from
crop residues and forage/pasture renewal for a Tier 1 approach. The default values of input factors used
in the estimation are presented in Tab. 5-37.

Data on crop vyield statistics (yields and area harvested, by crop) was obtained from national sources
(CzS0). Since yield statistics for many crops are reported as field-dry 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 production activity data is presented as dry
matter in the CzSO statistics.

Mineralization/Immobilization Associated with Loss/Gain of Soil Organic Matter
(Fsom, CRF 3.D.1.5)

The annual amount of N in mineral soils that are mineralised, in association with loss of soil carbon from
soil organic matter (Fsom), is a result of changes to land use or management in the category of Cropland
remaining Cropland in the Agriculture sector. The annual amount of carbon from mineral soils from Forest
land converted to Cropland (CRF Table 4.B.2.1) and Grassland converted to Cropland (CRF Table 4.B.2.2) is
estimated in the LULUCF sector.

Eg. 11.8 (IPCC 2006 Gl.) is used to estimate the N mineralised as a consequence of this loss of soil C, where
a default value of 10 is used as the C:N ratio in soil organic matter. The LULUCF sector provides relevant
activity data on soil carbon stock change in Cropland remaining Cropland (CRF Table 4.B.1). These source
data were recalculated in the LULUCF sector for the entire reporting period. Therefore, they also affected
the estimates of emissions from N mineralization/immobilization, which were accordingly recalculated for
the entire reporting period since 1990.
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5.4.2.3 Indirect emissions from managed soils (CRF 3.D.2)

In addition to the direct emissions of N,O from managed soils that occur through a direct pathway (i.e.
directly from the soils to which N is applied), emissions of N,O also take place through two indirect
pathways. The first of these ways is the volatilization of N as NH3 and oxides of N (NOx), and the deposition
of these gases and their products NHs" and NOs™ onto soils and the surface of lakes and other waters.

The method for estimating indirect NO emissions includes two emission factors (Tab. 5-39): one
associated with volatilized and re-deposited N (EF;), and the second associated with N lost through
leaching/runoff (EFs). The overall value for EFs equals 0.0075 kg N,O-N/kg N leached/ in runoff water. The
method also requires values for the fractions of N that are lost through volatilization (Fraceass and Fracgasm)
or leaching/runoff (Fracieacn). The default values of these fractions are presented in Tab. Tab. 5-38.

Tab. 5-38 The IPCC default parameters/fractions used for indirect emission estimation (Table 11-3, IPCC 2006 Gl.)

FracGASM 0.20
FraCGAsp 0.10
FracLEACH.(H) 0.30

Tab. 5-39 Emission factors (EFs) for indirect emission estimation

Atmospheric Deposition EF;=0.01 kg N,O-per kg emitted NH3 and NOx
Nitrogen Leaching EFs=0.0075 kg N,O - per kg of leaching N

Volatilization

The N,O emissions from atmospheric deposition of N volatilized from managed soil 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 to soils, the annual amount of manged animal manure
and sewage sludge N applied to soils, the annual amount of urine and dung N deposited by grazing animals.
The conversion of N,O-N emissions to N,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 occurs are estimated
using Equation 11.10. The equation inputs are estimated for direct emissions from managed soils, where
FON also includes sewage sludge inputs. The inputs are: annual amount of synthetic fertilizer N applied to
soils, annual amount of manged animal manure and sewage sludge N applied to soils, annual amount of
urine and dung N deposited by grazing animals, amount of N in Crop residues and annual amount of N
mineralised in mineral soils The conversion of NO-N emissions to N,O emissions for reporting purposes is
performed using factor 44/28.

An overview of estimated values of indirect emissions is presented in Tab. 5-32.

5.4.3 Uncertainty and time-series consistency

In relation to the consistency of the emission series for N,O (agricultural soils), it should be mentioned that
the emission estimates have been calculated according to the default methodology of IPCC 2006 Gl.
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The quantitative overview and emission trends during the 1990-2018 period are shown in Fig. 5-1 and the
trend in N>O emissions from agricultural soils is summarized in Tab. 5-2. During 1990-2018, the total
emissions from Agricultural soils decreased by 25% (with minimum in 2010).

Following ERT, the Czech emission inventory team verified the activity data required for this category and
found that the previously reported data based on expert judgment of areas could not be confirmed and
verified from the official statistics. According to the expert common consensus (l. Skofepova, P. Fott, E.
Cienciala and Z. Exnerova), there are no cultivated histosoils on agricultural land in this country and hence
also no data for this category. Organic soils mostly occur on forest land and they are reported under the
LULUCF sector.

Uncertainty estimates 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 emission factor for estimation of direct and indirect
emissions from agricultural soils equals 50%; this value equals 100% for estimation of emissions from PRP.
The combined uncertainty for the direct and indirect emissions from agricultural soils equals 53.85%; this
value equals 100.5% for N,O emissions from manure management system PRP.

Missing data about the amount of sewage sludge applied to agricultural soils was added to the reported
time series thanks to statistical retrospective analysis of the available data about sewage sludge
production for the previous submission (see Chapter 5.4.5., NIR 2018).

5.4.4 Source-specific QA/QC and verification

A detailed description of source-specific 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 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.

As a result of the validation of activity data with CRI experts, the amount of mineral fertilizers used in
managed soils has been updated since 2000.

5.4.5 Source-specific recalculations, including changes made in response to the review
process and impact of emission trend

The implementation of the new AWMS was also reflected in N,O emissions from managed soils. The
corresponding amount of animal manure available for managed soils has been reduced, but on the other
hand a new source of nitrogen has been added as "Other organic fertilizers applied to the soil" - digestate.
The result of this change is a 10% increase in N2O emissions in this category. This change concerned the
2016-2018 time series.

As a result of validation of the activity data with CRI experts, the amount of mineral fertilizers used in
managed soils has been updated since 2000. Direct and indirect N,O emissions increased by about 10-15%,
due to the larger amount of inorganic fertilizer consumed in agriculture. The starting year 2000 was
confirmed by CRI experts and corresponds to EUROSTAT/OECD reporting.

As a result of validation of the activity data with CRI experts, the body weight of all animal categories was
updated. Harmonization with the Czech legislation and EUROSTAT/OECD reporting was finished by this
change. The change in body weight (increase) was implemented for cattle, swine, goats, horses and sheep
from 2018. The decrease in the average weight in the poultry category was implemented from 2014.
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The estimates of the underlying AD from LULUCF (changes in soil carbon under Cropland remaining
Cropland) were revised by sectoral experts for the NIR 2020 submission. The revised values do not contain
any missing estimates for the reporting period. The changed AD from the LULUCF sector resulted in revised
estimates of N,O in Category 3.D.a.5.

5.4.6 Source-specific planned improvements, including tracking of those identified in the
review process

The analysis of uncertainties is in progress.

Harmonization with the reporting under UNECE is planned to provide a consistent nitrogen balance
approach in estimation of the amount of manure nitrogen applied to agricultural soils. An informal working
group for the national nitrogen balance, nitrogen emission inventories and emission projections was
established at the Ministry of the Environment. The Czech NIR team participates in this group.

One of the tasks of the research project mentioned above is aimed directly at improving emission reporting
in Manure Management and Soil Management: Conditions and consequences of implementation of the
nitrate balance model in reporting of agricultural land emissions. The rresults will be implemented in the
sector reporting in the 2023 submission at the latest.

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 not occur in the Czech Republic.

5.5 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.

5.6 Liming (CRF 3.G)
5.6.1 Source category description

Liming is used to reduce soil acidity and improve plant growth in managed systems, particularly agricultural
lands and managed forests. Adding carbonates to soils in the form of lime (e.g., limestone or dolomite)
leads to CO, emissions as the carbonate lime dissolves and releases bicarbonate, which decomposes to
CO,and water. Liming on all the managed soils is reported under this category, i.e. arable lands, grasslands
and forest lands.

5.6.2 Methodological aspects

However, the reactions associated with limestone application also lead to evolution of CO,, which must be
quantified. The activity data is derived from the official national statistics and Green Report of Forestry
(see Tab. 5-40). Of the reported total limestone used in agriculture, 95% was ascribed to agricultural soils
in cropland (5% to grassland) based on expert judgment (V. Klement, Central Institute for Supervising and
Testing in Agriculture — pers. comm. 2005).

The Czech Statistical Yearbook does not provide data about consumption of limestone and dolomite
separately. Based on expert experience the total amount of lime applied to the soil was reported as
corresponding to 90% limestone and 10% dolomite.
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The new activity data about dolomite consumption were obtained from the Ministry of Agriculture (Mrs.
Budnakova) for 2018. These data made it possible to accurately estimate the proportion of limestone and
dolomite in consumption in 2018.

The share of liming of forest lands in the total liming in the Czech Republic was the highest in the 2000 —
2002 period, when the value was over 10% and as much as 18% in 2000. In 2018 the liming in forests
equalled almost 3.8%.

Tab. 5-40 The limestone and dolomite quantity applied to managed soils (in thousand tons)

1990 2650 27 2676 2 409 267
1995 248 2 251 226 25
2000 209 47 255 230 26
2005 143 3 145 131 15
2010 135 5 140 126 14
2015 353 18 371 334 37
2016 366 13 379 341 38
2017 345 13 358 322 36
2018 340 13 354 196 158

The quantification followed the Tier 1 method (Eqg. 11.12, IPCC 2006 Gl.), with an emission factor of 0.12 t
C/t CaCO; and 0.13 t C/t CaCMgCOs. To convert CO,—C emissions into CO,, factor 44/12 was used.
Application of agricultural limestone was previously intensive in this country, but decreased radically
during the 1990s, then slowly increased from 2010. This increase 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
reported for the use of fertilizers, which decreased a lot in the early 1990s (Salusova et al., 2006).

The application of limestone to agricultural land (incl. forest) in 2018 reached more than 340 thousand
tons, while 3.8%, 13 thousand tons, of this amount was applied to forest areas. Total emissions from liming
equalled 161.37 kt CO; eq.

5.6.3 Uncertainties and time-series consistency

Uncertainty estimates are based on expert judgment (AD) and default values (EF). The uncertainty in the
activity data for estimation of emissions from liming equals 20% and the uncertainty in the emission factor
equals 50%. The combined uncertainty of emission estimation from liming equals 53.85%.

5.6.4 Source-specific QA/QC and verification

A detailed description of source-specific QA/QC and inventory verification of agriculture is presented in
section 5.1.3.

The share of dolomite use in fertilization of forest land and agricultural land was discussed with experts
from Crop Research Institute. Based on this discussion, the new activity data about dolomite consumption
were obtained from the Ministry of Agriculture (Mrs. Budnakova) for 2018. These data made it possible to
accurately estimate the proportion of limestone and dolomite in consumption in 2018. This change results
ina 1.6% increase in CO, emissions from liming.

5.6.5 Source-specific recalculations, including changes made in response to the review
process and impact of emission trend

No recalculation was performed in this submission.
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5.6.6 Source-specific planned improvements, including tracking of those identified in the
review process

The analysis of uncertainties is in progress.

5.7 Urea Application (CRF 3.H)

5.7.1 Source category description

Adding urea to soils during fertilization leads to a loss of the CO» that was fixed in the industrial production
process. Urea is converted into ammonium and hydroxyl ions and bicarbonate in the presence of water
and urea enzymes. This source category is included because the CO, removal from the atmosphere during
urea manufacturing is estimated in the Industrial Processes and Product Use Sector (IPPU Sector).

5.7.2 Methodological issues

Tier 1 and Eq. 11.13 are utilized to estimate CO, emissions. Domestic production records for urea were
used to obtain an approximate estimate of the amount of urea applied to soils on an annual basis (Tab. 5-
36). 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 basis. To estimate the total CO,-C emissions, the
product of the amount of urea is multiplied by the emission factor. CO,-C emissions are converted to CO,
by multiplying by a factor of 44/12.

Two different data sources were used for the estimation: The first one was the 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.

Since 2000, a new source of activity data has been obtained and employed in the inventory estimation.
The statistical production data are replaced by more accurate data, corresponding to the real consumption
of fertilizers, by the Ministry of Agriculture. These data available from 2000 until 2015 are based on
farmers’ fertilizer records and annual nutrient intake from urea. At the beginning of the 21st century, there
was an extreme decrease in urea production and its application to farmland as a result of significant
restrictions on Czech production and the transition to import policy. Extreme consumption started in 2015
and 2016.

The application of urea to agricultural land in 2018 reached almost 172 kt. This amount (comparable to
consumption in 2017) confirmed the declared general goal of the Ministry of Agriculture to reduce the
consumption of mineral fertilizers in agriculture in the Czech Republic. This positive trend can also be
explained by the dry summer conditions.

Tab. 5-41 Estimated consumption of urea (IPPU) applied to managed soils in Czech Republic during reporting period (MA, 2018)

| Consumption of Urea [kt] 148

Consumption of Urea [kt] 195

Consumption of Urea [kt] 113
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5.7.2.1 Uncertainties and time-series consistency

Uncertainty estimates are based on expert judgment (AD) and default values (EF). The uncertainty in the
activity data for estimation of emissions from urea application equals 20%, the uncertainty in the emission
factor equals 50%. The combined uncertainty of emission estimation from urea application equals 53.85%.

5.7.3 Source-specific QA/QC and verification

A detailed description of source-specific QA/QC and inventory verification of agriculture is presented in
section 5.1.3.

Consumption data was provided by the Ministry of Agriculture and discussed with relevant experts. The
amount of urea applied to the soil was confirmed by other entities (Institute of Agricultural Economics and
Information, Crop Research Institute).
The same activity data is used for reporting in other national reports (Transboundary convention,
EUROSTAT/OECD).
5.7.4 Source-specific recalculations, including changes made in response to the review
process and impact of emission trend
No recalculation was performed in this submission.
5.7.5 Source-specific planned improvements, including tracking of those identified in the
review process
The analysis of uncertainties is in progress.
5.7.6 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 Changes 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 use, land-use change and forestry. The
inventory was originally based on application of the IPCC Good Practice Guidance for Land Use, Land-Use
Change and Forestry (IPCC 2003, further also abbreviated as GPG for LULUCF) and the reporting format
adopted by the 9™ Conference of the Parties (COP) to UNFCCC. The reporting guidelines were revised at
the 19t COP in 2013 by decision 24/CP.19. It demands that, starting in 2015, Parties included in Annex | to
the Convention should apply the 2006 IPCC Guidelines 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).
In addition, decision 24/CP.19 encourages the use of the 2013 Supplement to the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories: Wetlands (IPCC 2014a) in preparing the annual inventories under
the Convention due in 2015 and beyond. The current LULUCF reporting is also guided by the 2013 Revised
Supplementary Methods and Good Practice Guidance Arising from the Kyoto Protocol (IPCC 2014b). This
material is used, together with IPCC (2006), to prepare the assessment and reporting of annual changes in
carbon stocks and associated CO, emissions and removals from the Harvested Wood Products (HWP
contribution), which have been reported under LULUCF since the 2015 NIR submission.

Reporting of the LULUCF sector in the Czech Republic has gradually incorporated the specific requirements
on the inventory based on IPCC (2006, 20144a, 2014b). The current inventory of the LULUCF sector uses the
recommended reporting structure, including the estimated HWP contribution. In terms of land use
representation and land-use change identification required for emission estimation for the LULUCF land
use categories, the Czech inventory employs a refined system of land use representation and land-use
change identification at the level of the individual cadastral units. Although the Czech LULUCF inventory
remains in the process of continuous refinement and consolidation, it represents a solid system for
providing information on GHG emissions and removals in the LULUCF sector, as well as for providing
additional information on the LULUCF activities required under the Kyoto protocol.

The current inventory includes CO, emissions and removals, and emissions of non-CO; gases (CHs, N,0O,
NOx and CO) from biomass burned in forestry and disturbances associated with land-use conversion. The
inventory incorporates all major LULUCF land-use categories, namely 4.A Forest Land, 4.B Cropland, 4.C
Grassland, 4.D Wetlands, 4.E Settlements and implicitely 4.F Other Land, all linked to the Czech cadastral
classification of lands. It also includes the HWP contribution, which is reported under category 4.G
Harvested Wood Products. The emissions and/or removals of greenhouse-gases are reported for all the
mandatory categories.

The current submission covers the whole reporting period from the base year of 1990 to 2018. The
currently reported estimates changed in comparison with the previously reported values as a result of
several refinements in methodology, activity data and adopted emission factors affecting emission
estimates for some categories that resulted in recalculations for the entire reporting period. The current
and previously reported sectoral estimates of greenhouse-gas emissions and removals are shown in Fig.
6-1. The newly implemented improvement and changes led to changed estimates for the individual years
compared to the previously reported emission removals: the mean difference for the comparable years
1990-2017 is 5%. For 2018, the most recent reported year, we report significant emissions from the sector,
which is due to the extreme drought-induced accelerating bark-beetle outbreak calamity experienced in
the Czech forestry in the recent years (since 2015). The data shown in Fig. 6-1 include emissions and
removal for all land use categories and estimate of the HWP contribution. Detailed information on the
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current emission estimates, implemented changes and performed recalculations is provided below for the
individual LULUCF categories.
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Fig. 6-1 The current and previously reported estimates of emissions for the LULUCF sector. The values are negative,
corresponding to net removals of green-house gases, except for year 2018 when the balance turned positive, representing net
emissions of green-house gases.

6.1.1 Estimated emissions

Tab. 6-1 provides a summary of the LULUCF GHG estimates for the base year of 1990 and the most recently
reported year, 2018. They are listed by the majot LULUCF categories and their sub-categories.

Tab. 6-1 GHG estimates in Sector 4 (LULUCF) and its categories in 1990 (base year) and 2018

T Emissions 1990 Emissions 2018
kt CO; eq. kt CO; eq.

4 Total LULUCF -5 687 5794
4.A Forest Land -4 373 7 320
4.A.1 Forest Land remaining Forest Land -4208 7 858
4.A.2 Land converted to Forest Land -409 -553
4.B Cropland 215 100
4.B.1 Cropland remaining Cropland 90 54
4.B.2 Land converted to Cropland 124 46
4.C Grassland -110 -282
4.C.1 Grassland remaining Grassland 48 -79
4.C.2 Land converted to Grassland -158 -203
4.D Wetlands 22 20
4.D.1 Wetlands remaining Wetlands (0) (0)
4.D.2 Land converted to Wetlands 22 20
4.E Settlements 271 124
4.E.1 Settlements remaining Settlements (0) (0)
4.E.2 Land converted to Settlements 271 124
4.F Other Land (0) (0)
4.G Harvested Wood Products -1713 -1488

Note: Emissions of non-CO; gases (CH4 and N2O) are also included.

In 2018, the net GHG flux for the LULUCF sector, estimated as the sum of emissions and removals, equalled
5 794 kt CO; eq. This represents a net source of GHG gases, for the first time reported for the LULUCF
sector in the country. In relation to the estimated emissions in other sectors in the country for the
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inventory year 2018, these emissions generated from the LULUCF sector represents a contribution of 4.4%
on the total GHG emissions in the country. Correspondingly, for the base year of 1990, the total emissions
and removals in the LULUCF sector equalled -5 225 Gg CO; eq. In relation to the emissions generated in all
the other sectors, the inclusion of the LULUCF estimate reduces the total emissions by 3.0% for the base
year of 1990. It is important to note that the emissions within the LULUCF sector exhibit high inter-annual
variability (Fig. 6-1) and the values shown in Tab. 6-1 should be interpreted with care. The aggregated
emisions estimates reported for the major LULUCF categories (i.e., by land use and HPW contribution) are
visualized in Fig. 6-2. The entire data series can be found in the corresponding CRF Tables.
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Fig. 6-2 Estimated emissions for the majotr land-use categories and HWP contribution for the entire reporting period 1990 to
2018.

6.1.2 Key categories
Tab. 6-2 Key categories of the LULUCF sector (2018)

ego A A A - 00 013

4.A.1 Forest Land remaining Forest Land CO; LA, TA LA, TA yes yes 5.85

4.G Harvested wood products CO; LA, TA LA yes yes 1.11
4.A.2 Land converted to Forest Land CO; LA yes 0.41

KC: key category
1 including LULUCF

Of the main categories listed in Tab. 6-1, three were identified as key categories according to the IPCC
2006 for 2018. One is 4.A.1 Forest Land remaining Forest Land with a contribution of 5.85%, which is the
major LULUCF category identified by both the level and trend assessment (Tab. 6-2). The emissions in this
category are mostly determined by changes in the biomass carbon stock. The second is 4.G Harvested
wood products, the third is 4.A.2 Land converted to Forest Land. Tab. 6-1 lists key categories evaluated
based on the approach 1 (KC A1) and approach 2 (KC A2) specified in IPCC 2006 Guidelines.

6.1.3 Coverage of pools and methodological tiers

The current inventory submission of the LULUCF sector includes all the mandatory categories and carbon
pools, as well as 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 HWP contribution (Chapter 6.10).
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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 land-use categories and, since reporting year 2013, also for the land-unspecific category of
Harvested wood products (4.G). The land-use categories are Forest Land, Cropland, Grassland, Wetlands,
Settlements and Other Land. Each of these categories is divided into lands remaining in the given category
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 representation of land areas and identification of land-use changes constitute the key steps in
the inventory of the LULUCF sector in accordance with the IPCC 2006 Gl. (IPCC 2006). The adopted system
of land-use representation and land-use change identification was constructed 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 Czech land-use representation and the
land-use change 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 land-use definitions 3) identification of land-use 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 for all land-
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 the reported period of 1990 to 2018, the required land use should be
available for the period starting from 1969. Information on land use was obtained from the Czech Office
for Surveying, Mapping and Cadastre (COSMC), which administers the database of “Aggregate areas of
cadastral land categories” (AACLC). The AACLC data were compiled at the level of the individual cadastral
units (1992-2018) and individual districts (since 1969). There are over 13 000 cadastral units, the number
of which varies due to separation or division for various administrative reasons. In the period from 1992
to 2018, the total number of cadastral units varied between 13 027 and 13 091.

To identify the administrative separation and division of cadastral units within a given year, two
approaches were employed. Previous to 2004, the cadastral units were crosschecked by comparing the
areas in subsequent years using a threshold of half-hectare difference. Starting in 2004, the explicit change
of land use was quantified within and for each year directly 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 available in
the national database of COSMC.

To obtain information on land-use and land-use 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 application of 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 shown in Fig. 6-3.

6.2.2 Linking land-use definitions

The analysis of land use and land-use change is based on the data from the “Aggregate areas of cadastral
land categories” (AACLC), centrally collected and administered by COSMC and regulated by Act No.
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265/1992 Coll., on Registration of proprietary and other material rights to real estate, and Act No.
344/1992 Coll., 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, hop-fields, vineyards, gardens, orchards, grassland) and four under other use
(forest land, water surfaces, built-up areas and courtyards, and other land). For the explicitly addressed
within-year land use change identification, two additional specific land-use subcategories were
distinguished, namely other land — waterlogged soil and other land — unfertile land. The AACLC land use
categories and sub-categories of the COSMC database were linked so as to most closely match the default
definitions of the six major land-use categories (Forest Land, 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 summarized in Table 6-3 and it
can also be found in the respective Chapters 6.4 to 6.9 devoted to each of the major land-use categories.

cadastral units

[ ] districts

Fig. 6-3 Cadastral units (grey lines; n = 13 077 in 2018) and districts (black lines; n=79), the basis of the Czech land use
representation and land use change identification system.
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Tab. 6-3 Linking the Czech national cadastral (COSMC) land-use categories to the IPCC land-use categories. COSMC codes in
parenthesis combine type of properties and its dominant use.

IPCC land-use category CRF coding Czech national cadastral (COSMC) ID code and land-use category

10. Forest land

- Land with forest stad and land, where forest stands wete removed to permit their
Forest land 4.A regeneration, forest break and unpaved forest road, not wider than 4 m, and land, where
forest stands were temporarily removed due to a decision of state forest administration
[Forestry Act 289/1995])

2. Arable land

- Land of arable soil according to the Agriculcure Act
3. Hop fields

- Land of hop field according to the Agriculcure Act
4. Vineyards

Cropland 4.8 - Land of vineyard according to the Agriculcure Act
5. Gardens

- Land for permanent and dominant production of vegetable, flowers and other garden
products or land with fruit trees and shrubs close to residential and industrial buildings

6. Fruit orchard
- Land of fruit orchard according to the Agriculcure Act

7. Permanent grassland

Grassland 4.C . .
- Land of permanent grassland according to the Agriculcure Act
11. Water area
- Land of watercourse and riverbeds, water reservoir, marsh, wetland or swamp
Wetlands 4.D
(22). Other area — waterlogged area
- Land of Other area that is waterlogged (marsh, wetland or swamp)
13. Built-up area and courtyard
- Land with building including courtyard, common yard,
14. Other area
Settlements AE - Land not classifyirllg und.er 2,3,4,5,6,7,10, 1.1 and 13, such as transport.
infrastructure, manipulation areas, depot, landfill, photovoltaic power station and
others
(21). Other area — unfertile land
- Land not suited for production and other use
Other land 4.F NO since 2018 NIR submission, earlier represented by (21) Other area — unfertile land

6.2.3 Land-use change identification

The critical issue of any LULUCF emission inventory is the quantitative determination of land-use change.
This inventory adopts two approaches for identifying and quantifying land-use changes on an annual basis:
i) until 2003 by balancing the six major land-use areas for each of the individual or integrated cadastral
units on use of the subsequent years of the available period and ii) since 2004, using the within-year
explicitly addressed land-use conversions registered and estimated by COSMC, the authorized
administrator of cadastral information in the country. Although both the approaches are in principle
identical, the later approach is more accurate, as it captures virtually all changes within each individual
cadastral unit, including theoretically possible bi-directional changes involving the same pair of land use
categories within one particular year. In practice, the actual effect of the more advanced, latter approach
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is not significant under the conditions of the Czech Republic. However, it greatly improves the transparency
of the system and the data are basically readily usable as supplied by the data provider (COSMC) without
further processing. The resolution of the implemented land use representation and land use change
identification system is demonstrated in Fig. 6-4. In the example of the cadastral unit of Kacov (ID 656305),
it can be observed that during 2011, two land-use categories lost their land, while the other two increased
their area. However, as shown in the table, there were six specific land-use changes involved in these land
use changes, where Forest land and Grassland were partly converted to Settlements and Cropland. The
latter approach and more detailed data available since 2004 also allowed an explicit estimation of changes
associated with the category of Other land representing unfertile land with no specific type of land use,
which was considered to be constant until 2003 (Fig. 6-4). All identified land-use transfers estimated at the
individual cadastral unit level are summarized by each type of land-use change on an annual basis to be
further used for estimation of the associated emissions.

Year (date) ID CU (Name) Forest land Cropland Grassland Wetlands  Setttlements Other land Total
31-12-2010 661635 (Kacov) 1992637 2627349 1186759 376350 1415821 NO 7598916
31-12-2011 661635 (Kacov) 1979724 2633115 1181825 376350 1427904 NO 7598918
Difference -12913 5766 -4934 0 12083 - 2

Conversion type Area (mz)

Forest land - Cropland 977

Forest land - Settlements 11936

Cropland - Settlements 247

Grassland - Cropland 4897

Grassland - Settlements 38

Settlements - Cropland 139

Fig. 6-4 Example of land-used change identification for 2011 and the cadastral unit 661635 (Kacov) — total difference between
years for all land-use categories as well as the specific conversions between concrete land use categories as provided by COSMC.
The spatial unit is m2. Not occurring (NO) noted for Other land.

6.2.4 Complementing time-series

The above described calculation of land-use changes at the level of individual cadastral units was
performed for 1993 to 2018, because the data on that spatial resolution has been available only since
1992. For the years preceding 1993, i.e., for land-use change attributed to 1970 to 1992, an identical
approach to that described above was used, but with aggregated cadastral input data at the level on the
individual districts. Due to the IPCC default time period of 20 years used for reporting the converted land,
the source information contains data on land use in the Czech Republic since 1969.

6.2.5 Land use representation and land use change identification system - status and
development

Development of the Czech LULUCF land use representation and land use change identification system as
described above involved collaboration with the Czech Office for Surveying, Mapping and Cadastre
(COSMC; www.cuzk.cz), which administers the source information on land use used in the LULUCF
emission inventory?. Based on internal analysis and the recommendations of COSMC, the current

2 The work of the Czech Office for Surveying, Mapping and Cadastre (COSMC; www.cuzk.cz) is based on digitalisation of cadastral
land use information in the Czech Republic, which is planned to be finalized in 2019. This major reconciliation of land-use
information is in progress and explains the nature of the ongoing area rectifications in the official reports on areas of land and
land use categories in the country.
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inventory retains exclusively use of the original data on land use without any further corrections and
provides explicit information on land use for the basic IPCC land use categories. The inventory team is
working in collaboration with COSMC on further consolidation of the system to provide the specific
information required for KP LULUCF activities.

6.3 Land- use definitions and the classification systems used and their
correspondence to the land use, land-use change and forestry categories

The IPCC land use categories were linked to the Czech cadastral classification system, namely that of
“Aggregate areas of cadastral land categories” (AACLC), centrally collected and administered by COSMC,
as described in detail in Section 6.2 above. The specific attribution and linking of cadastral land use
categories to IPCC land use categories is summarized in Table 6-3 and also provided in the source category
description text under the corresponding Sections 6.4 to 6.9 below.

6.3.1 Land-use change - overall trends and annual matrices

The overall trends in the areas of the major land-use categories in the Czech Republic for the 1970 to 2018
period are shown in Fig. 6-5. A largest quantitative change is associated with the Cropland and Grassland
land-use categories.
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Fig. 6-5 Trends in areas of the six major land-use categories in the Czech Republic between 1970 and 2018 (based on information
from the Czech Office for Surveying, Mapping and Cadastre).

An insight into the net trends shown in Fig. 6-5 is provided by the analysis of gross land-use changes as
described in Section 6.2. Tab. 6-4 shows a product of that analysis (for the base year 1990 and the latest
reporting year 2018), namely the areas of land-use change among the major land-use categories in the
form of land-use change matrices for the individual years. This is available for all years of the reporting
period. It is important to note that the annual totals for the individual years in the matrices do not
necessarily correspond to the areas that appear in the CRF Tables, which account for the progressing 20-
year transition period that began in 1970. This is the recommended assumption of IPCC (2006) for
estimation of changes in soil carbon stock.
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Tab. 6-4 Land-use matrices describing annual initial and final areas of particular land-use categories and the identified annual
land-use conversions among these categories, shown for 1990 and 2018.

018

990 0809
Category Forest land Cropland Grassland Wetlands Settlements | Other land
Forest Land 2628.6 0.5 0.4 0.0 0.0 0.0 2629.5
§ Cropland 0.0 3454.5 0.4 0.0 0.1 0.0 3455.0
& Grassland 0.1 8.8 823.6 0.0 0.0 0.0 832.5
= | Wetlands 0.0 0.4 0.4 155.9 0.8 0.0 157.5
'E Settlements 0.3 3.7 3.7 0.1 804.1 0.0 811.9
Other Land 0.0 0.0 0.0 0 0 0.0 0.0

Area (kha) ‘

2671.6

Category Forest land Cropland Grassland Wetlands Settlements | Other land *
Forest Land 2671.3 0.5 0.4 0.0 1.2 0.0 2673.4
’é‘ Cropland 0.0 3191.3 0.7 0.0 0.6 0.0 3192.6
Q | Grassland 0.1 43 1004.9 0.0 1.8 0.0 1011.1
T—; Wetlands 0.0 0.2 0.1 166.1 0.2 0.0 166.6
'E Settlements 0.2 2.6 0.5 0.1 840.1 0.0 843.4
Other Land 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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6.4 Forest Land (CRF 4.A)
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Fig. 6-6 Forest land in the Czech Republic — distribution calculated as a spatial share of the category within individual cadastral
units (as of 2018).

6.4.1 Source category description

The Czech Republic is a country with a long forestry tradition. Practically all the forests can be considered
to be temperate-zone managed forests under the IPCC definition of forest management (IPCC 2006 Gl.
(IPCC 2006), Volume 4). Within the Czech land use representation and land use change identification
system, land use category 4.A Forest land is represented by the forest land (ID 11) category of the Czech
cadastral system administered by COSMC. With respect to the definition thresholds of the Marrakesh
Accords, forest is defined as land with woody vegetation and with tree crown cover of at least 30%, over
an area exceeding 0.05 ha containing trees able to reach a minimum height of 2 m at maturity3. As this
definition of forest excludes the areas of actually (temporarily) unstocked cadastral forest land, such as
forest roads, forest nurseries and land under power transmission lines, these are discounted in all emission
estimates involving Forest Land using the annually updated information on the ratio of timberland to
cadastral forest land. In this way, the area of cadastral forest land is also linked to the national definition
of timberland (Czech Forestry Act 289/1996). These areas and the related activity data on forests on (see
more below) are collected as bottom-up process based on the mandatorily elaborated forest management
plans (FMP). FMP and/or forest management outlines (for forest properties under 50 ha) serve for overall
assessment of forest state, which is mandatorily requested under the Czech Forestry Act (289/1996). In
2018 (1990), the area of Forest Land equalled 2 673 (2 629) th. ha, whereas the stocked forest area
(timberland) corresponded to 2610 (2 583) thousand ha, representing 97.6 (98.2)% of the cadastral forest
land in the Czech Republic. Hence, the temporarily unstocked area, not accounted in forest biomass

3 These parameters, together with the minimum width of 20 m for linear forest formations, were given in the Czech Initial Report
under the Kyoto Protocol
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emission estimates, represents 2.4 (1.8)% of the forest land according to the Czech cadastral data as of
2018 (1990).

Forests (cadastral forest land) currently occupy 33.9% of the area of the country (based on MAF, 2019).
The tree species composition is dominated by conifers, which represent 71.5% of the timberland area. The
four most important tree species in this country are spruce, pine, beech and oak, which account for 50.0,
16.4, 8.6 and 7.3% of the timberland area, respectively (MAF, 2019). Broadleaved tree species have been
favoured in afforestation since 1990. The proportion of broadleaved tree species increased from 21% in
1990 to 27.3% in 2018. The total growing stock (merchantable wood volume) in forests in the country has
increased during the reported period from 564 mil. m3 in 1990 to 703 mil. m3 (under bark) in 2018 (MAF,
2019).

Several sources of information on forests are available in the Czech Republic. The primary source of activity
data on forests used for this emission inventory is the forest taxation data in Forest Management Plans
(further denoted as FMP), which are administered centrally by the Forest Management Institute (FMI),
Brandys n. L. and supervised (since 2012) by Czech Forests, s.e. With a forest management plan cycle of
10 years, the annual update of the FMP database is related to 1/10 of the total forest area scattered
throughout the country. The information in FMP represents an ongoing national stand-wise type of forest
inventory. The auxiliary source of information corresponds to data from the statistical (sample based, tree
level) National Forest Inventory (NFI). The first NFI cycle (NFI1) was performed during 2001-2004 by FMI
and its aggregated results were released three years later (FMI, 2007). The second NFI cycle (NFI2) ran
during the years 2011 to 2015. Its results have been gradually released during 2016 to 2019 (Kucera and
Adolt 2019). The other auxiliary statistical information on forests at a county level is provided by the Czech
landscape inventory (CzechTerra; www.czechterra.cz). It run as a project funded by the Ministry of
Environment (Cerny 2009, SP/2d1/93/07) complementing its first cycle (CZT1) in 2008/2009. The second
CzechTerra cycle (CZT2) was conducted in 2014/2015 as part of the project funded by the Czech Science
Foundation (GA CR 14-12262S). These results were published by the end of 2015 (Cerny et al. 2015,
Cienciala et al. 2015). Some of these data have already been implemented in this emission inventory
report. However, the emission inventory is still primarily based on the FMP data, which represent the main
continuous data source used for the international reporting on forests in the Czech Republic since 1990 to
date. However, wherever feasible, information from the above mentioned inventory programs and/or
other sources has also been used, specifically for other carbon pools, such as standing and ground
deadwood and litter.

__I
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Fig. 6-7 Activity data — area for the four major groups of species and clearcut area during 1990 to 2018 (total area of Forest land
shown).
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Fig. 6-8 Activity data — mean growing stock volume against stand age for the four major groups of species during 1990 to 2018;
each line corresponds to an individual inventory year. The symbols identify only the situation in 1990 and 2018.

The FMP data were aggregated in line with the country-specific approaches at the level of the four major
tree species (i-beech: all broadleaved species except oaks, ii-oak: all oak species, iii-pine: pines and larch,
iv-spruce: all conifers except pines and larch) and age-classes (10-year intervals). For these categories,
growing stock (merchantable volume, defined as tree stem and branch volume under bark with a minimum
diameter threshold of 7 cm), the corresponding areas and other auxiliary information were available for
each inventory year. It can be observed that the area of broadleaved species has steadily increased during
the reporting period, mainly at the expense of spruce (Fig. 6-7). In addition to the four major categories by
predominant tree species, clear-cut areas are also distinguished (Fig. 6-7), forming another, specific sub-
category of Forest Land. A clear-cut area is defined as a temporarily unstocked area following final or
salvage harvest of forest stands. It ceases to exist once it is reforested, which must occur within two years
according to the Czech Forestry Act. There is no detectable carbon stock change for this category and it is
introduced solely for the purpose of consolidated, transparent and consistent reporting of forest land. In
2018, clear-cut areas represented 1.2% of timberland area within Forest Land.

Fig. 6-8 shows the average growing stock for all tree species groups. It has increased steadily for all tree
species groups since 1990 in this country.

The annual harvest volume constitutes the other key information related to forestry. This value is available
from the Czech Statistical Office (CzSO). CzSO collects this information on the basis of about 600 country
respondents (relevant forest companies and forest owners) and includes commercial harvest and fuel
wood, with compensation for the forest areas not covered by the respondents. According to this
information, the total drain of merchantable wood from forests increased from 13.3 mil. m3 in 1990 to
25.7 mil. m® (under bark) in 2018. This is the highest ever harvest volume recorded in the country,
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surpassing the previous all-time high of 19.4 mil. m® harvested in the previous year (all data refer to under-
bark volumes, MAF 2019). Note, however, that 90% of the harvest volume attained in 2018 is due to the
mandatory sanitary fellings in reaction to the accelerating unprecedented bark-beetle outbreak (see
below). This calamity is expected to drive the harvest volumes at similar or even higher level for 2019.

The Czech emission inventory also includes the harvest loss, which represents the additional removal of
wood and forest residues associated with planned harvest and natural disturbance events. This additinal
harvest drain estimate is officially reported by the Czech Statistical Office (CzSO), which become available
since 2009 and included since year 2011 in this inventory. It complements the previously employed harvest
loss estimates increasing the basic (wood industry) reported harvest by an extra 5 and 15% of the final and
salvage logging volumes, respectively (see Section 6.4.2 below). Salvage logging operations are
predominantly related to stands affected by windstorms, snow and bark-beetle calamities in this country.
On this basis, the Czech emission inventory includes an explicit estimate of disturbance, which includes
the categories of natural disasters, pollution, insects and other effects (CzSO, J. Kahuda, personal
communication 2013). The actual share of salvage logging is annually reported by CzSO and elsewhere
(MAF 2019). In 2018, the applicable volume of total annual harvest drain (incl. harvest loss) reached 27.9
mill. m3, up from the earlier maximum of 21.5 mill. m?® estimated for 2017. The total harvest drain
applicable for the emission inventory for the entire reporting period since 1990 to 2018 is shown in Fig. 6-
8. The information on reported harvest, share of salvage logging, quantity of harvest by disturbance type
and applicable additonal harvest drain is also provided in Tab. 6-5. Tab. 6-7 also shows total harvest drain
disintegrated by species groups for 1990 and 2018.
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Fig. 6-9 The applicable total annual harvest drain for coniferous (Conif.) and broadleaved (Broadl.) tree species, which
includes both the reported quantities of merchantable wood for the two categories (Conif. merch, Broadl. merch.) and
the estimated/reported additional harvest drain (Conif. extra, Broadl. extra) for the entire reporting period of 1990 to
2018.

As apparent from Tab. 6-5, the most worrisome disturbance type requiring salvage logging was
accelerating instect outbreak in the country in 2018, specifically considering the apparent trend in these
data. Also important is damage by abiotic factors, such as wind, snow and other climatic phenomena. On
the contrary, a damage attributable to pollutants became less apparent in the two recent decades and
compared to late 1980s and early 1990s, when the region sufferd from significant air pollution impacts.
The resiudal of that period can be traced in soils, which still remain regionally aciditified and apparently
degraded in terms of nutrients (Hruska and Cienciala 2003). In this context, it is also important to note,
that causal attribution of factors responsible to declining tree health is complex and the forest
management evidence, which is the basis of the infomation in Tab. 6-5, does not discern the underlying
factors such as sensitivity to drought or unfavourable soil chemistry, but reports on the final visible
phenomena of affected trees (Cienciala et al., 2017). However, it is generally agreed among the experts
that the recent inscect outbreak calamity was induced by significant drought conditions combined with
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above-average temperature (MAF 2019), which has been experienced in the country specifically since
2015 (including). In this context it is important to understand that the inventory team is not in position to
conduct any independent verification of the national information on distrurbace type and additional
harvest (Tab. 6-5), the information provided centrally by CzSO, as suggested by the latest UNFCCC in-
country review.

Tab. 6-5 The reported harvest, total share of salvage logging in the reported harvest, quantity of salvage logging by disturbance
type (source data CzSO).and total applicable additional harvest loss (source information IFER, CzSO).

Variable *

1990 2000 2005 | 2010 | 2015 2016 | 2017 @ 2018

Reported base harvest Mm-3 13.3 14.4 15.5 16.7 16.1 17.6 19.4 25.7
Share of salvage logging % of reported harvest 71 14 17 39 50 53 61 90
- abiotic/natural Mm-3 NA 2.39 2.30 4.07 4.39 2.64 4.35 8.38
- pollutants Mm?-3 NA 0.08 0.04 0.03 0.03 0.03 0.02 0.02
- insect outbreaks Mm?-3 NA 0.32 0.98 1.79 2.31 4.42 5.85 13.1
- other Mm?-3 NA 0.50 1.22 0.57 1.43 2.31 1.52 1.55
Additional loss (IFER, CzSO) | Mm™3 1.62 0.92 1.04 1.48 2.00 1.90 2.10 2.20
Total harvest removals Mm?-3 14.9 15.4 16.6 18.2 18.2 19.5 21.5 27.9

6.4.2 Methodological issues

Category 4.A Forest Land includes emissions and sinks of CO; associated with forests and non-CO, gases
generated by burning in forests. This category is composed of 4.A.1 Forest Land remaining Forest Land,
and 4.A.2 Land converted to Forest Land. The following text describes the major methodological aspects
related to emission inventories for both forest sub-categories.

The methods of area identification described in Section 6.1.2 distinguish the areas of forest with no land-
use change over the 20 years prior the reporting year. These lands are included in subcategory 4.A.1 Forest
Land remaining Forest Land. The other part represents subcategory 4.A.2 Land converted to Forest Land,
i.e., the forest areas “in transition” that were converted from other land-use categories over the 20 years
prior to the reporting year. The areas of forest subcategories, i.e., 4.A.1 and 4.A.2 accumulated over a 20-
year rolling period can be found in the corresponding CRF Tables. The annual matrices of identified land-
use and land-use changes are given in Tab 6-3 above.

6.4.2.1 Forest Land remaining Forest Land

Carbon stock change in category 4.A.1 Forest Land remaining Forest Land is given by the sum of changes
in living biomass, dead organic matter and soils. The carbon stock change in living biomass was estimated
using the default method* according to eq. 2.7 of the IPCC 2006 GI. (IPCC 2006). This method is based on
separate estimation of increments and removals, and their difference.

The reported growing stock of merchantable volume from the database of FMP formed the basis for
assessment of the carbon increment (Egs. 2.9 and 2.10 of IPCC 2006 Gl. (IPCC 2006)). The key input to
calculate the carbon increment is the volume increment (/,) data. In the Czech Republic, these values have
been traditionally calculated at FMI® (FMP database administrator; see also Acknowledgment) and
reported to the national and international statistics. The calculation is performed at the level of the

4 Alternative approaches of the stock-change method (Eq. 2.8; IPCC 2006) were also earlier analyzed (Cienciala et al. 2006a) for
this category. However, for several reasons the default method was finally adopted and is discussed in the cited study.

> Since 2012, Czech Forests, s.e. has co-supervised the administration of FMP and estimates of the increment are provided on
request by the Czech Ministry of Agriculture, which is responsible for the forestry sector including Czech Forests, s.e.
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individual stands and species using the available growth and yield data and models. The increment data
were partly revised in the earlier NIR (2008) to unify two different base information sources (Schwappach,
1923; Cerny et al., 1996) for increment estimates and to employ only the latest source across the entire
reporting period. This procedure was implemented to comply with the reporting requirements of
consistent time series. No change, apart from entering the actual increment for the latest reported year,
has been made to the increment in the inventory submissions thereafter (Fig. 6-10).
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Fig. 6-10 Current annual increment (Increment, mill. m3 underbark) by the individual tree species groups as used in the reporting
period 1990 to 2018 (source data FMI).

The merchantable volume increment (/,) is converted to the biomass increment (Grot), biomass
conversion and expansion factors applicable for increment (BCEF;) using Eqgs. 2.9 and 2.10 (AFOLU, 2006)
as follows:

AC; = X j(4j X GTotalj x CFj) (1)
where Ajand CF;jrepresent the actual stand area (ha) and carbon fraction of dry matter (t C per t dry

matter), respectively, for each major tree species type j (beech, oak, pine, spruce), while G, is calculated
for each j as follows:

Grorar = ) {Iy X BCEF; x (1 +R)} @)

where R is a root/shoot ratio to include the below-ground component. The total biomass increment is
multiplied by the carbon fraction and the applicable forest land area. Tab. 6-6 lists the factors used in the
calculation of the biomass carbon stock increment.
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Tab. 6-6 Input data and factors used in carbon stock increment calculation (1990 and 2018 shown) for beech, oak, pine and
spruce species groups, respectively

Variable or conversion factor Year 1990 Year 2018
Species group Beech, Oak, Pine, Spruce Beech, Oak, Pine, Spruce
Area of forest land remaining |, 381; 156; 466; 1539 525; 191; 425; 1449
forest land (A)

Biomass conv. & exp. factor, |, 0.741; 0.862; 0.524; 0.595 | 0.737; 0.850; 0.526; 0.598
incr. (BCEF;)

::;;)bon fractioninbiomass |, .\ 00 ass 0.488; 0.488; 0.508; 0.508 0.488; 0.488; 0.508; 0.508
Root/shoot ratio (R) - 0.234; 0.235; 0.291; 0.209 0.232; 0.231; 0.229; 0.205
Volume increment (/,) m3hat 6.55; 5.96; 5.84; 7.89 7.31; 6.03; 7.24; 9.94

In Tab.6-6, A represents only the areas of 4.A.1 Forest Land remaining Forest Land, updated annually. The
applied biomass conversion and expansion factors applicable for the increment (BCEF;) and growing stock
volumes (BCEFy) are based on national allometric studies (Cienciala et al., 2006a, 2006b, 2008a) or biomass
compilations that include data from the Czech Republic (Wirth et al., 2004, Wutzler et al., 2008). Since the
biomass conversion and expansion factors are age-dependent (Lehtonen et al., 2004, 2007), they respect
the actual age-class distribution of the dominant tree species. Hence, the species- and age-dependent
BCEF; values shown in TAB. 6-6 represent annually updated weighted means considering the actual
volumes of the individual age classes for each of the major tree species. In addition to the allometric
equations noted above, the source dendrometrical material used for derivation of the country-specific
BCEF; values consisted in the data from the CzechTerra landscape inventory program (Cerny, 2009). The
tree level data together with the information on age were used to assess the median BCEF; values for each
age class and major tree species. The adopted carbon fraction (CF) in woody biomass currently used for
broadleaved and coniferous tree species (Tab. 6-6) represent temperate forest categories as reported by
Thimas and Martin (2012). This is in accordance with the values suggested by IPCC (2006), although based
on a more extensive literature survey. The ratio of below-ground biomass to aboveground biomass (R) was
estimated for individual species groups and corresponding actual growing stock volumes based on the
recommended values for forests in temperate-zone in Table 4.4 of IPCC (2006). The applicable
corresponding values of R are listed for 1990 and 2018 in (Tab. 6-6). R corresponds well to the available
relevant experimental evidence (Cerny, 1990; Green et al., 2006), as well as to the evidence apparent from
the parameterized allometric equations for the major tree species in Central Europe (Wirth et al., 2004,
Woutzler et al., 2008). I, is the annually updated volume increment estimated per hectare and species group
as described above.

The estimation of carbon loss (L; eq. 3) in the category 4.A.1 Forest Land remaining Forest Land basically
follows Egs. 2.11, 2.12 and 2.13 (AFOLU, 2006). It uses the annual amount of total harvest removals
reported by CzSO for individual tree species in the country as well as the associated harvest loss, which is
explicitly nationally reported by CzSO since 2009. Therefore, the total harvest drain (H) covers thinning
and final cut, the amount of fuel wood, which is reported as an assortment under the conditions of Czech
Forestry, as well as the associated harvest loss that is also linked to amount of salvage logging
(distrurbances). To include the biomass loss associated with harvest, a fraction Fu was added to the
reported harvest volume; it was calculated from the annual harvest data and the share of salvage logging,
assuming 5% loss under the planned forest harvest operations and 15% for accidental/salvage harvest.
Hence, the harvest volume entering the actual emission calculation (H in eq. 3 below) includes correction
by the above-described fraction, Fu.. This estimate was used to account for harvest loss associated with
the reported harvest of merchantable wood volume and share of salvage logging until 2010. Since 2011,
however, the newly introduced harvest loss estimate available from CzSO is used exclusively. The
calculation of the total carbon drain (L; loss of carbon) associated with wood removals follows Eq. 2.12
(AFOLU 2006) as

Lwood removais = H X BCEF, X (1+ R) X CF (3)
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where BCEF, represents the biomass expansion and conversion factor applicable to harvested volumes,
derived from national studies or regional compilations that include the data from the Czech Republic as
noted and mentioned above. The application of BCEF, considers the share of the planned harvested
volume and the actual salvage logging that was not planned. In the case of planned harvest volumes, the
age-dependent BCEF, values also consider the mean felling age, which is taken from the national reports
of the Ministry of Agriculture. For salvage logging, BCEF;, represents the volume-weighted mean of all age
classes for the individual dominant tree species, as the actual stand age of those harvested volumes is
unknown. The other factors (CF, R) are identical to those described under Tab. 6-6. The specific values of
the input variables and conversion factors used to calculate L are listed in Tab. 6-7.

Tab. 6-7 Specific input data and factors used in calculation of the carbon loss due to harvest (1990 and 2018 shown) for beech,
oak, pine and spruce species groups, respectively

Variable or conversion factor Year 1990 Year 2018
Species group Beech, Oak, Pine, Spruce Beech, Oak, Pine, Spruce
Harvest drain volume (H) Mm3 0.95; 0.35; 1.49; 12.16 1.27;0.33;1.22; 25.1
Biomass expansion factor (BCEF;) Mg m-3 0.782; 0.864; 0.524; 0.587 0.732; 0.845; 0.526; 0.594

The impact of disturbances (Eqg. 2.14, AFOLU, 2006) is included in full within the total harvest drain volume
(H). This reflects the country-specific circumstances with commonly spatially inexplicit (i.e., unknown
specific area) expression of forest disturbances with spot-wise occurrence of affected trees and groups of
trees. Disturbances in the country are, however, mandatorily registered in terms of salvaged wood
volumes. Therefore also, the available data on salvage logging from CzSO (and MAF 2019) are traceable
using disturbance origin by categories including natural disaster, air pollution, insect and other (Tab. 6-5
above). This information is obligatorily reported by the forestry practice, which must always prioritize
salvage logging on account of the planned harvest. In this way, the prescribed (planned) logging volume is
commonly composed of planned and salvage logging. Consequently, any salvage felling is flexibly allocated
to the desired amount of planned wood removals, and it is thereby accounted for in the reported harvest
volumes within Eq. 3. This also includes the occasional events of more significant local salvage loggings,
when forest managers may request and receive temporary permissions to increase the planned harvest
volumes for the affected forestry districts. Due to the above, no distinction is made in terms of disturbance
impact on carbon pools in sense of, e.g., Table 2.1 of IPCC (2006), as disturbance is treated as an integral
part (though quantifiable by volume share) of harvest loss in the conditions of the dominantly managed
forests in the country (Tab. 6-5 and Fig. 6-8.). Note also that this treatment has no accounting effect on
dead organic matter pool, as all aboveground biomass is assumed to be instantaneously oxidized, except
the fraction allocated to biomass burning in association with harvest as described below. The uncertainty
related to the estimate of additional harvest loss is conservatively assumed to be 30%, which is based on
the differences in estimates earlier provided by IFER and that of CzSO representing the nationally repoted
data. The mean difference in these estimates tested for the period of 2011-2017 was 29%, with CzSO being
more conservative.

Since 2019 NIR inventory submission, stem mortality estimate at the country level (Adolt et al. 2016) was
integrated in the emission estimates. Stem mortality represents additional loss of biomass carbon, not
included in the harvest estimates. It was assessed based on the two NFI cycles (NFI1 and NFI2), resuting in
mean volume mortality per hectare. This inventory used the published aggregated mortality values of 0.16
and 0.34 m3/ha/year for broadleaed and coniferous tree species, respectively (m? under bark as standard
for all wood volume units used in the country). These stem mortality estimates were converted to biomass
carbon using Eq. 2 (Eq. 2. 10 of IPCC 2006 Gl.) and the set of applicable factors as listed for the individual
species groups in tab. 6-6. The resulting quantity due to mortality was treated as additional carbon loss in
the gain-loss method used in this inventory for biomass carbon stock change estimation.

The assessment of the net carbon stock change in organic matter (specifically deadwood) for category
4.A.1 was revised in the previous (2018) inventory submission following the Tier 2 stock-difference method
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according to Eq. 2.8 of IPCC (2006). The requitred activity data for deadwood component were taken from
the two statistical inventory programs available in the country as described in Section 6.4.1 above, namely
NFI campaigns as of 2001/2004 (NFI1) and 2011/2014 (NFI2), and the Landscape inventory CzechTerra
(Cerny et al. 2015, Cienciala et al. 2015, 2016) — campaigns 2008/2009 (CZT1) and 2014/2015 (CZT2).
Specifically for deadwood, data included carbon stock in standing dead trees as well as ground dead trees
and ther fragments with mean diameter of at least 7 cm. The data are expressed in mean standing
deadwood volume and volume of lying deadwood. In CzechTerra, these data were also classified in four
categories according to degree of decomposition. These categories are defined as follows: i) basically solid
wood; ii) peripheral layers soft, central hard; iii) peripheral layers hard, central soft; iv) totally rotten wood.
Based on that, the amount of carbon held in lying deadwood was estimated as the product of the wood
volume, density weighted by mean growing stock volume of major tree species (0.433 t/m3), reduction
coefficients of 0.8, 0.5, 0.5, 0.2 (Cerny et al., 2002; Carmona et al., 2002) applicable to the above described
decomposition categories, respectively, and the carbon fraction in the wood (0.5 t C/t biomass). Since NFI
data were expressed in volume units, they were converted to biomass (carbon) weight units using the
observed CZT1 volume/biomass ratios. To conctruct the data series for entire reporing period, we used
data of NFI1 to represent year 2003, and the average of CZT2 and NFI2 to represent year 2015. Using the
estimated trend based on these empirical observations, data for the years between these data points were
linearly interpolated, whereas they were accordingly extrapolated beyond that period.

As for litter component, only data of CzechTerra campaign 2008/2009 (CZT1) are available, providing
reference mean carbon stock held in litter (11.1 t C/ha; Cienciala et al. 2015). These data are not yet
adequate for proving carbon stock change estimates in litter for category 4.A.1, which resorts to using Tier
1 assumption of no change (IPCC 2006) for this category.

The assessment of net carbon stock change in soils for category 4.A.1 followed the Tier 1 (default)
assumption of carbon stock changes considered to equal zero (Tier 1, IPCC 2006). This concerns both
mineral and organic soils. The organic soils occur only in the areas of the Spruce sub-category on 4.A.1
Forest Land remaining Forest Land. They represent protected peat areas in mountainous regions
dominated by spruce stands, with no specific management practices. No such areas occur under the other
sub-categories with the predominant species of beech, oak and pine.

With respect to significance of soil carbon pool (requested by L.12 of the last review), the following
information is provided. The substantiation of the default (Tier 1) assumption for mineral soil carbon stock
on forest land is substantiated by the fact that this pool han not been reported as a key category for no
country in the Central-European or temperate region. Additionally, the modeling study Cienciala et al.
(2008) analyzed and discussed this issue within country and provides a substantiation for omitting this
pool from Kyoto Protocol reporting (see Section 11.3). The adoption of higher tier estimation methods for
forest soil carbon stock changes under category 4.A.1. will be possible once the NFI program in the country
(FMI 2019) conducts the repeated quantitative forest soil survey. This can be expected at the earliest by
mid 20™ of this century. However, it can be expected that similarly as for other countries in temperate
region, soil carbon stock change estimates will remain insignificant due to generally known small temporal
changes of this poll and inherently large uncertainties associated with the sampling needed for country-
level estimates.

Emissions in category 4.A.1 Forest Land remaining Forest Land include, in addition to CO,, also other
greenhouse gases (CHs, CO, N2O and NOx) resulting from burning. This encompasses both prescribed fires
associated with burning of biomass residues associated with harvest, and also emissions due to wildfires.
The emissions from prescribed burning of biomass residues were estimated according to Eq. 2.27 of IPCC
(2006) and the emission and combustion factors in Table 2.5 and 2.6, respectively (IPCC 2006). The
equation 2.27 reads as

Lire = AX Mg X Cp X Gop X 1073 (4)
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where Lg;.is amount of greenhouse gas emissions from fire in tons of gas considered (CHs, N20O), A is area
burtn (ha), Mgmass of fuel available for combustion (t/ha), Cr combustion factor (-) and G, emission
factor (g/kg).

Under the conditions in this country, part of the biomass residues is occasionally burned in connection
with the final cut. Hence, this practice (prescribed burning) is limited to category 4.A.1 and does not occur
in 4.A.2 Land converted to Forest land. There is no official estimate of the biomass fraction burned in
forests in the country. The expert judgment employed in this inventory considers that 5% of the biomass
residues including bark is burned. This is less than assumed for the inventory years until 2010 (30%) and
2015 (15%), respectively, which corresponds with the trend in current forest management practices in the
country. The biomass fraction burned was quantified on the basis of the annually reported amount of final
felling volume of broadleaved and coniferous species, BCEF, and CF as applied to harvest removals (above).
The amount of biomass burned (dry matter) was estimated as 590 kt in 1990 and 254 kt in 2018. These
values, as well as the applicable factors used in Eq. 4 to estimate emissions from fire are listed in Tab. 6-8.

Tab. 6-8 Specific input data and factors used in to estimate emissions of N,O and CH4 from prescribed burning in forests (1990
and 2018 shown) according to Eq. (4).

Variable or conversion factor Unit Year 1990 Year 2018

Amount of biomass burnt

(AxM) kt 590 254
Combustion factor (C;) - 0.62 0.62
Emission factor (Gf) for CHa g kg* dry matter burnt 4.7 4.7
Emission factor (G;) for N,O g kg* dry matter burnt 0.26 0.26

Note that Tab. 6-8 does not show the factor associated with a release of CO, in prescribed burning (only
CH4 and N,O are listed). This is to prevent double counting, as that part of emissions is already included
within the harvest loss (Eg. 3). Finally, Table 6-8 also does not list the factors used to estimate gases of CO
and NOx, which are complementarily also estimated using Eq. 4 together with emission factor (G.¢) equal
to 107 and 3.00, respectively.

The emissions of greenhouse gases due to wildfires were estimated on the basis of known areas burned
annually by forest fires and the average biomass stock in forests according to Eq. 2.14 (IPCC 2006). The
associated amounts of non-CO, gases (CH4, CO, N2O and NOx) were estimated according to Eq. 2.27 (IPCC
2006), which is listed above as Eq. 4. The combustion factor (Cf) used was 0.45 (Table 2.6, IPCC 2006),
whereas emission factors for individual gasess as well as carbon fraction were identical as those for
prescribed burning listed above. The amount of biomass (dry matter) burned in wildfires was estimated as
10.2 kt in 1990 and 37.2 kt in 2018. The most extreme year of the reporting period was 1997, when about
228 kt of biomass was burned due to wildfires on an area of almost 3.5 th. ha. In 1990 and 2018, the
reported forest areas under wildfire were 168 and 492 ha, respectively. During the reporting period since
1990, there has been no single year without reported wildfire. The mean annual forest area affected by
forest wildfires reached 596 ha during the 1990 to 2018 period. The full time series of forest wildfires in
terms of areal extent and number of fires per year is shown in Fig. 6-11. The associated emissions of non-
CO; gases can be found in the corresponding CRF Tables.
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Fig. 6-11 Wildfires on forest land since 1990 — annual area (left; bars) and number of fires per year (right; filled symbol)

There are no direct N,O emissions from N fertilization on Forest Land, as there is no practice of nitrogen
fertilization of forest stands in the Czech Republic. Similarly, non-CO, emissions related to drainage of wet
forest soils are not reported, as this activity no longer occurs in practice.

6.4.2.2 Land converted to Forest Land

The methods employed to estimate emissions in the 4.A.2 Land converted to Forest Land category are
similar to those for the category of Forest Land remaining Forest Land, but they differ in some assumptions,
which follow the recommendations of AFOLU (IPCC 2006).

For estimation of the net carbon stock change in living biomass on Land converted to Forest Land according
to IPCC 2006 Gl. (IPCC 2006), the carbon increment is proportional to the extent of afforested areas and
the growth of biomass. The revised methodology of land-use change identification (Section 6.2) provides
areas of all conversion types updated annually. Land areas are considered to be under conversion for a
period of 20 years, according to the default assumption of IPCC (2006). Under the conditions in this
country, all newly afforested lands are considered as intensively managed lands under the prescribed
forest management rules as specified by the Czech Forestry Act.

Until 2006, the increment applicable to age classes | and Il (stand age up to 20 years) was estimated from
the actual wood volumes and areas that were available per major species groups. Using the available
activity stand level data categorized by species and age classes and the national growth and yield model
SILVISIM (Cerny, 2005), the wood increment was derived for all the age classes above 20 years. For age
class one (1-10 years), the increment was simply calculated from the reported areas and volumes,
assuming a mean age of five years. The increment of age class two (11 to 20 years) was estimated from
linear interpolation between the increment of age classes | and Ill. For 2007 and the following years, the
increment is derived for individual tree species using the ratio of increments for individual tree species to
the total stand increment estimated for the 2000 to 2006 period.

Since the specific species composition of the newly converted land is unknown, the increment estimated
for the major tree species was averaged using the weight of actual areas for the individual tree species
known from the unchanged (remaining) forest land. Expressed in terms of aboveground biomass, the
estimated aggregated mean increment for 2018 was 3.31 t/ha, a value matching well those given for
temperate forest systems given as defaults in Table 4.12 of IPCC(2006). The estimation of increments in
terms of aboveground biomass is facilitated by the age- and species-dependent BCEF; values as described
in Section 6.2.1 above. The estimated species-specific values of BCEF; applicable for young trees to 20 years
of age were 0.995, 1.247, 0.654 and 0.925 for beech, oak, pine and spruce, respectively. The volume-
weighted mean BCEF; was 0.916 for 2018. The share of below-ground biomass (ratio R) is estimated based
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on species- and volume-specific values provided in Table 4.4 (IPCC 2006). In 2018, the factor R applicable
for 4.A.2 Land converted to Forest Land was 0.216.

The carbon loss associated with biomass disturbance in term of management and mortality in the category
of Land converted to Forest Land was assumed to be insignificant (zero). This is because the first significant
thinning occurs in older age classes, which is implicitly accounted for within the category Forest Land
remaining Forest Land. It is also important to note (in response to the previous inventory reviews) that
under the conditions in this country, there is no biomass loss due to natural disturbance on the land
converted to forest land. It actually represents the land of a newly established forest with tree age of 1 to
20 years. As is also apparent from the national statistics, there is no volume of salvage logging reported
for this category, which reflects the actual conditions of forest ecosystems of the age concerned.

The net changes of carbon stock in dead organic matter (DOM) were estimated in accordance with the
guidance of the Tier 1 method (IPCC 2006), using available country specific information. This approach
assumes that deadwood and litter carbon pools increase linearly from zero to the reference default values
for the given country-specific conditions. The changes in DOM were estimated separately for deadwood
and litter components. For deadwood, conservative values of the transition period for developing
deadwood carbon stock (100 years) and the reference mean carbon stock held in deadwood (as described
in Section 6.4.2.1) were used, respectively. For litter, the default (IPCC 2006) period of 20 years was used
together with the country-specific estimate of reference mean carbon stock held in litter (11.1 t C/ha;
CzechTerra landscape inventory 2009, Cienciala et al. 2015).

The net change of carbon stock in mineral soils was estimated using the country-specific Tier 2/Tier 3
method. This was based on the vector map of topsoil organic carbon content (Mackd et al., 2007; Sefrna
and Janderkova 2007; see Fig. 6-9). The map constructed for forest soils utilized over six thousand soil
samples, linking the forest ecosystem units - stand site types and ecological series available in maps 1:5 000
and 1:10 000, as used in the Czech system of forest typology (Macki et al., 2007). This represents the soil
organic carbon content to a reference depth of 30 cm, including the upper organic horizon. The carbon
content on agricultural soils was prepared so as to match the forest soil map in terms of reference depth
and categories of carbon content, although based on interpretation of coarser 1:50 000 and 1:500 000 soil
maps (Sefrna and Janderkova, 2007). The polygonal source maps were used to obtain the mean carbon
content per individual cadastral unit (n = 13 077 in 2018), serving as reference levels of soil carbon stock
applicable to forest and agricultural soils. Since agricultural soils include both Cropland and Grassland land-
use categories, the bulk soil carbon content obtained from the map was adjusted for the two categories.
This was performed by applying a ratio of 0.85 relating the soil carbon content between Cropland and
Grassland (J. Sefrna, personal communication 2007) and considering the actual areas of Cropland and
Grassland in the individual cadastral units. This system permitted estimation of the soil carbon stock
change among categories 4.A Forest Land, 4.B Cropland and 4.C Grassland, as well as 4.E Settlements
(derived soil carbon content, see Section 6.8.2). The estimated quantities of carbon stock change at the
level of the individual spatial units were entered into 20-year accumulation matrices distributing carbon
into fractions over 20 years (IPCC 2006). These quantities, together with the accumulated areas under the
specific conversion categories, were used for estimation of emissions and removals of CO,.
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Fig. 6-12 Top - topsoil (30 cm) organic carbon content map adapted from Mack et al. (2007), Sefrna and Janderkova (2007);
bottom —topsoil carbon content for agricultural (left) and forest (right) soils estimated as cadastral unit means fro