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FOREWORD

TheUkr ai ne 6s G (herenaftferoGQH&)aventeay KReporthereinafter National
Inventory ReportNIR) is submitted for consideration of tBecretariat of the United Nations Frame-
work Convention on Climate Change (UNFCCC). The National Inventory Report contains the bal-
ance of GHG emissions aneimovalgfor the period from 1990 through 2Dwith a detailed descrip-
tion of the methods applied afiddings ofscientificresearchsof nationalcircumstancesThe Na-
tional Inventory Report was prepared in the framework of the natiomahtorysystem, which in-
cludes thecomplexof all the organizational, legal, and procedural mechanisms adoptedrayn&k
for estimating anthropogenic GHG emissions grdovals as well as for the purpose of reporting in
accordance with the revisésluidelines for the preparation of national communications by Parties
included in Annex | to the Convention, Part I: UNFC@porting guidelines on annual greenhouse
gas inventorie$FCCC/CP/2013/10/Add.3), taking into account the structure of the report proposed
in the appendix to Annexdf Decision24/CP.19 ("An outline and general structure of the national
inventory reporf).

The stateauthority responsible for preparation, approval, and submission of the National
Inventory Report is the MinistrignvironmentaProtectionand Natural Resources$ Ukraine (here-
inafter- MEPR).

Ministry of Environmental Protection and Natural Resourcesof Ukraine
35 Vasyla Lypkivskogo str., Kyiv
Phone : +38 (044) 2083-02
Fax : +38 (044) 2031-39
E-mail : zaput@mepr.gov.ua

The National Inventory Report was prepared by thePREnd the Budget Institution "Na-
tional Center for GHGEmissioninventory' (hereinafter referred to as Bl QN").

We thank everyone who was involvedpreparingof this report for their contribution and
support. The list of authors can be founimapterl2 of this report.


mailto:zaput@mepr.gov.ua
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EXECUT ISUMMARY

ES.1 Background information on greenhouse gas inventories

The Verkhovna Rada (Parliament) of Ukralmesratified the United Nations Framework
Convention on Climate Change (UNFCCC) on October 29, 1996. Ukraine became a Party to the
UNFCCC on August 11, 1997 laccordance with Articles 4 and 12 of the UNFCCC, Ukraine as a
Party to the UNFCCC have the commitments to develop, periodically update, publish, and submit tc
the UNFCCC Secretariat national inventories of anthropogenic emissions by sources and remova
by sink of all GHGs not regulated under Montreal Protocol.

Thisreportispartofthdk r ai neds Gr e e n hHtpreserdgs cdlcalationlrasulte n t
of national GHG emissions and remowvialshe period of 1992021 and describes the methods used
to peform the calculations.

The duties of ensuring the inventory of anthropogenic GHG emissions by sources and re:
movals by sink at the national level in order to prepare the NIR, as well as its approval and submissio
to the UNFCCC Secretariat, as mentioneodvah is assigned thhe MEPR

The inventory covers emissions of seV&diGs:

T carbon dioxide (u]

1 methane (Ch);

!  nitrous oxide (NO);

1 hydrofluorocarbons (HFCs);

1 perfluorocarbons (PFCs);

1 sulfur hexafluoride (S,

| nitrogen trifluoride (NE).

As well asfollowing precursor gases:

1 carbon monoxide (CO);

1 nitrogen oxides (NQ;

1 nortmethane volatile organic compounds (NMVOCSs)

1 sulfur dioxide (SQ).

Chapter 1 provides background information on climate change and general information on
GHG inventoriesThis chapter chapter provides a brief description of the basic principles and meth-
ods of GHG emission and removal estimations, description of key quality assurance and quality cor
trol categories and procedures (QA/QC). The final part of this chapteruseid on assessment of
the overall uncertainty of the NIR and its completeness.

Chapter 2 describes and explains trends in both total emissions and removals of GHGs an
precursors, as well as detailing by gas and by sector.

Chapter 3 to 9 describe speciBectors and categories of GHG sources and sinks. These
chapters describe methods that were used to estimate GHG emissions and removals, sources of
tivity data and emission factors, QA/QC procedures applied, emission recalculations conducted, an
planne&l improvements in the context of the specific categories.

Chapter 10 contains detailed information regarding recalculations of GHG emissions, and
improvements made comparing with previous submission.

In addition to the main chapters as described abovéllReontainsightannexes contain-
ing more detailed information, not included in these chaptedemth analysis of the key categories;
description of the methods for calculating emissions in particular categories; compaesossdns
in case of theeference and sectoral approaches and analysis of any discrepancies arising; assessmie
of completeness and uncertainty of the inventooyisideration ofecommendations and encourage-
ments, gained from ERT during the process of annual inventory review
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ES.2 Summary on national trends of emissions and removals

As a result of the occupation and attempted annexation of Crimea and armed aggression b
the Russian Federation, since 2014 slightly over 7 % of the territory of Ukraine temporarily remains
out d control of the Government of UkraiheThis fact complicates, and sometimes makes impossi-
ble, the process of data collecting and reporting, needed for the annual National GHG Inventory.

The temporary occupation by the Russian Federation territory airigkis steadfastly con-
demned by international community, territorial changes by force are not recognized, sanctions remai
in place till full compliance of the RF with international law. In particular, the UN General Assembly
resolution 68/262 of March27 2014 ¢ Territori al Il ntegrity of
recognized borders of Ukraine and the absence of any legal basis to change the status of the Autor
mous Republic of Crimea and the city of Sevastopol. The same stance was confirthedJdy
General Assembly resolution 71/ 205 ASituatio
mea and the city of Sevastopol (Ukraine)o o
Russia as an occupying power. Besides that, numerous documentss upport of Ukr
integrity within its internationally recognized borders were approved by the Committee of Ministers
of the Council of Europe, Parliamentary Assembly of the Council of Europe, OSCE Parliamentary
Assembly and other inteational organizations.

It should be noted that the ongoing armed aggression of the Russian Federation agains
Ukraine has a strong negative impact on the overall economic situation in Ukraine and has led to th
reduction in industrial production.

Thus, foremission and reduction estimations on temporarily occupied by the Russian Fed-
eration territory of Ukraine expert estimation was performed, and the results of the inventory are ar
aggregation of this assessment with the results of inventory made onitheflmdcial data for the
years 2014021 for the rest of the territory of Ukraine.

GHG emissions in Ukraine in 20 amounted t83041 Mt CO»-eq. excluding LULUCF,
what is65.0 % lower than in the base 1990 levalit 3.9 % higherthan in 2@0. With the LULUCF
sector, emissions in 2@ amounted to #4.64 Mt CO»>-eq. and decreased in comparison with base
year by62.2 %, but increasetby 8.5 % in comparison with 2ZD.

The largest share of GHG emissions in the base year is carbon digd@de&o with LU-

LUCF. Methane emissions in 1990 werel2a, and those of nitrous oxidé.9 %. In 2@1 carbon
dioxide remained the largest emitted §&6.0 % of all GHG emissions, witB0.8 % and 2.7 % of
methane and nitrous oxide respectively.

COz emissions take place in all sectors, as well as removals pinGe LULUCF sector.

CO; emissions in 1990 amounted t3469 Mt and decreased as of 20by 66.3 %, to the level of
22734 Mt (Table ES.2.1). The economic decline that followed the collapdee USSR in 1991 led

to initial significant reduction of energy consumption, and thus in decreasing0é@iSsions. In

the period from 2000 through 2007, &€nissions stabilized with a slight upward trend. Despite the
increase in C@emissions in tis period was due to growth of the economy, the emissions are not
directly correlated with the rate of economic development. This was due to restructuring of the econ
omy, outstripping growth in the trading, services, and the financial sector comparedstoiah pro-
duction, which made a significant contribution to GDP growth in this period. The second important
factor that had a significant impact on £€nission trends in this period was modernization of pro-
duction, which made possible to reduce enemgyics u mpt i on, and,.emissions,e s p
i.e. carborintensity of major commodity group production.

COe emission trend in 2008021 was determined by the influence of the global financial
and economic crisis in 20009 and a temporary occupationthe Russian Federation territory of
Ukrainein 2014, which largely determined commodity production in the major expierted in-
dustries (metallurgy, chemical, mechanical engineering, etc.), which in turn affect supply sectors

1On 18 January 2018, the Parliament of Ukraine adopt
Ukrainebs State sover eitgenrtryi toovwreire st e nmp oDroanreitlsyk oacncdu pLi ueh
legal status of certain areas of the Donetsk and Luhansk regions as temporarily occupied territories of Ukraine

4
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electric power generiain, mining (ore and coal mining)) Recover of economy after strict anti
COVID-19 measures in 2020 resulted in increase of GHG emissions in all sectors, except Waste.

Totals of 201582021 arepresenting the resslof number of factors, connected witkerall
economy growth of Ukraine, structure and amount of fuels used in Energy and industry products
outputs

Moreover, during the entire time series since 1990 @y ZHG removals were decreasing
in LULUCF and in 201-2019 and 2021 the sector becametsourcewhat was connected mainly
with national practices of cropland and grassland management, as well as forestry.

In 2020 significant changes in€@nissions and removals occurred in LULUCF sector, which
led to rapid drop of emissions (please see tngpfor more details).

Emissionsof Chllar e t he s e c o n:df cohsaeriggetheit shaaefirt tetal GHEG [
emissions. In 202CH4 emissions in Ukraine amounted #&.57Mt CO»-eq., what i$50.9 lower
compared to 199@nd by 0.6 % than in 2030 able ES2.1). The largest Cksource in the energy
sector is coal mining, as well as the processes of production, transportation, storage, distribution, ar
consumption of oil and natural gas. In agriculture, the main source pé@ldsions is enteric fer-
mentation of cattleThe economic declinand structural changegere accompanied by reduction in
agricultural production, which led to reduced methane emissions in the Agriculture sectit ia 20
32432 kt, what ismore tharfive times lower than in 1990

Nitrous oxide emissions in Ukraine with the LULUCF sector i”2R2@mounted to
4379 Mt COz-eq., which in comparison with 1996364 Mt CO»-eq.) is 184 % lower (Table
ES2.1). Compared with ZD, emissions of nitrous oxidacreasedy 10.5 %. The dominant source
of nitrous oxide emissions in Ukraine, as in the previous submissions, is the Agriculture- sector
87.9 % of totalnitrous oxide emissions in 202Emission sources in this sector Hre categories of
agricultural soils and manureamagement. Moreover,.R emissions take place in the sector IPPU
(5.7 %), Energy (¥ %), Waste (5 %), as well as LULUCF (@ %).

TableES2.1 contains data on direct action GHG emissions expressed in the carbon dioxide
equivalent.

20On 18 January 2018, the Parl i ament tieodf Stalekpol@ay om ensuairdyo p t
Ukrainebs State sovereignty over temporarily occupi ec
legal status of certain areas of the Donetsk and Luhansk regions as temporarily occupied territoraaef Uk
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Tablke ES2.1. GHG emissions, Mt C&eq.

Current year

Gas 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | compared to
base year, %

ESEL(B‘E)'“"'”Q 706.2 | 390.1 | 285.7 | 313.5| 294.4 | 223.8 | 234.0| 223.1 | 231.7 | 221.9 | 206.8 | 213.3 -69.8
CHa 182.9 | 139.1 | 1183 | 102.8| 849 | 61.6 | 66.4 | 642 | 679 | 701 | 720 | 716 -60.9
N2O 53.6 | 33.1 | 241 | 259 | 27.6 | 332 | 365 | 351 | 39.0 | 40.6 | 38.1 | 438 -18.4
HFCs* NO | NO | 15.7 | 285.1 | 743.9 | 801.6 | 921.4 | 1049.3| 1395.8| 1683.0| 1747.0| 1895.2 100.0
PFCs*** 235.8 | 178.1| 115.7| 1423| 267 | NO | NO | NO | NO | NO | NO | NO -100.0
SFe* 00 | 01 | 04 | 45 | 97 | 196 | 244 | 286 | 334 | 388 | 434 | 489 641194.7
NFs* NO | NO | NO | NO | NO | NO | NO | NO | NO | NO | NO | NO -
TUeC}: 2o LU- | 316 | 304 | 232 93 | 92 | 195 | 242 | 133 | 247 | 231 | 1.1 | 140 1444
ESLZL(J'ECI’:';JO"”Q 674.6 | 357.6 | 262.5| 304.3| 285.1 | 243.3| 258.2 | 236.4 | 256.4 | 245.1 | 205.8 | 227.3 -66.3
Iﬁtf‘bg"é;:'“d'”g 942.8 | 562.1| 427.9| 442.4| 407.4| 3192 | 337.6 | 3233 | 339.8 | 334.1 | 318.0 | 3304 -65.0
Iﬁtf‘b(gl‘:‘;'“d'”g 911.4 | 530.0 | 405.0 | 433.5| 398.4 | 338.9 | 362.0 | 336.7 | 364.7 | 357.5 | 317.6 | 344.6 -62.2
Total (excluding
LULUCF), includ- | 942.8 | 562.1 | 427.9 | 442.4 | 407.4 | 319.2 | 337.6 | 323.3 | 339.8 | 334.1 | 318.0 | 330.4 -65.0

ing indirect CO2>

Total (including
LULUCF), includ- | 911.4 | 530.0 | 405.0 | 433.5| 398.4 | 338.9 | 362.0 | 336.7 | 364.7 | 3575 | 317.6 | 344.6 -62.2
ing indirect CO2

*emissions quoted in kt C£eq.
** there areno PFC emissions, as cooling agents containing thevgee not imported in 2012021
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ES.3 Overview of source and sinkategory emission estimates and
trends

In Ukraine, GHG emissions occur in the following sectors set by the IPCC:

fiEnergy;

fIndustrial Processes and Product Use (IPPU);
TAgriculture;

fLand Use, Land Use Change and Forestry (LULUCF);
Waste.

The largest GI& emissions in Ukraine take place in the Energy sector.dh, 20e share of
this sector accounted for arouéd% without the LULUCF sector. Abot6 % of emissions in this
sector account for emissions in the Fuel Combustion category, which includggteries of Energy
Industries, Manufacturing Industries and Construction, Transport, Other Sectors, and Other, as we
as24 % - emissions in the category of Fugitive Emissions from Fuels.

It should be noted that the share of GHG emissions in the catefbugitive Emissions
from Fuels in total GHG emissions in the Energy sector gradually increased in the period-of 1990
2000: from 17 % in 1990 to 8.7 % in 2000. This period is characterized by aging of the infrastruc-
ture and industrial capital of the@untry. Since 2001, the proportion of emissions associated with
fugitive fuels was gradually decreasing240 % in 2@1, which is due to activities in the field of
energy efficiency and energy source replacement implemented in the country.

Global pandenu of COVID-19 and measures against the disease slowed the economy re-
sulting in decrease of GHG emissions in Energy sector in 2020. Particularly it affected energy indus
tries, transport and other sectors.

The GHG emission structure is shown in Figure ES.3.1

Manufacturing
industries and
construction
10%
P

w Siha:
15% 1%

Fugitive emissions

from solid fuels
5%

Fugitive emissions

from oil and natural

gas

19%

Fig. ES.3.1. Th GHG emission structure by sources in 2021

The economic decline that followed the collapse of the USSR in 1991 led to significant re-
duction of production, energy consumption, and thus to lowergd@ssions. In the period between
2000and 2007, there was some stabilization with a slight increase in production, and in the perioc
since 2008, due to the global financial and economic crisis, there was a drop in production and, thu
in CO; emissions. In 201, emissions in the IPPU secteealeased b¥8.0 % compared to the base

7
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year. The key reasons for the reduction of emissions are the decreased production level due to t
outflow of investment capital, unstable export dynamics, contraction of the domestic market, as wel
as the discrepaies in established "raw mater@aoductionsales” connections in the regions of the
country. Significant impact on industry development has situation on the East of the country. It is no
only connected with catastrophic industry production drop in B&nabhd Lugansk regions. For
neighboring regions, which had strong producsates connections with Donbass region, it is chal-
lenging to compensate those losses by other supply chains.

2021 was characterized as recover of economy after the GO¥tifobalpandemic. In the
IPPU sector it is connected with the growth of emissions in the metal industry compared to drop ir
2020.

The share of the Agriculture sector in total GHG emissions without LULUCHA %286 in
2021. The major sources of emissions in theifgjtural sector are enteric fermentation and agricul-
tural soils,15.0% and80.0% of the total emissions in the sector ir220respectively. Emissions in
this sectodecreased b¥5.9% compared to the base yeamnf roseby 12.8% as compared torevi-
ous year mostly due to emissions in agricultural soils.

Changesn emissions over the reporting period in category 3.A Enteric Fermentaiihh (
and-0.1% to base angbreviousyears respectively) is associated with the changeeimtimber of
livestock herd structur@andgross energy values

The significant rate of methane emissidinstuationin the category 3.B Manure Manage-
ment in comparison with emissions in the other categories in the period ocRW®DG directly
relatedto partial replacement in the structure of manure distribution at cattle bresdargrises of
liquid slurry MMS with solid storagein 1990 the percentage of cattle manurdiguid slurry
amounted to 21.0% of the total produced manure, while i @& only about 5.3%.

The methane emissiofisctuationin reported yeafcompared to the bagear, as well aso
the previous year) in category 3.C Rice Cultivation caused by a harvested area variation (from 27.
kha in 1990 tdl0.4 kha in 202).

Nitrous oxide emissionghangein category 3.D Agricultural Soils by 2@ is due to the
changsin the amounappliedfertilizers, areas under certain crops and their productivity.

The LULUCF sector includes both emissions aschovalsof carbon dioxideas well as
emissions of Ckl and NO. The resulting values of the inventory in the LULUCF seict@021is a
net sourceNet CQ emissions in the sector in 2021 is equal to MtZ O»-eq.compared to the net
removals of 31.Mt COz-eq. in the base 1990 year. The main reason for st is change in
agriculture management system on croplands, what has resulted in change6finCO»-eq. of
removals in 1990 td8.3Mt CO»-eq. of emissions 2021 Particularly, significant influence has the
areasyield, and structuref harvested crops from those lands, as well as fertilizers applede
factors also contributed to a ragidange in emissions compared with 2020 by %6,0vhich is re-
lated to high yield of crops in 2021.

Also, big influence has decrease in peat extraction areas and volumes, what caused decree
in GHG emissions from 12t CO»-eq.in 1990 to 0.2Mt CO»-eq.in 2021.

Moreover, rapid changes in land use, especially those resulting in emissions from living bi-
omass, has significant impact on general level of emissions in the sector.

The contribution of the Waste sector ir220n total emissions i8.7 %. The mairsource of
CHs emissions is landfills of municipal solid waste (MSW), and that of emissions®@f Ruman
sewage. In relation to the base year, emissions iretftersdecreased by 2.3 % in 2021

Fig. ES3.2 presents emissions as positive values and r@sas negative.
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Fig. ES3.2. Total GHG emissions (+) and remova)sAith and without the LULUCF sector, Mt
COz-eq.

Table ES.3.1 reflects trends in aggregate GHG emissions by sector for the period-of 1990

2021
Table ES3.1. Trends in aggregate direct action GHG emissions by shit@0O,-eq.
Current
year com-
Sector 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | pared to
base year,
%
Energy 725.3 | 431.4 | 311.3| 315.1 | 286.4 | 210.8 | 224.8 | 217.8| 226.3 | 219.2 | 208.0 | 209.7 -71.1
IPPU 1182 | 58.2 | 675 | 81.0 | 747 | 564 | 58.1 | 51.9 | 56.5 57.6 56.0 61.5 -48.0
Agriculture 86.8 | 60.6 | 373 | 339 | 335 | 394 | 420 | 41.0 44.4 44.8 41.7 47.0 -45.9
LULUCF -314 | -321 | -229 | -8.9 -9.0 19.7 | 244 | 134 24.9 23.3 -0.4 14.2 -145.3
(removals)
Waste 124 | 12.0 | 11.8 | 124 | 127 | 126 | 12.7 | 127 | 126 12.6 12.4 12.2 -2.3
Total (in-
cluding 911.4 | 530.0 | 405.0 | 433.5| 398.4 | 338.9 | 362.0 | 336.7 | 364.7 357.5 317.6 344.6 -62.2
LULUCF)
Total (ex-
cluding 942.8 | 562.1 | 427.9 | 442.4| 407.4| 319.2 | 337.6 | 323.3 | 339.8 334.1 318.0 330.4 -65.0
LULUCF)
Total (in-
cluding
:;]Létl%%';)’ 911.4 | 530.0 | 405.0 | 433.5| 398.4 | 338.9 | 362.0 | 336.7 | 364.7 357.5 317.6 344.6 -62.2
indirect
CO2
Total (ex-
cluding
h}%bﬂﬁ?’ 942.8 | 562.1 | 427.9 | 442.4| 407.4| 319.2 | 337.6 | 323.3 | 339.8 334.1 318.0 330.4 -65.0
indirect
CO2
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ES.4 Other Information

This section indicates sulfur dioxide and precursors emissions: nitrogen oxides, carbon mon
oxide,NMVOC. Precursor emissions take place in the Energy, IPPU, as well as Agriculture and LU-
LUCF sectors. Tabl&S4.1 reflects trends in summary precursors eimmssand sulfur dioxide for
the period of 199Q021.

TableES4.1. Summary information oprecursors emissions, kt

Gas 1990 1995 2000 2005 2010 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 Choa/glge,
NOx 2273.8 | 1091.6 | 856.7 895.9 7744 | 562.3 | 580.4 | 573.0 | 590.2 | 635.8 | 565.8 | 575.8 -14.7
CoO 4323.0 | 1713.8 | 1213.6 | 1278.1 | 1149.8 | 927.1 | 8229 | 854.4 | 864.7 | 933.8 | 965.5 | 759.8 -82.4
NMVOC 3539.2 | 2006.8 | 1492.6 | 1552.3 | 1211.1 | 858.6 | 868.5 | 801.2 | 812.0 | 910.6 | 681.2 | 692.4 -80.4
SO, 1652.2 | 846.7 734.4 820.0 867.1 | 750.6 | 800.8 | 724.3 | 787.8 | 746.6 | 666.2 | 673.1 -59.3

Comparing with 1990precursors and sulfur dioxide emissions in Ukraine decreasgd 3y
82.4 %. The main source of emissions of these gases is the Energy sector.

Estimations of indirect PO were alse@onducted which take place in Energy and IPPU sectors.
The estimations are presented below, and detailed description as well as full time series are reporti
in Chapter 9.

TableES.4.2 Summary information on indirect G@nd NO emissionskt

Gas | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 Cehi‘/;‘g
indirect | NO, | NO, | NO, | NO, | NO, | NO, | NO, | NO, | NO, | NO, | NO, | NO, ]
Cco, NE | NE | NE | NE | NE | NE | NE NE NE NE NE NE
',\rl‘zdge“ 11.8 | 6.0 41 43 37 27 2.8 27 2.8 2.8 27 26 | -77.9

10



' 1IN} AYSQ& DInBroywy K®@RIS DI &

CONTENT
EXE CUTIVE SUMM A RY oottt eee ettt ettt e eemer e et e e e e s e e e e e s e s rmmer e e e renes 3
ES.1BACKGROUND INFORMATION ON GREENHOUSE GAS INVENTORIES .. cucuienieeaeneeaeeneemaaeneenns 3
ES.2SUMMARY ON NATIONAL TRENDS OF EMISSIONS AND REMOVALS. ...ucvnieieieeeeeeeeeeeemeeennennas 4
ES.30VERVIEW OF SOURCE AND SINK CATEGORY EMISSION ESTIMATES AND TRENDS.....cccvvveend
ES.AOTHER INFORMATION . .. et tuttut ettt st ensee s tmesensensenseasensensensen s am—renrensenrenrenrensenrensennerenrenes 10
ABBREVIATIONS AND ACR ONY M e 17
L INTRODUC TION ettt ettt ettt ettt et et et et e et e et e e emaaee s eaeeenenaenaannes 20
1.1 BACKGROUND INFORMATION ON GREENHOUSE GAS INVENTORIES AND CLIMATE CHANGE....20
1.1.1 Background information on climate change..........cccoooveeeeeieeeecciiii e, 20
1.1.2 Background information on greenhouse gas iNVEeNtQries. ........ccoevevvviccceeeeeeeeeenn. 26

1.2INSTITUTIONAL ARRANGEMENTS FORNATIONAL INVENTORY REPORT PREPARATION
INCLUDING LEGAL AND PROCEDURAL ARRANGEMENTS FOR INVENTORY PLANNINGPREPARATION

AND MANAGEMENT L1tttttttttttttttaeaaeeeeeasimamteeaeaaaeaaeaasassssaassmnnrasassasaaasnsssssssssssannnsssnssssssssessseees 27
1.2.1 Overview of institutional, legal, and procedural aspects of preparing the National
INVENTOIY REPOLL. ... iiitiiiiiiii et eeeee e e e e e e et e e e e e s amaneeab e e e eean e e e eenns 27

1.2.2 Planning, preparation, and management of the process of greenhouse gas invmory
1.2.3 Quality assurance, quality control and planning of inspections. Details of the QA/QC plan

...................................................................................................................................... 31
1.2.4 Changes in the National InVentory SYSLEML...........covvuiiiiiicreeeeeeeeiiiee e eenn 42
1.3INVENTORY PREPARATION....cuuuuiiettittuuaaaaeeesimmmeessnneeeeeessnneeeseessmmmsesssnnseessesssnnseeeseesnnneees &2
1.3.1 The basic stages of the INVENLOLY............oovviiiiiiiir e 42
1.3.2 Planning and control of activities on greenhouse gas inventory and report development
...................................................................................................................................... 43
1.4BRIEF GENERAL DESCRIPTION OF METHODOLOGIES AND DATA SOURCES USED...........c.c..... 43
1.5BRIEF DESCRIPTION OF KEY CATEGORIES. ....cctvvuiiiiiiieeeetnssansesssnneesssnnssessnneesssmmmsneeeesnees 4D
1.6 EVALUATION OF THE TOTAL UNCERTAINTY OF THENATIONAL INVENTORY REPORT, INCLUDING
DATA ON THE OVERALL UNCERTAINTY FOR THE ENTIRE INVENTORY....uuuuuttiriiirereeeeeeessennseeeeeees a7
1.7GENERAL ASSESSMENT OF COMPLETENESS .. .cccttuuieaititttuneaaaasaeeeeeesnnnaaaaeeesnnnnsmaaaseeeeeese 48
2 TRENDS IN GREENHOUSE GAS EMISSIONS ......cooiiiiiiiiiiiicieeee e eeeeeeeans 50
2.1 TRENDS IN TOTAL GREENHOUSE GAS EMISSIONS BY GAS....utuuuuiiiiieeaeeeeerrrmamsasaaeeaaaaaeaeeeenes 50
2.1.1 Emissions of carbon dioXide...............uuuuuiiiiiccrieeeecre e 53
P2 Y = 1 F= T T =T 1SS [ 53
2.1.3 EMISSIONS Of NItrOUS OXLAE......uvuiiiieiiiiiie e e e e e 54
2.1.4 Emissions of hydrofluorocarbons, perfluorocarbons, sulfur hexafluoride, and nitrogen
L0111 T = U 55
2.1.5 Trends in emissions of precursor gases and.SO...........cccccueerimmmnnsnensiiiiivieeeeee 56
2.2EMISSION TRENDS BY SECTOR tttuutttttunettttueeestnssanaeeessssaesssnesessnseessmmmnssseesesnseeessnneeesnnemnn 57
3 ENERGY (CRF SECTOR 1) oottt eees st e e s smmssssssssssseseaaeaaaaeaesamnmnesd 61
3. L SECTOROVERVIEW ..ettiieiitieeeetieeeeetissaeesesesaaessssaesssaneesssmmmssneesessnsesessnsesesnnssmnnnssssnsesesnns ] 61
3.2FUEL COMBUSTION ACTIVITIES (CRFCATEGORY L.A) ..ciiiiiiieeeeeetiii s 62
3.2.1 Refeence CQ emission calculation approach. Comparison of sectoral and reference
=T o] o] £ = Tod g 1=T= TP TP 63
3.2.2 International Bunker Fuels (CRF category 1.D.L1)......cccooeeiviiiiiiiiceeiieeeeeeiiiiiee e 65
3.2.3 Use of fuels as a raw material and +earergy use of fuels..........cccccceeeiiiiiiiccennnnnns 66
R . 1 =T0 |- <k 11 = L[] o NPT 66
3. 2. 2mISBIONS fromM DIOMASS.....cooi i e 66
3.2.6 NAtIONAl TEAIUIES......ceeiiiiiiiiii ettt ereer e e e e e e e e e e e e e ranene e e e e eeaeas 66
3.2.7 Energy Industries (CRF category 1.A.L).....uuuiiiiiiie i eeeeeeeeen e 66
3.2.8 Manufacturing Industries and Construction (CRF category 1.A.2).......cccccvvvvvunnne 70

11



' 1IN} AYSQ& DInBroywy K®@RIS DI &

3.2.9 Transport (CRF Category L.A.3)....ccoei i e eieeeeeeeeeee e e e e e et mmme e e e eeeeeeennnnnes 73
3.2.10 Other Sectors (CRF Category L. AA) . ... . e 79
3.2.11 Unspecified Categories (CRF category 1.AD).......uiiiiiiiii e 82
3.3FUGITIVE EMISSIONS FROMFUELS (CRFCATEGORY 1.B)...cooiiiiiiiiiiiii e 82
3.3.1So0lid Fuels (CRF category 1.B.L).......coovuriiiiiiiiiimmeeeeeeeiiss s e 83
3.3.2 Oil and Natural Gas (CRF category 1.B.2).......ccccuuuuuiuumiiiceeeeenneiininaneeeeeeeeeeeenend 88

S AMULTILATERAL OPERATIONS . ..cttttttttteeeaeetaassasssammmeaeeaesssssaasasnsssbbssannes s ssssssssebbsessseeeeeennns 93

4 INDUSTRIAL PROCESSES AND PRODUCT USE (CRF SECTORR)......cccvvvviviiieeeeeaannn. 94
4.1 SECTOROVERVIEW ...cttiiiiiieeeeeeee e e e e e e s s smmme e e e e e e e s e s e sttt e e e s bbbt b s e e e e et e e amnnt s s e e e e e e ee s 94
4.2MINERAL INDUSTRY (CRFCATEGORY 2 . . ) eeeeeiiiiiiiiiee e eeeenene e 96

4. 2.1 Cement Product.i.an. . (.CRE..cat.e.qg.ar.y.92. ¢.
4. 2.2 Lime Producti.on..(.CRE..cat.ego0.Ur.yy..2.9%. 2)
4. 2.3 Glass Product.i.an..(.CRE..cat.eg.0ry.1Dl ¢. 3
4.2.4 Other Process Uses of Carbonates (CRF category 2.A.4.).........uuvveeeevvieesnnnnnnn. 103
4.3CHEMICAL INDUSTRY (CRFCATEGORY2.B). ..o iii it 105
4. 3.1 Ammonia Product.i.an..(.CRE..cat.eg.ory6 2. |
4. 3.2 Nitric Acid Proaduct.i.on.. . (.CRFE..cat®gory
4. 3.3 Adipic Acid Product.i.on. . (.CRE..catH@ory
434Capol actam, Glyoxal, and Glyoxyl i.c..Atli d F
4. 3.5 Carbide Production..and..Use..(.CRELI1Z at e
4. 3.6 Titanium Dioxide PRr.aduc.t.i.on.. . (.CRHA3cat
4. 3.7 Soda Ash Produc.t.i.on..(.CRF..catl.egolly 2.
4.3.8. Petrochemical and Carbon Black Production (CRF category 2.B.8)................ 115
4.3.9 Fluorochemical Production (CRF categ@.B.9)...........uuviiiiiiiiiiiiiieeniiiiiiicieceeeee 117
4. AMETAL INDUSTRY (CRFCATEGORY 2.C) ..ottt e e emmna s 117
4. 4.1 I ron and Steel Pr.od.uc.t.i.an. . (CRE.1d&t eg
4. 4.2 Ferroalloys Product.i.on..(.CRE.cat®Ryory
4. 4.3 Aluminum Produec.t.i.on..(.CRFE..c.atl.eg.0l24 2.
4. 4. 4 Magnesium Product.i.on..(.CRF..cat.egl®24y 2
445leadPoduction (CREFE..c.a.t.eg.o.lr.y...2..4..5)....124
4. 4.6 Zinc Producti.on..(.CRE..cat.eg.o.r.y..212% . 6)

4 .5NON-ENERGY PRODUCTS FROMFUELS AND SOLVENT USE(CRFCATEGORY2.D) ............... 126
4.5.1 Lubricant Use (CRF category 2.D.L)......cooviiiriiiiiiiiiimmee e erennnaaans 127
4.5.2 Paraffin Wax Use (CRF category 2.0.2)........cccoooiiiiiiiiiiccc e 128
4.5.3 Asphalt Ryduction and Use (CRF category 2.D.3)......cccceeeeeeeiiiiiiiieeeic e, 129
4.5.4 Solvents Use (CRF category 2.D.3.0)........ccooiiiiiiiiiiieeiiiiiie e 131

4. OELECTRONICSINDUSTRY....uuiiiiiiiiieeeteeiit s aeee e e e e e ettt e e e e e eesssmmmsa e e e e e e e aan e e e e eeenenammmrnnns 136

4.7PRODUCT USES ASSUBSTITUTES FOROZONE-DEPLETING SUBSTANCES(CRFCATEGORY 2.F)

........................................................................................................................................ 136
4.7.1 Refrigeration and Air Conditioning SYSEMS.......cccuviiiiiiiiiiiiccce s 136
4.7.2 Foam Blowing Agents (CRF category 2.F.2).......ccooeiiiiiiiiiiiieeeii e 146
4.7.3 Fire protection (CRF category 2.F.3)......cooiiiiiiiiiiiiiieeen i eeeeeeeeees 149
4.7.4 AeroSOISCRF Category 2.F.4)......coooeiii et 151
4.7.5 Solvents (CRF Category 2.F.5).......uuiiiiiiiii et 153
4.7.6 Other Applications of Substitutes for Oz@epleting Substances(CRF category 2.F.6)
.................................................................................................................................... 154

4.8 0THER PRODUCTMANUFACTURE AND USE(CRFCATEGORY2.G)...ccvvvivieeiiiiiieeeeeevvieeee 154
4.8.1 Electrical EQUIDMENt (2.G.1 CRE).....ciiiiiiiiiiieiiiii ittt ssennnnn s 154
4.8.2 Sk and PFCs from Other Product Uses (CRF category 2.G.2).........coeeeeevveeeeenn. 156
4.8.3 NO from Product USes (2.G.3 CRE).....ccuuiiiiiiiiiiiiiie e 157

4.90THER (CRFCATEGORY 2. H) ..ottt e e e e e e e e e e 159
4. 9.1 Pulp and Paper Pr.odu.c.t..on..(CRFE.1E%teg
4. 9.2 Food and Beverages..l.ndus.t.r.y..(.CRI0 c at

12



' 1IN} AYSQ& DInBroywy K®@RIS DI &

5 AGRICULTURE (CRF SECTOR 3)..iiiiiiiiiiiiiiieiiieieeee s eees bbb 163
5.1 SECTOROVERVIEW ...ciittiieeeeeett e e e et tmemeeeeeat s e e e e e e et e e e e ammneeaees et e eeeeesbnn e e e amnnseeeeeensnnnn 163
5.2ENTERIC FERMENTATION (CRFCATEGORY 3.A) .. i i i iiiiieeeeeeeeiiiii e e e e e e e e 165

I B 02 1(=To [o] VAo (2o 11 o] (o] o B PP PP PP PP PPPPPP 165
5.2.2 MethOQIOQICAl ISSUBS.........ceeeeeeiiieiei et s e e e e e e emrna e s s e e e e e e e e e e e e e eeeanenas 167
5.2.3 Uncertainty and tiMBEri€S CONSISIENCY. ......uuiiiiiiiiiiiiieeiieeeeee e eene s 170
5.2.4 Categorspecific QA/QC PrOCEAUIES..........uvurueeiiiii s s et e e e e e e e e rneeraae s 172
5.2.5 Categonspecific recalCulations..............ooooiiiiiiiiiccce e 174
5.2.6 Categonspecfic planned improVEMENLS.............covvvivuviiiimmmreeeeeeeeiiiiee e e s eemeees 174
5.3MANURE MANAGEMENT (CRFCATEGORY 3.B)....cciiiiiiiiiiiiiiiiiiii et 174
R T I OF= 1 (=To T Ao [ Tox o] ({0 ] o 1 174
5.3.2 MethodolOgICal ISSUBS........cceveiiiiiiiiiiice ettt eerrer s e e e e e e e e e e e eeeanenas 175
5.3.3 Uncertainty and tim8erieS CONSISIENCY.........uuuuuuuiiiiiieeeceecriiiiisss e e e e e e e e e eesaneeneas 183
5.3.4 Categonspecific QA/QC ProCEAUIES. ... ..uuiiiiieiiiieieiee ettt 184
5.3.5 Categonspecific recalCulations.............cccoiviiiiiiiieeee e 186
5.3.6 Categonspecific planned IMProOVEMENLS. ...........uuuiiiiiiiiiieeeiiiiiieeeereee e e e e e e eeemeees 186
5.4RICE CULTIVATION (CRFCATEGORY 3 . H..)iiiiiiiiiiiiiiiiiiiee e s ceemtriiins s s e e e e e e e e e e e e sameenaneeaans 187
YT B 02 1(=To [o] VAo (2o 11 o] (o] o PP PPPP PP P PP 187
5.4.2 MethodolOgICal ISSUES..........cevvviiiiiiiiiimme ettt e e e e e e emrea e s e e e e e e e e e e e e e eesaeeens 187
5.4.3 Uncertainty and tiMBErieS CONSISIENCY.......uuriiiiiiiiiiieeeei it e e eeene s 188
5.4.4 Categorspecific QA/QC PrOCEAUIES...........vvvuueiiie et e e e e e e eneeraae s 189
5.4.5 Categonspecific reCalCulations.............coooiiiiiiiiiiccce e 189
5.4.6 Categonrspecific planned improvVEMENLS.............oovvvvvuviiimmmreeeeeeeeiiieee e e s emres 189
5.5AGRICULTURAL SOILS (CRFCATEGORY 3.D) oottt eeei et 189
I T I OF= 1 (= To T VAo L1 Tox o] ({0 ] o 1 189
5.5.2 MethOdOIOQICAl ISSUBS.......cciiiiiiiiiaie et eeees 190
5.5.3 Uncertainty and tim&erieS CONSISIENCY.........uuuuuuiiiiiee i ceeeiiieene e e e aeeee 195
5.5.4 Categorspecific QA/QC ProCEAUIES. ... ..uuiiiiiiiiiiiii ettt 196
5.5.5 Categonspecific recalCulations.............cccooviiiiiiiieeer e 196
5.5.6 Categonspecific planned IMProVEMENLS. ...........uuuiiiiiiiiiieeeiiiiiireeeeeeeeee e e eeemeees 197
5.6 PRESCRIBEDBURNING OF SAVANNAS (CRFCATEGORY3.E)...uuiiiiiiiiiiieiiiiieeeveeee e 197
5.7FIELD BURNING OFAGRICULTURAL RESIDUES(CRFCATEGORY 3.F)...cvvviiiiiiiiiiiiiiieeiieeee 197
5.8LIMING (CRFCATEGORY 3.G)..cuittuiiiiiiiii e e e et eeeei ettt mmme e e 197
5.8.1. Category UESCIIPIION. ... ..uuuiuiiriiiiiiieeeieeeetitbbie et e e e e e e e e e e e s eeemree e e e et e e e e aeaeeeeeeasssammneas 197
5.8.2 MethodolOgICal ISSUES..........ccevviiiiiiiiicme e eere e e e e e e e e e e e e e aeeaeeeas 198
5.8.3 Uncertainty and tiMBErieS CONSISIENCY.......uuuiiiiiiiiiiieieeiieeee e eeee s 199
5.8.4 Categonspecific QA/QC ProCeAUIES..........ciii i ceeei e e 199
5.8.5 Categonspecific recalCulations.............cooooviiiiiiiiccce e 199
5.8.6 Categonspecific planned iImpProvVEMENLS..........ccoceviviiiiiiiieeeie et e 199
5.9UREA APPLICATION (CRFCATEGORY 3.H) ..coiiiiiiiiieee e 199
oIS I R =1 (=To To] VAo (==Y ox o o] 1o o APPSR 199
5.9.2 MethOdOIOGICAl ISSUBS.......cciiiiiiiiieeiie it enees 200
5.9.3 Uncertainty and tim8erieS CONSISIENCY........uuuuuuuumiiiiiee ettt e e e eeeenes 201
5.9.4 Categoryspecific QA/QC PrOCEAUIES..........uvvrueeiiiii s s et e e e e e e e e enenranae s 201
5.9.5 Categonspecific recalCulations.............cooiiiiiiiiiieeen e 201
5.9.6 Categorspecific planned imProVEeMENLS............ovvvuvvueuimimmreeeeeeeriinennnee e e e e eeeees 202

6 LAND USE, LAND-USE CHANGE AND FORESTRY (CRF SECTOR 4).......cccccvvvvenn... 203

6.1 SECTOROVERVIEW ...ttt eeeess bbbttt ettt e e e s setse ettt e e e e e e e e e aeeeeeeesammmeaeaeeeeeens 203
6.1.1 Landuse Change MAtriX.........coiviiiiiiiiiiiiimmme e ettt sme e e e e e e e e e 206
6.2FORESTLAND (CRFCATEGORYZ . 1) eeeiiiiieiiiie i e e e s e e e e eeannen e e e e e e e e e e e 214
6.2.1 Category AESCIPLIQN. .....uuuuuuiiiie et e e e e e e e e e et ereee e e e e e e e e e e e eeeeeeeeennnnmmne s 214
6.2.2 MethOdOlOgICAl ISSUBS.........cceiiiiiieieeeiieeee e et e e e e e e e e emnaes 215
6.2.3 Uncertainties and tinSeeS CONSISIENCY. ....uuuuuuuuiiiiiaeeeee e e eeeeiiiae e e e e e e e eeeeeeaeeenss 218



' 1IN} AYSQ& DInBroywy K®@RIS DI &

6.2.4 Categonspecific QA/QC ProCEAUIES........cccvvvveiieeeiieieemeeeeeeeeeeeaeeeaane s smmmeeseeees 219
6.2.5 Categonspecific reCalCulations........... oo 219
6.2.6 Categonspecific planned improvements............cccovvvvivivieeen e e 219
6.3CROPLAND (CRFCATEGORYZ . L)oottt eeee e 219
(OIS T B OF= 1 (=Te (o] VAo (=TT o] ] 011 o o 1SS 219
6.3.2 MethOdOlOgICAl ISSUBS.......cceeiiiiiiiiieieeteeee et e e e e e e eeae 220
6.3.3 Uncertainties and tir@erieS CONSISTENCY ... .uuuuuriiiiiieeeeeeeceeeiciee e e e e e e e e eeeeeeeenes 222
6.3.4 Categny-specific QA/QC PrOCEAUIES. .......cceeii e e e 223
6.3.5 Categonspecific recalCulations...........cccoveiiii e e 224
6.3.6 Categonspecific planned IMProOVEMENLS. ..........uuuriiiriieiiieeeiiiirie e e e e 224
6.4 GRASSLAND (CRFSECTORZA.C)..uuiiiii i e e e e ettt ittt et en e as 224
6.4.1 Category deSCHPLIQN.........coiiiiiiiiiet e eer bbb eeeees bbb r e e e e e e e aeeeeeeemmees 225
6.4.2 MethOdOlOgICaAl ISSUBS.........cceiiiiiiiiiieieeee et e e e e e e e emnnes 225
6.4.3 Uncertainties and tinSerieS CONSISTENCY . ...uuuururiiiiieeeee e e ceeeiiise e e e e e eeeeeineeass 226
6.4.4 Categonspecific QA/QC ProCEAUIES...........ooviviiiiiiiiieeme e e e eeeeeeeaee s smmmeennnees 227
6.4.5 Categonspeific reCalCulations............oooiiiiiiiiiiiiceee e 227
6.4.6 Categonspecific planned improvements............ccoovvvvviiiieeene e 228
6.5WETLANDS (CRFSECTORA.D)....ooiiiiiiiiiiii et e et enensss e e e e e e e e eeas 228
R RO\ (=To (o] VAo [S1STod 1] 01 o o PR 228
6.5.2 MethodOlOgICal ISSUBS........coiiiiiiiiieie e e eeees 228
6.5.3 Uncertainties and tir@erieS CONSISTENCY......uuuuriiiiiie e ee e e ceeeiiiie e eeeeveeeaes 230
6.5.4 Categonspecific QA/QC PrOCEAUIES........coeeii i e e 230
6.5.5 Categonspecific recalCulations...........cccoeeiiiiie i cceeiiccce e 230
6.5.6 Categonspecfic planned IMProOVEMENLS. ..........uuuiriiiiiiiiiieeeiiiieieere e e e e e e 231
6.6 SETTLEMENTS (CRFSECTORA.E).....ccciiiiiiieee e 231
6.6.1 Category deSCHPLIQN. ........ciiiiiiiiiiet e ees bbb e e ereee b e e e e e e e aeeeeeesemmees 231
6.6.2 MethOdOlOgICal ISSUBS.........ccciiiiiiiieeiiteeee et e e e e e e e emeaes 231
6.6.3 Uncertainties and tiMEEAES CONSISIENCY. .....ciiiiiiiiiiiiiiiiiiiicee e 231
6.6.4 Categonspecific QA/QC ProCEAUIES............ovveiiiiiiiiieemee e e e eeeeee et smmmeenneees 232
6.6.5 Categonspecific reCalCulations............ooooi oo 232
6.6.6 Categonspecific planned improvements............cccoovvvviiiieeee e 232
6.7 OTHERLAND (CRFESECTORA.F) ..ottt et ettt eeee st e e e e e e e e e as 232
R R O (=To (o] VAo [STSTod ] 0110 o PSSO 232
6.7.2 MethodOlOgICal ISSUBS.........coiiiiiiiie e 232
6.7.3 Uncertainties and tir@eieS CONSISIENCY......uuuuuriiiiieeeeeeeeceeeiiiie e e e e e ee e eenees 233
6.7.4 Categonspecific QA/QC ProCEAUIES........coeei i 233
6.7.5 Categonspecific recalculations..............cooooiiiiiiiiccciiiie e 233
6.7.6 Categonspecific planned improvemMEentS...........ccoovvviviiiiieeen e 233
6.8HARVESTEDWOOD PRODUCTS(HWP,CRFSECTORA.G) ...uuoiiiiiiiiiie et 233
6.8.1 Category deSCHPLIQN.........oiiiiiiiiiiiieieeer bbbt eeeeee bbb e e e e e e e e eeeeeeseemees 233
6.8.2 MethOodolOgICal ISSUBS........ciiiiiiiiie e ee e e e eneeas 235
6.8.3 Uncertainties and timEeriesS CONSISIENCY. .......ouuuiiiiiiiiiiiiiiicee e 236
6.8.4 Categny-specific QA/QC ProCEAUIES.........uuuiii et ceeeie e 237
6.8.5 Categonspecific reCalCulations...........ccceiiiii e 237
6.8.6 Categonrspecific planned IMProVEMENLS............ooiiiiiiiiiiicccs e e eeavmmeees 237

7 WASTE (CRF SECTOR 5)...uiiiiiiiiiiiiiiiiie sttt e e e e e sttt rmmma e e e e e e e e e e s seeenns 238
7. 1SECTOROVERVIEW ...ttt eeeeeette e e e eeeme e e e ettt e e e e e eeta s emam s e e e e e e etna e e eeeeesnnn s smmmsa e eeeaeee 238
7.2S0LID WASTE DISPOSAL(CRFCATEGORYDS . §..)cciiiiiiiiieiiiiiiiiiimmmeee e e e e e 239
7.2.1 Category AeSCIPLIQN. .....uuuueiiae e e e e e e e e e et e eneee e e e e e e e e e e e eeeeeeeebnnnnmnne s 239
7.2.2 MethOdOIlOgICAl ISSUBS........ceeeieiiiieiieeiteeee e ettt rmmmr e e e e e e e e e emnaes 240
7.2.3 Uncertainties and tinSerieS CONSISTENCY . ...uuuuuuruiiiieie e e e eeeeiieee e eeeeeeneeass 250
7.2.4 Categonspecific QA/QQPIOCEUAUIES........ccceiiieieeeeeeeiiieeme e e e e et smmmeenneees 251
7.2.5 Categonspecific reCalCulations........... oo 251

14



' 1IN} AYSQ& DInBroywy K®@RIS DI &

7.2.6 Categonspecfic planned improvemMeNtS..........ccoeeeeviiiiiieieeene e e 252
7.3BIOLOGICAL TREATMENT OFSOLID WASTE (CRFCATEGORYS . L) e 252
RS T R OF= 1 (=Te (o] VAo [=1ST o) ] 011 o o 1S 252
7.3.2 MethOdOIlOgICAl ISSUBS.......coeeeiiiieiiieeeieeeee et e e e e e e e eeaes 253
7.3.3 Uncertainties and tir@elieS CONSISIENCY......uuuuuuiiiiiieeeeeesceeriieiee e e e e e e e e e e e eeeeeaareen s 257
7.3.4 Categonspecific QA/QC PrOCEAUIES. .......coeeii e e 257
7.3.5 Categonspecific recalCulations...........ccceieiii e e 257
7.3.6 Categonspecific planned IMProVEMENLS. .........uuuirriiiiiiiiieeeiiiiree e e e e e e e e e e eemees 257
7.4INCINERATION AND OPENBURNING OFWASTE (CRFCATEGORY5.C).uuvviviiiiiiiiiiiiiieeeeeeee 258
7.4.1 Category deSCHPLIQN. ..ot ieeer bbb eeeeeees b e e e e e e e e e aeeeeeeemmees 258
7.4.2 MethOodOolOogICal ISSUBS.........cceiiiiiiieiieiteeee et e e e e e e e e emnnes 260
7.43 Uncertainties and timBerieS CONSISTENCY .....uuuuuuiiiiiieeee e e ceeriiiiae e e e e e e e e eeeeeeeieeess 265
7.4.4 Categonspecific QA/QC ProCEAUIES.........cccvviiieeeieiiieeme e e e eeeeeeeaeeraa s smmmeennnees 266
7.4.5 Categonspecific reCalCulations............ooooiiiiiiiiiiieme e 266
7.4.6 Categonspecific planned improvements...........cccoovvviviivieeen e 266
7.5WASTEWATER TREATMENT AND DISCHARGE(CRFCATEGORY5.D)....cvvviiiiiiiiiiiiiiiieeeeceee 266
T R O (=Te o] Ao [S1STod ] 011 o o PR 266

7.5.2 Methane emissions from domestic wastewater treatment (CRatgory 5.D.1.1267
7.5.3 Nitrous Oxide Emissions from Human Wastewater (CRF category 5.D.1.2)....275

7.5.4 Industrial Wastewater Treatment and Discharge (CRF category 5.D.2)............ 279
8 OTHER (CRF SECTOR ) uuuiiiiiii ittt etee ettt s e e e e e e e emnnnns 291
9 | NDI REGND NYTROUS OXIDE EMISSIONS .....ciiiiiiiiiiiiieiieeeceeeee e 292
10 RECALCULATIONS AND IMPROVEMENTS oot nn 293
11 INFORMATION ON CHANGE S IN THE NATIONAL GHG INVENTORY SYSTEM .295
L2 AU T HO O RS ..o e e ettt et ettt e e e e e e 296
L3 REFERENCES.... ..o ittt ettt e r e e neee 297
ANNEX 1 KEY CATEGORIES ... e e aann 307
ANNEX 2 METHODOLOGY FOR EMISSION ASS ESSMENT IN THE ENERGY SECTOR
............................................................................................................................................ 316
A2.1 THE METHOD TO DETERMINEGHG EMISSIONS FROM STATIONARY FUEL COMBUSTION.....316
A2.2 SOURCES OF ACTIVITY DAT A it tuttttntt ittt te st s eme e sesen e tate e te et mem— s et senenrerensenens 316
A2.2.1 Statistical reporting form No-MTP "Report on fuel use and stocks:................ 316
A2.2.2 Statistical reporting form No. -MTP "Report on results of fuel, heat, and electricity
(o0] 41510 141 011 0] o KPP P PP PPPPPPPPPPPPR 318
A2.2.3Fuel and energy balances of UKraiNe...............eeiiiiiieeere e eeeee e 318
A2 . B FUEL STRUCTURE. . ettt ettt et et e e et e e e eame e e e e e e e e e e e e e ea e e me e e e ee e e an e e enre e en s mamerneeneneens 318
A2.4METHODS TO DETERMINE THE FUEL COMBUSTION VOLUME BYCRFCATEGORIES............. 319
A2.4.1 Stationary fuel COMBUSTION. ..........oiiiiiiiiii e 319
A2.4.2 Mobile fuel COMBUSTIQN . .....c. e en 320
A2 S EMISSION FACTORS. .. ettt ettt e e e e et e e e ee e e e re s e e e e s —me e ee e e e e re e re e smaneeneenens 321
A2.6 DETERMINATION OF PHYSICAL AND CHEMICAL PARAMETERS OF NATURAL GAS AND POWER
GENERATING COALS. ..ttt ettt ettt e e et e e et e e e e e e e e e e e e e e e e vmmme e e e e eeeaeen 326
A2.6.1 NALUFAI AS.....cciiiiii i et eree s e e et e e e e e e amnnrn e e e e e e araaas 326
A2.6.2 HAIA COAL.. oo e e e et e e e e e e e eaman e e e aaaaeens 327
Yy SRR\ (o) (o) g (U 1<) - TR TR TORTTRPR 331
A2.7 METHODS TO ESTIMATEGHG EMISSIONS ROM AIRCRAFT EQUIPPED WITH JET ENGINES..332
A2.7.1 Data PrePrOCESSING .....ccieeieeeeitrteenniimmeeeeeeeerranneaa s e e e e e eeaasssnnaaaaeeaeeaaaseeeeeennnnes 332
A2.7.2 Distribution of GHG emissions between domestic and international aviation.332
A2.7.3 EStimation Of GHG @MISSIONS. ... cu it eeee e e e eenas 332

15



' 1IN} AYSQ& DInBroywy K®@RIS DI &

A2.8 THE METHODOLOGY TO ESTIMATE LEAKAGE ATTRANSPORTATION AND DISTRIBUTION OF

NATURAL GAS L. ttiieietteeeetu e e eea s aamme e esa e et et e e ee b e et et st e e e e ate e e s e e e eeaa e e amnmeesa e eeeannsesennnaanens 335
A2 G ACTIVITY DATA otetiittieiiaae e e e e e e ettt s s ammme e e e e e e e e e s s s s s st eaes s s s e bt bbb bbb e e e e e emanssbbbbeseeeee e 338
A2.100THER MATTERS RELATED TO ACTIVITY DATA IN ENERGY SECTOR IN2014-2020........... 343
ANNEX 3.ttt ettt ettt e e e e e e e e e e s aa e et e e e e e e e e e e e e e e e e e nnnr e e e e b bbb bbb e e e s annnanne 344
A3.1INDUSTRIAL PROCESSES ANOPRODUCTUSE(CRFSECTOR2) ...iiiiiiieieieeiieeeeeeeiteeee e 344
A3.1.1 Results of GHG inventory in the Industrial Processes and Product Use. sectdd44
A3.1.2 Determination of the amount of limestone and dolomite.use..............cccccoeee... 367
A3.1.3 Method of C&emission factor determination for coke USe........cccccccvviviiiieenenn. 374
A3.1.4 Carbon balance in the ISIafurnace ProCeSS............ccuuurrriiriiiieemiiiiiieeeeieeeeeeeeeees 374
A3.2 AGRICULTURE (CRFSECTORS3) ....cuvuutttuuiiiiiiieeaeeesmseiiissssaseeeeaeasasssssssnnnsasaaaasaseessssssnnns 375
N A I I AV =] (o Lo P PPPPPPPTRR 375
A3.2.2 ENteriC FErMENTAtION. ......cccuiiiiiiieii e e e bbb e e e enns 389
A3.2.3 Manure ManagemMEINL...........uuuuuuiumuiireeerrieri e e eremr e e e e e e e e e e eeeeeeees 404
A3.2.4 RICE CUIIVALION......ceeeeeei e eeee st rens bbb e e e e e e e e snenreeeeees 434
A3.2.5 AGHCURUIAl SOIIS....uueieiiiiiiiei e 435
AB.2.6 LIMING. .ottt ree bbbt e e e e e e e ssete et e et e e aaaaaeaeeeesasssammmeeeeeeeesssneannnnesd 441
A3.2.7 Urea APPIICALION. ...ttt ieee bbbt e e eeeer et e e e et e e e e e e e e e e e e s s e e eeas 442
A3.2.8 EMISSION fACLOLS.....cceiiiiiei i eeee e e e e e e e e e e enreeeeees 443
AS.2.9 EMISSIONS....cciiiiiiiieiiiiiiii e ettt s s e e e e e eeesas s a e s e e e e e e e e e e e s anansasaeeeaeaeaeeees 456
A3.2.10 RECAICUIALIONS. ....veeeiiiiiiiiiiee ettt ee e 468
A3.3LAND USE, LAND USE CHANGE AND FORESTRY(CRFSECTOR4) ...cvvvviviiiiiiieieeiiiiiiiceeas 473
A3.3.1 Methodological issues of the lamsk category Forest land.................ccoooeivieen 473
A3.3.2 Methodological issues for the lanske categories Cropland and Grassland....... 494
A3.3.3 Methodological aspects of the HWReQ@aIY.............ccceeviiiiiiiiiiieee e, 511
AB.AWASTE (CRFSECTORDS) ...ttt ettt eeee et e et et e e e e e e e e e e e e e e e s ammn s 513

A3.4.1 Information on the amouritsolid waste dumped in landfills and methane emissions
adopted for estimations in general and by landfill categories for the period of2A®0..513
A3.4.2 Thecontent of biodegradable components, DOC and MCF parameters, recycling, as

well as methane emissions for MSW landfill categories in the period of202490............ 517
ANNEX 4 FUEL BALANGCES .. ..ottt e b imeee st e et e et e e et e e ea e enenees 518
Ad.1 BALANCE OF NATURAL GAS ..uiittitiitiitittitiiteaiemeeeseessaerae et sasraeessnmeeseeaaes e 518
YAV O Y I = 7N Y N =T 519
A4.3 THE COKING COAL, COKE AND COKE GAS BALANCE ....cuuiittietieeniitneeteemmteeneesnsereenaennes 520
ANNEX 5 COMPLETENESS ASSESSMENT . ..ottt eeee s 522
® 5 INVENTORY OF GREENHOUSESASES. ... .uuuuuuitttttiieeeeeeeeiaasssssssssseeeeeeeessaeeesssmanseeeaseeeeeees 522
ANNEX 6 SUPPLEMENTARY INFORMATION .ouiiiiii e aeees 526

A6.1 THE LEGAL FRAMEWORK FOR IMPLEMENTATION OFUKRAINE'S COMMITMENTS UNDER THE
UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE AND THEKYOTO PROTOCOL
IN TERMS OF THE NATIONAL INVENTORY OF ANTHROPOGENIC EMISSIONS AND REMOVALS OF

GREENHOUSE GASE S . .t tuitiutttttn ettt aaamae et teae e aa e ta e aamn e e ea e te e ea st ae e amnmn e esnrenenaens 526
ANNEX 7 UN CER T AINTIES oo ettt e e rmeens 528
ANNEX 8 INFORMATION ON IMPROVEMENTS IN THE NIR oo 545

AB8.1 CONSIDERATION OF THE RECOMMENDATIONS OF THE EXPERT REVIEW TEA(ERT)
PRESENTED IN THEREPORT OF THE INDIVIDUAL REVIEW OF THE INVENTORY SUBMISSION OF
UKRAINE SUBMITTED IN 2021(ARR 21)IN THE NIR ...ciiiiiiiiiiiiiicie s e e e 545
A8.2 IMPROVEMENTPLAN FOR THENIR ...coiiiiiii et smmr e eaaas 565

16



' 1IN} AYSQ& DInBroywy K®@RIS DI &

ABBREVI ATI ONS AND ACRONYMS

2006 IPCC Guidelines 2006 Intergovernmental Panel on Climate Change Guidelines for
National Greenhouse Gas Inventoyies

2013 WetlandSupplement 2013 Supplement to the 2006 Intergovernmental Panel on Cli-
mate Change Guidelines for National Greenhouse Gas Inventories: Wetlands

AC i aircraft;

AD T activity data;

AFBRT Average Fuel Brand Representative;

AMS i AutomatedMonitoring Systems;

A PiuwAmerican Petroleum Institute;

AR'i afforestation and reforestation

ARR'T report of the individual review of the annual submission of Ukraine
Bl ¢NBudget Institution ¢National Center
BOD Biochemical Oxygen Demand

BOFi Basic Oxygen Furnaces;

CET coal equivalent;

Cherkasky NIITEKHIMi Cherkasy Institute of Technical and Economic Information in the
Chemical Industry;

CHP1 combined heat and power plants;

CKDi Cement Kiln Dust;

CMP1 Conferenceof Parties serving as the meeting of the Parties to the Kyoto Protocol
COD1 Chemical Oxygen Demand;

COPI Conference of Parties

CRFi common reporting format

CSi country specific;

CSCi Carbon stock change

D i deforestation

DCi decreasing coeffients;

DDB i departure database;

DOM i dead organic matter

EAF 1 Electric Arc Furnaces;

EF1 emission factor;

ERT1 Expert Review Team;

FAOT Food and Agriculture Organization of the United Nations;
FEBT fuel and energy balance;

FMi forestmanagement

FMRL 1 forest management reference level

GDP1 gross domestic prodyct
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GDSi systemof gas distribution

GET gross energy

GFFM1 Gas fire fighting modules

GHG1 greenhouse gas

GMSi gasmetering stations

GTSi gastransportation system

GWPI1 Global Warming Potential;

HP1 heating plants;

HWP T harvested wood produgts

IA T Inhalation anesthesia

IAC i InterAgency Commission of Climate Change and Ozone Layer Protgction
ICAO T International Civil Aviation Organizen;
IE T Included elsewhere

IEA T International Energy Agengy

IPPUT IndustrialProcesses and Product Use
IST International Standargs

JI projects’ Joint Implementation projects

KP Supplemerit 2013 Revised Supplementary Methods and Good Prdgtimance Aris-
ing from the KP

LKD - Lime dust correction factpr

LPG1 Liquefied Petroleum Gas;

LULUCF T Land Use, Land Us€hange and Forestry
MCF 1 Methanecorrection factor;

MCTDIU 1 Ministry of Communities, Territories anthfrastructure Development of
Ukraine

MDMex 1 amount of manure excreted by animals in dry matter

MEEPT M® n * of Energy and Environmental Protection of Ukraine
MENR ' Ministry of Ecology and Natural ResouraafsUkraine;

MEPRT Ministry of Environmental Protection and Natural Resources of Ukraine
Minecoenergd Ministry of Energyand Environmental Protectiaof Ukraine
MMS T manure management system

MSW 1 municipalsolid waste;

NA T Not applicable

NAASU 1 National Academy of Agrarian Saces of Ukraine

NASU T National Academy of Sciences of Ukrajne

NCEAT NationalClassification of Economic Activities

NCV i Net Calorific Value

NE i Not estimateg

NG natural gas
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NIR i National Inventory Report;

NJSC "Naftogazi NationalJointstodk company "Naftogaz”
NO' Not occurring

ODU Oxidised During Usge

OHFi Open Hearth Furnaces

OPFi Onecomponent polyurethane foams
PUFT Polyurethane foams

PULT limit of potential underestimation

PVi Photovoltaic cells

QAT quality assurance,;

QC1 quality controf

RD1 revaluatediatg

RPUFI Rigid polyurethane foams

SACI air-conditioning systems

SC "Ukrtransgazi StateCompany "Ukrtransgaz"

SE "DergavtotransNDIproect" StateEnterprisé' The State Road Transpd&tesearch Insti-
tute"

SE "UKrRTC "Energostal’ St at e Enter prise ¢Ukrainian R
Metal lurgy I ndijustry c¢cEnergostal é

SECBI ScientificEngi neering Centre fABiomasso Ltd.
SEIAT State Environmental Investment Agency

SESUi The Stateemergency Service of Ukraine

SKD1 Semi Knocked Down

SOCi soil organic carbon

SOMT soil organic matter

SSSUI The State Statistics Service of Ukrgine

TEAT typeof economic activity

TFT-FPDi Flat panel displays on thin film transistprs

TPPi1 thermal power plants

UGS’ undergroundjas storages

Ukrderzhlisproeki Ukrainian State Project Forest Inventory Production Association

URIFFM 1 UkrainianOrder "Sign of Honour" Research Institute of Forestry and Forest Me-
lioration named after G.M. Vysotgk

USSRi Unionof Soviet Socialist Republics;
VPPi vacuumpump plants

WIP 1 waste incineration plant;

WWTPT Waste water treatment plant;
XPSi Extruded polystyrene foam
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11l NTRODUCTI ON

1.1 Background i nf or mantvieomra nali ieghrad e€n It d u
1.1.1 Background information on climate change

Climate of Ukraine is a temperate continental one, with subtropical Mediterranean climate
at the South Coast of the Crimea. Generally, Ukraine gets sufficient amoun&sat@&nd moisture,
which create favorable natural and climatic conditions in its territory. However, those conditions have
been changing substantially throughout recent decades, bringing about serious threats and challenc
for countryo0s pnensue doiincraabed asksdoe Ruemandiealth, life and activities,
natural ecosystems, and economy sectors.

The main manifestations of regional climate changes in Ukraine withiglobal warming
processes include significant rise of air temperaturesngas of thermal regime and structure of
precipitation, increased number of hazard meteorological phenomena and extreme weather even
which all result in |l osses for countryods pop

Global warming during recent decadesngquivocal, and the first decade of th& @dntury
turned out to be the warmest in the period of instrumental weather observations (since 1850). In th
Northern hemisphere, the period of 1983 to 2012 was probably the warmestr3teriod in the last
1400 year$20].

Intensive increase of surface air temperatures has been also observed in Ukraine since mi
20" century. The rate of change of the average as well as minimum, and maximum annual temper
tures in the country was 0@G/10 years in 1962013. Since late 1990s, a stable transition of the
annual air temperature anomaly to abo%@ 8 observed (Fig.1). The period of late 2Dand early
215 century was possibly the warmest one for the duration of instrumental weather observations ir
Ukraine (shce 1890s)3, 8, 13, 15, 17, 19

Unfortunately, it is not possible to obtain reliable meteorological data for the whole territory
of Ukraine since 2014 after tlecupation and attempted annexatidrCrimea Information on hy-
drometeorological parametdrem observation stations is not transmitted to Ukrainian Hydromete-
orological Center, and, as a result, unavailable for aggregation. Therefore, the data on regional effec
of the global climate change in Ukraine are limited by the year 2013.

3,0
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Fig. 11. Anomalies of annual air temperature in Ukraine with respect to thé 198Q reference
period[3]

The summer and winter seasons are the main contributors to the change of annual temper
ture in Ukraine. Their average temperatures increased by 1.3%4 fspectively, in 1992013
(Fig.1.2). Also, the air temperature rise was the highest in JanuafCj2aBd July (1.4C). The
average temperature in spring increased byr8ostly due to temperature anomaly observed in
March. There was only a minohange of autumn temperature (CY[3].
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year in 19912013 with respect to tHE961i 1990 reference perid8]

Rise of the average annual and monthly air temperatures was determined by the increase
minimum and maximum temperatures throughout the whole[ggaAlso, as seen from Fih2, a
greater growth of minimum temperaturetsserved during a cold period (by A2n winter), while
a growth of maximum temperature is evident for a warm period (8Z Imrbsummer). The average
maximum temperature in spring increased by@©,vhile the minimum ones by 0G. Minimum
and maximunair temperatures in autumn have changed much3gss

The change of temperature regime in Ukraine features regional aspects. The common pattet
of the annual air temperature change in Ukraine in Z3HABwith respect to the reference perisd
a growthin the magnitude of temperature anomalies moving from the south to the north and northeas

[3]. Rising of annual air temperatures in the
aged over the whole country and made1L£C, while the magnitde of such changes was half as
much(0.6C) in Ukraineb6és south and in the Carpat

Coast of the Crimea changed insignificarj8y (Fig.1.3).

Change in the isotherm positions reflects the spatial featurempgtature regime change.
Thus, the annual isotherms df®Band 7C passed through the northeastern part of Ukraine in-1961
1990, isotherm of ® was located in the central regions of the country, 88d 9in the southern
regions. In 1992013, eachsotherm shifted by °C almost throughout the territory of Ukraif,
but the greatest changes are observed in the far northeast, where the isoth&hasdff& are no
longer presented, the isotherm 8€8noved 308400km northwards being passed tigh the north-
ern regions of the country, the isotherm %€ 8nstead of TC emerged in the west, and the isotherms
of 9°C and 10C instead of 8 and 9C appeared in the south (Fg).

0) -19909 6 1 18P1-2013

Figl3. Average annual -2990;b)1968120p3er at ur e s :
The seasonal changegemperatureegime in Ukraine also demonstrate regional variations.

Winters in the second half of thethrough early 2% century became warmever the whole terri-
tory of Ukraine (Figl.4). The average winter air temperature increased by more taim 1991
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2013 comparedto 1961990 over a signi fi cd3jtnthe aarth of thd c
country, this growth exceeded 1G4 andpositive temperature anomalies amounted tGCL&nd

above in the northern Sumy and Chernihiv oblasts. In the Autonomous Republic of Crimea, wintel
temperature increased by @&°C. Rising of average winter air temperature was caused mainly by
the signifcant growth of minimum temperature. Positive anomalies of the average maximum temper-
ature are also observed in the whole territory of the country in winter, but they are significantly lower
than those of the minimum temperature.

a) average winter tempéuae b) minimum winter tempera ¢) maximum winter tempere
anomalies ture anomalies ture anomalies

7Fig. 1.4; Anomalies {C) of agerébe,. minimum and maximum winter air témperatures in20932
with respect to the 1961990 reference period

Spring season became warmer in 22913 compared to 1961990 almost over the whole
territory of Ukraine with the exception dfie southernmost parts of the Crimggj. The highest
growth of average spring air temperatures°@.and above) is observed in the far northeast of the
country and in the Zhytomyr region (Flgb). Some lowering of temperatures is observed in the Cri-
mea, esecially in the south of the peninsula. The average minimum air temperature in spring in-
creased almost over the whole territory of the country, except the Luhansk oblast. Two regions stan
apart, viz., the Volhynias?odolian Upland and the left bank of fhripro River, where those changes
are the most significant and make -0.6°C and above. The average maximum spring temperatures
increased in the whole territory of the country in 1:291.3. The most significant changes are ob-
served in the north, west, @southwest of the country amounting to-1.2°C and abov§3].

a) average spring temperatt b) minimum spring tempere ¢) maximum spring tempere
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Fig. 1.5. Anomalies(°C) of average, minimum and maximum spraigtemperatures in 1994013
with respect to the 1961990 reference period

Summers were much hotter in Ukraine compared to reference petioel second half of
the 20" through early 2% century (Figl.6). A significant rise in the average summert@mperatures
is observed ranging from GB(C in the east of the country to 3Cland above in the Transcarpa-
thian region, in the Odesa oblast, and the South Coast of the 8jmR&e of the maximum summer
air temperatures isignificantly greater and intensifying from the east to the west and southwest of
the country from 1.2.4°C to 1.61.8°C and above. The minimum summer air temperatures were also
rising over the whole territory of the country. The anomalies of the avetegmer minimum tem-
peratures were growing from the north and northeast to the south and southwest f008C0td
1.2°C and above in 1992013 (Figl.6).
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a) average summer temperatt b) minimum summer temper: ) maximum summer temper:
anomalies ture anomalies ture anomalies

s ‘

Fig. 1.6. Anomalies(°C) of average, minimum and maximum summer air temperatures in208%L
with respect to the 1961990 reference period

Autumn temperatures also increased in Ukraine in 2281 compared to theeference
period, however, those changes are minor and their maximum values do not ex®e¢8] 0%ich
changes are observed in the northeastern, central, eastern, and southern regions of Ukraine. Chan
of the minimum temperature are inhomogeneous thesterritory with the maximum values of pos-
itive anomalies reaching O® and above in the VolhynigPodolian Upland and the northern part of
the Volynska oblast, left bank of the Dnipro River, and north coast of the Sea df3\Zbke average
minimum air temperatures in autumn changed marginally or even decreased in some areas in th
northwest and far east of the country. Changes in the average maximum autumn temperatures we
negligible in recent decadg3 (Fig.1.7).

a) average autumn temperatt b) minimum autumn temper: ¢) maximum autumn temper:
anomalies ture anomalies ture anomalies
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Fig. 1.7. Anomalies(°C) of average, minimum and maximum autumn air temperatures in203RL
with respect to the 1961990 reference period

The trend islso observed in Ukraine towards increashgduration of a warm period when
average daily temperatures exceé@ [B]. In the Southern Steppe, in the Crimea and Subcarpathia,
the warm period has become nearly two weeks longer (12 days) comparedetibeceeriod.
Moving further north, the period duration is growing. These changes already amourit8alags
in the Forest Steppe zone, and-22 days in the western and eastern Polissia. The greatest changes
were observed in the central Polissia, where the warm period duration amounted to 278 days at tt
beginning of the 21 century, which is 40 days longer than th&selinelong-time averagevalue.
Significant changes in the duration of the warm period were due to its earlier start in spring (by 13
19 days) and later end in all regions of Ukrdi®ely.

Significant rising of air temperature in the warm periodladgo an increase in the number
of days with mean daily air temperatures aboRC1and, consequently, to an extended duration of
the recreation period. A trend of increasing the frequency and duration of periods with high air tem-
peratures (above 25, 3BE°C i heat waves) is also observed, that significantly influences the human
health and livelihood in Ukraine, 8, 15.

Rising of air temperatures in the warm period is not only observed near the ground, but alsc
in the lower troposphere and leads toimereased convection intensity, and, consequently, to in-
creased frequency and intensity of convective weather phenomena, such as thunderstorms, hes
rainfall, hail, squalls, and whirlwind4, 2, 6, 13, 15, 9 These phenomena are sometimes recorded
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in the months and seasons, when they did not occur before, and extend to the territories, where th
have never been observed.

Due to rising of both the minimum and maximum air temperatures in the cold period, the
number of days with subzero temperatureseZmg cold days with minimum temperatures dropping
below-10,-20,-25°C, as well ashe duration of extremely cold periods have decrefEgdRising
of air temperatures in the cold period has significantly impacted on the frequency and intensity of
extreme weather everdsid natural disasters of the cold period, such as shower snowfall, sleet, glaze
and rime deposits. A trend towards theire@ase is observed in many regions of Ukrgihes, 13
15, 19.

In the recent decades, the average and maximum wind speed is lowering that leads to d
creasing the frequency of such related hazardous weather phenomena as blizzards and d2st storms
6, 13,15, 19. Reduction of wind speed accompanied by rise of air temperatures results in reduction
of cold discomfort in winter and reduced severity of winters. At the beginning of theentury,
winters have changed fr om stehvee rfiendo dceart aetgeolryy soe
part of the Ukrainian territory.

In contrast to air temperatures, the change in annual precipitation sums was negligible ir
Ukraine (35%). The variations of annual precipitation in the recent period were withinirtetic
normal variability, but the amplitude of intannual variations decreasp#6, 8, 13, 15, 1P Not-
withstanding the insignificant changes in the annual precipitation sums, their seasonal and monthl
values have been redistributed. The greatestgdsmwere observed in autumn, when a significant
increase in the amount of precipitation was recorded (about 20%) with maximum in October. The
winter precipitation decreased slightly. At the same time a number and intensity of hazardous an
heavy precipithon events increased, especially in the warm pdfo8, 6, 8, 13, 19

Rising of air temperatures and noniform distribution of precipitation events, which are
characterized as shower and local in the warm period and fail to ensure efficient aticunudl
moisture in the soil, have led to an increased frequency and intensity of drought phenomena. Con
bined with other anthropogenic factors, this could result in growth of the area of risky farming and
even desertification of certain areas in the sewtliegions of Ukraine. In the last 20 years, the inci-
dence of droughts has nearly doubled. It is observed a dangerous trend towards increasing a occ
rence of droughty conditions even within the zone of sufficient moistening, which covers the Polissia
andnorthern part of the Forest Ste8el2,15,18].

The change of the temperature and precipitation regimes impacts on the physiological pro:
cesses, which determine the life of the forest flora and fauna, leads to respective changes in the bio
which is a ensitive indicator of environmental conditiof. Phenological changes have been rec-
orded in Ukraine, such as earlier flowering and shedding of leaves, and repeat development. Tt
geographic ranges of plant species are changing significantly, and anspsisies appear and spread
rapidly. The latter include numerous hazardous weeds, allergens, agents of[8]sease

Rising of air temperatures accompanied by deficit of moisture has an adverse effect on wood
lands, especially on growth of trees, increasetlence of diseases, and lead to drying of forests.
The hazard of wild fires is growing. This hazard is exacerbated by increased thunderstorm activity
[3,4,7,%6].

The temperature regime changes a significant impact on energy supplies for human life
and activities of the population. A shortening of the cold period and significant rising of winter air
temperature results in a reduced duratioamhs#ating season and lower demand fottieema energy
generation [8, 15]JAt the same time, rising of air temperatures in the warm period leads to increased
electricity consumption for cooling and air conditioning.

The regional effects of climate change are of special interest, which currentlyeyoes b
the scope of scientific issues alone. Since different types of ecosystem response to the transformati
of planetary processes, including those caused by anthropogenic effect, are recorded in different are:
there arises an acute need to identiBirtkey trends and regularities. Such analysis is necessary for
increasing the accuracy and reliability of forecasting all possible regional climate changes to addres
comprehensive applied tasks and implement local programs of adaptation to the clangteioi
pact on climate dependent economy sectors.

To carry out a comprehensive analysis of possible regional differences of climatic conditions
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in Ukraine in the 2% century, the ensembles of ten regional climate models (RCMs) for air tempera-
ture and of bur RCMs for precipitation sums from the European projeed HNSEMBLES for the
scenari o of greenhouse gas emissions | PCC S¥
the forecast periods have been adjusted based on the simulated changes aadftheelgtidded
dataset EObs for the recent period of 192010, employing the additive and multiplicative methods.
The RCM ensembles have been developed by researchers of the Ukrainian Hydrometeorological Ii
stitute and identified as being optimal foethnalysis and forecasting of the regional features of
respective climate characteristics over the territory of Ukri@hg The analysis under climate pro-
jections has been conducted based on all nodes in the model grid of 25x25km separately and aver:
ingover five selected regions and the countryo
East, South, and Center have been identified based on similarity of physiographic conditions an
accounting for the ¢ ounatstryctars. Sl zoning wik domtrépute tov e
subsequent use of research findings for strategic planning of socioeconomic development of individ
ual regions, as well as for development and implementation of the climate change mitigation anc
adaptation actian

Three 20year forecast periods have been examined:-20BD, 20312050, and 2082100.
The analysis of projections of average air temperatures has shown3)Rigat in the nearest period
of 2012030, the average temperature over the territory oéidk will rise by 0.40.5°C, ranging
from 0.1°C in the western region in spring and up t@0.& the northeast in summer. In the next 20
year period (2032050), the average temperature for the territory will increased bl.®@ against
the presentlonate, ranging from 0°C in the west in spring and to 3®in the northeast in winter.
By the end of the century (20&1.00), the average temperature for the territory will rise BB,
with the minimum value of 2°C in the western region in spg, and the maximum temperature
increase by 4% in the southern region and in the south of the eastern region in summer. The smalles
changes are projected for the western region in all seasons, as well as for all regions in spring for t
whole century[9, 10, 11]
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Fig. 1.8. Changes of air temperatures in winter and summer during the three forecast perieds (2011
2030, 20312050, and 2082100) against the present period of 12810 for ensemble with ten
RCMs

The main trends of the projected climatnditions in Ukraine in the 2Mcentury are as
follows. There will be no winter climatic season in the far west and southern region by the end of the
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century, as average temperatures in winter months aléviead¥e been obtained. At the same time,
avera@ monthly summer temperatures abové2are projected for the central, eastern, and southern
regions by the end of this century. As is apparent from the obtained values, the change of climati
conditions will significantly impact the duration of climasieasons in Ukraine in the future.

As regards the moisture regime, both increase and decrease of average monthly and seasol
precipitation is projected for the territory in all the reviewed periods. In the nearest period (until 2030),
precipitation will bedecreasing by up to 20% in the central, northern, and southern regions in summel
and autumn, and will be increasing by up to 42% in the west, north, and east in winter and spring. B
the middle of the century (2021050), precipitation will be decreasibg up to 30% in the central,
southern, and eastern regions in summer, and increasing by up to 50% in the western, northern, a
eastern regions and in the eastern part of the southern region in winter and spring. By the end of tt
century (20842100), prempitation will be decreasing by up to 40% in the southern, central, and east-
ern regions in summer and will be increasing by more than 40% and up to 50% in the west and nort
in the winter and spring seasons. Therefore, the maximum increase of averadg prenipitation
i s expected in winter and spring in the coun
in the amount of precipitation is projected in the summer and autumn seasons in the central, souther
and eastern regions in all fuguperiods.

1.1.2 Background information on greenhouse gas inventories

Ukraine signedhe UNFCCC in June 1992 year, and became Annex | Party of the UNFCCC
in August 1997 year.

According to Decision 3/CP.5 adopted at the 5th session of the UNFCCC Conference of
Parties, each of Annex | Parties must submit its annual National InventorytRepizh includes
detailed and complete information for the entire time series in accordance with the guidelines of the
UNFCCC.

The National Inventory Report was prepared in accordance with the re@satklines for
the preparation of national communioats by Parties included in Annex | to the Convention, Part I
UNFCCC reporting guidelines on annual greenhouse gas invefit(Fi@€C/CP/2013/10/Add.3),
taking into account the structure of the report proposed in the appendix to Annex | of Deci-
sion24/CP19 ("An outline and general structure of the national inventory report”). The preparation
was carried out witlin line with therequirements of Decision 6/CMP.9 on application of the 2006
IPCC Guidelines for National Greenhouse Gas Inventories and theRR848ed Supplementary
Methods and Good Practice Guidance Arising from the Kyoto Protocol.

GHG emission assessment in Ukraine wasi@dmut under general methodological guid-
ance of the006 IPCCGuidelines

Submission to the UNFCCC Secretariat contalseGHG inventory results in the common
reporting format (CRF), as well &RFtables for reporting information on activities in accordance
with paragraphs 3 and 4, Article 3tbe Kyoto Protocol, in accordance WwiDecision 14/CP.11 and
2/CMP.8.

Theiventory covers emissions o)fmethame/(€EW Ni-GHGs
trous oxide (NO), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride
(SFe), nitrogen trifluoride (NE).

There is data on precursor emissions alsaton monoxide (CO), nitrogen oxides (NO
and noamethane volatile organic compounds (NMVOCs), as well as data about emissions of sulfur
dioxide (SQ).

To bring emissions of various gases to the carbon dioxide equivalent, the inventory usec
IPCC data onalues of the global warming potentials of GH&sted in AR4 andontained in Annex
[l of the revised "UNFCCC Annex | National Inventory Reporting Guidelines, part I: UNFCCC
guidelines for reporting annual greenhouse gas inventories”, adopted at thentimeession of the
Conference of Parties.
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1.2 Institutional arrangements for National Inventory Report preparation, in-
cluding legal and procedural arrangements for inventory planning, preparation,
and management

1.2.1 Overview of institutional, legd and procedural aspects of preparing the Na-
tional Inventory Report

In order to ensure regulatory and organizational support for GHG inventory, the President
Decree was signed, and several Resolutions of the Cabinet of Ministers of Ukraine were adoptec
According to Decree of the President of Ukraine of September 1202005 1239/2005 the MENR
is authorized as the coordinator of activities for the implementation of Ukraine's commitments undet
the UNFCCC and Kyoto Protocol to it. To execute the Decree, the Cabinet of Ministers of Ukraine
adopted two Resolutions.

Resoluton of the Cabinet of Ministers of Ukraine of April 21, 2006 of No. 554 established
procedures for the national anthropogenic GHG emissions and removals not controlled by Montree
Protocol evaluation system, and definedalgectives and functions. Laténis Resolution of the
Cabinet of Ministers of Ukraine was amended (in line with the new Resolutions of the Cabinet of
Ministers of Ukraine of July 16, 2012 No. 630, of December 04, 2019 No. 630, of September 09,
2020 No. 826). The changes mainly concerntedways of the national system's functioningddi-
tional information (data) request procedure for estimaticanttiropogenic GHG emissions and re-
movals, indicating the limited timing for data transfer (provision) by providers (in this case, these are
public authorities and institutions, plants, etcwithin 30 days from the date of receipt of the request.

In turn by the Order of the MENR of Janue
of the Ministry of Ecology and Natural ResourcedJok r ai ne e, amendments v
influenced the structure of the central apparatus of the MENR, namely the Department of Climate
Change and Ozone Layer Protection was set up.

According to Resolution of the Cabinet of Ministers of Ukraine ot&aper 02, 2019 No.
829 ¢Some | ssues of Optimization of the Syst
cision was made to rename of the MENR to the Ministry of Energy and Environmental Protection of
Ukraine (hereinafter MEEP).

Inturnby theOr der of the MEEP of February 11, 2
and number of independent structur al uinfiu-t s o
enced the structure of the central apparatus of the MEEP, namely the Directorateaté Change
and Ozone Layer Protection was set up.

According to Resolution of the Cabinet of Ministers of Ukraine of May 27, 2020 No. 425
¢cSome | ssues of Optimization of the System o
was made to renamd the MENR to the Ministry of Energy of Ukraine and create a Ministry of
Environmental Protection and Natural Resources of Ukraine (hereintEPR).

In accordance by the Order of the MEPR of July 08, 2020, the new structure was approved
namely the Deartment of Climate Policy and Ozone Layer Protection was set up.

In turn by the Order of the MEPR of August 29, 2022 No. 327, the new MEPR apparatus
structure was approved, namely the Department of Climate Policy and Ozone Layer Protection wa
set up.

For more details on these functions, see the information in the Generalized Scheme of the
National GHG Inventory System in Ukraine (Fig. 1.9).

1.2.2 Planning, preparation, and management of the process of greenhouse gas
inventory

One of foundational documentvithin the system of inventory process planning, including
preparation of the NIR with its further submission and support during review by the UNFCCC Sec-
retariat, as well final archiving, is Order of the Ministry of Environmental Protection of May GZ, 20
of No. 268 About approving the Work Plan for Annual Preparation and Maintenance of the National
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Inventory of Greenhouse Gas Emissions and Removals and the Work Plan to Maintain and Contrc
the Quality of Activity Data and Calculations for the Annualgaration of the National Inventory
Report of Emissions and Removals of Greenhouse Gases.

Until September 09, 2014, the SEIA of Ukraine served as the only national body, that was
responsible for preparation of the NIR and its submission to the SecrefahiatUNFCCC. In line
with the functions delegated to it, the SEIA of Ukraine carried out general planning of the inventory,
as provided for in Resolution 19/CMP. 1. In particular, it defined and allocated specific responsibilities
in the inventory develapent process, including duties directly associated with the choice of meth-
odologies, collection of primary data, data on activities of ministries, agencies, and other entities
processing and archiving of data, as well as Quality Assurance and Qualitpl@ootedures. As
part of the planning, the SEIA of Ukraine considered the ways to improve the quality of functioning
of the National System for estimating GHG emissions and removals and of preparing the NIR. Fol
that operational and mediutarm planningvere applied.

According to Resolution of the Cabinet of Ministers of Ukraine of September 10, 2014 No.
442 ¢On Optimizations of Centr al Executive A
the SEIA of Ukraine and delegating its functions to MieNR. Consequently after amendments to
the Ministryés apparatus by Order of the MEN
mate Change and Ozone Layer Protection was formed. The Department of climate policy functione
before October 31, 2016imec or dance with the order of the

According to Resolution of the Cabinet of Ministers of Ukraine of September 02, 2019 No.
829 ¢Some I ssues of Optimization of the Syst
cision was made to rename of the MENR to the MEEP.

Consequently after amendments to the Mini
ruary 11, 2020 No. 83 the Directorate of Climate Change and Ozone Layer Protection was formed.

According to Resolution of the Cabinef Ministers of Ukraine of May 27, 2020 No. 425
¢cSome | ssues of Optimization of the System o
was made to create a MEPR. In turn by the Order of the MEPR of July 08, 2020, the new structur
was approvednamely the Department of Climate Policy and Ozone Layer Protection was set up.
Subsequently, by Order of the Ministry of Natural Resources dated August 29, 2022 Nioe 321y
MEPR apparatus structure was approwith the Department of Climate Policyné Ozone Layer
Protection.

Creation development, and functioning of the national system of inventory of anthropogenic
GHG emissions and removals are governed by the applitidsinian legislation. The National
Inventory System includes:

U State and privat organizations and enterprises, as well as private entrepreneurs and indi-
viduals who being primary subjects of holding or control of GHG sources and sinks shall submit
activity data for GHG inventory, as well results of its production activities by tiypeoducts;

U Public and private corporations being primary subjects of holding or control of GHG
sources and sinks, or including primary subjects of primary subjects of holding or control of GHG
sources and sinks, which submit activity data for GHG invgniithin the corporation by individual
GHG sources or sinks and their categories, as well as results of its production activities by type o
products;

U Industrial, regional, and local governmental agencies, which in line with the acting regula-
tory frameworkof Ukraine and within their authority shall collect statistical information and submit
to the request of the MEPR respective aggregated activityata®G inventory in accordance with
the forms agreed with the Department of Climate Policy and Ozone Layer Protection of MEPR,;

U Research institutions involved into collection and preliminary processing of data on GHG
emissions and removals or into development of calculation methods;

U independent experts and organizations involved in public discussion of the inventories;

U civic andnongovernmental organizations involved in public discussion of inventories;

Uthe Budget Institution ¢National Center
tion with other actors in the systems, conducts inventory of anthropogenic GHG emissiamséy so
and removals by sinks at the national level;
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U Inter-Agency Commission on implementation of the UNFCCC, which reviews and ap-
proves reporting documents submitted to the UNFCCC Secretariat;
0 MEPRIis the main body in the system of central executive autb®niegarding develop-

ment and enforcement of the national policy in the field of environmental protection, provides legal
regulation within this area, reviews and approves reporting documents submitted to the UNFCCC
Secretariat. Within its assigned tasttee MEPRprovides is responsible for inventory of anthropo-
genic GHG emissions by sources and removals by sinks at the national level in order to prepare tt
NIR, as well as approval and submission to the UNFCCC Secretariat of the NIR. As a structural uni
of the MEPR, the Department of Climate Policy and Ozone Layer Protection is still performing its
duties.

Funding of preparation of the NIR is provided from the state budget of Ukraine.

Preliminary version of the National Inventory Report and the -@RFes are published by
the MEPR on its official website to inform public organizations and all stakeholders so that they could
submit their comments and suggestions for improvement. Simultaneously with uploading of the doc
ument on the website for free accagsjuests are sent to independent experts (senior specialists) in
the field of GHG inventory in order to obtain expert judgements on particular categories, as one o
the components of QA procedures. Stakeholder organizations and experts can submit thentsom
and suggestions to the draft version of the National Inventory Report within 30 days, which is fol-
lowed by their presentation for public hearing (discussion). The final version of the NNRsed
and updated with regard to received recommendatiansubmitted for consideration by the Inter
Agency Commission of Climate Change and Ozone Layer Protection in accordance with Resolutior
of the Cabinet of Ministers of Ukraine of September 23, 2020 of No. 879. As a result of consideratior
by the InterAgency Commission, the MEPR submits the official version of the NIR and CRF tables
to the UNFCCC Secretariat.

A generalized diagram of the National Inventory System in Ukraine is shown below in Fig.
1.9.

Ministry of Environmental Protection and Natural Resources of Ukraine

- suggestions to legal arrangements;
- design of GHG emission reduction strategy and mitigation actions within the general

ecological strategy of Ukraine;
State departments | 4 - natio

‘ (sectoral and W

regional)

State and A
commercial | —
corporations \

State and '
| commercial K
‘ enterprises ‘

sources

L~ | Inter-agency Committee of
/\ UNFCCC Implementation
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National Center for GHG Emission Inventory
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Fig. 1.9 Generalized diagram of the National Imeey System in Ukraine

Capacity building and knowledge exchange

In the framework of the project Clima East CEEF2043-UA "Capacity building of the
national GHG inventory system in terms of the development of methodological recommendations fol
determinng national GHG emission factors from the use of motor fuels in the transport sector” per-
formed by SE ¢ Gos avt ebasedplattomiwaspevelapédifoethe transitorctd e

29



' 1IN} AYSQ& DInBroywy K®@RIS DI &

higher levels of GHG emissions calculation in category 1.A.3.b Roausportation, taking into ac-
count national specific features of fuel use
on the individual review of the inventory submission of Ukraine submitted in 2015", paragraph E.13,

p. 8).

Scientific reseanh "Verification of motor fuel consumption by road transport within the con-
text of annual National Inventory Report preparation” was accomplished by the Institute of Industrial
Ecology. The work was performed on the contract between the Institute ofrialdiésblogy and
Embassy of Denmark In Ukraine acting on behalf of the Danish Energy Agency. The research per
formed calculation of physical and chemical properties of fuels (gasoline, diesel fuel, LPG, LNG).
Fuel consumption by road and -wffad transportvas also estimated, what has allowed to perform
GHG emission calculation by Tier 3 method for entire time series for years20990

Scientific research fnDevelopment of Dat a

2016 and Improvementthe Transpargn o f Nat i onal Reporting on G
was accomplished by the Ngnover nment al organization ABure
castingo. The work was per f egromed name ntthad coa mgte

recauofnt egrated analysis and forecastingodo and R
istry of Energy, Utilities and Climate of The Danish Energy Agency. The research developed a Datze
Base on Energy Statistics of Ukraine for 129016 and Improvement tiigansparency of National
Reporting on GHG Emissions in Energy Sector.

Within the framework of expert facility project Clima East, supported by EU, two projects
were accomplished in LULUCF sector: Al mprovi
sions accounting from harvested wood products
opment of the GHG emissions inventory in the forestry sector in order to improve national reporting
of Ukraine according to the requirements of the UNFCCC andthe kyo Pr ot oc ol 0.

The first report aimed in developing recommendations for GHG inventory methodology on
HWP best suited for Ukrainian conditions. Also recommendations were developed to accommodat
national statistics into methodology, as well as to the ralt&tatistics in order to be more consistent
with the methodology.

The second report provided recent scientific approach towards Carbon stock change estime
tions, developed by International Institute for Applied System Analysis, Austria. The experts made
pilot calculations based on forest inventory of 2011 year. Moreover, recommendations were devel
oped on possible alternative approaches of monitoring of GHG emissions and removals in forests,
well as to forest policy makers with regard to future forestrmaries.

In order to further improve the National system of anthropogenic GHG emission and remov-
als estimations and according to the Request on the submission of proposals to the prospective ple
for20262 022 from the MEEP, iné2blUattlerel axpersts o
projects (13 items).

During 20202021, Bl "NCI" experts took part in meetings of the subsidiary bodies and
workshops of the Secretariat of the UNFCCC, as well as other conferences and forums, in particula
- Regional Workshop On Measurement, Reporting And Verification (MRé&nNa, Aus-

tria; Copenhagen, Denmark, Februaryl®7 2020;

- Twentieth Meeting of the Technology Executive Committee (TEC) of UNFCClen
April 01-03, 2020;

- Seventeenth meeting of lead reviewers for greenhouse gas inventotfias, done 29
July 03,2020;

- Review of GHG Inventory Submissions submitted by Austria and Sweden in 2020 re-
motely, September 226, 2020;

- Twenty First Meeting of the Technology Executive Committee (TEC) of UNFCCC, on
line, November 1-20, 2020;

- Ex-Ante Carbon Balance Tool v.gatning, online, April 19-23, 2021,

- Twenty Second Meeting of the Technology Executive Committee (TEC) of UNFCCC,
ontline, April 20-26, 2021,

- Mayi June 2021 Climate Change Conferencelim&, May 31i June 17, 2021;

- All-Ukrainian Forum Ukraine 30. Ecologiyiv, Ukraine, June 0-09, 2021,
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- Workshop "Strategies and modalities to scale up implementation of best practices, inno-
vations and technologies that increase resilience and sustainable production in agricultural systen
according to national circumstanteSlasgow, Scotland, October-38, 2021;

- Twenty-sixth session of the Conference of the Parties to the UNFCCC, Glasgow, Scot-
land, October 31 November 11, 2021;

- Webinar"Proposals preparation for the National Action Plan of the introductiafi-of
matefriendly technologies”, otine, December 10, 2021;

- BTR training programme: 2nd meeting with the CGE&LRs]Jina, October 5, 2022;

- Preparatory meeting of the Lead Reviewers under the ET@rOctober 6, 2022.

1.2.3 Quality assurance, qualitycontrol and planning of inspections. Details of the
QA/QC plan

QA/QC in the national inventory system is based on planning, preparation, quality control
and subsequent improvements, and is an integral part of the inventory process.

For this purpose, retar checks of transparency, consistency, comparability, completeness
of data, calculations, measures to identify and eliminate errors, as well as to store inventory infor
mation are conducted (performed), which represent the QA/QC system.

The system complge wi t h Ti er 1 procedures descri
ance/ Quality Control and Verificatione of 2C
QA/QC procedures specially designed taking into account sector specifics in accordance with Tier 2

For more detailed information on implementation of QC procedures for individual catego-
ries, see the relevant sections of the NIR.

1.2.3.1 QA/QC procedures

In the framework of the National Inventory System, throughouNtRedevelopment cycle,
including its final submission to the UNFCCC Secretariat, implementation of QA/QC procedures is
an important component, compliance with which is provided and clegiityed by the internal doc-
umentsi the general plan of measures for the development of NIR and additional plan for QA/QC.
More specified information can be found in
greenhouse gas inventory and repokt@el o p ment e .

Organization of this work is regulated in accordance with the regulations, guidelines, re-
quirements, and procedures outlined in the 2006 IPCC Guidelines and consideration of recommend
tions provided by the ERT, authorized by the SecretaridNFCCC.

It should also be noted that in Ukraine there are further efforts being made to implement
requirements of International Standards (IS) 1ISO 9000 into the National Inventory System.

Constantly in the action plan for the NIR preparation on the stdge€ special attention is
given to errors likelihood minimization in the calculations, correspondence of data in the NIR and
CRF tables in all the sectors. In particular, enhancements have been considered and introduced ir
QC reporting forms.

The QA/QCprocess at all stages of the work performed with documentation and final ar-
chiving of all information, including results of support of NIR through all stages of the ERT review.

General view of the QA/QC system for the NIR is presented inlFig.
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Fig. 1.10. The quality assurance/control system of the NIR

The QA/QC system of Ukraine includes the following basic components:

TQA/QC technology, which determines the QA/QC methods and QA/QC supporting tools.

fTResourcingi experts, involved inmplementation of the QA/QC plan with the QA/QC
technique available in accordance with distr
itiese.

TQA/QC plan, which is maintained by the GHG inventory QA/QC manager, determines the
specific qualityobjectives and required activities to ensure QA/QC. The plan sets out quality assur-
ance and control activities, responsibilities, and timing for performance of the necessary QA/QC ac
tivities.

TQA/QC process (implementation)which includes physical conduety of QA/QC based
on the available technique with the available resources in accordance with the plan for all the phas
of data collection, compilation, public discussion, independent review, and submission of annua
emission assessment cycle reporting.

fDescription of the QA/QC process documenting and archiving, which provide infor-
mation about the process at a certain detailing level delivery for further use.

The Scope of the QA/QC plan
The QA/QC plan covers all activities at all stages of QAMQ& are integral parts of the
process of development and review support of the National Inventory Report.

Quality objectives

The key objective of the QA/QC plan is to ensure that estimates of GHG emissions and
removals are:

U Transparent regarding data soces, used to perform the estimates, calculation methods
applied, as well as documentation of QA/QC activity implementation process;

U Complete,i.e. they will include all possible emissions/removals, secionomic indica-
tors and policies, as well as actigs for all the required years, gas categories, and scenarios;

U Consistenttaking into account emission trends for the entire time series and with regard
to internal consistency of emission data aggregation;

U Comparable with other emission estimates prowdéirough use of new reporting tem-
plates, correct level of IPCC categories etc.;

U Accurate in application of methods and use of the appropriate IPCC recommendations.
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Roles and responsibilities

In the process of implementation of the various QA/QC actsyispecific responsibilities
are assigned to the various roles in the process of emission assessment:

0 QA/QC manager supports the QA/QC plan, establishes quality objectives, coordinates
QA/QC activities, manages data supplies from providgsstoral experts, and independent experts,
supports crossutting QA/QC activities;

U Sectoral experts conduct seespecific QC activities and report to the QA/QC manager.
Sectoral experts also must cooperate with data providers and other stakehoieesvtestimations
and conduct QA/QC for data provided;

U Outsourced expert consultants are the organizations and individuals who perform QA/QC
consultancy activities;

U External expert reviewers are the organizations and individuals who perform peer reviews
and provide feedbacks on NIR by specific sectors.

1.2.3.2 Quality control and documentation

QC of the NIR takes place throughout the data collection, compilation, and reporting cycle.
The data check system used in the NIR is illustrated in Figure 1.11.
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Requests to ministries, departments and entities to receive activity data and emis-|¢
sion factors

Y

Filter No. 1 Check before sending:
- Information coverage;
- Correct addressing of the requests;
- The exact wording of the requests;
- Units used

Require additional
queries

Responses from the ministries, departments and entities, containing activity data |_-
and emission factors

Y

Filter No. 2 Check before using the data:
- Mass balance;
- Comparison of data from different sources;
- Comparison with data of previous years;
- Units

Y

Calculations by sector.
Excel Worksheets

Y

4 )

Filter No. 3 Verification of GHG emission calculations:
- Crosschecks
- Recalculations and visual inspectjon
- Graphs creation
- Control of units used
- Methodologies consistency
- Consistency of the time series
- Consistency of activity data by sector

\ - Double counting avoidance /

v

Filling the CRF-tables Categories aggregation Calculation of total emissions in the
country

v

/ FILTER No. 4 Verification of GHG emission calculations \

in CRF Format:

- Categories aggregatipn

- Inclusion/exclusion of categories

- Recalculations

- Completeness of applicatipn

- Methodology

- Used emission factors

- General emission trends bgctors

\ - The overall emission trends in the country /
¥

The presentation of CRFtables and Project of national inventory report for public
discussion

Figure 1.11. The general scheme of the quality assurance process

Checks and documentations are suppdstedata storage and processing designed specifi-
cally for NIR compilation, which include:
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U External information database which is part of the data repository, data storage. It con-
tains information about suppliers of activity data, detailed specificatiaireegents for data, includ-
ing templates and data provision procedure, as well as incoming activity data, provided by supplier
for the NIR to estimate emissions in the process of inventory compilation. All input and output infor-
mation for each annual inveEmy report are stored in the relevant sections of the repository.

U Individual data processing and QC performance toolghat are used to convert the ma-
jority of input data into the corresponding aggregated activity data and, using emission factors, tc
estimate emissions in Ukraine.

QC proceduresnay be general with possible broadening to procedures of particular catego-
ries. They include sectapecific checks (e.g. the energy/weight balance, cowspiegific emission
factors).

Data processing toolare eletronic spreadsheets that include the information necessary to
perform QC procedures.

U The key information databaseis used to store all emission estimates for reporting, in-
cluding the CRF format, responses to megulated questions, aw@scription of review or recalcu-
lation procedures. This guarantees it that conversion of historical data can be easily traced and sur
marized in the reports. Most of the data are imported into the database directly from data processir
tools (the spreadshisedescribed above). All the key data for each annual NIR are stored in the rele-
vant sections of the repository.

Archiving. As part of inventory management, good practice recommends documenting and
archiving all information required to prepare national GiH@ntory estimates in accordance with
requirements of the 2006 IPCC Guidelines, as well as timely provision of required information re-
guested by the ERT.

At the end of each annual reporting cycle, all repository files, spreadsheets, regulatory anc
methodlogical documents, electronic data sources, notification records, paper data sources, outpl
files representing al/l the calculations for
data are stored on hard disks, for which backup is perforegedarly. Paper information is archived
in a shelved storage, while the repository stores an electronic record of all archived elements.

In general QC measures prescribed in the QA/QC plan are based on 2006 IPCC Guideline
(Chapter 6, cQuality EKEssurahcehd Verificati
Table 1.1.

Table 1.1 Types of quality control activities

Type of control activity

Check whether assumptions and criteria for the selection of activity data, emission
andother estimation parameters were documented

Check for errors in data input transition and references

Check the correctness of emissions and removals calculations

Check whether parameters and units are correctly recorded and that appropriate ¢o
factors are used

Check the integrity of database files

Check for consistency in data between source categories

Track of inventory data correctness among processing steps

Check whether uncertainties in emissions and removals are estimatedl@ndted cor;
rectly

Conduct time series consistency check

Conduct completeness checks

Conduct trend checks

Conduct review of internal documentation and archiving

© © Njog bk~ jwN| e

=
=o

=
n

The development of NIR is performed with checks according to the scheme bflRigvith
types of QC activities described in table 1.1.
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Figure 1.12. Diagram of general development and QC processes

QC procedures were carried out during preparation of the NIR by its developers, involving,
if necessary, experts from other angzations for consultancy and required additional information.
Within the framework of QC the approved reporting forms were used in the form of reports, notices
and electronic files (tables).
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Sector experts have carried out the main part of QC procegarésularly comprehensive
checks of source data, emissions factors, calculations, completeness of documentation etc. The ent
responsible for QA/QC inspected general trends, compliance with the methodologies used, etc.

Sectoral experts also carried agtailed checks for specific source categories (Tier 2), es-
pecially for the key ones, namely:

1) comparison of activity data, emission factors and volumes for the entire time series. Major
changes were identified and analyzed (more than 5 %) in diffdagmtsources, the results using the
current and simplified methods, etc.

2) comparison of the results of emission calculation obtained using different approaches (for
exampl e, comparison of calculations usinthg t h
categories 1.A.3.a Domestic aviation, 1.D.1.a International aviation in the Energy sector);

3) assessment of applicability of 2006 IPCC default factors to the national circumstances;

4) comparison of national emission factors and 2006 IPCC dédatitrs and definition of
the specific national conditions that result in discrepancies in the coefficients;

5) comparison of the data with those of the previous year anesénes trends;

6) comparison of data from different sources, especially focategories with high levels
of uncertainty. A comparison was made with data from international or foreign sources in the absenc
of alternative data at the national level.

Improvements in quality control area

Planned improvements of the QC system are associated with implementation of MS ISO
9000.

Particular attention is given to activities aimed at improving the existing estimation and qual-
ity control techniques if discrepancies detected in after checks pedofFig. 1.13 shows a diagram
of the process of analyzing check findings, searching for causes of detected inconsistencies, four
errors fixing and reviewing action plans, in particular related to the need to plan and implement cor-
rections of control oralculation techniques, as well as other corrective and preventive actions (for
example, checking calculation results in terms of MS ISO 9000 terminology).

In this diagram, the following aspects are considered:

- the methodology and results of the calculatiare subject to check;

- check is performed using a specific method;

- found inconsistency requires further analysisis possible that that is caused by defects
of the check method;

- if existence of discrepancies in calculation results is confirmed, iti@utb correction
of the calculation results, a search for causes of the detected inconsistencies is initiated;

- causes of inconsistencies of calculation results can vary, for example, the calculation
method used may be imperfect, negligence or lack affopation of the executor. Inconsistency may
also result from a combination of causes;

- in the case of proved detection of discrepancies, it makes sense to analyze whether thes
causes have not resulted in other, so far hidden, negative consequences;

- analsis results form the basis for development of thealed corrective or preventive
actions, which, if requiring substantial resources and time to implement them, may results in amenc
ments to the action plan.

Methodologies of control operations must benpliant with methods of basic technological
operations (data conversion, calculation, report generation), the results and the process of their pre
aration being subject to inspection for control operations.

The outcome of control operations is the conolu®n sufficient quality of the primary op-
eration controlled or description of inconsistencies found between the audited operations and require
ments placed upon them.
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Figure 1.13. The diagram dia check result of analysis process

In case of detection of such discrepancies, the situation should be analyzed and make sure
is not due to possible drawbacks in the check methodology. If such drawbacks are observed, it |
necessary to correct the defective control techniques and tt thfgecontrol operation.

Emergence of inconsistencies may be random ofrandom. The fact that appearance of
inconsistencies may be naonincidental determines the need of search and identification of their
causes.

The identified reason that resultedthe specific inconsistencies found within this techno-
logical step may result in similar discrepancies in other similar technological operations, most ofter
this is due to errors in method descriptions or to the tools of realization of the key teatalologi
operations that are performed repeatedly. This makes it necessary to condwnptive targeted
search and elimination of such inconsistencies in the similar technological operations results of whicl
have not yet been subject to checks, which mayifegggntly increase effectiveness of the quality
control system.

With consideration of abovementioned, within an advanced quality control technique, re-
sponse to identified inconsistencies may include:

1) analytical work to search for causes of detected ghacraes and their possible further
consequences;

2) development and implementation of measures to eliminate detected nonconformities anc
normalize the process of executing the activities, which in MS ISO 9000 are referred to corrective
actions;
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3) in the case oidentifying possible potential inconsistencies, response to them should in-
clude development and implementation of appropriate measures, which in MS 1SO 9000 are referre
to preventive actions.

1.2.3.3 Quality assurance (validationyerification)

QA procedures provides an independent expert peer review of the level 1 or conducting more
extensive independent expert review or audits as additional QA procedures corresponding to the lev
2, within the available resources.

QA was carrid out by the involvement of the central executive authorities, organizations,
institutions and independent experts with the aim of obtaining review reports, pxjEmens,
feedback to the inventory as a whole and separate categories.

Among involved inthe QA process executors (participants) should be highlighted:

U Secretariat of the Cabinet of Ministers of Ukraine;

U Verkhovna Rada Committee for Environmental Policy, Environmental Management;

U NationalSecurity and Defense Council of Ukraine;

U Ministry of Economy of Ukraing

U Ministry of Energy of Ukraine;

t+ Ministry of Health of Ukraine;

&+ Ministry of Foreign Affairs of Ukraine;

U Ministry of Finance of Ukraine;

0 Ministry of Communities, Territories anafrastructureDevelopmenbf Ukraine(here-
inafteri MCTIDU);

U Ministry of Education and Science of Ukraine;

U State Customs Service;

U State Service of Ukraine for Geodesy, Cartography and Cadastre (heréiStdteGeo-
Cadastre);

U State Statistics Service of Ukraine;

State Agency on Energy Efficiency and Ene&gaving of Ukraine;
State Forest Resources Agency of Ukraine;

National Academy of Sciences of Ukraine (hereinaftsiASU);
State Water Resources Agency of Ukraine;

State Emergency Service of Ukraine

0 Ukrainian Hydrometeorological Institute ®fational Academy of Sciences and State
Emergency Service of Ukraine;

0O Public Organization ¢Bureau of compl ex

U Institute of General Energy of NASU;

iU St ate Enterprise AThe St ate Roadi B ans
"DergavtotransNDIproect”) d¥ICTIDU;

U State Enterprise ¢cUkrainian Research &
ergostale (SE ¢Ukr RTC ¢Energostale);

U State Enterprise ¢Cherkassy State Resea
mation in cheni ¢ a | industrye;

U Institute ofAnimal biologyof National Academy of Agrarian SciencesuKraine(here-
inafteri NAASU);

U Institute of Animal Science of NAASU;

U Thermal Energy Technology Institute of NASU,;

i Nati onal Scienti fic CotthetNatenalgAtadesny of Aguatia@ 0 °
Sciences of Ukrainee;

U Ukrainian Order "Sign of Honour" Research Institute of Forestry and Forest Melioration
named after G.M. Vysotskihereinaftei URIFFM);

U Scientific Engineer herepaft€ieSEBAGB} e ABi omass o

H et i et I et wnt
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External review

Independent external review of the National Inventory Report is generally seen in the frame-
work of Tier 1 Quality Assurance procedures. In preparation of the GHG inventory, external review
is performed in two stages:

1) At the first stage, developers come wiph a draft of the NIR, which is placed on the
MEPR websitghttps://mepr.gov.udpr publicdiscussion with all interested organizations and indi-
viduals. Additionally a noticevith a link to the draft NIR is sent to the relevant ministries and entities,
to leading experts in the field of GHG inventory for delivery their comments and suggestions.

2)At the second stage, after the NIRa&w up:
public discussion, specialized research organizations and independent experts in the respective sect
are involved for external review of the used activity data, emission factors and calculation method:
of GHG inventory in key categories that re@h\significant recommendations during inventory prep-
aration in previous years and in the current year. The set of documents submitted for review, in add
tion to the current version of the NIR, includes Excel sheets with GHG emission and removals. More:
over,the current estimates of emissions by sectors, if possible, are presented and discussed at varic
seminars and conferences, as an additional step of external review.

The following describes the results of QA performed for categories of the Nationalryven
Report.Under development.

The Energy sector

The Industrial processes and product usesector.

The Agriculture sector.

The Land Use, LandUse Change and Forestry sector

Inter-Agency Commission of Climate Change and Ozone Layer Protection

Thelnter-Agency Commission of Climate Change and Ozone Layer Protection (hereinafter
i IAC) was established by Resolution of the Cabinet of Ministers of Ukraine in September 23, 2020
No. 879 to organize development and coordination of implementation of tioealastrategy and
national action plan for implementation of Ukraine's commitments under the UNFCCC and KP, Paris
Agreement, Vienna Convention for the Protection of the Ozone Layer, Montreal Protocol on Sub-
stances that Deplete the Ozone Layer and etc.

The key tasks of IAC include the preparation of proposals for the implementation of state
policy of climate change and ozone layer protection; identification of ways and mechanisms of solv-
ing problematic, issues that aroused during the implementation efpstiaty of climate change and
ozone layer protection; etc.

In accordance with the assigned tasks, the Commission carries out work organization an
proposals consideration for implementation of climate change and ozone layer protection issues ¢
state polty; coordination of central executive institutions, regarding development of the project plans
and national targeted programs for adaptation to climate change; consideration of reporting and oth
documents to be submitted to the UNFCCC Secretariat, Cisxretariat (Secretariat for the Vienna
Convention for the Protection of the Ozone Layer) and Montreal Protocol on Substances that Deplet
the Ozone Layer, etc.

According to the existing legal document, namely Resolution of the Cabinet of Ministers of
Ukraine in September 23, 2020 No. 879 the IAC includes Chairman of the Commission, First Deputy
Chairman of the Commission, Deputy Chairman of the Commission, Secretary of the Commissior
and other Commission members. The Cabinet of Ministers of Ukraine appitevéCommission
Staff. The Chairman of the Commission approves its personnel and make necessary changes to it.

The IAC shall include:

- Ministry of Environmental Protection and Natural Resouic&€hairman of the Commis-
sion;

- Deputy Minister for Developmerf Economy, Trade and Agriculture of Ukraihd-irst
deputy Chairman of the Commission;

- Deputy Minister of Environmental Protection and Natural Resources for European Integra-
tion1 Deputy Chairman of the Commission;

- head of the profilstructural unit of the MEPR Secretary of the Commission;
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- Deputy Minister of health of Ukraine;

- Deputy Minister of Foreign Affairs of Ukraine;

- Deputy Minister of Finance of Ukraine;

- Deputy Minister of Infrastructure of Ukraine;

- Deputy Minister of Educadh and Science of Ukraine;

- Deputy Minister for Communities and Territories Development of Ukraine;

- Deputy Minister of Energy of Ukraine for European Integration;

- Deputy Chairman of the State Customs Service;

- Deputy Chairman of the State Service of UkrdimreGeodesy, Cartography and Cadastre
of Ukraine;

- Deputy Chairman of the State Statistic Service of Ukraine;

- Chairman of the State Agency on Energy Efficiency and Energy Saving of Ukraine;

- First deputy Chairman of the State Forest Resources Agency ohbkrai

- Chairman of the Verkhovna Rada Committee for Environmental Policy, Environmental
Management (if agreed);

- People's Deputies of Ukraine

- representative of the staff of the National Security and Defense Council of Ukraine (if
agreed);

- representative of th®ecretariat of the Cabinet of Ministers of Ukraine.

According to the current Ukrainian regulations and procedures, the NIR is finalized with
consideration of the recommendations obtained from external review, including in the process o
public discussionThe NIR submits to the IAC for its final approval. Based on the decision adopted
by the IAC, the MEPR submitke official NIR and CRF tables to the UNFCCC Secretariat

1.2.3.4 Confidential information handling

In accordance with the Law of Ukrain@fn September 17, 1992 of No. 26X4 | ¢ Ab o |
the State Statisticsé, spreading of informat
dential information about an individual respondent, as well as any information that allows to indirectly
identify confidential information about an individual respondent is prohibited. Therefore, some sta-
tistical data on goods produced at fewer than three companies, as well as data on GHG emissions
production of various types of products data on whose tietidare confidential and for which default
emission factors are applied for GHG inventory are not separately shown in the NIR. Production o
most types of these products in Ukraine leads to precursors emissions or negligible GHG emission
The categoriethat include production of these types of products are not key ones and are in the secto
IPPU (CRF Sector 2)herefore, for estimating emissions in these categories, mostly default emission
factors are used.

To reflect GHG emissions icategories for which activity data is considered as confidential
information, the following methods were used in preparation of the inventory:

U merging of emissions as categories belonging to the same group (for example, combining
emissions of C@from prodiction of calcium carbide and silicon carbide, combining emissions in
the category 2.B.8 Petrochemical and Carbon Black Production;

U using information obtained from public sources;

U using information obtained directly from enterprises;

U using estimated aciiy data;

U using default emission factors.

As a result of applying the latter four methods, in this NIR it was possible to significantly
reduce the number categories GHG emission in which were previously merged. Thus, GHG emissior
are merged in only two eas:

U in production of calcium carbide and silicon carbide (data opebtissions data are pre-
sented in category 2.B.5 Carbide Production);

U in production of ethylene, polystyrene, propylene, polyethylene, and polypropylene in
category 2.B.&etrochemical and Carbon Black Production;
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U in production of aluminium in category 2.C.3 Aluminium production;

U in production of zinc in category 2.C.6 Zinc production.

During the technical review of the National Inventory Report, Ukraine presents data on ac-
tivities, emission factors and GHG emissions in the categories that Ukraine considers as confidentiz
information in accordance with the procedure referred to in the Code of Practice for the Treatment o
Confidential Information in the Technical Review@feenhouse Gas Inventories of Parties to Annex
| of the Convention (Annex Il to Resolution 12/CP.9).

1.2.4 Changes in the National Inventory System

As it has been repeatedly pointed out above, currently under par. 2 of Resolution of the
CabinetofMinistr s of Ukr aine of May 27, 2020 No. 42°¢
of Central Executive Government Bodiesé, the

According to par. 1 and subparagraphs 3.1, 3.2-4.62 of Resolution of the Cabinet of
Ministers ofUkraine of June, 25,20200. 614 ¢Some i ssues of Minis
and Natural Resources of Ukrainee, the centr
and submission to the UNFCCC Secretariat of informationmpiementation of Decisions of the
Conference of Parties of the UNFCCC and Meetings of the KP Parties and Paris Agreement is th
MEPR, which is guided and coordinated by the Cabinet of Ministers of Ukraine. One of the structural
units of the MEPR is the [partment of Climate Policy and Ozone Layer Protection, the MEPR of
July 08,2020 (subsequently, of August 29, 202&hich has been assigned as responsible for the
preparation of the National inventory of anthropogenic GHG emissions and removals.

Moreover within its assigned tasks, the MEPR is responsible for inventory of anthropogenic
GHG emissions by sources and removals by sinks at the national level in order to prepare the NIR, :
well as its approval and submission to the UNFCCC Secretariat.

1. 3 nltrowey preparati on

1.3.1 The basic stages of the inventory

The process of preparation of the NIR includes the basic stages:

1. Determining information needs to comply with the methodological requirements stipu-
lated by 2006 IPCC Guidelines fiiational Greenhouse Gas Inventories.

2. Preparation and sending of information queries to select data sources using official cor-
respondence, telephone, annhail.

3. Identification of potential data sources, including organizations and independent ex-
perts.

4. Premration and sending special queries and follgpawork on sources, including con-
tracts for consulting services.

5. Obtaining information, its check to establish completeness and compliance with the
guery form. Analysis of the information obtained on the goil#tsi of its immediate use for calcula-
tion of emissions and reductions.

6. Investigation of anomaly discrepancies in the data appeared through sharp changes i
the time series of activity data or significant deviations compared to previous inventoridea:lari
tion of data provided as a response to additional queries and receiving consultations from experts ¢
issues of National Inventory Report preparation.

7. Preparation of information to be used in the calculations.

8. Conducting calculations to determine GH@igsions and removals.

9. Elimination of errors and omissions in the calculations.

10. Preparation of a preliminary version of the NIR (draft of NIR) in accordance with regard
to format of the revised "Guidelines on Preparation of National Communications odirties Fh-
cluded in Annex I to the Convention, Part I: UNFCCC guidelines for reporting annual greenhouse
gas inventories" (FCCC/CP/2013/10/Add.3).
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11. Upload of the draft National Irntory Report on the website of thiEPRand to obtain
comments and suggest®ofrom stakeholders and independent experts.

12. Further development of the draft NIR with regard to comments received.

13. Preparation of the final version of the NIR.

14. Provision of the NIR for consideration of the IAC.

15. Submission of the NIR by the MERo theUNFCCC Secretariat.

16. Documentation and archiving of all data used in preparation of the NIR.

1.3.2Planning and control of activities on greenhouse gas inventory and report
development

Annual development and support of the NIR are consideredsapaaate project, an im-
portant aspect of management of which is planning.

The annual plan of development of the NIR is a dynamic information object, in which it is
possible to consider changes from year to year in the structure of the following NIR himdtket
work on its development, and to monitor and, if necessary, quickly adjust the course of actual prepe
ration process of the next NIR.

In line with theinformation presented paragraph 1.2.3.1 "QA/QC procedures”, planning de-
velopment of the NIR to baibmitted in 2023 is covered in internal use documents based on typical
annual inventory preparation plans and inventory QA and QC activities, namely:

1) 20222023 Action Plan to prepare generalized data on GHG emissions on the territory of
Ukraine for the Nabnal Inventory Report of Anthropogenic GHG Emissions by Sources and Re-
movals by Sinks in Ukraine for the period of 198@P1 (submitted in 2023);

2) 20212023 QA/QC Action Plan when preparing generalized data on GHG emissions on
the territory of Ukraine fothe National Inventory Report of Anthropogenic GHG Emissions and
Removals by Sinks in Ukraine for the period of 12821 (submitted in 2023).

These documents have framework feature, being designed to serve fbeveigproject
management, and is preseatn the form of a consolidated schedule, which allows you to include
the desired combination of the three types of works:

- core work on development of intermediate or final results (data);

- control work on checks on compliance between the processes ompag basic oper-
ations and their results and methodological and regulatory requirements;

- corrective works to remove detected discrepancies in intermediate or final results of core
work and, if necessary, adjustment of the work plan in real time.

1. 4 fBrgieemer al description of methodol o

A detailed description of methodological approaches that were used for estimating GHG
emissions and removals is described in the relevant sections of this report. Estimates GHG and pr
cursor enmssions were performed using the first, second, and third level approaches. Thus, volume
of emissions in key categories were determined mostly using séaaidpproaches.

Table 1.2 presents generalized information about assessment methods for esiir4Gn
emissions and removals in this inventory.

Table 1.2. Generalized information about assessment methods for estimation of GHG emis
sions and removals

Name of the emission category Comment on the method applied

CRF cate-
gory

1. ¢ |FuelCombustion Activities v 1, v 2, U 3
1. ¢ . |[Energy Industries vl, v2, u3
1 . ¢ . [Manufacturing Industries and Construction vl, uv?2

1. ¢ . [Transport vl, v2, u3
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[O]
[}
i § Name of the emission category Comment on the method applied
&
1. ¢ . |Other sectors v 1, U2
1 . ¢ . |Other (not elsewhere specified) vl
1.B Fugitive Emissions fronfruels CS, wvl, wv2, uv3
1.B.1 [Solid Fuels cCs, wvil, wv2, u3
1.B.2 |Oil and natural gas and other emissions from energy products 1, u 2
1. & |CO:Transport and storage The category is not calculated
2 . ¢ Mineral industry v 1, v 2, U 3
2 . 1 |Chemicallndustry vl, u©v2, uv3, EMEP/ EEA
2 . & |Metal Industry v 1, EMBP/EEA
2.D Nonrenergy products from fuels and solvent use u 1IEMEP/EEA
2.E Electronics industry The category is not calculated
2.F Product uses as substitutes for ODS Tla,T1,T2
2.G Other product manufacture and use CS, T2, T3
2.H Other EMEP/EEA
3 . ¢ |Enteric Fermentation v 1, U2
3 . 1 |Manure management CS, vl, U2
3.C Rice Cultivation vl
3.D Agricultural Soils CS, uvl, U2
3.E Prescribed burning of savannas The category is natalculated
3.F Field burning of agricultural residues The category is not calculated*
3.G Liming ul
3.H Urea Application vl
4 . ¢ [ForestLand CS, uvl, U2
4 . 1 |Cropland CS, uvl, T3
4 . ¢ |Grassland cs, wvil1, T3
4.D \Wetlands v 1
4.E Settlements vl
4.F Other Land u 1l
4.G Harvested Wood Products u 1l
4.H Other The category is not calculated
5. ¢ |Solid waste disposal u 3
5 . 1 |Biological Treatment of Solid Waste u 1l
5 . & |Incineration and open burning of waste vl, uv?2
5.D \Wastewater Treatment afiischarge cCS, vl, U2
5. ( |Other The category is not calculated
Legend:
T1, T2, T3i Tiers 1, 2, and 3, respectively, according to 2006 IPCC
M 1 modetbased methodology
CSi national methodology
EMEP/CORINAIRT methodology for GHG inventory
* The Burning of agricultural residues in Ukraine is prohibited under the Code of Administrative Offenses {Brart¥the
Law of Ukraine On Air Protection (Art. 16, 22). Fires that occur in agricultural areas are defined as natural fireeg§yild
Therebre, the emissions from them accounted for in LULUCF.

Table 1.3 indicates the key sources of information from which activity data for calculation
of GHG emissions and removals was obtained.

Table 1.3. Summary of the key sources of activity dat@$timating GHG emissions and

removals
Name of the data source
State Statistics Service of Ukraine

Name of the activity data

Amount of fuel consumed.

Calorific value of the key fuels.

Volume of production, import, export, and changes in $t@tks.

Volume of oil and natural gas transportation through main oil and gas pipelines.
Production, import, and export of industrial products.

Livestock by species and sex and age groups in agricultural enterprises and hou
by regions.

Consumption bfeed by cows, gender and bulls, and other cattle in agricultural entery
and households in Ukraine by regions.

Milk yield of cows and sheep.

Amount of wool produced per sheep.

Gross harvesting, yield, and total harvested area of agricultural crops.
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Name of the data source

Name of the activity data

Amount of nitrogen and organic fertilizers applied into the soil in Ukraine by region
Grouping of agricultural enterprises by presence of livestock.

Volume of timber harvesting.

Production, import, and export of harvested wood products

Disturbance areas in the forests of Ukraine.

Statistical reporting form No. L waste "Waste Management" (amount of -14th class
of hazard waste, including industrial organic waste at solid municipal waste landfill
Average annual consumption of foptbducts by population of Ukraine.

M'n"stry of Energ

Information about the coal industry of Ukraine.
Information about the oil and gas system of Ukraine.
Information on methane recovery from landfills.
Information on the morphology and density of waste.
Information on household wastewater.

Information on the volumes of activities performed during the period starting from 1
which falls under the activities of paragraphs 3 and 4, Article 3 of Kyattn&ul.

State Customs Service

Imports and exports of products containing hydrofluorocarbons, perfluorocarbon
sulfur hexafluoride.

State I nstitution
tistics of Mi ni st

Information on the number of surgesiperformed in Ukraine.

Ministry of Defense of Ukraine

Information on fuel consumption for the needs of the Ministry of Defense.
Information on the volumes of activities performed during the period starting from 1
which falls under thactivities of paragraphs 3 and 4, Article 3 of Kyoto Protocol.

Energy generation companies

Technical and economic indicators of activity of condensing thermal power plants.

JSC fANaftogaz of

Information about the oil and gas system of Ukraine.

Ukrainian State Air Traffic Servicey
Enterprise (SE AU

Aircraft departures information (database).

Industrial enterprises

Data of mineral, chemical and metallurgy, cement, ceramics, glass production, as
data on use diydrofluorocarbons, perfluorocarbons and sulfur hexafluoride.

Ministry of Communities, Territories
and Infrastructure Development ¢
Ukraine

Statistical reporting formNo:T PV fiReport on Soli d Was
Information on the implementation of modamethods and technologies in the field
household waste management in Ukraine.

Information on the volumes of activities performed during the period starting from 1
which falls under the activities of paragraphs 3 and 4, Article 3 of Kyoto Protocol.

State Water
Ukraine

Resources Agency

Statistical formNo.ZT P A Report on Water Useo (d
and industrial wastewater).
Data on the area of cultivated peat soils.

State Service of Ukraine for Geodeg
Cartography and Cadtre of Ukraine

Information on areas of land use

State Forest Resources Agency
Ukraine

Information on the volumes of activities performed during the period starting from 1
which falls under the activities of paragraphs 3 and 4, Articlek3yofo Protocol.
Information about forests and forest management activities in the forests of the Sta
est Resources Agency of Ukraine.

Areas of forest fires in forests of the State Forest Resources Agency of Ukraine

Territorial Public Administration

Information on the livestock and its structure in agricultural enterprises and houg
farms, grouping of agricultural enterprises based on the livestock, feed consump
agricultural enterprises and household farms.

Information about technical paraters of existing Municipal Solid Waste landfills ar
the amount of Municipal Solid Waste deposited.
Information about thermal disposal of medical waste.

Regional Departments of thétate
Emergency Service of Ukraine

Information about the number fifes on agricultural crops by regions.

Institute of Public Administration ang
Research in Civil Protection

Data on fire areas on grasslands andfooest wetlands

St ate Enterprise
Il denti fication an

Data on the livestdcof rams and wethers in the sheep herd structure by agricul
enterprises and household farms.

State Agency of Ukraine on the Excl{
sion Zone Management

Data on forest land in the exclusion zone.
Information on the volumes of activitipgerformed during the period starting from 199
which falls under the activities of paragraphs 3 and 4, Article 3 of Kyoto Protocol

Ukrainian Stateowned Project Forestry
Production Associatior]
¢c UKRDERZHLI SPROEK

Information about forests in tHerests of the State Forest Resources Agency of Ukr
and some other forest users

Companies for methane recovery at t
landfills

Data on the methane recovery at the MSW landfills.

1.5 Brief description of key categories

In accordance with the requirements of the 2006 IPCC Guidelines, key categories analysi:
was performed. The assessment is based on Tier 1 approach, which includes analysis of the emiss
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level and trends. The resultskey category analysis for 201@th and without the LULUCF sector
are presented in Tables 1.4 and 1.5, respectively. A detailed analysis of the key categories is presen
in Annex 1.

Table 1.4. Key category analysis, excluding LULUCF secto?21p0

IPCC source category Gas Level Trend

1.A.1 Fuel combustionEnergy Industries Gaseous Fuels CO, + +
1.A.1 Fuel combustionEnergy Industries Liquid Fuels CO, +
1.A.1 Fuel combustionEnergy Industries Other Fossil Fuels CO, + +
1.A.1 Fuel combustionEnergy Industries Solid Fuels CO, + +
1.A.2 Fuel combustionManufacturing Industries and ConstructioBaseous Fuels CO2 + +
1.A.2 Fuel combustionManufacturing Industries and Constructioniquid Fuels CO2 +
1.A.2 Fuel combustionManufacturingindustries and ConstructierSolid Fuels CO + +
1.A.3.b Road Transportation CO, + +
1.A.3.d Domestic NavigationLiquid Fuels CO +
1.A.3.e Other Transportation CO, + +
1.A.4 Other SectorsGaseous Fuels CO, + +
1.A.4 Other SectorsLiquid Fuels CO +
1.A.4 Other SectorsSolid Fuels CO, +
1.B.1 Fugitive emissions from Solid Fuels CHs + +
1.B.2.b Fugitive Emissions from Oil and Natural Gaatural Gas CO. +

1.B.2.b Fugitive Emissions from Oil and Natural Gaatural Gas CHs + +
2.A.1 Cement Production CO, + +
2.A.2 Lime Production CO, +

2.B.1 Ammonia Production CO, +

2.B.2 Nitric Acid Production N20 +

2.B.8 Petrochemical and Carbon Black Production CHs + +
2.C.1 Iron and Steel Production CO, + +
2.C.2Ferroalloys Production CO, +

2.F.1 Refrigeration and Air conditioning HFC +
3.A Enteric Fermentation CHa + +
3.D.1 Direct N20O Emissions From Managed Soils N20 + +
3.D.2 Indirect N20O Emissions From Managed Soils N20 + +
5.A Solid WasteDisposal CHa + +
5.D Wastewater Treatment and Discharge CHa + +

Table 1.5. Key category analysis, including LULUCF sectoR {20

IPCC source category Gas Level Trend

1.A.1 Fuel combustionEnergy Industries Gaseous Fuels CO + +
1.A.1 Fuelcombustion Energy Industries Liquid Fuels CO +
1.A.1 Fuel combustionEnergy Industries Other Fossil Fuels CO + +
1.A.1 Fuel combustionEnergy Industries Solid Fuels CO + +
1.A.2 Fuel combustionManufacturing Industries ar@onstruction Gaseous Fuels CO + +
1.A.2 Fuel combustionManufacturing Industries and Constructioniquid Fuels CO +
1.A.2 Fuel combustionManufacturing Industries and ConstructioBolid Fuels CO + +
1.A.3.b Roadlransportation CO + +
1.A.3.e Other Transportation CO + +
1.A.4 Other SectorsGaseous Fuels CO. + +
1.A.4 Other SectorsLiquid Fuels CO +
1.A.4 Other SectorsSolid Fuels CO. +
1.B.1 Fugitive emissions from Solid Fuels CHa + +
1.B.2.b Fugitive Emissions from Oil and Natural Gaatural Gas CO. +

1.B.2.b Fugitive Emissions from Oil and Natural Ga&atural Gas CHa + +
2.A.1 Cement Production CO. +

2.A.2 Lime Production CO, +

2.B.1 Ammonia Production CO. +

2.B.2Nitric Acid Production N20 +

2.B.8 Petrochemical and Carbon Black Production CHy + +
2.C.1 Iron and Steel Production CO. + +
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IPCC source category Gas Level Trend

2.C.2 Ferroalloys Production CO. +

2.F.1 Refrigeration and Air conditioning HFC +
3.A Enteric Fermentation CHa + +
3.D.1 Direct N20O Emissions From Managed Soils N20 + +
3.D.2 Indirect N20O Emissions From Managed Soils N20 + +
4.A.1 Forest Land Remaining Forest Land CO, + +
4.B.1 Cropland Remaining Cropland CO, + +
4.C.1 Grassland Remaining Grassland CO. +
4.D.1.1 Peat Extraction Remaining Peat Extraction CO. +
4.E.2 Land Converted to Settlements CO. +
4.G Harvested Wood Products CO. +

5.A Solid Waste Disposal CHa + +
5.D Wastewater Treatment and Discharge CHa + +

1.6 Evaluation of the totaluncertainty of the National Inventory Report, includ-
ing data on the overall uncertainty for the entire inventory

Under development.

Uncertainty estimate was performed using the first level approach, provided in 2006 IPCC
Guidelines.

The results indicate that the net emissionsdfi0year including the sector Land use, land
use change and forestry (LULUCIE)911401.1&t CO» equivalent with an uncertainty df44 %;
excluding the LULUCF sectar 94280763kt CO, equivalent with an uncertainty 871 %.

Theresults indicate that the net emission2@21 year including the sector Land use, land
use change and forestry (LULUCF)341511.54 kt CO; equivalent with an uncertainty @6.21 %;
excluding the LULUCF sectar 32728118 kt CO; equvalent with an uncertainty &.11 %.

Based on totals gfears 1990 and 20, the average trend including the LULUCF sector is
62.53 % reduction of emissiongxcluding the LULUCF sectdr 65.29 % reduction of emissions.
The uncertainty of the trend including the LULUCF sectd. 79 %; excluding the LULUCF sear
i 2.62 %.

For more detailed information see Tablea1AA7.2 of Annex7. Uncertainty analysis for
the base 1990 year see Tabl&s3AA 7.4 of Annex7 too.

Summary data characterizing the uncertainty with the inventory by sector is shown below,
in Tables 1.7 and 1.8 respectively.

Table 1.7. The uncertainty of the inventory by main sectors (including LULUCF)

Share in total

Share in total

The percentage un-

The percentage un-

Sector emissions for emissions for certainties of the certainties of the
1990, % 2021, % emissions for 1990, %| emissions for 202, %

Energy 79.58 61.42 2.45 422
Industrial processes and 12.97 17.09 053 085
product use

Agriculture 9.53 13.77 2.84 7.46
LULUCF -3.45 4.17 2.24 13.65
Waste 1.37 3.56 0.63 142

Table 1.8The uncertainty of the inventory by

main sectors (excluding LULUCF)

Share in total

Share in total

The percentage un-

The percentage un-

Sector emissions for emissions for certainties of the certainties of the
1990, % 2021, % emissions for1990,% | emissions for2021, %
Energy 76.93 64.09 2.37 441
Industrial processes and 1254 17.83 051 0.89
product use
Agriculture 9.21 14.37 2.74 7.79
Waste 1.32 372 0.61 1.48
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The lowest percentage of emissions uncertainty Rl 3@ar is observed in the Industrial

processes and product use sector.

1.7 General assessment of completeness

The total national aggregate of estimated emissions for all gases and categories considere

insignificant remains below 0.1 per cent of the national total GHG emissions.

The main reasons for the usenotation key (NE, IE) in the GHG inventory in certain cate-

gories, are:

T

=a =4 39 =a

U Methodology absence (NE)
when calculating emissions of carbon diox{@©:) in the categories 1.B.1.a.1.ii PosMining
Activities, 1.B.1.a.2.i Mining Activities, 1.B.1.a.2.ii Pelstining Activities, 1.B.2.a.4 Refining
|/ Storage, 1.B.2.a.5 Distribution of Oil Produ@sSectors/Totals Agriculture Indirect emis-
sions 3.G.2 Dolanite CaMg(CQ)2, 5.C.2.1.a Municipal Solid Waste, 5.C.2.1.b Other (please
specify), 5.C.2.2.a Municipal Solid Waste, 5.C.2.2.b Other (please specify);
when calculating emissions of methg@#4) in the categories 1.B.2.a.5 Distribution of Oil
Products,21 . 1 Ammoni a Producti on, 2.1.5.b Calc
sions and removals from drainage and rewetting and other management of organic and miner:
soils/Total Organic Soils/Drained Organic Soils, 4.B Cropland/4(ll) Emissions and akmov
from drainage and rewetting and other management of organic and mineral soils/Total Organic
Soils/Drained Organic Soils, 4.C Grassland/4(ll) Emissions and removals from drainage and
rewetting and other management of organic and mineral soils/TotahiOr§oils/Drained Or-
ganic Soils, 5.C.2.1.a Municipal Solid Waste, 5.C.2.1.b Other (please specify), 5.C.2.2.a Mu-
nicipal Solid Waste, 5.C.2.2.b Other (please specify);
when calculating emissions of nitrous ox{80O) in the categories 1.B.2.a.4 Refining Stor-
age, 3. 1. 20 Bmisdionsd.D.1.2lcSewade Sludge Applied to SOIA.2.3 Wet-
lands converted to forest land, 4.D.1 Wetlands RemaininglaMds/4(V) Biomass Burn-
ing/Wildfires, 5.C.2.1.a Municipal Solid Waste, 5.C.2.1.b Other (pleas#fgp&.C.2.2.a Mu-
nicipal Solid Waste, 5.C.2.2.b Other (please specify);
when calculating emissions of nomethane volatile organic compou(MVOC) in the cat-

egory 5.4.1 Waste incineration;
when calculating emissions of nitrogen oxidesSlOE ) t he category 5. 4.
when calculating emissions of sulphur diox{8€;) inthe category5 . ¢ . 1 Wast e i n

when cal cul ati ng e mi(sasfintbecategorh . f)al bWas me niox
U Included elsewhere (IE):

when calculating emissions of carbon diox(@©-) in the categories 1 . ¢ . 3. b . " ' L
trucks (gasoline, di esel si |, l i quefied p
lubricants), 1 . 3. b . * " i Heavy duty trucks and buse
gases, other liquid fuel s, bi omass, ker ose
sel sil, l i quefied petrol eum gasets,crdgatl h eOf
vehicles and other machinery (gasoline, d
bi omass), 1.¢.4.c. " " Fishing (residual f

1.B.2. M. 1MmMiil. Gas, CbmB2 .2ieidi, 1.8k Combudtion Sec-

toral approach / Information item / (Biomass, Fossil fudls$hD Feedstocks, reductants and
other norenergy use of fuels / Liquidiéls/ Naphtha 2. 1 . 5. © Sil i con <c a
2. 8. 1. e Predtlaedt/ 4(ll) ZEmisiofs@and removals from drainage and rewetting
and other management of organic and mineral soils/Total Organic Soils/Drained Organic Soils.
4.1 Cropland [/ 4(11) Emi ssions and r emov:
mentof organic and miner al soil s/ Tot al Or gat
verted to Cropland/ 4(V) Biomass Burning/ Wi
als from drainage and rewetting and other management of organic and miriefab&diOr-

ganic Soils/Drained Organic Soils, 4.D Wetlands/4(Il) Emissions and removals from drainage
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and rewetting and other management of organic and mineral soils/Peat Extraction Lands/Tota
Organic Soils/Drained, 4.D.2 Land Converted to Wetlands/4{pnBss Burning/Wildfires;

1 when calculating emissions of methg@Ha4) in the categoriesl . ¢ . 3. b . * ° Ligh
(gasoline, di esel si |, |l iquefied petrol eu
cants), 1.¢.3.b." "SedHe(@lwiyomdasy, tgasdklsi me,d
|l eum gases, other |l iquid fuel s, kerosene,
sil, liquefied petroleum gases, ot-rbagdvehid i gt
clesandothe machinery (gasoline, di esel si |, I
mass) , 1.¢.4.c. " i Fishing (residuallAAuel
Fuel Combustion Sectoral approach / Information item / (Biomassssil fuels)l . B. 2. .
Gas, 1.B. 2. m. 1. 10ii C o mb 4 babddCbnvdrtedBa CGapland/2(V) i

Biomass Burning/Wildfires 4 Laad Cdnverted to Grassland/4(V) Biomass Burning/Wild-
fires, 4.D.2Land Converted to Wetlands/4(V) BionsaBurning/Wildfires;

1 when calculating emissions of nitrous oxiéQO) in the categorie$ 1 . ¢ . 3. b . " ' L
trucks (gasoline, di esel si |, ' iquefied p
l ubricants), 1.¢.3.lbusés Heavyl idrud,)y diras«l
gases, other |l iquid fuels, biomass, kerose
sel si |, l i quefied petroleum gases, -roatther
vehicles and ¢t e r machlnery (gasoline, di esel tsi |
bi omass), ¢ . c. " i Fishing (residual f

1.AA Fuel Combustion Sectoral approach / Information item / (Biomass, Fossls),
1.1. 2. m. 2. 3.B.2 NOCaodMNiMV@C Emissions (Pasture, Range, and Paddock),
4 . JLand@ Converted to Cropland/4(V) Biomass Burning/Wildfires 4 Laad C&nverted to
Grassland/4(V) Biomass Burning/Wildfire&D.2 Land Converted to Wi#ndg$4(V) Biomass
Buming/Wildfires
More detailed information is given in table 1 of Annex 5.1.
According to the classification of notation keys given in the UNFCCC reporting guidelines
on annual GHG inventories
0 NO (Not occurring for activities omprocesses, which within a country do not occur;
U NE (Not estimatefdfor possible GHG emissions by sources and removals by sinks, in
respect of which the assessment was not carried out;
U NA (Not applicablég for activities in a particular category of sourceksiwhich does not
lead to emissions or removals of a specific gas;
U IE (Included elsewhejefor activities or categories d&HG emissions included in the
inventory but not presented separately for this category.

* Guidelines for the preparation of national communications by parties included in Annex | to the Convention, part |: SafdBEnédNFCCC for
the submission of reports on annual inventories, FCCC/CP/2002/8
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2 TRENDS I N GREENHOUSE GAS EMI SSI

2.1 Trends in total greenhouse gas emissiohg gas

Dynamics of GHG emissions demonstrate the trend, which may be considemceial
phases over the period of 192019 During the first phase (1991899), a catastrophic decline in
GDP and reduction in energy consumption were observed, which led to a decrease in GHG emission
In the second phase (26Q007), there was stabilization of the trend and a gradual increasgsn
sions, which is due to the economic growth (including GDP growth), but there is no direct correlation
between the growth in emissions and in GDP. Primarily, this is due to structural changes in the ecor
omy, an increased role of trade, services, aaditfancial sector in comparison with industrial pro-
duction. During the third phase (20@813), GHG emissions depended on the factor of the global
financial crisis (20082009), which largely affected production volumes in key expoentedsec-
tors: metdlurgy, chemical, machine building, which, in turn, affected other secpmaergeneration
and mining. In 20145HG emissions sharplgleclined- by about 2 % compared with 2013 with
continuel trend of decline in 2015 by 28 compared with 2014. Amongelkey factors of the sharp
drop should be mentioned@cupation and attempted annexation of Crimea and armed aggression
by the Russian Federatiowhat led to a considerable reduction in industrial production, ad,
consequence, reduction in energysamptiod. That also led tanterruptionof supply and trade
connections of industries a@mporary occupielly the Russian Federation territory of Ukravi¢h
industries of other regions in the country.

Emissions in 2020 was impacted mostly by COMI®pandemic and the consequences of
restrictions against spread of disease and lower yields of agricultural crops. For example, emissior
from transport, which was severely impacted by-@@VID-19 measures, have fallen by %6com-
pared to 2019. Lower yiesdof agricultural crops together with higher mineral fertilizers application
in 2020 resulted in rapid decline of GHG emissions in Cropland category Wy ctbnpared with
2019.

Emission trends in 2021 in general is characterized by the recovery froroltaégandemic
and intensification of production in different sectors of the economy of Ukraine. This, in turn, resulted
in total increase of emissions by 84bcompared with 2020.

Table 2.1 and Fig. 2.1 show a histogram of total emissions of carbon diméatieane, and
nitrous oxide in Ukraine, including LULUCF sectdihe sharef PFCs, HFCs, the Sland NE in
total emissions amounted t&% in 2@1, and Nk emissions in Ukraine do not occur.
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Fig. 2.1. GHG emissions in Ukma (including LULUCF)Mt CO»-eq.

30n 18 January 2018, the Parliament of Ukkaina dopt ed the | aw fAOn the peculi
Ukrainebs State sovereignty over temporarily occupi ec
legal status of certain areas of the Donetsk and Luhansk regionspesdeiy occupied territories of Ukraine
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Table 2.1. Dynamics of total greenhouse gas emissions in Ukraine (WMe@C)O

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Egégm'ss'ons without net CQ from LU- 706.2 632.9 589.3 510.3 4195 390.1 351.8 3405 328.8 298.6 285.7 303.9 295.9
CO; emissions with net CQ from LULUCF 674.6 593.1 549.7 4772 382.2 357.6 3237 317.8 300.4 267.2 262.5 286.2 280.8
CH. emissions without CH, from LULUCF 182.9 175.0 167.1 158.7 149.3 139.0 135.1 129.7 126.0 127.3 118.3 116.9 109.4
CH. emissions with CH, from LULUCF 182.9 175.1 167.2 158.7 149.3 139.1 135.1 129.8 126.1 127.3 118.3 116.9 109.4
N.O emissions without NO from LULUCF 53.4 483 44.7 41.9 36.0 32.8 28.5 29.2 25.9 23.8 23.8 25.1 25.5
N.O emissions with NO from LULUCF 53.6 485 44.9 42.1 36.2 33.1 28.7 29.5 26.2 24.1 24.1 25.4 25.8
HFCs* NO NO NO NO NO NO NO 6.43 13.02 14.14 15.73 29.05 64.27
PFCs* 235.82 | 188.20 | 14235 | 14357 | 16122 | 178.06 | 14324 | 14699 | 12064 | 101.81 | 11574 | 112.08 | 98.66
SF* 0.01 0.02 0.03 0.06 0.06 0.07 0.07 0.13 0.19 0.31 0.42 0.46 1.07
NF* NO NO NO NO NO NO NO NO NO NO NO NO NO
Total (without LULUCF) 942.8 856.4 801.3 7111 604.9 562.1 515.4 499.6 480.9 449.8 4279 446.0 431.0
Total (with LULUCF) 911.4 816.8 762.0 678.3 567.9 530.0 487.7 4772 4528 4188 405.0 4286 416.2
Total (without LULUCF, with indirect) 942.8 856.4 801.3 7111 604.9 562.1 515.4 499.6 480.9 449.8 4279 446.0 431.0
Total (with LULUCF, with indirect) 911.4 816.8 762.0 678.3 567.9 530.0 487.7 4772 4528 41838 405.0 4286 416.2
Net feof LULUCF -31.4 396 -39.3 3238 37.0 321 277 225 281 31.0 229 17.4 148
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Egéﬁm'ss'ms without net CQ from LU- 3072 | 3106 | 3135 | 3331 | 3368 | 3260 | 2776 | 2944 | 3084 | 3044 | 2075 | 2576 | 2238
CO, emissions with net CQ from LULUCF 285.7 300.7 304.3 320.7 322.3 326.5 2725 285.1 316.8 309.2 316.3 2775 243.3
CH. emissions without CH, from LULUCF 110.0 106.9 102.8 100.5 100.3 935 85.4 84.8 86.2 80.7 75.5 69.0 61.6
CH. emissions with CH, from LULUCF 110.1 106.9 102.8 100.5 100.4 93.6 85.5 84.9 86.3 80.7 75.5 69.0 61.6
N,O emissions without NO from LULUCF 22.8 25.3 25.6 26.0 25.6 30.8 26.8 27.4 33.3 31.9 35.4 35.3 33.0
N.O emissions with NO from LULUCF 23.1 25.6 25.9 26.3 26.0 31.1 27.1 27.6 335 32.1 35.6 35.5 33.2
HFCs* 10520 | 187.26 | 28507 | 40228 | 561.13 | 647.25 | 663.76 | 743.86 | 823.17 | 84429 | 891.71 | 869.10 | 801.65
PFCs* 77.15 93.34 14233 | 11116 | 15471 | 17424 | 53.95 26.67 NO NO NO NO NO
SF* 1.99 3.08 4.47 4.27 5.20 9.34 9.37 9.71 8.42 10.99 12.54 16.73 19.64
NF3* NO NO NO NO NO NO NO NO NO NO NO NO NO
Total (without LULUCF) 4403 4431 442 4 460.0 463.4 4512 390.5 407.4 4288 4178 409.3 362.8 319.2
Total (with LULUCF) 419.1 4336 4335 448.0 449.4 452.0 385.8 398.4 437.4 4229 428.2 382.9 338.9
Total (without LULUCF, with indirect) 4403 4431 442 4 460.0 463.4 4512 390.5 407.4 4288 4178 409.3 362.8 319.2
Total (with LULUCF, with indirect) 419.1 4336 4335 448.0 449.4 452.0 385.8 398.4 437.4 4229 428.2 382.9 338.9
Net ,feofn LULUCF 213 9.6 8.9 120 141 0.8 47 9.0 8.6 5.0 19.0 20.1 19.7
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3
2016 2017 2018 2019 2020 2021
Egégmissms without net CQfrom LU- 2340 | 2231 2317 | 2219 | 2068 | 2133
CO, emissions with net CQ from LULUCF 258.2 236.4 256.4 245.1 205.8 227.3
CH, emissions without CH, from LULUCF 66.4 64.1 67.9 70.1 71.7 71.6
CH, emissions with CH, from LULUCF 66.4 64.2 67.9 70.1 72.0 71.6
N.O emissions without NO from LULUCF 36.3 35.0 38.8 40.4 37.7 43.6
N,O emissions with NO from LULUCF 36.5 35.1 39.0 40.6 38.1 43.8
HFCs* 921.37 1049.28 1395.83 1682.97 1747.00 1895.15
PFCs* NO NO NO NO NO NO
SFs* 24.37 28.56 33.45 38.79 43.35 48.94
NF3* NO NO NO NO NO NO
Total (without LULUCF) 337.6 323.3 339.8 334.1 318.0 330.4
Total (with LULUCF) 362.0 336.7 364.7 357.5 317.6 344.6
Total (without LULUCF, with indirect) 337.6 323.3 339.8 334.1 318.0 330.4
Total (with LULUCF, with indirect) 362.0 336.7 364.7 357.5 317.6 344.6
Net ,feofn LULUCF 24.4 134 24.9 23.3 -0.4 14.2

*emissions presented in kt G@q.
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2.1.1 Emissions of carbon dioxide

Fig. 2.2 shows a histogram of @@missions for the time series 19221 in Ukraine. CQ
emissions with LULUCF in 281 amounted t®27.14 Mt, what is almost 8mes lower compared
with 1990 (§4.59 Mt).

CO emissons in the Energy sector in 20anounted td 5974 Mt, whatis 73.0 % lower
than the value in the base year. In 1990, @issions wer®92.25million tons and by 6.6 %
consisted of emissions from fuel combustion compared todotalsions in the countrguch struc-
ture of CQ emissionsvasdue to the high energy intensity of the economy. The economic decline
that followed the collapse tiie Soviet Unioras well as structural changes in the sector and economy
led to a significanteduction in energy consumption and £&mission reduction in the energy sector
in the period from 1990 to 20Q.

Carbon dioxide emissions in IPPU sector iR2@mounted tdb3.14 Mt, what is 2.2%
lower than the value in the base ydaut 98 % higherthan the in 2R20. The largest source of GO
emissions in the IPPU sector is tiletal industrythat amounts t68 % of total CQ emissions irthe
sector.COz emissions in sectan the period from 1990 to 20 have decreased significantly due to
a reductio in production output caused by the collapse of the USSR.

CO2 Emissions and Removals
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Fig. 2.2. Emissions and sinks of carbon dioxide by sector in Uknddine,

2.1.2 Methane emissions

Emissions of ChHlarethes e c o nd | a rgensidering their shara tothl GHG
emissions. In 2021CHs emissions in Ukraine amounted 76.57 Mt CO»-eq. Compared to 1990,
when the emissions wet8294 Mt CO»-eq., the emissions decreasedby9%. In the last reporting
year, the most significasburce of methane emissions was the Energy se&Taf %, and significant
emissions were observed in Agricultuld.@ %) and Wastelb.5 %) as well.

The largest Chlemissions in the Energy sector come from coal mines, as well as from pro-
duction, transeprtation, storage, distribution, and consumption of oil and natural gase $990,
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emissions in category 1.B Fugitive emissions from fuels decreasedreythan 2imes- from 127.47
to 50.36 Mt CO»-eq.

In agriculture, the main source of @émissions is cattle enteric fermentation. The economic
decline led to reduction in agricultural production, and consequently to reduced methane emission
in the Agriculture sector in 21 t0324.32kt, what ismore tharfour times lower thaim 1990.

In the Waste sector, the greatest emissions afdCkElur during anaerobic decomposition of
solid municipal waste, as well as from waste water. Compared to 1990, emissions from solid wast
disposal sis increased by 8%, and emissions from waste water dasesl by24.1 %.

Methane emissions in IPPU take place during the productiguigoifon, silicon carbide,
methanol, carbon black, ethylene, coke, and some other products. The volumesafi§dibns in
the sector over theeportingperiod increased from8.28 to 15588 kt (by 2229 %) due to increase
of production volumes. Emissions of € the LULUCF occur in very small amounts due to wild-
fires and drainage of organic sditee Fig. 2.3).

CH4 Emissions
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Fig. 2.3. Methane emissiois Ukraine by sectoikt

2.1.3 Emissions of nitrous oxide

Nitrous oxide emissions in Ukraine in2Damounted t@l3.79Mt CO»-eq., which is lower
than in 1990 by184 % (5364 Mt CO»-eq.). Compared with 20, emissions of nitrous oxide-
creasedy 15.0 %. The largest source of nitrous oxide emissions in Ukraine, as in the previous sub-
missions is the Agriculture sector87.9 % of total nitrous oxide emissions in2D Emissions from
this sector occur fromgaicultural soils and the activities of manure management.

The second largest sector by nitrogen oxide emissidR#1d sector 5.7 % of the totals in
2021 Thekey sources of emissions in this sector are production of nitric and adipic acid, as well as
use of nitrous oxide for medical purposiesthe Energy sector emissionshtdO had a 3.8%6 of share
in total emissions of the gas.

Moreover, NO emissions occun the Wastesector(2.5 %), as wellas small quantities in
LULUCF (0.4 %).
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Fig. 2.4. Nitrous oxide emissions in Ukraine by sedtor,

2.1.4 Emissions of hydrofluorocarbons, perfluorocarbons, sulfur hexafluoride,
and nitrogen trifluoride

Emissions of HFCs, PFCs, §and NEin Ukraine are not much significant in terms of volumes
in comparison with total GHG emissiorn&g% of thetotal emisions in 2@1). HFCs emissions are as-
sociated with production and maintenance of refrigerators, air conditioners, use of fire extinguishing sys
tems, foams and aerosols. PFCs emissions are associated with aluminum production, and emissions
sulfur hexafluoride- with use of gasnsulated higkvoltage switches. Fig. 2.6 presents the diagram of
HFCs, PFCs, and $Emissions in IPPU sector. From 1990 to 1996 inclusive, there were no HFCs emis-
sions in the country, until 1996 HFCs were not used utidese categories. Emissions of PFCs and SF
in 1990 amounted to 235.82 and 0.01 kbeQ. respectively. The sharp increase in HFCs emissions since
2000 is due to the beginning of intensive use of these gases in fire extinguishing and foam materials, ar
in SF6 emissions to an increased number of gasulated highvoltage circuit breakers in operation in
electric networks of Ukrainél'he sharp iarease in HFCs emissions in 202019 after the decreasing
trend in 2015 2016explains by recovery of econgmof Ukraine from previous declines that resulted in
growth of import of HFCsontained equipmenbut those growth of impodtoppedn 2020 due to de-
crease in import of Ukraine conducted with starting of world pandemia in Z@20ncrease of the emis-
sions in 202 are associatedith growth in HFCs imports in some categories as wellits HFCs that
stayed in oprated equipment

In 2021, there were no PFCs imports to Ukraine since there was no production need for it. Thus,
PFCs emissions in 2Q are zero.

There are no emissions of Bifue to absence of activities related to production of ptoli@ic
elements in Ukraine, according to data obtained from the companies that use photovoltaic elements |
their production processes.
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2.1.5 Trends in emissions of precursor gases and 50

Fig. 2.6 presents trends for pHecursor emissions (nitrogen oxides, carbon monoxide, non-
methane volatile organic compounds) and sulfur dioxide in-P82Q. In 1990, more than 90% of
NOx, CO and S@emissions occurred the Energy sector, almost all theireéte sector IPPU, since
in the LULUCF sector emissions of these gases occur in very small anfrommtwildfires, and in
the Agriculture sector they do not occur at all. The leading pace 0f18i9sion reduction compared
with GHG emissions in the period of 199021 are mainly r&ated with substitution of fuel oil (with
a significant content of sulfur) by natural gas (sulfur content of which is small) in the fuel balance of
Ukraine.

CO emission trends are explained by two key factors. The leading trend of CO emission
reduction corpared with GHG emissions associated primarily with coal substitution by natural gas
in private households. At the same time, the influence of this factor is recently offset by an increast
in the volume of fuel consumption by road transport, which is tha saurce of CO emissions in
the Energy sector.

NMVOC emissions are observed in the sectors Enéiri3U and Agriculture, as well as in
the LULUCF sector in small amounts during biomass burning.
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2.2 Emission trends by sector

Figure 2.7 and Table 2.2 present GHG emissions and removals in Ukraine by setir for t
time series from 1990 to 2021

GHG Emissions and Removals in Ukraine
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Table 2.2. Greenhouse gas emissions in Ukraine digrsor the period of 1992020(Mt CO»-eq.)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Energy 7253 661.6 615.8 547.0 460.0 4314 395.4 377.7 366.0 335.8 3113 324.2 306.6
Industrial Processes and Product Usgl ~ 118.2 101.3 97.3 79.2 67.2 58.2 56.5 62.1 60.1 62.9 67.5 71.9 74.7
Agriculture 86.8 81.1 75.8 72.6 65.8 60.6 51.6 48.0 43.1 39.4 37.3 38.0 37.8
LULUCF (removals) 314 396 -39.3 328 -37.0 321 277 225 281 -31.0 22.9 174 -14.8
Waste 12.4 12.4 12.4 12.3 12.0 12.0 11.9 11.8 11.8 11.7 11.8 11.9 12.0
Total (without LULUCF) 942.8 856.4 801.3 7111 604.9 562.1 515.4 499.6 480.9 449.8 427.9 446.0 4310
Total (with LULUCF) 911.4 816.8 762.0 678.3 567.9 530.0 487.7 4772 452.8 4188 405.0 428.6 416.2
;‘ltg' (without LULUCF, with indi- 942.8 856.4 801.3 7111 604.9 562.1 515.4 499.6 480.9 449.8 427.9 446.0 431.0
Total (with LULUCF, with indirect) 911.4 816.8 762.0 678.3 567.9 530.0 487.7 4772 4528 41838 405.0 428.6 416.2
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Energy 316.4 314.6 315.1 328.9 327.0 313.3 275.4 286.4 296.5 290.3 282.2 246.7 210.8
Industrial Processes and Product Use 78.3 81.5 81.0 85.3 92.5 89.2 68.6 74.7 81.2 77.7 72.6 62.0 56.4
Agriculture 335 34.8 33.9 33.3 311 36.0 33.9 335 38.4 37.2 41.6 41.4 39.4
LULUCF (removals) 213 9.6 8.9 -12.0 141 0.8 47 9.0 8.6 5.0 19.0 20.1 19.7
Waste 12.1 12.3 12.4 12.6 12.8 12.7 12.6 12.7 12.8 12.6 12.9 12.6 12.6
Total (without LULUCF) 440.3 443.1 4424 460.0 463.4 451.2 390.5 407.4 428.8 417.8 409.3 362.8 319.2
Total (with LULUCF) 419.1 433.6 4335 448.0 449.4 452.0 385.8 398.4 437.4 422.9 428.2 382.9 338.9
rTe‘::tf)" (without LULUCF, with indi- 4403 443.1 442.4 460.0 463.4 4512 3905 407.4 42838 4178 409.3 362.8 319.2
Total (with LULUCF, with indirect) 419.1 433.6 4335 448.0 4494 452.0 385.8 398.4 4374 4229 428.2 382.9 338.9
2016 2017 2018 2019 2020 2021
Energy 224.8 217.8 226.3 219.2 208.0 209.7
Industrial Processes and Product Use 58.1 51.9 56.5 57.6 56.0 61.5
Agriculture 42.0 41.0 44.4 44.8 41.7 47.0
LULUCF (removals) 24.4 13.4 24.9 23.3 -0.4 14.2
Waste 12.7 12.7 12.6 12.6 12.4 12.2
Total (without LULUCF) 337.6 323.3 339.8 334.1 318.0 330.4
Total (with LULUCF) 362.0 336.7 364.7 357.5 317.6 344.6
L‘Ltg' (without LULUCF, with indi- 337.6 323.3 339.8 334.1 318.0 330.4
Total (with LULUCF, with indirect) 362.0 336.7 364.7 357.5 317.6 344.6
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The largest contribution to GHG emissions has the Energy sector. Its share in the total emis
sions for the period of 1992021 fluctuated within the range .9-81.4% with the LULUCF sec-
tor, and of 8.5-77.3 % without the LULUCF sectoDeclineof emissions in the sector in2Dcom-
pared to 1990 i31.1 % - from 72532 to 209.74 Mt CO>-eq. Compared to 2020 tli&HG emissions
hasincreasedy 0.8 %.

The largest source of GHG emissions in the Energy sector is thermal power plants (TPPS)
which accounted foB7.245.2% of total GHG emissions in the sector. Particularly, along with the
tendency of emission reduction in industrial categories, the sharaissions from coal burning at
TPPs increased annually. GHG emissions from transport activity (category 1.A.3) amounted from
10.3% to 17.2 % from Energy sector during the whole time series. The share of GHG emissions in
t he category 10 A.n4202008sAd54 %SReduttiorr ofemissions in the cat-
egory in the recent years is related to reduction of daesumption in the commercial as well as
residential sectors.t s houl d be noted that in thedoemiat eg
sions from use of fuels for military purposes, in the period of ZZHB emissions were insignificant
and amounted to around 0.01 %. In 22021, the share of emissions from this category was 0.2%
of the total emissions in the Energy sector.

Emissions in category 1.B Fugitive emissiomere I7.6-28.7%0f t ot al sect o1
and in recent years, tisbare of emissions in the category has been reducing.

The share of emissions in IPPU sector in the period of 12801 ranged from 1.0 % to
20.6 % of the total national GHG emissions, including LULUCF (63T 20.0% excluding LU-
LUCF). Total GHG emissions in the sector decreased frasrlRQMt CO»-eq. in 1990 td1.49Mt
COx-eq. in 2@1i.e., by48.0 %.

Thelargest source of carbon dioxide emissions in this sector is iron,asteabnia cement
and ferroalloygproduction. During the period of 19204, there was steel production and export
growth with asimultaneous decrease of volumes of epearth stegbroduction. The growth of steel
productionled to the growth of emissions associated with the technological process, and decrease i
openhearth steel productionto reduction of emissions related to energy consumption. The main
factorthat caused the inease in C@emissions in 2002007 was the increase in production vol-
umes.The period of 2002009 is characterized by a sharp decline in production volumes due to the
global economic crisis. As a result of the crisis, Ukrainian producers reduced procdwdtimesand
started to close down opérearth furnaces, which led to further decrease of emississciated
with energy consumption, because the liquid oxygen gasification technology gainaldrity. At
the same time, reducing iron production letramsfer of blast furnaces into the id®de thataused
to the increase of significance of the technological process in the total emiaskf}82021. The
increasen total emissions in Z1 compared to 220 is associated with growthin industrial pro-
duction by Ukrainian enterprises, as well asaeasan imports of industrial products.

The share of Agriculture sector in the total vokiof emissions during 199021 varied in
the range fron%.9% t013.6% (or6.71 14.2% excluding LULUCF).The emissiors fluctuationin
the sector is related tochange in the number of livestock animals and their herd structure; redistri-
bution of manue shares by MMS; varying amounts of fertilizer and liming materials applied; areas
under certain crops and their productivity

In the LULUCF sectorin 2021CO, emissionexcee@d removalsThe value ofemovals
reache$.9 % to the total emissions in tlweuntry in 1999, then gradually decreased to emissions in
2021.

In 2021net GHGemissionsare 14.23Mt CO»-eq.,in the contrast witlthe removals in 1990
(3141 Mt CO»-eq.) and very contrast compared with removals in 2020 (M4LCO-eq). Such
dynamic is related to first of all GHG emissions dynamic from minerk soCropland category. In
2021the emissions 048.26 Mt CO»-e(g. took placen contrast with 27.4B1t CO>-eq.of emissions
in 2020.Emissions in 2021 arg2.82 Mt CO»-eq. higher, than the level of 1990, wheh6 Mt CO»-
eq. GHG removals occurre8uch variability in emissionselates tanstability of volumes of agri-
cultural crop productionchange in structure of cropsd level of fertilizers applied, especially or-
ganic,between theyears.

Moreover, forest fires, drainage of organic soils in forests and in Cropland and to a lesser
extent in Grassland langse categories have its influence. It should also be noted that in 1990 a large
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share of GHG emissions in this category Badssions from nognergy peat extraction, resulting in
12.03 Mt CQ-eq., but by 202@he decline in peat production and peat areas reduced thsi@msi
down to the level of 0.281t CO»-eq.

The share of the Waste sector is small, ranged from 1.4 99 8 8f the total national
emissions. Fluctuations in emissions are caused by the following factors: from 1990 to 1999, gradus
emissions decreases caused by sharp drop in industrial production; from 1999 to 2007, significant
emissions increase was caubgdn increase in the volumes of municipal solid waste landfilling, as
well as an increase in the volume of industrial wastewater; since 2013, emissions started to decrea
constantly mainly due to the reduction of water consumption for industrial andhiwddismeeds and
an increase of methane utilization at MSW landfills.
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carbon dioxide, methane, and nitrous oxide in the total emissions in the sector accounted for 81.7%
17.6% and 0.7%, while in 202176.16%, 23.11% and 0.73%, resptaeely.

Fig. 3.1.GHG emissions in the "Energy" sector, 192021

In 2021, approximately 75.99% of emissions in the sector accounted for emissions in cate-

1.

A

Fuei 21.01% (Table 3.1).

inFuel

Combust

i on

Act

i v

tie

s 0,

and

Table 3.1. GHG emissions»eqn the fAEnergyo
Category 1990 | 1995 | 2000 | 2005 | 2010 | 2012 | 2016 2017 | 2018 | 2019 | 2020 2021
1 Energy
total, in- 725.32| 431.38| 311.34| 315.11| 286.38| 290.29| 224.76| 217.75| 226.30| 219.17| 207.99| 209.74
cluding:
1.A Fuel
Combustion| 597.85| 335.35| 222.13| 239.41| 223.70| 232.60| 178.81| 174.75| 180.59| 171.24| 157.57| 159.39
Activities
1.B Fugi-
tive Emis-
. 127.47| 96.02 | 89.21 | 75.70 | 62.68 | 57.69 | 45.96 | 43.00 | 45.71 | 47.93 | 50.42 | 50.36
sions from
Fuels

The dynamics of GHG emissions i n-20llwere i En

diverse on certain parts of the time series.
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In 19901993 GHG emissions were gradually and rapidly reducing, which is due to the in-
ertia of the collapse of the Ukraini®BR economy and of the Soviet Union as a whole.

In 1994, there was the greatest reduction of GHG emissibgsl5.9% compared to the
previous year 1993, followed by a slowdown of annual reductions till 2000, inclusive. This period is
characterized by éharp reduction in production capacity and idle periods for enterprises, as well as
gradual Aagingo of the industrial <capital an

In the period of 200@007, there was a slight increase of GHG emissions along with a faster
rateof capacity buildup in the production sector. Over the reporting period, GHG emissions increasec
by 7.1%, due to a number of maaoonomic, political, administrative, and social factors. Among
the key reasons, the following should be noted: opening ofim@nmnational markets with tough
competition, political and economic measures to improve energy efficiency in the energy sector ir
Ukraine, international economic and personnel cooperation on energy efficiency and energy savinc
energy price trends, tratien to private property management.

Since 2007, the key influence on the trend of annual GHG emissions was exerted by the
global economic crisis of 2008, which affected the-parduction sector mostly, as well as the situ-
ation in the global markets ohergyintensive products (e.g. metallurgy), and the policy of natural
gas substitution with coal by introducing the pulverized coal injection technology.

Recent years are characterizeddmneral decline in industrial productiaggravated by
COVID epidenic, and corresponding reduce of production and GHG emissions in the energy sector.

3.2 Fuel Combustion Activities (CRF category 1.A)

Category 1. A fAFuel Combustion Activities
naceous fuels.

The estimation of C®emissions in accordance with [1] was performed by two methods
sectoral and baseline. Estimation of other GHG emissions was hkltheisectoral approach.

In 2021, emissions from fuel combustion amounted 8.4 Mt of CO»-eq. and decreased
as compared to 1990 by 73.34%, compared with 2020 emissions increased by 1.15%.

More detailed information is presented in Fig. 3.2.
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Fig.3.2.GHGe mi ssi ons in category 1. A fAFuel
(sectoral approach, kt Geq.), 19962021
The key source of greenhouse gases i s ca
accounted for 45.6% of all emissions in the categad/in 2027 53.48%; the share of 1.AR2 Ma n -
ufacturing Industries and ConstrlhtAIAAIM@NEPD T
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T 18.7% and 212%, res p ec tivel y; 1T 1I7.1% and 11004, respectivalye tbe 0 |
contribution of 1.A5 A Ot he was negllitgmointecto W2A% (adcordh@td 3 ,
Table 3.2).

Table 3.2. GHG emissions in categoxeg. 1. A

Category | 1990 | 1995 | 2000 | 2005 | 2010 | 2012 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

1.A Fuel
Combus-
tion Activi- | 597.85| 335.35| 222.13| 239.41| 223.70| 232.60| 178.81| 174.75| 180.59| 171.24| 157.57| 159.40
ties total,
including:

1.A.1 En-

ergy Indus-| 272.68| 194.73| 115.78| 120.79| 121.41| 131.21| 98.86 | 90.45 | 98.75 | 92.22 | 86.40 | 85.24
tries

1.A.2 Man-
ufacturing
Industries | 111.26| 24.99 | 31.23 | 36.79 | 22.60 | 22.92 | 18.40 | 18.05| 18.42 | 18.61 | 19.82 | 21.01
and Con-
struction

1.A3

111.79| 49.22 | 3455 | 39.19 | 40.20 | 39.36 | 32.89 | 34.94 | 3496 | 37.73 | 31.81 | 33.67
Transport

1.A4

Other sec- | 102.01| 66.35 | 40.50 | 42.55| 39.46 | 38.99 | 28.12 | 30.78 | 27.99 | 22.32 | 19.08 | 19.08
tors

1.A5

Other 0.11 0.06 0.06 0.08 0.03 0.12 0.53 0.53 0.48 0.36 0.45 0.38

Changes in the structure of emissions from fuel combustion in the period c2022My

IPCC categories are presented indiegram (Fig. 3.3).
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Fig. 3.3. Changes in the structure of emissions from fuel combustion by IPCC categories

3.2.1 Reference C@emission calculation approach. Comparison of sectoral and
reference approaches

As a crosscheck of the total amount of G@missions from fuel combustion, comparison
of the results of the reference and sectoral approach application was performed (see Table 3.3).
The emission estimation for the reference approach was held in accordance with equatiol
6.1 [1].
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The emission fetors for estimation of GHG emissions under the reference approach were
NCV and the carbon content same as the values applied in the sectoral approach (see Annex A2.
Exceptions are emission factors for coals, which were determined as the averageiioe B&ra
weighted average value for the coal used in TPPs and for other needs in the country as a whole.

Carbon withdrawal was held in several stages. In the first stage under the reference approac
carbon related to neaenergy use of fuels accordingftem 4-MTP was withdrawn. Besides, when
estimating norenergy consumption of fuels, consumption of hard coal processing products for the
purpose of production of carbon black in the country was taken into account.

Due to the fact that emissions from u$eoke in ferrous metal production and of natural
gas in ammonia production are estimated in accordance with [1] in categories 2.C.1 and 2.B.1 respe
tively, at the second stage for an adequate comparison of the approaches the carbon contained in c
and ratural gas used for the processes above was defined as withdrawn (stored) carbon.

For 2021 the information on production, imports and exports is available from appropriate
statistical forms but the information on stock change and carbon excluded isitadileecause
of absence of the formMITP and IEA questionnaires for 2021. These misdiaig is assumed to
be equal to the date from 2020 taking into account similar conditions in terms of production, con-
suming, COVID impact.

Table 3.3. Comparison of@ emissions from fuel combustion determined using the refer-
ence and sectoral approaches

COz emissions de- | CO2z emissions deter- Discrepancy
vear termined using the | mined using the sectoral | between sectoral and ref-
reference approach, approach, erence approaches,
Mt Mt %
1990 608.89 588.77 3.42
1991 607.27 533.14 13.91
1992 525.63 493.09 6.60
1993 418.70 431.68 -3.01
1994 349.85 352.27 -0.69
1995 342.88 331.26 3.51
1996 283.00 296.01 -4.39
1997 267.35 279.77 -4.44
1998 258.89 269.52 -3.94
1999 239.97 236.75 1.36
2000 229.81 219.70 4.60
2001 232.06 234.10 -0.87
2002 243.29 224.75 8.25
2003 232.21 233.15 -0.40
2004 242.71 233.57 3.91
2005 249.79 237.07 5.36
2006 259.67 252.26 2.94
2007 260.54 249.92 4.25
2008 245.66 240.51 2.14
2009 209.75 209.51 0.12
2010 219.17 221.30 -0.96
2011 232.55 231.00 0.67
2012 225.91 230.10 -1.82
2013 217.05 226.23 -4.06
2014 196.82 196.49 0.17
2015 176.60 167.61 5.37
2016 174.44 176.67 -1.26
2017 166.17 172.61 -3.73
2018 175.56 178.37 -1.58
2019 166.51 168.94 -1.44
2020 155.07 156.44 -0.44
2021 150.20 157.48 -4,62
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3.2.2 International Bunker Fuels (CRF category 1.D.1)

3.2.2.1 International Aviation (CRF category 1.D.1.a)

The approach applied to distribution of GHG emissions between domestic and international
aviation is consistent with the approach described in [1]. Emissions from international aviation in-
clude emissins from aircraft operations where the departure or destination airports are located out-
side Ukraine. For more details on the technique of estimating GHG emissions from air transport, a
well as the input data, see Annex A2.7.

GHG emissions from internanal aviation in 201 amounted tdl263,14 kt of CO-eq.,
which is450% higherthan the same indicator in 20and1,95times lower than in 1990For trends
on GHG emissions from domestic and international aviation see Fig. 3.8.

3.2.2.2International Waterway Navigation (CRF category 1.D.1.b)

National statistics do not include data on international bunker waterway transportations. In this
connection, the indirect estimation method was used, which is based on use of data on total consum
tion of fuels by water transport (formMTP) and the sea transport cargo turnover (coastal/interna-
tional transportation) plus the river one (domestic/foreign traffic}2a)6

The distribution of fuels for international transportation was performed baste dormula:

"O8ggg 080 Qggs (3.1)

Where

FCi.4.10iS consumption of fuels by international waterway transport (gasoil, fuel oil), tons;

FChiso-consumption of ftued sThyndJikdr H& 0f 6 Wat r a
fuel oil), tons;

Kid.1b - the factor of fuel distribution into international/coastal transportation, in relative
terms, which is defined by the following expression:

Qggg —— (3.2)

Where
PRnt is the volume of cargo transportation by international river transpdrois;
PSnt is the volume of cargo transportation by international sea tranpbigns;
PR - total volume of cargo transportation by river transport, thd tons;
PS- total volume of cargo transportation by sea transport, thd tons.
The volumes of cargo transportation were taken from statistical yearboeR98][16
The trends in cargmf national and international navigation may be observed in ANNEX 2
fig. A.2.1, fig. A.2.2.
The method used for estimating the emissions corresponds to Tier 2fen@3ions from
diesel combustion and Tieri Ifor fuel oil and norCO, gases in accordaaavith [1].
Because of absence of necessary statistical information for&@&lemissions from inter-
national water transport in 2021 are assumed to be equal to emissions in 2020.
GHG emissions from international water transport in 2021 amoun#J48 kt of CQ-eq.,
which is equal to that i8020 and 36.8 times lower than in 19@HG emissions from domestic and
international navigation for 1998021 are presented in the Fig.3.10.

3.2.2.3 Categoryspecific recalculations

No recalculations weregpformed in the category
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3.2.3 Use of fuels as a raw material and neenergy use of fuels

Emi ssions in category 1. A AFuel Combusti
bustion for heat and electricity production in industrial processes, traatpostetc. However, fuel
is also used for neanergy needs (for example, as solvents, lubricants, etc.; as feedstock for ammonia
rubber, plastic production, etc.; as a reducing ageake in the blast furnaces). Emissions from-non
energy fuelusearepe sent ed i n the sect ecategériesPPUO i n t he

2. B. 1 AAmmo n i aatuRlrgasdsiaaawimaterial in production of ammonia;
2. C. 1 dAlron anidnorgeheegy lise d? cokednypmductionrobdpig iron in

the blasffurnace process;

2. C. 2 nAFerr oailcbke iy prodéctioo of ferroalloys;n 0

2.B.8 APetrochemical 4 oodlra® mateia for caBblorabtadk P 1
production;

2. D. 1 AL ubirnonerergy use oblasise 0

2. D. 2 A Par aifnbniemergyaexof paraffen in manufacture of industrial prod-
ucts.

To improve transparency of accounting for emissions from coke use, the balance of coking
coal, coke, and coke gas was built, which is presented in Annex A4.4.

The amount of fuel that wassed for norenergy needs was determined on the basis of sta-
tistical reporting form 4MTP, where enterprises enter information on fuel quantities used as raw
materials for chemical, petrochemical, and other-fu@h production. The exception is naturakga
and coke, where the volumes of their use as raw materials were determined according to data
companies producing ammonia, cast iron, steel and carbon black, respectively.

Thus, fuel used for neanergy purposes were not considered in calculation db @hlis-
sions in category 1. A fiFuel Combustion Actiwv

3. 2. Zbequeftration
Ukraine does not conduct sequestration ot @lkased during combustion of carboon-

taining fuels for longerm storage purposes, for example, in geological formatimrghis reason,
no estimation of the volume of sequesteredC@ t he fAEner gyo sector we

3. 2. Femissipns from biomass

In accordance with [1], COemissions from combustion of biomass for energy purposes

were not included into the total éns si ons i n the AEnergyo secto
reference data. Emissions of £&hd NO from biomass for energy purposes are accounted for in
category 1. A AEnergy I ndustrieso.

In the emission calculations, biomass includes charcoal, foéworiquettes and pellets
from wood, sawdust briquettes, and biodiesel from oils, sugar and starch crops, and other types «
primary fuels (sawdust, bark, corn cobs, etc.).

The method of estimating emissions from biomass, activity data and emissias &eto
presented in Annex A2.

3.2.6 National features

National characteristics of energy statistics of Ukraine, as well as changes in its structure dur
ing the period of 199Q@021, are described in Annexes A2AR.2 and form the basis for processing
of input data within the current GHG inventory.

3.2.7 Energy Industries (CRF category 1.A.1)

3.2.7.1 Category Description
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IN202l, emi ssions in category 1.8B24MtofidOnee.r gy
or about53.486 of thetotak mi ssi ons i n category 1. A AFuel (
by 68.74% compared with the baseline 1990 (see Table 3.4); they decreased by 1.35% compared
2020.

Table 3.4. GHG emissions in the geftegory

Emission category | 1990 | 1995 | 2000 | 2005 | 2010 | 2012 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

1.¢.1 Energy

total 272.68 | 194.73| 115.78| 120.79| 121.41| 131.21| 98.86 90.45 98.75 | 9222 | 86.40 | 85.24

1.A.1.a Electricity and

Heat Production 25552 | 187.77| 108.07 | 111.58 | 111.75| 123.07 | 94.50 86.83 93.57 87.83 | 82.10 80.94

1.A.1.b Petroleum Refin-

ing 6.36 1.88 1.40 1.23 0.87 0.57 0.29 0.34 0.37 0.35 0.39 0.42

1.A.1.c Manufacture of
Solid Fuel and Othdgn- 10.80 5.08 6.31 7.98 8.79 7.57 4.07 3.28 4.81 4.04 3.92 3.87
ergy Industries

3.2.7.1.1 Public Electricity and Heat Production (CRF category 1.A.1.a)

This category includes emissions from stationary fuel combustion in producedectic-
ity and heat by TPPs, CHPs, HPs, waste incinerators.

In view of the fact that in the constantly changing structure of the Ukrainian economy lots
of power generation facilities of industrial enterprises have been repeatedly transferred to tlee balanc
sheet of other companies, thus without changing the actual technological components they were a
counted for in other types of economic activities, so with the view of harmonizing the time series
category 1. A. 1. a AEI ect rludesattyitiesaohemterptisea.t Pr o du

In the category MnAEl ectricity addmoltheehto Pr
80.94 Mt of CQ-eq., having decreased with respect to 2020 by 1.41%, and decreased by 68.32%
compared with the baseline 1990.

GHG emis®ns in category 1.A.1.a by fuels groups are presented in Fig. 3.4
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Fig. 3.4. GHG emissions in category 1.A.1.a by fuel groups, % of the category
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The structure of GHG emissions in the ca
by energy facilitiegor 19982021 is presented in Fig. 3.5.

For the whole period 1998021, the largest share of GHG emissions in the category corre-
sponds to TPPRisfrom 42.8% to 62.1%, for the rest: CHPBom 11.9% to 15.8%, HAsfrom 45.3%
to 22.1%.

GHG emissions, thd. t CG&q.
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Fig.3.5.Thestrutcur e of GHG emi ssions in the categor )
by energy facilities, 1992021

It should be noted that during recent yearsgbecific fuel consumption (GHG emissions
per MWh electricity produced) has the value of 10Dk eq/MWh and even higher because all TPPs
blocks are older than #80 years and, in order to extend the lifetime, operating steam temperatures
are lower, which leads to a higher fuel consumption.

3.2.7.1.2 Petroleum Refining (CRF category 1.A.1.b)

Enterprises in this category include petroleum refineries and gas processing plants. This cat
egory accounts for burning fuels directly for technological processes. The key types of fuels in this
category are natural gas, refinery feedstock and fuel oils.

In this category, GHG emissions increased by 10% in 2021 compared to 2020 and amounte
to 0.42 Mt of CQ-eq. Compared to 1990, GHG emissions reduced by 14.99 times.

3.2.7.1.3 Manufacture of Solid Fuels and Other Energy Industries (CRF cate-
gory 1.A.1.c)

This category includes emissions from fuel combustion at the enterprises that are engage
in production of energy materials and other energy industries.

The current inventory in the category takes into account emissions from coal bed methane
recovery (with gneration of heat and power).

Emissions in this category in 2021 amounted to 3.87 Mt of&which is 1.27% lower
than the same indicator in 2020 and 64.18% lower than the baseline 1990.

3.2.7.2 Methodological Issues

GHG emissions from fossil fuebmbustion in all categories were calculated using the meth-
odology described in Annex 2. The key principles for definition of activity data are presented in
section A2.2, analysis of the statistical base in Ukrainesection A2.1, emission factdrsn section
A2.5, summary data on use of fuels in Ukraine in 20Risection A2.9. National circumstances for
2014- 2021 are provided in Annex A2.10.
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Because of absence of some statistical information for @@2tissinglatafor GHG emis-
sions estimation ir2021 were calculated on the basis of 2020 data using such drivers as electric
energy, heat and refinery production.

3.2.7.2.1 Electricity and Heat Production (CRF category 1.A.1.a)

GHG emissions from coal combustion at the TPPs were estimated basedmoetihodol-
ogy, developed by Coal Energy Technology Institute of NASU [11] according to which the eountry
specific NCV, oxidation factor and carbon content as well as mass combusted were determined fc
the period 1992021 (Annex A2.6.2).

Other fuelsconsmed i n subcategories AEl ectricit’
Power Generationo (ii), and fAHeat Pl antso (I
Annex A2.2.

Due to the fact that the national statistics for 22907 does notnake it possible to dis-
aggregate data on fuel consumption into thesuwt egor i es AEl ectricity
Heat and Power Generationo (ii), and AHeat F
Heat Pr oduct i oegatedbetheesubaiegaries dbowe &ogthysrperiod.

Estimation of CQemissions for coal combusted at the TPPs was performed in the manner
corresponding to Tier 3 [1]; for natural gas, coal coke, gasoline, diesel antl toPler 2; for other
fuelsi to Tier 1.

Calculation of emissions of ngdO; gases for all fuels was held under Tier 1 [1].

This category also includes GHG emissions from waste incineration to produce heat energy
In the total CQ emissions from combustion of waste of Amngenic originat waste incineration
plants were implicitly taken into account. €@missions from combustion of biogenic waste at in-
cineration plants are separately presented as burning of biomass in accordance with [1].

3.2.7.2.2 Petroleum Refining (CRF category 1.A.h)

This category includes emissions from combustion of fuels, the energy of which is directly
used for oil refining technological processes. The key fuels in the category are: natural gas, refiner
feedstock and fuel oils.

The data on energy use fokl in this subcategory up to 2016 (see A.2.2) are based on the
total fuel consumption for oil refining by fuels under formMITP. GHG estimations for the period
20162021 were carried out by surrogate method on the basis of IEA data on refinery intake.

Estimation of CQemissions was held under the method corresponding to Tier 1 in accordance
with [1].

3.2.7.2.3 Manufacture of Solid Fuels and Other Energy Industries (CRF cate-
gory 1.A.1.c)

This category includes all GHG emissions from use of $o&tiproduction and other activ-
ities in the energy sector.

Estimation of CQemissions from combustion of natural gas, gasoline, diesel and LPG was
held under the method corresponding to Tier 2 in accordance with [1], for other fuels, as well as fol
nonCQ, gased to Tier 1.

GHG emissions from coal bed methane recovery were estimated according to equation 1.4.°
[1]. The input data on coal bed methane recovery up to 2012 are shown in the table 3.19. GH(
emissions from coal bed methane for the period ZA were calculated by surrogate method on
the basis coal production data.

3.2.7.3 Uncertainties and Time Series Consistency

Uncertainties of activity data and emission factors are presented in Table 3.5.
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Table 3.5. Uncertainties of activity data andesms i on f actors in cat
dustrieso

. . Uncertainties of emissions factors, %
Type of fuel Uncertainty of activity data, % COn CHa N2O
Liguid fuel 6.71 2 150 500
Solid fuel 7.15 5 150 500
Gaseous fuel 6.99 5 150 500
Other types ofuels 47.05 5 150 500
Biomass 45.34 5 150 500

Quantification of the uncertainty was performed on the basis of the above uncertainty values
of activity data and emission factors according to the methodology [1].

Estimated total GHG emission uncertainty in this category is 6.20%.

The most significant impact on the overall uncertainty of GHG emission estimation in this
category is produced by G@ mi ssi on esti mati on uncertainty
Pr o d u ¢ thd uacertainty of emission factors and activity data for solid fuel.

3.2.7.4 Categoryspecific QA/QC Procedures

As part of QA/QC procedures, in addition to the general QA/QC procedures, the following
were performed:

comparison of datan fuel consumption according to forms of statistical reporting 4
MTP and 1IMTP for 20162015;

comparison of data on coal consumption for the period of -202B obtained from
public power stations, with statistics. The average discrepancy for the epgufiod is
about 1%. A more conservative value was used for calculation;

in collaboration withSSSW s s peci al i st s, anal ysis of
taining the source data for GHG emission calculation was conducted;

balance sheets for variotypes of fuel were developed (see Annex 4).

3.2.7.5 Categoryspecific Recalculations
In this category, no recalculations were made.
3.2.7.6 Categoryspecific Planned Improvements
In this category, no improvements are planned.

3.2.8Manufacturing Industries and Construction (CRF category 1.A.2)

3.2.8.1 Category Description and Methodological Issues

This category includes GHG emissions from stationary combustion of fossil fuels used for
industrial purposes in industry, constructiang extraction of neenergy materials.

[ n 2021, emi ssions i n category 1. A. 2 A
amounted to 21.01 Mt of G&eq. or about 13.18% of the total emissions in category 1.A "Fuel Com-

bustion”, and decreased by 82.2% coredawith 1990 (see Table 3.7). Compared with 2020 emis-
sions increased by 6.02%.

Table 3. 7. GHG emissions in category 1.
tiono, Méeg. of CO

Emission category 1990 1995 | 2000 | 2005 | 2010 | 2012 | 2014 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

1.A.2 Manufacturing Indus-

triesand Construction total,| 111.26 | 24.99 | 31.23 | 36.79 | 22.60| 22.92| 20.39 | 18.40 | 18.05| 18.42| 18.61| 19.82| 21.01
including:

1.A.2.alron and Steel 55.35 | 15.39| 25.19| 24.59| 13.42| 13.92| 12.45] 10.37| 9.94 | 10.19| 10.60| 11.06| 11.38
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Emission category 1090 | 1995 | 2000 | 2005 | 2010 | 2012 | 2014 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
1.A.2.b NonFerrous Metals| 0.65 | 061 | 0.47 | 0.67 | 063 | 036 | 0.85 | 076 | 0.80 | 0.90 | 0.84 | 0.84 | 0.93
1.A.2.c Chemicals 352 | 157 | 079 | 1.11 | 0.82 | 099 | 046 | 054 | 036 | 056 | 0.49 | 0.38 | 0.41
|13'riArit2'd Pulp, Paper and 014 | 020 | 0.01 | 005 | 0.04 | 0.05| 001 | 0.05| 0.04 | 005 | 0.04 | 0.05 | 0.05
1.A.2.e Food Processing, | 364 | 545 | 090 | 0.83 | 058 | 063 | 052 | 050 | 051 | 058 | 052 | 053 | 958
Beverages, and Tobacco

1.A.2.f NonMetal Minerals | 16.10 | 2.61 | 2.29 | 583 | 427 | 407 | 346 | 366 | 333 | 362 | 398 | 431 | 474
1.A.2.9 Other Industries | 31.85 | 2.20 | 156 | 3.72 | 2.84 | 2.90 | 2.63 | 252 | 3.07 | 251 | 214 | 265 | 2.92

Changes in the structure of emissions from fuel combustion in the period c2022My
category 1.A.2 are presented in the diagram (Fig. 3.6).
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Emissions that result from use of fossil fuels or their processing products as raw materials
or chemical reagents are recd e d
from technological (energy and nenergy components) use of natural gas for the purpose of pro-
duction of ammonia, as well as coke for recovery of iron ore, since iron, steel and amrada& p
tion processes [5, 6] in Ukraine are characterized by use of fuel resource data directly in the produc
tion borders of enterprises of the types and therefore, in accordance, with [1].
Because of absence of some statistical information for 2@2thising datdor GHG emis-
sions estimation in 2021 were calculated on the basis of 2020 data using such drivers as productic
of pig iron and general industrial production.

3.2.8.1.1 Iron and Steel (CRF category 1.A.2.a)

i n

CRF

sector

2

il

PPUO.

The

In accordance to 2006 IPCC Guidelines [1], emissions from energy areheayy use of

coke in the blast furnace process for iron production were accounted in the "IPPU" sector.

In 2021, GHG emissions in this category amounted to 11.38 Mt efegQwhichis 2.87%
higher than the same indicator in 2020 and 79.44% lower than in 1990.
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3.2.8.1.2 NonrFerrous Metals (CRF category 1.A.2.b)

Non-ferrous metallurgy in Ukraine, in contrast to the ferrous one, accounts for a small share
of both emissions and fueésource consumption. However, the sector is characterized by higher
energy intensity.

The major share in production of nferrous metals belongs to zinc and lead.

Production of primary aluminum in Ukraine stopped in May 2010. However, GHG emission
trendsi n t he cat-egrorguofMdiNoInsd were not i mpact ¢
tric power at enterprises producing aluminum was power plants.

In 2021, GHG emissions amounted to 0.93Mt oh4Q, increased by 10% compared to 2020 and
41.9% hidner than in 1990.

3.2.8.1.3 Chemicals (CRF category 1.A.2.c)

The key products of the chemical industry in Ukraine are ammonia, mineral fertilizers (car-
bamide, ammonium nitrate, and others), acids (sulfuric, nitric, and others), soda, as well as plastic
and rubber products. The chemical industry is one of the targhsstrial consumers of natural gas
in Ukraine after the thermal power industry and the ferrous indisatyral gas used for production
of ammonia is accounted for in IPPU according to [1].

In 2021, GHG emissions in this category amounted to 0.41 Nitxfeq., which is 10%
higher than the same indicator in 2020 and 8.5 times lower than in 1990.

3.2.8.1.4 Pulp, Paper, and Print (CRF category 1.A.2.d)

This category includes emissions resulting from energy use of fuels by enterprises producing
paper and paperboard, products from them, as well as use for publishing and printing for productiol
needs.

Due to the fact that pulp, paper, and printing indastin Ukraine tend to use centralized
energy supply systems, waste paper is virtually not used at these plants for energy purposes but cc
sumed as raw materials for reproduction, handed over as waste paper, as well as transferred to ott
enterprises.

In 2021, GHG emissions in this category amounted to 0.05 Mt of-&, which is 10%
higher than the same indicator in 2020 aB8% lower than in 1990.

3.2.8.1.5 Food Industry, Beverages, and Tobacco (CRF category 1.A.2.e)

I n category 1.sA.nZQ.,e BieFoeorda gRersoceasnd Tobacc
of fuels for production of industrial products were accounted. The key source of emissions in this
category are companies engaged in the sugar, baking, and dairy industries, as well as the bevere
indudry.

In 2021, GHG emissions in this category amounted to 0.58 Mt efegQ which is 10.0%
higher than the same indicator in 2020 and 6.3 times lower than in 1990.

3.2.8.1.6 NoAMetal Minerals (CRF category 1.A.2.1)

This category includes GHG emisssofiom use of fuels for production of glass products,
materials for construction and other Ametal materials.

In 2021, GHG emissions in this category amounted to 4.74 Mt of-&f), which is 10.0%
higher than the same indicator in 2020 and 3,4 timesritvaa in 1990.

3.2.8.1.7 Other Industries (CRF category 1.A.2.9)
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These industries include emissions from use of fuels for production of industrial products by
the Ukrainian enterprises not covered in categories 1.A12/a2.f namely: construction, mhinery,
wood products, furniture, electronics, textiles, and so on.

In 2021, GHG emissions in this category amounted t@i9of CO»-eq., which is 10.0%
higher than the same indicator in 2020 and 10.92 times lower than in 1990.

3.2.8.2Methodological Issues

GHG emissions from fuel combustion in all the categories were calculated using the meth-
odology described in Annex 2, and are based on statistical data on consumption of fuels presented
the statistical reporting form-MITP. Nationd circumstances for 2012021 are provided in Annex
A2.10.

Because of absence of some statistical information for 2@2thissing datbor GHG emis-
sions estimation in 2021 were calculated on the basis of 2020 data using such drivers as productic
of pig iron and general industrial production.

3.2.8.3 Uncertainties and Time Series Consistency
Uncertainties of activity data and emission factors are present in Table 3.8.

Table 3.8. Uncertainties of activity data and emission factors in categoryfl.2 n u f a c

turing Industries and Constructiono
. . Uncertainties of emissions factors, %

Type of fuel Uncertainty of activity data, % COon CHa N2O
Liguid fuel 12.54 2 150 500
Solid fuel 15.78 5 150 500
Gaseous fuel 14.10 5 150 500
Other types of fuels 30.30 5 150 500
Biomass 30.19 5 150 500

Quantification of the uncertainty was performed on the basis of the above uncertainty values
of activity data and emission factors according to the methodology [1].

Estimated total GHG emissiamcertainty in this category is 10.6%.
3.2.8.4 Categoryspecific QA/QC Procedures

In addition to general QA/QC procedures, in this category an analysis of statistical reporting
forms containing the original data for the calculation of GHG emissions eldd$dgether with spe-
cialists from the SSSU.

3.2.8.5 Categoryspecific Recalculations
In this category, no recalculations were made

3.2.8.6 Categoryspecific Planned Improvements

No improvements are planned.

3.2.9 Transport (CRF category 1.A.3)

3.2.9.1 Category Description

Category 1. A.3 ATransporto includes emi:
transport in Ukraine.
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I n 2021, emi ssions i n cat e 86a Myof CO-ef..CBM-A T r

pared to 1990, emissions decreasg@®88%, to the previous 2020ncreased by 5.82%.

The | argest contribution into GHG emi ssi

made by emissions in categories 1.A.3.b ARoa

t 1 0 Ad2% and 234, respectively (see Table 3.10).

Table 3.10. GHG emissions i ny>egqategory

1.

Emission cate- | 1495 | 1995 | 2000 | 2005 | 2010 | 2012 | 2014 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

gory

LA.3 Transport | 111.71 g 55 | 34 55| 39.19| 40.20| 39.36| 35.89| 32.89| 349 | 349 | 37.7| 31.8 | 336
total, including: 9 4 6 3 1 7
;i’;'r?'ac"""*"" 068 | 011 | 0.07| 020| 017 | 020 | 009 | 013 | 0.17 | 017 | 0.18 | 0.16 | 0.19
1.A.3.b Road 61.37| 20.73 | 15.78| 22.16| 28.89| 29.10| 26.73| 23.06| 24-6 | 24.7 | 26.6 | 233 | 24.9
Transport 8 2 5 7 8

1.A.3.cRailways | 3.83 | 1.32 | 1.39 | 0.88 | 0.55| 0.38 | 0.45 | 0.47 | 0.56 | 0.57 | 0.59 | 0.42 | 0.42

LA3.dWaterway| 5,7 | 543 | 020 | 0.20 | 0.10 | 0.08 | 0.06 | 0.08 | 0.08 | 0.08 | 0.08| 0.08 | 0.08

Transport
L.A.3.e Other 42.64| 26.63 | 17.12| 15.75| 10.49| 9.60 | 855 | 8.24 | 9.45 | 9.41 10.2 7.78 | 7.99
types of transport 3

Changes in the structure of emissions from fuel combustion in the period c2Q220n

category 1.A.3 are presented in the diagram (Fig. 3.7).
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3.2.9.2 Methodological Issues

Activity data of fuel consumption by CRF category at mobile fuel combufticd2z021 are
presented in Table A2.3.

Because of absence of some statistical information for 2021 tsngdsitawere calculated
on the basis of 2020 data using such drivers as import of fuels for catepévieéd¥ and 1.A.3.e.ii
and NG consuming for pipeline NG transportation for catefoky3.e.i. GHG emissions in 2021 in
categories 1.A.3.c and 1.A.3ate assumed to be equal to GHG emissions in 2020.
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3.2.9.2.1 Civil Aviation (CRF categor.y

This category includes emissions from combustion of fuel used by civil aviation aircrafts
and does not include emissions from fuel used by ground trarsmbstationary combustion plants
at airports.

Emission estimation was conducted separately for aircraft equipped with jet and turboprop
engines, which use jet fuel and those equipped with piston engines, in which aviation gasoline is use

For more detail®n the technique of estimating GHG emissions from air transport, as well
as the raw data, see Annex A2.7.

GHG emissions from domestic aviation in220amounted td.89,60kt of COx-eq, which is
16.5% higher than in 2020 and 72.21% lower than in 1860trends on GHG emissions from do-
mestic and international aviation see Fig. 3.8.
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Fig. 3.8. GHG emissions from domestic and international aviation-2020

Estimation of CQemissions from jet kerosene was held under the method corresponding
to Tier 3; of CH and NOT Tier 2; from aviation gasolifieto Tier 1, in accordance wifi]. The
departure database (DDB) was providedhgte enterprise of air traffic services of Ukraine

3.2.9.2.2 Road Transportation (CRF cat

This category includes emissions from combustion of fuel by road transport, including ve-
hicles owned by individuals.

I n category 1. A.3.b ARoad Transp498tMbof GH
COrx-eq., which is 6.9% higher than the same indicator in 2020, and decreased by 59.3% compare
with 1990.GHG emissions, as well as their structure by fuels used are presented in Fig. 3.9.
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Emissions in the category for the entire time series of ‘P81 were calculated based on
data on energy use of fuels according to forM™®P, as well as on data on sale of gasoline and gas
oil to population throughhe network of petrol stations [480] taking into account the analytical
study [14] using the balance sheet method and the national carbon content coefficients for gasolin:
diesel and LPG which corresponds to Tier 2 for,@@issions and Tier 1 for othgases according
to [1]. More details on the methodological aspects used in the categories are described in Anne
A2.4.2 and A2.6.3.

This approach to GHG inventory in category is due to the fact that national energy statistics
is the only reliable sourcef data, allowing properly allocate data on use of fuels in motor vehicles
without distorting the balance of different types of fuels.

Due to the changes in the forriMITP in 2016 the fuel volumes for 201&021 were cal-
culated by surrogate method on Hasis of 2015.

National circumstances for 2012021 are provided in Annex A2.10.

3.2.9.2. 3. Rail ways (CRF category 1. ¢.

This category includes emissions from combustion of fuel consumed for thermal traction of
railway rolling stock. InUkraine diesel fuel is used as the fuel for locomotives. This category does
not include emissions associated with production of the electricity needed for electric train drives.

In 2021, emissions in the category amounted to 0.42 Mt o#-&§, which is egal to that
in 2020, and to the baseline 199@ecreased by 9.1 times.

Emissions in this category were evaluated using the procedure described in Annex 2.4. Th
method for estimating emissions corresponds to Tier 2 for édissions from diesel combustio
and tier Ii for nonCO; gases in accordance with [1].

It is worth noting that in 2009 there was a precipitous reduction of emissions in the category
(during the year by 40%), due to the effects of the global economic crisis of 2008ecrease in
industrial production and, accordingly, decline in demand for freight transportation.

National circumstances for 2012020 are provided in Annex A2.10.

3.2.9.2.4 Navigation (CRF category 1. ¢
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This category includes emissions frammbustion of fuel consumed for propulsion drives
of sea and river vessels. This category includes emissions from enterprises assigned with code des
nation H50 AWaterway Transporto.

GHG emissions from bunker fuels used for sea transport are not incfuttedltotal emis-
sions and are considered as reference data.

The distribution of fuels for domestic transportation was performed based on the formula:

"Obggs 06 Qggs; (3.3)

Where
FCia3.dis consumption of fuels by domestic waterway transport (gasoil, fuel oil), tons;
FChwso-consumption of fuels by TEA H50 AWater T
oil), tons;
ki.a3.d- the factor of fuel distribution into coastahfisportation, in relative terms, which is defined
by the following expression:

Qggg — (3.4)
Where
PR, is the volume of cargo transportation by domestic rikgrgport, kt;
PShis the volume of cargo transportation by domestic sea transport, kt;
PR- total volume of cargo transportation by river transport, kt;
PS- total volume of cargo transportation by sea transport, kt.

The volumes of cargo transportation ei¢aken from statistical yearbooks {28].

In 2021, emissions in category amounted to 83,19 kt ob-€@which is equal to that in
2020 and to the baseline 19908aving decreased by 39.3 tim&HG emissions from domestic and
international navigation for 19972021 are presented in the Fig.3.10.
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The correlation between cargo turnover and GHG emissionsesented in the Fig.3.11.
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National circumstances for 20142021 ae provided in Annex A2.10.

3.2.9.2.5 Other Types of Transportatic

This category includes emissions from combustion of natural gas by drives of gas pumping
units of compressor stations of main gas pipelines, as well as actiwibésroad vehicles.

Pipeline Transportation (CRF category 1.A.3.eThis subcategory includes emissions
from combustion of natural gas by drives of gas pumping units of gas mains. The volume of this ga
was determined accordanggampodaNaScefaNhéet 8Gain

In 2021, emissions in the swategory amounted to 1,63 Mt of &€q., having decreased
with respect to 2020 by 10.76% and to the baseline 1@8@reased by 82.49%.

Estimation of CQemissions in the subategory was é¢ld under the method corresponding
to Tier 2 in accordance with [1] and for r@©, gases to Tier 1.

Off-Road Transport (CRF category 1.A.3.e.lihis category includes emissions from fuel
combustion for the drive of the ®alled inhouse transport dafll sectors of the economy.-house
transport, in particular, includes heavy vehicles of mining enterprises.

This category also includes emissions from fuel combustion in drives of combines, tractors,
and other machinery used in field of agricultural wodgardless of the sectors of the economy in
which they are used.

In 2021 emissions in the swategory amounted to 6.36 Mt of &€q., which is 6.9% higher
than the same indicator in 2020, and to the baseline -1@8¢reased in 5.23 times.

Estimation ofCO; emissions in the subategory was held under the method corresponding
to Tier 2 for CQ emissions from gasoline, diesel and LPG combustion and Tigiod nonCO,
emissions in accordance with [1] for all greenhouse gases.

Due to the changes in therfio 4MTP in 2016 theOff-Road Transport fuel volumes were
calculated by surrogate method on the basis of 2015. National circumstances fer2PQ14are
provided in Annex A2.10.

3.2.9.3. Uncertainties and Time Series Consistency

Uncertainties of activity data and emission factors are present in Table 3.11.
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Table 3.11. Uncertainties of activity dat

Type of fuel Uncertainty of activity data. Uncertainties of emissions factors%
% CO2 CHg4 N20
Liquid fuel 17.60 4.7 15.43 10.%

Estimated total GHG emission uncertainty in this category is 17.1%.

The most significant impact on the overall uncertainty of GHG emission estimation in this
category is produced by GG mi ssi on esti mation uncertaint
Transporto.

3.2.9.4 Categoryspecific QA/QC Procedures

The general quality control procedures under [1] were applied. The analysis of forms of
statistical reporting containing the originaltd for GHG emission calculation was conducted together
with the SSSUspecialists.

Met hodol ogy i ssues in category 1. A.3.b dl
perts from SE ADerzhavtotransNDIprojecto.

3.2.9.5 CategoryspecificRecalculations

In this category, no recalculations were made.

3.2.9.6 Categoryspecific Planned Improvements

The expecting recovery of road transport data base will give the opportunity to carry out
appropriate calculations according to COPERT program.

3.2.10 Other Sectors (CRF category 1.A.4)

3.2.10.1 Category Description

In 2021, GHG emissions in category 1>A. 4
ed., which is equal to that in 2020, while in comparison with the baseline 1990 decreas&¥by 81.

The key source of emissions in 2021 issubht egory 1. A. 4. b fAResi
accounted for approximately 94.6% of the total emissions (see Table 3.13).

Table 3.13. GHG emissions in cocag egory 1.,
Emission category 1990[1995200020052010201220142016201720182019 2020 | 2021

1.A.4 Other Sectors total, including:|102.0166.3540.5042.5539.4638.9932.7328.1230.7827.9922.37 19.08| 19.08

1.A.4.aCommercial/lnstitutional Sed
tor

38.73/23.83 6.54| 4.65| 2.73| 2.60| 1.66| 1.90| 2.88| 2.51| 2.15| 0.66 | 0.66

1.A.4.b Residential Sector 59.46|41.5333.8037.7236.5236.0230.7725.8027.4825.0919.85 18.06 | 18.06
L1.A.4.cAgriculture/Forestry/Fish- | 5 o, | 991 0.16| 0.18 0.21] 0.37| 0.30| 0.42| 0.42| 0.38] 0.32| 0.37 | 0.37
ery/Fishing

The significant decreasing of emissions in the Commercial/Institutional and Residential sec-
tors during 199€2000 is due to the collapse of the USSR, need to save energy and decrease of poy
ulation. Then the fluctuations are connected with economic cridisnggration and decline of pop-
ulation.

Changes in the structure of emissions from fuel combustion in category 1.A.4 are presentec
in the diagram (Fig. 3.12).
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3.2.10.2 Methodological Issues
Emissions related to fuel combustion were evaluated using the procedure described in Anne
2. National circumstances for 2012021 are provided in Annex A2.10.

Because of absence of appropriate statistical informatioROt GHG emissions in 2021
in these categories are assumed to be equal to GHG emissions in 2020.

3.2.10.2.1 Commercial/Institutional Sector (category 1.A.4.a)
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The GHG emissions were estimated on the basis of data on the amount of fuel burned use
for ownneeds by the business sector and public administration bodies, which includes activities of
hotels and restaurants, financial institutions, governmental bodies, education facilities, etc. A de-
tailed algorithm of source data determination is presentectimeXA2.

3.2.10.2.2 Residential Sector (category 1.A.4.b)
The GHG emissions were estimated on the basis of data on the amount of fuel used fo
domestic needs of population. GHG emissions from individuals' vehicles are included in category

1. A. 3. br &imRomar tTo. A detailed algorithm of so
A2.

3.2.10.2.3 Agriculture/Forestry/Fishery/Fishing (category 1.A.4.c)
This category includes emissions from stationary fuel combustion in industrial production

in agricuture, forestry and fisheries. A detailed algorithm of source data determination is presentec
in Annex A2.

3.2.10.3 Uncertainties and Time Series Consistency

Uncertainties of activity data and emission factors are present in Table 3.14.

Table3.14Uncertainties of activity data and e
tor so

] o . Uncertainties of emissions factors, %
Type of fuel Uncertainty of activity data, % CO» CHa N2O
Liquid fuel 8.16 2 150 500
Solid fuel 13.14 5 150 500
Gaseousuel 11.79 5 150 500
Other types of fuels 30.00 5 150 500
Biomass 30.44 5 150 500

Quantification of the uncertainty was performed on the basis of the above uncertainty values
of activity data and emission factors according the methodology of [1].

Estimated total GHG emission uncertainty in this category is 12.7%.

The most significant impact on the overall uncertainty of emissions in this categooy is pr
ducedbyCQe mi ssi on uncertainty in category 1. A. 4
in consumption of gaseous fuel. This is due, primarily, to absence of individual meters at lots of
private houséolds.

3.2.10.4 Categoryspecific QA/QC Procedures

The general quality control procedures [1] were applied, plus cooperation with the SSSU
was established, and analysis of forms of statistical reporting containing the original data for GHG
emission calculation was conducted together with the SSSU 's specialis

3.2.10.5 Categoryspecific Recalculations

In this category, no recalculations were made.

3.2.10.6 Categoryspecific Planned Improvements

In this category, no improvements are planned.
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3.2.11 Unspecified Categories (CRF category 1.A.5)

3.2.11.1 Category Description

This category includes GHG emissions from sources not included in the other categories. Ir
2021, GHG emissions in category 1. A.5 fddnspe
which is 14.5% lower than in 2020 arwdthe baseline 1990increased by 3.6 times (see Table 3.16).

Table 3.16. Greenhouse gas emi ssi oneq.in
Cate- | 1990 | 1995 | 2000 | 2005 | 2010 | 2012 | 2014 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
gory
1. ¢]105.93 | 57.27 | 59.00 | 84.44 | 31.60 | 119.24 | 397.74 | 529.75 | 533.77 | 475.64 | 360.17 | 449.59 | 384,48

3.2.11.2 Methodological Issues
Emissions related to fuel combustion were evaluated using the procedure described in Anne

2 . Category 1. A. 5 intludesemissiorfs ifrenduseé fuets gy the Aensed
Forces of Ukraine.

3.2.11.3 Uncertainties and Time Series Consistency

Uncertainties of activity data and emission factors are present in Table 3.17.

Table 3.17. Uncertainties of activity data and emissiof act or s i n categor
Categorieso
Type of fuel Uncertainty of activity Uncertainties of emissions factors, %
data, % CO2 CHa N20
Liquid fuel 5 2 150 500

Estimated total GHG emission uncertainty in this category is 5.39%.
3.2.11.4 Categoryspecific QA/QC Procedures

The general quality control procedures stipulated in [1] were applied.
3.2.11.5 Categoryspecific Recalculations

No recalculations were performed in the category.
3.3 Fugitive Emissions from Fuels (CRF categy 1.B)

Fugitive emissions from fuels are the result of GHG leakages during extraction, treatment,
transportation, storage, and consumption of fossil fuels. This category also includes emissions fror
flaring of hydrocarbons. In 2021 emissionscimt egory 1. B fAFugitive E
counted for 50.36 Mt of C&e q . or about 24. 0% of the total

decreased by 60.5% compared to 1990. From 2020, emissions in this category have increased
0.12%.More detaiéd information is presented in Fig. 3.14
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Table 3.18. Emissions in category 1.B "Fugitive Emissions from Fuels", MteGO

Emission cate-

gory 1990 | 1995 | 2000 | 2005 | 2011 | 2012 | 2014 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

1.B Fugitive
Emissions from
fuels (total), in-
cluding:

127.47

96.02

89.22

75.70

62.99

57.69

47.98

45.96

43.00

45.71

47.93| 50.42

50.36

1.B.1 Solid fuels

62.38

38.26

32.96

25.94

23.74

24.05

18.69

16.62

13.00

13.13

12.68| 10.93

11.17

1.B.2 Oil and
Natural Gas

65.09

57.77

56.26

49.76

39.25

33.64

29.29

29.34

30.00

32.58

35.26| 39.49

39.19

3.3.1 Solid Fuels (CRF category 1.B.1)

3.3.1.1 Category Description

The key source of emissions in category 1
during extraction of coal at mines.

3.3.1.2 Coal Mining and Handling (CRF category 1.B.1.a)

3.3.1.2.1 Underground Mines

In order to improve accuracy of GHG esi@n estimation in this category, until 2014
Makiivka State Scientific and Research Institute for Safety in Mines (MakNDI) was involved and
performed research work for the purpose of inventory of GHG emissions in the coal industry. Inven-
tory of methane emsions at Ukrainian mines was carried out based on results of measuring the actua
flow rate of methane in outgoing air flows of gas mines and the production rate of methane capture
by vacuum pump plants (VPP) on the surface, which corresponds to[Iier 3

1.B.1.a.1.i Mining ActivitiesThe volume of coal bed methane (including recovery and flar-
ing) from 1990 to 2000 are taken from [8]. For 2008012 information is taken from scientific
research work [4] and shown in Table 3.19, for 2001 and 2P®&rpolation based on 2000 and 2003
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and data on coal production. For calculation of emissions from 2013 to 2021 the surrogate dat
method was used based on 2012 and data on coal production férZiPl3aken from the statistical
form 1-P.

In 2021,methane emissions from underground mining activities amounted to 438.49 kt and
compared to 1990 they decreased by 82.3 %, and higher by 2.19% than the same indicator in 202C
The leading pace of GHG emission reduction in this category in comparison witoah
production is explained by a decrease in the proportion of active methane containing mines, as we

as due to execution of Joint Implementation projects (JIP).

Table 3.19 provides detailed information on utilization of mine methane in Ukraine during
20032012.

1.B.1.a.1.ii PosMining Activities In the process of coal production and transportation, me-
thane is produced. The major part of it is released from the exposed surface of the mined bed (4
60%) and chipped coal into the workspace of stopecandeyor (runway) drift (2(30%).

The amount of released methane is registered by stationary monitoring devices in outgoing
streams of the stope and production area. The amount of methane released from chipped coal duri
its transportation from the prodtion areas to the shafts is registered by control devices in outgoing
air flows of mines.

Coal transportation onto the earthdos sur:
ceed 8 hours. Thus, methane emissions from coal taking place durnagsisartation to the surface
are accounted for in the category fAMining Ac

On the surface, methane continues releasing from coal, but measuring its production rate i
not possible. According to [7], the coefficient aceting for the degree of degassing of chipped coal
during the transportation time is determined by the formula:

k=0% (3.5)

where
T is the time of transportation (degassing) of coal chipped from the coal array, min.;
Q s coefficients characterizing the gas release rate from chippedoal,118,9 = 0.25

The curve of the dependence of the degree of degassing of chipped coal and the transport
tion time shows that after 5156 min., i.e. 3.6 days, chipped coal is atorapletely degassed. The
key part (73%) of methane from the exposed surface of the coal bed developed is released during t
first days after chipping of the array. Thus, the degree of coal grinding does not significantly influence
the amount of methaneleased.

Anthracite coal with the release of volatile substances from 3.0 to 9.0% (coal brand A, PA)
has a low, compared to other coals (coal brands T, OS, D, Zh, G) degree of gas release, so its deg
sing takes longer. Dependence of the degree of degasisanthracite with the release of volatile
substances from 3.0 to 9.0% on the transportation time has not been established to date [4].

The amount of methane emissions from coal after it is raised from the mine depends primar
ily on the following factors:

1 the coal mass raised to the surface, tons;
the natural and final methane richness of the coal, m3/ton of difyessimass;
the speed of the longwall's progress, m/day;
the length of stay of chipped coal in the mine, hours;
the duration of stay of chippembal on the surface from the moment of raising to the
surface till it is used, hours;
1 humidity of coal raised from the mine, %;
1 ashcontent of coal raised from the mine, %.

The amount of methane emissions fr baon-coa
trolled and calculated. According to [1], to calculate methane emissions in the period after coal pro
duction the amount of coal production should be multiplied by the corresponding emission factor. In
2001, Donetsk Expert and Technical Center (DETiGhe State Mine Surveillance Committee con-
ducted a special study of the methane emission factor for the period after coal mining [8]. The gener:
methane emission factor obtained as a result for all Ukrainian mines was 2.4 m3/t. Therefore, fo
estimatiorof methane emissions after coal mining at gas mines the emission factor of 2.4 m3/tis uset
in the inventory.

T
T
T
T
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The amount of the poshining methane emission factor set is close to the average value
from the range recommended in [1].

Coal production is detmined by multiplying the average daily production at gas mines of
Ukraine by the number of working days per year in production, which is on average 354 days [4].

In 2021, postmining methane emissions amounted 824t and compared to 1990 they
decrease by 774%, and is 25% higher than the same indicator in 2020.

1.b.1.a.1.iii Abandoned Underground Minddgter completion of coal mining, methane re-
lease from the rock array under mining operations phases out, but it may remain at a relatively hig
levd for a long time. Therefor after cessation of mines, ventilation and filling (flooding) of shafts,
gas may accumulate in workedt spaces under certain geological conditions, creating excessive
pressure in them. Methane gradually fills in all the workiatispace, up to the top horizon, and then
starts penetrating through fissured rocks and abandoned mines to the surface, into buildings and cc
structions.

l nventory of met hane emi ssions i n mines
Research nsti tute for Labor Safety in Miningo be
outgoing air streams of gas mines and the rate of methane production captured by VPPs on the st
face. For each gas mine, the data were taken from the orders estalnlistiiagebased mine cate-
gories. The orders contain information about the actual average absolute mine methane content
view of captured methane in’fmin., the average annual consumption of methane captured by VPPs
in m*min., the average daily coal praction in tons throughout the year. Calculation ofs@hhis-
sions from abandoned mines is calculated as the maximum total flow rate of methane measured
the course of the year (in*fmin) restated as annual emissions based orlag&year.

For calculatim of methane emission in this category for 2@021 the surrogate data
method based on 2012 information was used. The amount of GHG emissions was evaluated beir
inversely to coal mined in 20232021 respectively.

Methane emissions from abandoned undrrgd mines in 2021 amounted t@#kt, which
is 29.8% lower than in 1990 and 2.22% lower than in 2020.

3.3.1.2.2 Surface Coal Mining

In determining methane emissions from coal mines conducting surface coal mining, data of
the companies were used, whelaission factors were used by default in accordance with [1], namely:
f 1.2 n¥/t - for openpit coal mining;
f 0,1 n¥/t - for coal processing and transportation (in ep&mining).

3.3.1.3 Solid Fuel Transformation (CRF category 1.B.1.b)

This category includes C{£emissions associated with the loss of coke oven gas in the pro-
cess of coke production.

Unt i | 2013 the amount of coke oven gas | ¢
the lack of accounting, nem s e and due stecatotomers fidotsereso of
products of oil refining in extraction, production, transformation, processing, transportation, and dis-
tri but i o4MdP. Foncaltulatromemission in this category from 2014 to 2021 the surrogate
data methd was used based on 2013 and data on coke production foi 2023.

The carbon content is taken by default in accordance with [1], and the MG\ cordance
with statistical form 1AMTP.

Carbon dioxide emissions associated with loss of coke oven gmedaction of coke in
2021 amounted t65.36 kt, which is 60.2% lower than in 1990 &h@% lower than in 2020.

3.3.1.4 Other (CRF category 1.B.1.c)
This category includes G@missions associated with coal bed methane flaring. Table 3.19
provides detiéed information on methane flaring and recovery (p. 3.2.7.2.3) in Ukraine during 2003

2012. The surrogate data method was used based on 2012. GHG emissions were estimated accorc
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to equation 5.2 (vol. 2, chap. 5) [1], tre basis of activity data indited in the Table 3.19. RD21
emissions in the sutategory amounted to 40kt of COr-eq.which is 2.24% higher than the same

indicator in 2020
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Table 3.19. The amount of coal mine methane utilization in Ukraine -2003

Amount of utilized methane, thousand n¥year

# Mine 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 Note
1 |named after O.Zasyadko 2220 2195 26.212 | 59.663 | 40.308 | 39.850 | 52571 [ 36995 [20317.77 Gasifier, gas station
o named after V.Bazhanov 5890 | 6920 | 7605 | 6963 | 5676 | 6920 | 9061 | 10358 | 6649.34| 3035.36| Boiler room
SE "Makeevugol
3 | Holodna Balka" 5210 | 5350 | 5730 | 6120 | 5030 | 5640 | 6600 | 4380 | 7094.74| 7766.09| Boiler room
SE "Makeevugol
4 |"Chaikino” SE "Makeevugol” 1020 | 2113 | 2420 | 2230 | 2970 | 2170 | 1790 | 410 | 1892.16| 2295.69| Boiler room
5 |named after S.Kirov 975 880 790 740 1120 | 1020 840 1800 | 944.19 | 205.83 | Boiler room

SE "Makeevugol"

"Kalynovska East" .
6 |sE "Makeevugol" - - - 710 - - - - - - Boiler room

7 g%”.‘.eD‘i/Ef}tﬁrM'Ka“”'” 1130 | 1130 | 1132 | 1132 | 1132 | 1132 | 1132 | 1132 | 1132 ; Boiler room

8 |"Hrustalska" SE "Donbassantratsit"| 2670 2670 2670 2670 2670 2670 2670 2670 2670 2670 Boiler room

12324 8704 8893 | 4481.76]| Boiler room, shaft heating

"Scheglovska Hlyboka"

9 » " 2256 4177 4590 5530 7957 9131 1400 1096 1259 3634 | Flaring
m/a "Donbass —
3278 | Gasifier
No.22 "K Ka" 4630 6500 13100 13600 | Flaring
10 | \0-4£ tomunharska 2189 | 3400 | 2600 | 4800 | Gasifier
m/a "Donbass -
300 683 1400 1500 3100 | Boiler room
8919 18084 17013 20025 14805 14658 19473 11971 | 6207.2 | Boiler room
11 | m/a "Pokrevske" - 16153.4| Cogeneration

5468 1287.3 | Flaring

1522 5859 7569 8257 | 9194.16] Flaring

12 | "Komsomolets Donbassa 2295 | 2613 | 22975 | Boiler room

13 | "Krasnolimanska" 602 2200 6058 6547 5279 8605 8910 10236 | 20068.31| Boiler room

"Sukhodolska Vostochnaya"

14 PJSC "Krasnodonugol"

1564 2184 3194 2006 2705 12273 | 6587.17| Boiler, flaring

15 |named after N. P. Barakov 5282 | 5282 | 6685 | 5945 | 5240 | 5134 | 3772 | 4916 | 4263 | 4755.14| Boiler room
PJSC "Krasnodonugol

"Molodogvardiiska"

16 PJSC "Krasnodonugol"

580 2738 2879.1 | Flaring

"Samsonovska Zapadnaya"

17 PJSC "Krasnodonugol" 1140 2175 6470 6711.46]| Flaring
18 | "Stopovaya", PJSC "DTEK" 500 Boiler room
Total, thousand 25333 | 40263 | 54101 | 82887 | 120214 | 99225 | 119209 | 143044 (149018.4{145825.24
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3.3.1.5 Uncertainties and Time Series Consistency

Continuous automatic monitoring of methane content in outgihawgs, periodic quality
control of mine air and of correctness of its distribution in mine workings are performed at gas mines
of Ukraine. At highcategory and hazardous mines due to sudden outbursts, daily monitoring of gas
release is conducted.

All VPPs, continuous automatic monitoring of methane content is conducted. Lots of mines
are equipped with stationary captured gas mixture flow measurement devices.

The uncertainty of the results of methane emission from mines estimates is 14.84%. Uncer
tainty of @rbon dioxide emissions is estimated as 10.55%.

The key contribution into the uncertainty is made by the uncertainty of estimates of methane
emission at mining and handling, above-dhe uncertainty of methane emission factors for under-
ground coamining.

3.3.1.6 Categoryspecific QA/QC Procedures

Common quality control procedures stipulated in [1] were applied, plus the advice and rec-
ommendations from line experts of the laboratory for degassing of coal mines at State Makeevki
Research Institutior Labor Safety in Mining provided in 2014.

As part of the standard QA / QC procedures were refined data.

3.3.1.7 Categoryspecific Recalculations

In this category, no recalculations were made.

3.3.1.8 Categoryspecific Planned Improvements

In this ategory, no improvements are planned.

3.3.2 Oil and Natural Gas (CRF category 1.B.2)

Emissions in this category are related to leaks from exploration, extraction, transportation,
processing, storage, and consumption of oil and natural gas.

3.3.2.1 Oil (CRF category 1.B.2.a)

3.3.2.1.1 Category description

In 2021, oil production in Ukraine was 1.7 Mt, which is 1.04% lower compared to the same
indication for 2020.

There are 6 refinery enterprises in Ukraine. Up to 2009 they all worked.uBaog®009
2012 five of them were stopped. Now only one refinery is working. The information on crude oil
refined by this enterprise is confidenti@bin view of inventory developers the default EFs are jus-
tified. In 2021 the volume of oil pumping amoedtto 1648 kt. The volume of oil transit through the
country amounted to 12700 kt and for the needs of the cour8®0 kt. The oil pipeline system
includes 19 pipelines up to 1220 mm in diameter with a total length of 3507 km, 28 oil pumping
stations (¥6 stations units), 7948 er vi ce tanks and offshore oil
capacity is 114 Mt/year, output56,3 Mt/year.

INn202,, GHG emi ssions i n the c atgelhedegease withu n t
respect to 1990 is 59.8% and2020- 1.2%.

3.3.2.1.2 Methodological issues
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The data used for emission estimation in this category are presented in Table 3.20.

To estimate emissions in this category were used average Tier 1 default emission factors th:
presented in Table 3.21.

Oil transportation in Ukraine is carried out only by pipelines. So, the default emissions fac-
tors for transportation of oil by the pipeline were used according to [1]. The transformation of the
amount of transported oil from mass units used by oil transjportanterprises into volumetric units
was conducted based on the density of the Urals export b@8é5 t/nf and Azeri Lighti 0.855
t/md,

CHsemissions from oil handling were taken by default according to [1]. To determine the
carbon dioxide of oil hadling, no factors are indicated in IPCC methodologies, so emissions in this
category were not estimated.

The products of oil refining contain only negligible amounts of methane, therefaen@$4
sions during transportation and distribution of petroleuodpcts were not estimated. In the absence
of approved IPCC methodologies, £€missions for this type activity were not estimated either.

Table 3.20. Activity data for emission e:
. . The volume of oil transporta- . .
Year Oil production, tion through main pipelines, The vqume; of p|l processing
Mt Mt at refineries, Mt
1990 4.1 114.0 59.0
1991 3.9 94.9 54.6
1992 3.6 78.0 38.3
1993 3.3 66.9 23.5
1994 3.2 68.5 19.6
1995 3.0 65.3 16.9
1996 3.0 64.6 13.5
1997 2.9 64.1 12.8
1998 2.7 65.4 134
1999 2.7 65.2 11.0
2000 2.6 64.0 9.1
2001 2.6 63.6 16.1
2002 2.6 48.0 20.2
2003 2.8 56.7 21.9
2004 3.0 55.3 22.0
2005 3.1 46.7 18.4
2006 3.3 44.9 14.4
2007 3.3 50.9 14.1
2008 3.2 41.0 10.8
2009 2.9 38.5 11.2
2010 2.6 29.8 11.3
2011 2.4 25.2 8.9
2012 2.3 17.3 4.7
2013 2.2 17.6 3.7
2014 2.1 16.9 3.0
2015 1.9 16.8 2.7
2016 1.6 14.6 2.8
2017 1.5 16.0 3.6
2018 1.6 154 3.9
2019 2.1 15.5 3.8
2020 2.2 15.7 4.1
2021 1.7 15.7 4.1
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Table 3.21. Emission factors for fugitive emissions from oil operation

CRF Category or sub CC CHa N20 NMVOC Units of meas-
category category min max average min max | average| min max | average| min max | average ure
Gg per 16 m?
Well Drilling 1.0E04 | 1.7E03 9.0E04 3.3E05 | 5.6E04 | 3.0E04 ND 8.7E07 | 1.5E05 | 7.9E06 | total oil
1B.2al production
Exploration Gg per 18 m?
Well Testing 9.0E03 | 1.5E01 8.0E02 5.1E05 | 8.5E04 | 4.5E04 | 6.8E08 | 1.1E£06 | 5.8607 | 1.2E05 | 2.0E04 | 1.1E04 | total il
production
1.B.2.a.2 . . Ggper;9m3 _
P.I‘O.dl..IC;[iOI’] Conventional Oil| 1.1E07 | 4.3E03 2.2E03 1.5E06 | 6.0E02 | 3.0E02 NA 1.8606 | 7.5E02 | 3.8E02 convent_lonal oil
production
1B2a3 Gg per 18 m?
o Pipelines 4.9E07 5.4E06 NA 5.4E05 oil transported
Transport .
by pipeline
*1.B.2.a4 Refining 90 1400 745 kg/PJ
Refining / - - -
Storage Storage Tanks 20 250 135 kg/PJ
. , . Ggper 16 m?
1.B2.cLi | Conventional Ol g e 05 | 1 3p04 | 1.1E04 | 7.2E04 | 9.9E04 | 8.6E04 NA 4.3E04 | 5.9E04 | 5.1E04 | conventional oil
Ol / Venting :
production
. . . Gg per 18 m?
é‘i?'z'c'z" /Cglg‘r’;g“ona' Oll 41E02 | 5602 |4.9802 |2.5805 | 3.4E05 | 3.0E05 | 6.4E07 | 8.8607 | 7.6E07 | 2.1E05 | 2.9605 | 2.5E05 con(;/ent_ional oil
production

NA i Not Applicable. NDi Not Determined’ in accordance with 2006 IPCC Guidelines

* - 1.B.2.a.4i emission factors were taken by default according to 1996 IPCC Guidelines
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3.3.2.2 Natural gas (CRF category 1.B.2.b)

3.3.2.2.1 Category description

The gadransportation system (GTS) of Ukraine consists3i83thousand km of gas pipe-
lines, including B.89thd km main pipeline and2120thd km gas pipeline branches, 12 underground
gas storages, 702 gas pumping units (including electric-ob@&8) with thetotal capacity of 5.443
MW, a developed system of gas distribution and gas metering stations. The capacity of the gas tran
portation system at the inlet is 287.7 billiod per year, at the outlét 178.5 billion n¥ per year,
including 140 billion M per year to the European countries. The transportation volume according to
international contracts in 2020 amounted to 55.8 billidn m

Natural gas production in 2021 amounte®0993.04 billion iy which is 2.5% lower than
the level of 2020. For 2021, the activity data about natural gas production was taken from the SSSI
and taking into account the analytical study [26].

In 2021, GHG emissions in the category amounted to 327 o feq.gthe decrease with
respect to 1990 is 38.24%, and 0.72% lower than the same indicator in 2020.

3.3.2.2.2 Methodological issues

The activity data used for emission estimation in this category are presented in Table 3.22.

To estimate emsons in this category average Tier 1 default emission factors were used that
presented in Table 3.23.

Emissions from consumer leakages were calculated using the default factors according t«
1996 IPCC Guidelines.

The methods of estimation of GHG emissifnosn transportation and distribution of natural
gas are presented in section A2.8.

Table 3.22. Activity data for emission e:
v Natural gas production,| Household consumption off Natural gas consumption by othe|
ear
min m? natural gas, bin fn consumers, bin
2010 20528 17.8 38.2
2011 20651 17.7 39.3
2012 20492 17.3 35.3
2013 21313 20.0 25.9
2014 22048 17.0 24.7
2015 21673 12.3 20.0
2016 21741 12.1 19.8
2017 21761 12.3 18.5
2018 22558 11.7 20.1
2019 21996 9.2 19.3
2020 21527 8.8 25.7
2021 20993 8.8 25.7

17 in view of analytical study [26]

To calculate greenhouse gas emissions at transportation, distribution and consumption o
natural gas, data on the composition of natural gakenGTS of Ukraine received from PJSC
AUkrtransgazo, PJSC AUkrgazvydobuvannyaod and
(see A2.6.1, A2.8) were used.

Because of absence of some statistical information for @#2& emissions in 2021 icat-
egories 1.B.2.b.4) and 1.B.2.b.5) are assumed to be equal to GHG emissions in 2020 taking int
account similar conditions in terms of production, consuming, COVID impact.
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Table 3.23. Emission factors for fugitive emissions fromagagation

Category or CO, CHs N2O NMVOC Units of
CRF category - - - -
sub-category min max | average| min max | average] min | max [ average] min max | average| measure
Gg per
108 md
Well Drilling 1.0E04 | 1.7E03 | 9.0E04 | 3.3E05 | 5.6E04 | 3.0E04 ND 8.7E07 | 1.5E05 | 7.9E06 | total il
produc-
. tion
1.B.2.b.1 Exploration Gg per
100md
Well Testing | 9.0E03 | 1.5E01 | 8.0E02 | 5.1E05 | 8.5E04 | 4.5E04 - 1.2E05 | 2.0804 | 1.1E04 | total oil
produc-
tion
Gas Produc- fge r?Sr
1.B.2.b.2 Production| tion / Fugi- 1.4E05| 1.8604 | 9.7E05 | 3.8E04 | 2.4E02 | 1.2E02 NA 9.1E05 | 1.2E03 | 6.5E04 gas pro-
tives )
duction
Gas Pro- f(% r;;esr
1.B.2.b.3 Processing cessing / Fugi-| 1.5£04 | 3.5E04 | 2.5E£04 | 4.8E04 | 1.1E03 | 7.9E04 NA 2.2E604 | 5.1E04 | 3.7E04 raw gas
tives
feed
Non-residen-
tial Gas Con- - 175000 | 384000 | 279500 - - kg/PJ
N sumed
1.B.2.b.6 Other Residential
Gas Con- - 87000 | 192000 | 139500 - - kg/PJ
sumed
Gg per
Gas Produc- | 4 53 | 1 603 | 1.4E03 | 7.6807 | 1.0806 | 8.8807 | 2.1608 | 2.9809 | 1.2E08 | 6.2807 | 8.5807 | 7.4807 | 1™
tion / Flaring gas pro-
1.B.2.c.2ii Gas dG“C“Z?
Gas Pro- 136 g]s
cessing / Flar-| 1.803 | 2.5E03 | 2.2E03 | 1.2E06 | 1.6E06 | 1.4E06 | 2.5E08 | 3.4E08 | 3.0E08 | 9.6E07 | 1.3E06 | 1.1E06 raw gas
N9 feed

NA 7 Not Applicable. NDi Not Determined in accordance with 2006 IPCC Guidelines
* - 1.B.2.b.6 T emission factors were taken by default according to 1996 IPCC Guidelines
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3.3.2.3 Venting and Flaring (CRF category 1.B.2.c)

The activity data used for emission estimation of venting at oil facilities and venting and
flaring at gas facilities are the same as the activity data of 1.B.2.a and 1.B.2.b categories.

The default IEFs are taken from the Table 4.2.5. chapter 4 [1].

Emissi ons from venting at gas facilities a
and 1.B.2.b.5 ADistributiono.

3.3.2.4 Uncertainties and timeseries consistency

The uncertainty of carbon dioxide emissions in the category is 10.81% and is associated witl
the uncertainty of factors of carbon dioxide emission from flaring at oil and natural gas production.
The uncertainty of methane emissions is 24.06% and is caals@¢k all, by the uncertainty
of methane emission factors for consumption of natural gas by industrial consumers and power plant
The uncertainty of nitrous oxide emission8.838%.
When estimating the uncertainty, data on the uncertainty of the emissitors presented
in [1], were used, as well as data on the recommended ranges of emission factors [1].

3.3.2.5 Categoryspecific QA/QC procedures
The general quality control procedures stipulated in [1], were applied. In determining the
national emision factors, comparison of data from various literary sources was held, consultations

with independent experts in the gas industry, as well as with specialists of the leading companie
operating in the oil and gas industry were conducted.

3.3.2.6 Categoy-specific recalculations
In this category, no recalculations were made.
3.3.2.7 Categoryspecific planned improvements

In this category, the developing of counspecific EFs for sueategories 1.B.2.b and
1.B.2.c are planned.

3.4 Multilateral operations
The statistical reporting forms do not include data on activities-téreitorial organizations.

I n this regard, i n CRF category 1.D. 2 AMul ti
not take place.
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4 | NDUSTRI AL PROCESSES AND PRODU
TOR)

4.1 Sector Overview

GHG emissions in this sector include emissions from manufacture of industrial products, as
well asfrom use of limestone, dolomite asdda in various technological processes. Emissions from
fuel combustion for heat and electricity production in manufaa@imdustrial products are included
into the "Energy" sector, except for emissions from the energy andnmeygy components of use of
coke for pig iron production (2.C.1) and the energy andermargy components of use of natural gas
in ammonia produadin (2.B.1), according to 2006 IPCC guidelines(Block 1.1, Chapter 1, Vol-
ume3). And indirectN2O emissions calculated in accordance #0206 IPCC guidelines [XThapter
7.3, Volumel).

GHG emissions was carried out for:

Mineral Production and Use;

Chemical Industry;

Metal Production;

Solvent and NoikEnergy Product from Fuels Use;
Electronic Equipment Production;

Consumption of Substitutes for Ozebepleting Substances;
Other Production and Use;

Pulp Production and Food Industry.

GHG emission dataof Ukraine are presented in Table 4.1

= =4 =48 -8 _8_9_95_-°

Table 4.1 GHG emissions in the sectmdudrial Processes and Product Use
Change, % comparec

Gas 1990 2020 2021
to 1990 | to 2020

CO,, kt 111084.50| 4839905 | 5000068 | -54.99 3.31
CH,, kt CO-eq. 120697 | 345574 | 389696 | 22287 12.77
N-O, kt CO-eq. 5671.54| 235247 | 251181 | -55.71 6.77
HFC, kt COx-eq. - 175150 | 1901.02 - 8.54
PFC .kt COy-eq. 235.819 - - - -
SFs, kt CO-eq. 0.007631| 4335 48.94 | 64119500 12.9
Total direct action greenhouse gadds

118 198.83 5600211 | 583594 | -50.63 4.21
CO.-eq.

Total direct action greenhouse gases
of total emissions (without LULUCF)

125 17.61 1783 - -

NO, kt 40.89 2373 24.78 -39.40 441
CO, kt 69.36 34.58 36.45 -47.45 541
NMVOC, kt 460.01 105.87 111.15 -75.84 4.99
SO, kt 149.09 53.76 57.25 -61.60 6.49
IndirectN2O, kt CO,-eq. 4.89 2384 2.96 -39.40 441

Fig. 4.1 presents diagrams for emissions 0p @Bl4, and NO, and Fig. 4.2 in the major
categories of the sector, respectively, in production and use of mineral products, production of cherr
ical products, and manufacture of metals (including emissions of perflubomsafrom aluminum
production) and noenergy product from fuelsther nitros oxide ahidrofluorocarbonates and sul-
phur hexafluoride use
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Emissions in IPPU sector
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Fig. 4.2. Direct action greenhouse gas emissions im#jer categories of the sectadus-
trial Processes and Product UseCOr-eq

Emissions in IPPU sectancreased by.2% compared to last year, duegimwthin indus-
trial production in Ukraine by..1% according to the data &8SSU The production in thenetal
industryincreasedy 5.2%, chemical industrglecreased by 8.8%, and production of mineral prod-
ucts shows the growth by 7.5%hich arethe main sourcesf emissions in this sectoEmissions in
the sector compared to the baseline year have decreased significantly due to a reduction in producti
output caused by the collapse of the USSR. Dat@HG emissions in the sectadudrial Processes
and Produat Usefor the entire reporting period are shown in Table A3.1.1.1, Annex 3. Among all the
categories, the greatest amount of-@missions is observed in production of pig iron and steel,
ferroalloys,ammonia, cement, and lime. eimissions in the indusal sector are mainly associated
with chemical products anulg ironproduction, and BD emissions- with nitric acid production and
use of nitrous oxide for medical purposes.
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Fig. 4.3 shows the precursor and,Sission diagrams in the sectimdudrial Processes
and Product Use
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Fig. 4.3. Indirect action greenhouse gases andefssions in the sectmdudrial Pro-

cesses and Product U&e

4.2Mineral Industry ( CRF category 2. ¢)

Emissions in this category are related with use of carbonate raw materials in the productior
and use of a variety of mineral industry products such as Cement, Lime, Glass and Ceramic produc
tion as well as Soda ash use. The n@i» emissionoccurs indl this categdes as well S@and
NMVOC from Cement and Glass production respectively. The key sources,@n@€sionsare
Cement and Lime production where the emmisions occurs from the processes related with clinker
and lime production, the correlatioh CO, emissions and amounts of these prodpotsiuctionare
shown on fig 4.4
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Fig. 44. CO. emissions from Key categories in Mineral industy

Emissions from Glass and Ceramic production as well as from Soda ash use are not showr
on the fig 4.4due to the fact that their contributions to the emissiomdineral industrycategory
are not as significant as those indicatedraphaboveandthey are not keycategories.

The activity data collection, nteodological issueas well aQA/QC procedurestc.by
the categories included Mineral industryare shown by each subcategory in relevant chapters.
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4.2.1 Cement Production (CRF category 2 ¢ . 1)

4.2.11 Category description

Cement production is the main production of mineral products. Cement is a hydraulic bind-
ing substance that solidifies upon addition of water and is used in concrete for adhesion of sand an
gravel. The rawnaterial for cement production is the mixture of minerals consisting of calcium ox-
ide, silicon oxide, aluminum oxide, and iron oxide. The basic composition of the raw material
limestone, chalk, marl, clay shale, or clay.

The main chemical processes imant production start with dissolution of calcium car-
bonate at the temperature of 900eC, refeasadul t i n
carbon dioxide (Cg). This is followed by the clinker production process: at high temperdtypes
ically 14001 500eC), <calcium oxide reacts with sild@
forming silicates, aluminates, and calcium ferrites, which constitute the clinker. After that, clinker is
rapidly cooled.

Carbon dioxide (Cg) is released as byproduct of the carbonate calcination reaction. In
production of cement, S@missions also occurs.

Cenent in Ukraine is produced by EdterprisegproducersMost of the enterprisepro-
ducers work basing on imported clinker. Projects that promotesiemigeduction have been imple-
mented at a number of the enterpripesducers. These projects introduce use of alternative raw
materials (ARM) that do not contain carbonates (use of blast furnace slag, peat, waste tires etc.) ar
transition to the dry practtion process, which entails a reduction of fuel consumption and of emis-
sions from decarbonization.

The changing in the @ssions and factors in 2022021 was due to decrease in use of
nontcarbonate raw material components in the production and thinéicome of the eéerprises
use imported clinkeTable 4.2 shows the basic data on the results of @&Mé&htory in cement
production.

Table 4.2. The basic data on the results of GHG imvgnih cement production in 2Q

Category code 2.¢.1
Cement production, kt 114034
Clinker production, kt 817513
CaO content in clinker, % 65.94
MgO content in clinker, % 1.4
Gases g [> SO,
Emissions, kt 433853 342
Change in emissions compared to the previous year,% 6.73 1252
Change in emissions compared to the baseline year,% -53.85 -49.83
Emissions, % of the total emissions in the sector 8.68 5.97
Emissions, % of the total direct action GHG emissions irs¢fotor 743
Key category ("I'"- level, "t" - trend) L/T
Detail level (Tier) 2
Correction factor for cement kiln dust, p.u. 1.02
Emission factor, t/t 0.520
Conditioned emission factor, t/t 0.531
Method for determination of themission factor | CS
Uncertainty of activity data, % 1.7
Uncertainty of the emission factor, % 5.408
Uncertainty of the emission estimation, % 5.734

Activity data, emission factors, and GHG emissions throughout the time seriesaatéhis
gory are shown in Table A3.1.1.2, Annex 3.1.1.
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4.2 1.2 Methodological issues

For estimation of C@emissions, the emission estimation method using data ahtbent
of produced clinker (Tier 2 method) [®Jas usedn the basis oflata obtained fromreerprises
producersaandUkrainian Association of Enterprises and Organizations of Cement Indusirge-
ment'. Data about cement production were obtaiftech SSSU[2]. For 2014- 2021, the analytical
study, which includes different approaches, particularly extrapolation, expert judgement and othe
mat h and st atl9 was takeraihto accpunthadjassnenf omounts of cement and
clinker production.Emission factor was desmd, based on Tier 2 method, taking into account
CaO(6.94%) and MgO(1.8%) content of the clinker and, as well as the fraction of CaO and MgO
of noncarbonate raw material componerits35 and 00%) for 202 respectively which were ob-
tained from enterpressproducers. Cement kiln dust correction factor (CKD) was determined by de-
fault according to 2006 IPCC Guidelines [1].

Decrease in use of volumes of reerbonate raw material components in production of
clinker at the enterprisggoducers resulted in ancrease of C@emission factors in 20132018.
In accordance with data obtained from enterpfesiucers starting from 2019 the rcarbonate
raw material components use was resumed.

SO emissions from cement production were determined using the dneftibe Revised
Guidelines IPCC [5] based on cement production data, using the default emission factor of 0.3 kg ©
SO per ton of cement.

4.21.3 Uncertainties and time seriesonsistency

The key factors that determine the uncertainty in cem@utuction are:
1 accuracy of results of the chemical analysis of clinker composition, which influences the
uncertainty of the emission factor;

1 accuracy of analysis of the CKD amount returned to the Kiln.

1 accuracy of determining the volume of clinker pradut

Each of these factors, in accordance with data of the 2006 IPCC Guidelines [1], adds its
uncertainty at the level oF2%. Uncertainty of the C£emission factor at clinker production is taken
to be 5.408% based on analysis of the content of Ca®gin clinker, as well as the CKD cor-
rection factor uncertainty of 0.859%.

The uncertainty of activity data in accordance withWas taken at the level of 24/ the
overall uncertainty of C@emission estimation at cement production in Ukraerebe st at the level
of 5.73%%.

4.2.1.4 Categoryspecific QA/QC procedures

General and detailed QA/QC procedures were applied to calculation of GHG emissions from

cement production. Among the detailed quality control procedures, the following were performed:

1 comparison of data of cement anohkér production provided b$SSUwith data of the
enterpriseproducers antdlkrainian Association of Enterprises and Organizations of Ce-
ment Industry'Ukrcement;

1 comparison of the national G@missions factors with the default emission factors.

4.2.1.5 Categoryspecific recalculations

In 2021 in this categoryecalculation of C@and SQ emissions fo2015 - 2020was made
due toadjustment of thelata ofcement and clinker producti@ndthe data of nomarbonate raw
material components use and CaO and MgO corgepectivelyaccording to the datbtained from
enterprises
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Table 43 Recalculation of emissionsoim cemenproduction in 2@1.

2.A.1 Cement Production | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
CO:2

EF (before recalculating) 0.54058 | 054172 | 0.542% | 0.54283 | 0.528 0.524
EF (afterrecalculating) 0.54058 | 0.541740 | 0.542H | 0.542833 | 0.530 0.531
Difference% -0.00022 | -0.00048 | -0.00%5 0.0004& | 0.55 1.49
Emissions (before recalculatindg 327752 | 362285 | 354339 | 371873 | 394716 | 402697
Emissions (after recalculatinddt 327751 | 362699 | 355711 | 371622 | 396057 | 40649
Difference% -0.0002 0.1142 0.3871 -0.0676 | 0.3398 0.9420
SOz

EF (before recalculating) 2.65 2.7296 2.835 2.839 2.882 3.061
Emissions (before recalculatindgt 2.65 2.7335 2.848 2.837 2.874 3.04
Difference% 0.0 0.143 0.456 -0.084 -0.276 -0.69

4.2.1.6 Categoryspecific planned improvements
In this category, no improvements are planned.

422Li me Production (CRF category 2.¢. 2

4

4.2.2.1 Category description

Lime is used irconstruction, agriculture, and industry for steel, magnesium, copper, soda
ash, and sugar production.

According to data of the Ukrainian Association of Lime Industry, the overall strumture
lime produced in 281 is distributed as follows:

1 metallurgy- 71%;

1 sugar industry 2%;

{1 corstruction- 7%;

1 other- 20%;

The largest consumer of lime is the metallurgical industry. fidelfime market capacity
in 2021 remaired- approximately675kt of lime (slaked and quicklime), while ithare of the total
lime marketincreasd to 23.4%.

The reduction of slaked lime productionthe period fron2011 to 2@1 occurred as a re-
sult of changes in the market conditiertbe reduced volume of sladkdme consumption as a final
product in the construction industry, agriculture, and a reduction in the amount of slaked lime used
for water softening in all industrieShe interannual deviations that occurs in lime production in
1990/1991 by 11.9% arewrducted withreduction in production output caused by the collapse of
the USSR in 1991, as well as increas20t1compared witl2010by 18.5% are due to recovery in
production after global financial and economic crisis in 22089. The inteannual chages in
2013/2014 by 20.6% are coducted with the economic decrease as a result of the political crisis in
Ukraine that began in 2013, which had a significant impact on production in this industry.

The key process in lime production is calcination widstone (CaCg) and dolomite
(CaCQ*MgCO3) made in kilns. There is slaked lime and quicklime, construction and technology
(different in the chemical and mechanical compaosition), calcite (CaO) and dolomite (CaO*MgO)
ones. Quicklime (CaO) is the product airbing and processing of natural calcium carbonates,
mainly limestone. Slaked lime Ca(OH3 the product of quicklime hydration.

COzis the only GHG emitted in lime production, and the emission volume is directly de-
pendent on the amount atyghe of prodeed lime. Table 4.4hows the basic data on the results of
GHG inventory in lime production.

Table 4.4 The basic data on the results of GHG imeey in lime production in 221.
Category code 2. 0.
Lime production, kt 3088.61
Emissions of CQ kt 235313
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Ch a n g e;emissions fompared to the previous year,% 1.39
Ch a n g e, emissions §ompared to the baseline year,% -54.06
Emissions, % of the total emissions in the sector 4.71
Emissions, % of the total direct action GH@issions in the sector 4.03
Key category ("I'- level, "t" - trend) L
Detail level (Tier) 2
Emission factor, t/t 0.77%5
Method for determination of the emission factor T2
Uncertainty of activity data, % 12
Uncertainty of the emission factor, % 16.06
Uncertainty of the emission estimation, % 20.07

Activity data, emission factors, and GHG emissions throughout the entire time series in this
category are shown in Table A3.1.1.3, Annex 3.1.1.

4.2.2.2 Methodological issues

CO emissions from lime production were determined in accordaitb€006 IPCC Guide-
lines [1] (Tier 2 method).

Data of total amounts of lime production litkraine were obtained fror8SSU[2], with
usinganalytical study, which includes different approacipesticularly extrapolation, expert judge-
ment and ot her mat K9 faradiustmantd thd amountsfdare prodgctiom im d s
2014- 2021. The ratio between volumes of production of lime with a high content of calcium and
dolomitic lime (8515) and the content of CaO and MgO in these types of lime was taken by default
in accordance with [1]. Humidity of slaked lime calculated based on dry weight was taken as 28%, ir
acordance witH1].

The total emission factors are not equal to the congéune, as quicklime and slacked lime
activity is slightly different, and the ratio of quicklime and slacked lime changes from year to year.

4.2.2.3 Uncertainties and time seriexonsistency

The uncertainty of C®emission factors in of quicklime and sk&d production lime asso-
ciated with determining of the content of CaO and MgO for all types of lime, as well as the correction
for slaked lime according to [1§ taken at the level of 16.96

Since data of the total volume of lime productioftJkraine were obtained fron$SSU the
uncertainty of the activity data of quicklime and slaked Ipr@duction is taken to be at%®2

The uncertainty of the data of application of the correction factor for lime dust was taken at
the level of 0.859%.

The total unceainty of CQ emission from lime pragtction estimation amounted to 20907

4.2.2.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied to calculation of GHG emissions from lime pro-
duction.

1 statistical reporting data analysis using alternative sources such as data of the Ukrainiat
Association of Lime Industry;

7 analysis of the time series of actiwdata and C@emissions.
4.2.2.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.2.2.6 Categoryspecific planned improvements
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In this category, no improvements are planned.

423Gl ass Production (CRF category 2. ¢. .
4.2.3.1 Category description

Glass is an inorganic product produced by melting the raw material, forming it to the desired
shape, and cooling without crystallization. Silicate glass is the main type opgialssed. The key
raw materials for glass production, use of which results in greenhouse gas emissions, are soda a
(Na&CG0s), limestone, (CaCg), and dolomite (CaC®MgCOs3). When assessing GHG emissions
from glass production, emissions from use of limestand dolomite, as well as emissions from use
of soda ash in glass production are accounted for.

In the process of glass production, take place &@ NMVOC emissionslable 45 shows
the basic data on the results of GHi@entory in glass production.

Table 45. The basic data on the results of GHG inventory in glass produaot2®1.

Category code 2. ¢. 3
Glass production, kt 14964
Gas g [ NMVOC
Emissions, kt 28314 6.73
Change in emissions compared to the previous 9&ar, 7.87 10.78
Change in emissions compared to the baseline Year, 51.39 50.39
Emissions, % of the total emissions in the sector 0.57 1176
Emissions, % of the total direct action GHG emissions in the se 0.49
The key category No
Detail level(Tier) 3 1
Emission factor, t/t 0.1® 0.0045
Method for determination of the emission factor CS D
Uncertainty of activity data, % 6.636
Uncertainty of the emission factor, % 2.31
Uncertainty of the emission estimation, % 7.027

Activity data,emission factors, and GHG emissions throughout the entire time series in this
category are shown in Table A3.1.1.4, Annex 3.1.1.

4.2.3.2 Methodological issues

The amount of glass produced was taken in accordancaelatgobtained fromSSSU|[2]
and data obtained from the enterpripesducersvith usinganalytical study, which includes different
approaches, particularly extrapolation, 1% xpe
for adjustmenbf the amounts aflass production i2014- 2021. The greatest amount of G@mis-
sions in glass production is due gooduction of flat glass, carend bottles. Statistics data about
window glass production in Ukraine have been confidential since 2004. Therefore, NIR provides
information onthe total amount of glass produced and the total €flssions. Volumes of produc-
tion of other types of glass do not exceed one percent of the total amount of glass.

To estimate emissions in this category, the scientsearch work "Development of meth-
ods for estimation and determination of carbon dioxide emissions from limestone and dolomite use
[8] was used, the findings of which were applied to improve accuracy of emission estimates for lime-
stone and dolomite use. A research of activity data anonadtCQ emission factors for glass pro-
duction was conducted, findings of which made it possible to specify the inventory data by specifying
the content of CaC£and MgCQ in limestone and dolomite, which are used in production of flat
glass, cans, and tiles, as well as the amount of limestone and dolomite use in glass production for
the different yearsThe soda ash content in furnace charge was obtained from the manufacturing
enterprises by each type of gldssavoid double accounting of soda ashindgkraine the amounts
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of soda ash used for glass production were excluded from category 2@tHel.Process Uses
Carbonates.

NMVOC emissions were defined using the default emission factor of 4.5 kg per tonne of
glass recommended by the Reviseddslines [5].

4.2.3.3 Uncertainties and time seriesonsistency

The key factors of the uncertainty in glass production are:

T use of the average estimation of the weight of bottles and cans to determine their produc
tion in weight units;

1 CaCQ and MgCQ content in limestone and dolomite;

1 specific consumption of the furnace charge.

As a result of the scientifiresearch work [8], the uncertainty of activity data in glass pro-
duction is sett 6.6366, and the uncertainty of G@mission factors at the level of 2.3%. Thus,
the uncertainty of C@emission fronglass production amounts to 7.027

4.2.3.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied fomeation of emissions from glapsoduction.

4.2.3.5 Categoryspecific recalculations

In 2021 in this category recalculation of G@missions forl9962020was made due to
adjustment of theata ofsoda ash content in furnace chargglass productioaccording to the data
obtained from enterpriseas well as C@andNMVOC emissions in 2020 due to correction of the
data of glass productiaaccording to the data obtained fr&@8SU[2].

Table 46 Recalculation of emissionsoim glassproduction in 2Q1.
2.A.3 Glass Production 1990 1991 1992 1993 1994 1995 1996 1997
CO2
Emissions (before recalculating), ({17323 [17320 |16059 [14306 [12096 11455 |88.35 73.99
Emissions (after recalculating), kt|187.02 [18700 |17366 |15517 |13122 |12431 |9527 [80.19

EF (before recalculating) 0174 |0.175 (0176 [0476 (0176 |0.175 (0180 |0.178
EF (after recalculating) 0.188 |0.189 0190 [0.191 |0.191 [0.190 [0.194 |0.193
Difference, % 7.96 7.97 8.14 8.47 8.48 8.52 7.83 8.38

2.A.3 Glass Production 1998 1999 2000 2001 2002 2003 2004 2005

Emissions (beforeecalculating), kt{71.08 [73.23 73.09 19662 |20010 |18179 |18347 [18189
Emissions (after recalculating), kt| 77.04  [79.16 7912 |21529 |21623 |19727 |19828 |19683

EF (before recalculating) 0179 0180 (0179 [0.187 |0.184 [0.184 [0.184 0.183
EF (afterrecalculating) 0194 |0.195 (0194 [0.204 |0.199 [0.199 [0.198 |0.198
Difference, % 8.38 8.10 8.25 9.50 8.06 851 8.07 8.21

2.A.3 Glass Production 2006 2007 2008 2009 2010 2011 2012 2013

Emissions (before recalculating), (20095 [22423 24580 |[18257 |21894 |26230 |25173 [24982
Emissions (after recalculating), kt|217.80 [24350 |26533 |[19679 |23600 |28254 |27152 |27042

EF (before recalculating) 0.184 |0.184 |0.185 [0.185 |0.184 [0.183 [0.183 0.183
EF (after recalculating) 0.200 |0.200 |0.200 [0.199 |0.198 |0.197 [0.197 |0.198
Difference, % 8.38 8.59 7.95 7.79 7.79 7.71 7.86 8.25
2.A.3 Glass Production 2014 2015 2016 2017 2018 2019 2020

Emissions (before recalculating), (23917 [21872 22810 [24543 |24022 |25888 [26111
Emissions (afterecalculating), kt 25904 [237.33 |24690 [26349 |25948 |27814 |[26247

EF (before recalculating) 0.182 |0.185 |0.185 |0.184 |0.183 |0.184 |0.181
EF (after recalculating) 0.197 |0.201 |0.200 [0.198 |0.197 |[0.197 |0.194
Difference, % 8.31 8.51 8.24 7.36 8.02 7.44 7.38
NMVOC 2020

Emissions (before recalculating), [6.493
Emissions (after recalculating), kt|6.078
Difference, % -6.39
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4.2.3.6 Categoryspecific planned improvements

In this category, no improvements are planned.

4.2.40ther Process Uses of Carbonates (CRF category 2.A.4.)
424 1 Ceramics Production (CRF category

4.2.4.1.1 Category description

In this category, C&emissions from limestone (CaG@nd dolomite (CaC®MgCOs3) use
in manufaatire of ceramics arestimatedTable 47 shows the results of the GHG inventory frze
of limestone and dolomite.

Tabe 4.7. Basic data on C&emission inventory results for usélmestone and dolomite
in 2021.

Category code 2.6¢. 4. a
Type of product Ceramics
Limestone| Dolomite
Use, kt 8.92 90.94
Production, kt 278972
Emissions of C@ kt 4892
Ch a n g e;emissions fompared to the previous yéar, -14.53
Ch a n g e;emissions fompared to the baseline y#ar, -56.23
Emissions, % of the total emissions in the sector 0.098
Emissions, % of the total direct action GHG emissions in the se 0.084
The key category No
Detail level (Tier) 1
Emission factor, t/t 0.0175
Method for determination of the emission factor D
Uncertainty of activity data, % 2.4
Uncertainty of the emission factor, % 5.0
Uncertainty of the emission estimation, % 5.5

4.2.4.1.2 Methodological issues

Data of ceramics production and limestone and dolomite use in manufacture of ceramics
were taken based on data obtained ftbenproducing companies atite SSSU[2], with usingana-
Iytical study, which includes different approaches, particularly extrapolagxpert judgement and
ot her mat h and 19 foradjustmentf theaaimountg of daroick production in 2014
- 2021. Estimation of C@emissions in production of ceramics was performed in accordance with
2006 IPCC Guidelines [1]. The agty data and estimation results are presented in Annex 3.2.3.

The values of emission factors from limestone and dolomite use in ceramics production were
taken by default in accordance with 2006 IPCC Guidelines [1].

4.2.4.1.3 Uncertainties and time seriegonsistency

The uncertainty of data of limestone and dolomite useranaies production was set at
2.4%. The uncertainty of C£emission factors was set &5The uncertainty of emission estima-
tion in limestone and dolomite usedaramics productioamounts tdb.5%.

4.2.4.1.4 Categoryspecific QA/QC procedures
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General QA/QC procedures were applied for estimation of emissions from ceramic produc-

tion.

4.2.4.1.5 Categoryspecific recalculations

In 2021 inthis category recalculation of G@missions fo2015- 2020was made due to
adjustment of theata ofceramics productioaccording to the data obtained from enterprises

Table 48 Recalculation of emissionsoim ceramicgproduction in 2021.

2.A.4.aCeramics Production | 2015 [ 2016 | 2017 | 2018 [ 2019 | 2020
CO2

Emissions (before recalculatindt | 69.25 | 6395 | 6741 | 66.79 | 624 | 57.24
Emissions (after recalculatinddt 68.77 | 63.68 | 6693 | 66.23 | 6191 | 57.72
Difference% -069 | -041 | -0.71 | -0.75 | 0.77 0.85

4.2.4.1.6 Categoryspecific planned improvements

In this category, no improvements are planned.

42.4. 2

Ot her Uses of Soda

4.2.4.2.1 Category description

Ash (CRF

cat ec

Soda ash (sodium carbonate-@&s) produces irJkraine at one plant with using Solvay
process (the synthesis process). Sodasasidely used as a raw material in many industries, mainly
in glass productiorgs well as in chemical industry addtergents productioffhe interannual devi-
ations inemissons fromSoda Ash use arelatedwith changes in soda ash consumption in ukrainian
industries, such as Glass production and other industries related with soda dkbsesehanges are
associated with sharp changes in amounts of import export and poodot soda ashTable 49
shows the results of the GHG inventory in othafesash use.

Table 49. Basic data of C&emission inventory resultfor other soda ash use in220

Category code 2.0.4.0b

Soda ash use, kt 36.93
Emissions of C@ kt 15.33
Ch a n g e;emissions fompared to the previous year,% 10046
Ch a n g e;emmissions fompared to the baseline year,% -94.64
Emissions, % of the total emissions in the sector 0.03
Emissions, % of the total direattion GHG emissions in the seg 0.026
The key category No
Detail level (Tier) 1
Emission factor, t/t 0.415
Method for determination of the emission factor D
Uncertainty of activity data, % 6
Uncertainty of the emission factor, % 7.0
Uncertainty of the emission estimation, % 9.2

4.2.4.2.2 Methodological issues

COz emissions from soda ash use westimated in accordance with Reed Guidelines
IPCC [5] (Tier 1) with default emission factor of @&@missions equal to 0.415 t @ soda ash use.

Data of soda ash use was determined on the basis of balance equation with the use of data
soda production, export and impuaiith usinganalytical study, which includes different approaches,
particularlye x t r apol ati on, expert judgeme g foraadjubt- ot h
mentof the amounts of sta ash production in 20142021. Data of soda export and import was
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obtained fromSSSU [2]. Data of soda production was taken from annual report of entegose
ducer.To avoid double accounting of soda ash use in Ukraine the amounts of soda ash used for gla:
production were included to the categ@rA.3 Glass production.

4.2.4.2.3 Uncertainies and time seriesonsistency

The uncertainty of data of soda production, exports and imports obtaomedtitistic data
was set at%. Taking into account the possibility of volatilization of a certaamount of CQdur-
ing soda production with theolvay pocess (according to [5], up to 84, uncertainty of the de-
fault emission factor of C&emissions was taken at 7%. In this case the uncertainty o&@3-
sion in soda ash use was taken%.2

4.2.4.2.4 Categoryspecific QA/QC procedures
GeneralQA/QC procedures were applied for estimation of emissions from soda ash use.
4.2.4.2.5 Categoryspecific recalculations

In 2021in this category recalculation of G@missions forl9902020was made due to
adjustment of thelata ofsoda ash content in furnace chaigglass production which are included
in category2.A.3 Glass Productioand exluded from this categorsiccording to the data obtained
from enterprises

Table 4.1(Recalculation of emissionsoim Other Uses of Soda Ash 2021.
2.A.4.b Other Uses of Soda Ash | 1990 1991 1992 1993 1994 1995 1996 1997
CO2
Emissions (before recalculating), | 29881 | 25943 | 28425 | 18416 | 22086 | 14832 | 60.33 9197
Emissions (after recalculating), kt| 28584 | 24644 | 27195 | 17277 | 21121 | 13914 | 5385 | 86.15
Difference, % -4.34 -5.01 -4.32 -6.19 -4.37 -6.19 | -1073 | -6.33
2.A.4.b Other Uses of Soda Ash 1998 1999 2000 2001 2002 2003 2004 2005
Emissions (beforeecalculating), ktf 79.50 | 77.01 9956 | 47.26 6353 | 51.20 9145 | 10511
Emissions (after recalculating), kt| 73.91 7145 93.90 29.60 4837 36.62 77.53 91.05
Difference, % -7.04 -7.22 -5.68 | -37.36 | -2386 | -2848 | -1522 | -13.37
2.A.4.b Other Uses of Soda Ash 2006 2007 2008 2009 2010 2011 2012 2013
Emissions (before recalculating), | 87.73 9394 | 10542 | 5841 44.82 57.40 40.83 2176
Emissions (after recalculating), kt| 7188 7577 87.09 45.08 2883 3845 2228 2.40
Difference, % -1807 | -1934 | -1738 | -2283 | -3568 | -33.02 | -4543 | -88.96
2.A.4.b Other Uses of Soda Ash 2014 2015 2016 2017 2018 2019 2020
Emissions (before recalculating), | 14.44 1.63 8.13 32.05 18.34 15.82 191
Emissions (after recalculating), kt| 7187 7.79 1928 | 2887 | 3434 | 2039 7.65
Difference, % 39786 | 37875 | 13714 | -9.91 87.30 | 2884 | 30100

4.2.42.6 Categoryspecific planned improvements

In this category, no improvements are planned.
4.3 Chemical Industry (CRF category 2B)

Emissions in this category are related witoduction of various inorganic and organic
chemicalssuch asAmmonia, Nitric and Adipic acigoroduction as well asCaprolactam, Carbide
Titanium dioxide andPetrochemical andarbonblack production Themain CQ emissions occurs
in all this categoriesxcluding Nitric, Adipic acid and Caprolactam production where on{y bic-
cursas wellasCHsemission from CarbidandPetrochemical ancarbonblack production The pre-
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cursos and SQ emissions occurs inl@ost all this categorge The key sources emissions Ara-
moniaandNitric acid productionwith CO; and NO emissions respectivelyhere theemmisionsare
relatedthe productionprocesses, the correlation of emission€0;-eqand amounts of these prod-
uds produtionare shown on fig &.
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mmm Ammonia production, ki1 Nitric acid production, kt&===Emissions from Chemical industry, CO2-eq
Fig. 45. CO2-eq emissions from Key categories @hemicalindustry; kt

Emissions from Adipic acid, Caprolactam, Carbide, Titanium dioxide production, as well
asPetrochemical andarbonblack productionare not shown on the fig 4.8ue to the fact that their
contributions to the emissioits Chemical industrgategory are rtas significant as those indi-
catedin graphaboveandtheyare not keycategories.

The activity data collection, nt@odological issueas well aQA/QC procedurestc. by
the categories included in Chemiaadustryare shown by each subcategory in ratgwchapters.

43.1Ammoni a Production (CRF category 2.

4.3.11 Category description

The feedstock for ammonia production in Ukraine is natural gas. The process for ammonia
production is based on ammonia synthesis from nitrogerhyahehgen at the temperatures of 380
450UC and the pressure of 250 atm. wusing an

N2 (g.) + 3H2 (g.) = 2NH3 (g.)

Nitrogen is obtained from air. Hydrogen is produced by reduction of water (steam) using
methane from natural gas.

Ammonia isused in industry as a raw material for production of nitric acid, nitrogen and
complex fertilizers, explosives, dyes, polymers, soda (based on the ammonia method), and othe
chemical products, as well as a refrigerant.

COz emissions from ammonia productiare related to the key categories. To improve ac-
curacy of CQemission estimation, consumption of natural gas as a raw material was taken according
to data from six enterprisggoducers of ammonia.

SO emissions angrecursorsCO, NQ, NMVOC also occus in ammonia productio.able
4.11. shows the basic data on the results of GHG inventory in ammonia production.

Table 411. The basic data on the results of GHG invgnio ammonia production in 20Q.

Category code 2.B.1
Ammonia production, kt 236946
Consumption of natural gas, M°m 261663
Gases CO, CcO NOx | NMVOC SO
Emissions from production, kt 34353 0.014 | 2.37 0.213 0.071
Change in emissions compared to the previous yeal-13.34 15.57
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Change in emissions compared to the baseline yeal -64.94 -51.28

Emissions, % of the total emissions in the sector | 6.87 0.04 [ 956] 019 | 0.12
Emissions, % of the total direattion GHG emissions

. 5.89

in the sector

Key category ("I'"- level, "t" - trend) L

Method for determination of the emission factor T3 D D D D
Detail level (Tier) 3 1 1 1 1
Emission factor at productionf t 1.45 | 0.00M06|0.00L| 0.00009| 0.00003
Uncertainty of activity data, % 3

Uncertainty of the emission factor, % 7

Uncertainty of data on use of urea,% 5

Uncertainty of the emission estimation, % 911

Activity data, emission factors, and GHG emissions throughout the entirgeimes in
this category are shown in Table A3.5,]1Annex 3.1.1.

4.3.12 Methodological issues

Carbon dioxide emissions from ammonia production are calculated in accordance with 200€
IPCC Guidelines (Tier 3 method), according to whicmsumption of natural gas in calculations is
accounted for not only as a raw material component, but also as an energy one to créatepeigh
ature environment. Since ammonia production processes in Ukraine are characterized by use of fu
resource (natral gas) data directly within the production boundaries of the single enterprise, emis-
sions from energy and nanergy use of natural gas in ammoniadoiciioni in the suldivision into
raw material and energy use of natural gas were accounted in #gg®igaand in order to avoid
double accountingxeluded from category 1.A.2.&(ergysector).

To account the amount of the excluded>Qf3ed fo urea (carbamide) productipdata of
urea production fronenterpriseand the stoichiometric GQo urea ratio (44/60) were used, in ac-
cordance with 2006 IPCC Guidelines [1].

The net calorific value of natural gas was takemccordance to passpodsrtificates of
physical and chemical properties of natural gas in gas production and gas traonspootapanies
of Ukraine.The determination method and thational value of carbon content in naturas gee
presented in Annex P2.5he value of carbon content in natural gas1f#902003 yeawas taken
eqgual to the value of 2004 accordance with ceomendations of ARR 2014, para 30 and ARR 2015
para E.1@ue to the fact that the passport certificates data for the 2@@® year is absettte corre-
sponding information and justification for the assumption is included in Annex A.2.11.1.

The data of amunts of ammonia and urea production as well as natural gas consumption
were determinated by using specific valoéthese amounts foemissioncalculations in 2021 due to
thelack of all data received from manufacturer2021

Estimation ofNMVOC, CO,NOy, and SQ emissions from ammonia production was carried
out in acordance with 2013 EMEP/EEBmission Inventory Guidebook [6] using the default emis-
sion factors.

4.3.13 Uncertainties and timeseries consistency

The key factors thatetermine the uncertainty in ammonia production are:

1 The source of obtained activity data of natural gas consumption for ammonia production;

1 The total fuel requirement (NCV/ton ammonia);

1 The uncertainty of data of G@xtracted for further use (urea protan);

The uncertainty of data of natural gas consumption for ammonia production obtained from
enterprises and used as activity data for estimatinged@ssions is taken at the level 3. The
uncertainty of the emission factor defined as the totalr&gelirement (NCV/ton of ammonia) is 7%,
as for the average value of specific energy consumption (for modern and older plants). The unce!
tainty of data on C@extracted for further use (urea production) is taken at the level of 5%. The total
uncertainty ofCO, emission from ammonia production estimation amountédltt®o.
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4.3.14 Category-specific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in ammonia
production. In the framework of quality control proceduresfaliewing were performed:
1 comparison of the national G@missions factors with the default IPCC factors.

4.3.15 Category-specific recalculations

In 2021in this category recalculation of G@missions fodl9902020was carried out due
to thechange in the data sourckurea productioiffrom the data o5SSU[2] to data received from
enterprises), to provide a higher level of data forTiee 3 for calculation in this category

Table 4.2 Recalculation of emissionsoim Ammonia Productionn 2021.
2.B.1 Ammonia Production 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
CO2
Emissions (before recalculating), | 940292| 883174 | 955348| 746146| 683392| 673450| 745115| 735399
Emissions (after recalculating), kt| 979896| 921838| 977525| 758156| 705909| 694139| 781161| 762528

EF (before recalculating) 193 1.92 2.02 191 193 1.78 1.85 1.78
EF (after recalculating) 2.01 2.00 2.07 1.94 1.99 1.84 1.94 1.85
Difference, % 4.21 4.38 2.32 1.61 3.29 3.07 4.84 3.69
2.B.1 Ammonia Production 1998 1999 2000 2001 2002 2003 2004 2005

Emissions (before recalculating), | 722110 | 780675 | 714248 | 746140| 740071 | 765186 | 754202 | 807392
Emissions (after recalculating), kt| 745161 | 820700 | 749439 778993 | 762669 | 789763| 789627 | 853672

EF (before recalculating) 181 1.72 1.64 1.66 1.65 1.64 1.60 155
EF (after recalculating) 1.87 1.81 1.72 1.73 1.70 1.69 1.67 1.64
Difference, % 3.19 5.13 4.93 4.40 3.05 3.21 4.70 5.73
2.B.1 Ammonia Production 2006 2007 2008 2009 2010 2011 2012 2013

Emissions (before recalculating), | 797249| 765852| 749371| 424781| 657574 | 816692| 786225| 673126
Emissions (after recalculating), kt| 842002| 812578| 793973| 454360| 682983| 858597| 830889| 6957.84

EF (before recalculating) 155 1.49 153 1.40 158 1.55 1.56 1.59
EF (after recalculating) 1.63 1.58 1.62 1.50 1.64 1.63 1.65 1.64
Difference, % 561 6.10 5.95 6.96 3.86 5.13 5.68 3.37
2.B.1 Ammonia Production 2014 2015 2016 2017 2018 2019 2020

Emissions (before recalculating), | 449111| 380079| 266289| 160917| 127590| 257466| 413288
Emissions (after recalculating), kt| 454205| 374011| 258125| 157508| 123290| 242391| 396419

EF (before recalculating) 151 144 1.30 1.35 131 141 147
EF (after recalculating) 152 1.42 1.26 1.32 1.26 1.33 141
Difference, % 1.13 -1.60 -3.07 -2.12 -3.37 -5.86 -4.08

4.3.16 Category-pecific planned improvements

In this category, no improvements are planned.
43.2NitricAcid Pr oducti on (CRF category 2.1

4.3.21 Category description

Nitric acid (HNG) is used for production of fertilizers, explosives, in the paint and varnish

industry, for etching nofflerrous metals, and so on.
Nitric acid production technology is basedaatalytic oxidation of ammonia with the oxy-
gen in the air composition. Thus, the key process steps are:
contact oxidation of ammonia to obtali

4NHsz + 50, = 4NO + 6HO;
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A oxidation of nitr cagserptionmoitire mixtire o nitroas gasesd x i
by water:

2NO + Q@ = 2N
3NG; + H20 = 2HNG + NO

The resulting concentration of nitric acid is58%. As a result of the production,® and
NOx are emitted as byproducts.

Currently, nitric acid in Ukraine produces by five companies based on the use of two tech-
niques: ormediumpressure units a pressurized systeff.3 kg/cn?) and on lowpressure units (3.5
kg/cn?) under the combined method.

Nitrous oxide forms by catalgtioxidation of ammonia and is an undesirable byproduct of
nitric acid production. Provided using an efficient catalyst, usual9@2 (maximum 98%) of the
fed ammonia converts tim nitrogen oxide. The rest of the amowfhthe ammonia comes into un-
wanted reactions that lead to formation of nitrous oxide and other substances. These byproducts (ir
cluding nitrous oxide) are emitted into the atmosphere. Emission calculations were made in view o
100% concentration nitric acid.

Table 4.8 shows the basic data the results of GHG inventory in nitric acid production.

The interannual deviations that occurs in nitacid production in 2006/2007 by 30.3% are
conducted with an increase in the working capacity of enterprises due to an increase in the consum
tion of feedstock for the production of nitric acid in 2007, as well as the changes in 2010/2011 by
28.6% that occurred as a result by the recovery in production on the enterprises aftergéotzahfi
and economic crisis in 206809 which impacted on thedrease in production of nitric acid in 2009
compared with 2008 by 31.56%he interannual changes in 2012/2013 by 23.4% are conducted
with the economic decrease as a result of the political crisis in Ukraine that began in 2013. The in
crease in nitric adi production in 2018 compared with 2017 by 9.6% as well as in 2018/2019 by
52.8% is due to gradual growth in the working capacity at the enterprises because of increase in tf
consumption of feedstock for the production of nitric acid associated withdaa recovery from
the crisis that began in 20ir8accordncewith data obtained from enterprispsoducers.

In the framework of JI projects in enterprises producing nitric acid in Ukraine were installed
secondary catalysts (manufactutBmicore) for catalytic destruction of nitrous oxide, with the pur-
pose to decomposition oD emissions. At the same time automated emissions monitoring systems
(AMS) have been installed.

Table 4.8. The basic data on the results of GHG inventonyiiric acid production in 221.

Category code 2.B.2
Nitric acid production, kt 1794.99
Greenhouse gas N2O NOXx
Emissions from production, kt 8.08 17.95
Change in emissions compared to the previous year,% | 6.88 6.88
Change in emissions compared to the baseline year,% | -54.45 -33.52
Emissions, % of the total emissions in the sector 95.8 72.4
Emissions, % of the total direct action GHG emissions irl 4.13
sector
Key category ("I'- level, "t" - trend) L
Detail level (Tier) 2 1
Method for determination of the emission factor CS/D D
Emission factor, kg/t 4.5/7.05.0 | 10
Uncertainty of activity data, % 3
Uncertainty of the emissidactor, % 5
Uncertainty of the emission estimation, % 5.8

Activity data, emission factors, and GHG emissions throughout the entire time series in this
category are shown in Table A3.B1Annex 3.1.1.
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4.3.22 Methodological issues

The amount of nitric acid produced in 1992020 was taken in accordance with data ob-
tained from enterprise&mount of nitric acid production in 2021 was obtained fi88SU [2]due
to thelack of all data received from manufacturdtgric acid in Ukraine produces by five companies
based on the use of two techniques: on four plants with medium pressure units and on one plant wi
a low-pressure units. From 1990 till 2008 and in 202021 direct measurements ob@ emissions
on entrerprisew/hich produces nitric acid on medigpnessure aggregates UKL was no conducted.
In 2009, the company AIRTEC performed a direct test measurements at one enterprise obtaining
value of (4.23 kg/t) as well as on the part of enterprises was inroduceectivaary catalysts for
catalytic destruction of nitrous oxide and automated emissions monitoring systems with the purpos:
to decomposition of PO emissions. Therefore, in order to avoid underestimation of emissions from
all four enterprise®n mediumpressure units according to the recommendation of the Ukrainian
Chemists Union(whitch unites all Ukrainian chemical enterprises) as well as the seresgfcch
work "Development of the method of calculation and determination of GHG emissitresahem-
ical industry with the construction of particular tireeries" ¥], in calculations of MO emissions for
2009- 2021 emission factor (4.5 kg/t) was applied. Emissions from UKior 1990- 2008 were
calculated using>O emission factor (7 kg/t), atefault, according to 2006 IPCC Guidelines Bgr
enterprise which uses lepressure units, direct measurements g Mmissions was no conducted,
therefore, for the emissions calculation the default emission factor (5 kg/t) was used in accordanc
with 2006 IPCC Guidelines [1].

Estimation of emissions of nitrogen oxides was conducted ior@aoce with 2013
EMEP/EEAemission inventory guidebook [6] using default emission factors (section 2.9).

4.3.23 Uncertainties and timeseries consistency

In accorcnce with the Guidelines [1], the values of the activity data uncertainty are taken at
the level of 2%. The values of the uncertainty of emission factors for this category were taken at the
level of 5%, in accordance with the recommendations of the 2006 [Buidelines [4]. Thus, the

total uncertainty of the estimates of nitrous oxide emissions from nitric acid prodantmmts to
5.4%.

4.3.24 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in production of
nitric acid.

4.3.25 Categoryspecific recalculations
In this category, no recalculations were made.
4.3.26 Categoryspecific planned improvements
In thiscategory, no improvements are planned.
433Adi pic Acid Production (CRF categor’

4.3.31 Category description

Adipic acid (HOOC(CH)4COON) isa dicarboxylic acid, which is produced by oxidation
of a mixture of cyclohexanone angiclohexanol with nitric acid in the presence of a vanadium cata-
lyst. The oxidation process with nitric acid releases nitrous oxide as an undesirable byprg@duct (N

Adipic acid production is also accompanied by emissions of NMVOC, CO, ard NO
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In Ukraine the technique of thermal destruction ofNis used at adipic acid production.
The unit for thermal destruction o was developed by Severodonetsk branch of the "Institute of
Nitric Industry” together with BASF, which was the supplier of the techiyotogl equipment for
adipic acid production.

The reduction in the amount of production of adipic acid and, therefore, of emissions in 2009
was due to the economic crisis and the general decline in industrial production in that period.

According to the actity data provided by producing enterprises anthieyState Enterprise
"Cherkasky NIITEKHIM', adipic acid has not been produced since 2013, so the emissions in this
category were not estimated. Data of adipic acid production in Ukraine for the whoketieware
shown in the table A3.17in Annex 3 and the CRF tables.

4.3.32 Methodological issues

Data ofadipic acidproduction were provided by the enterpripesducers. For estimation
of N2O emissions fronadipic acidproduction, 2006 IPCGuidelines [1] using Tier 2 methoith
default emission factors were usétstimation of emissions oNMVOC, CO, and NQ@was con-
ducted in acordance with 2013 EMEP/EE&mission inventory guidebook [6] using defarttission
factors.

4.3.33 Uncertainties and timeseries consistency

According to the activity data provided by producing enterprises atitelfytate Enterprise
"Cherkasky NIITEKHIM', adipic acid has not been produced since 2013, sanitertaintiesn this
category were not calculated.

4.3.3.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissi@aspic acid
production.

4.3.35 Categoryspecific recalculations

In this category, no recalculations were made.
4.3.36 Category-specific planned improvements

In this category, no improvements are planned.

434Caprol actam, Glyoxal, and Glyoxylic

4.3.41 Category description

This section is dedicated to production of thceemicals caprolactam, glyoxal, and gly-
oxylic acid, which are potentially important sources of nitrous oxid®jmissions in the countries
where they are produced.

In Ukraine, glyoxal and glyoxylic acid are not produc&linost all of the annual pragttion
of caprolactam (6H1:NO) is consumed as the monomer for nytfibres and plastics (Kirdkdthmer,

1999; p.310), with a substantial proportion of the fibre used in carpet manufacturing.

Mostly, caprolactam is produced by the Raschig method, aslagEBeckmann rearrange-
ment (conversion of a ketone oxime into an amide, usually using sulphuric acid as a catalyst) by th
addition of hydroxylamine sulphate to cyclohexanone. Hydroxylamine sulphate is produced from
ammonium nitrate and sulphur dioxicemmonia gas and air are fed to a converter where ammonia
is converted to hydroxylamine disulphonate by contacting it with ammonium carbonate and sulphul
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dioxide in series. Ammonium carbonate is produced by dissolving ammonia and carbon dioxide ir
water, andl sulphur dioxide by burning sulphur. The disulphonate is hydrolysed to hydroxylamine
sulphate and ammonium sulphate. The addition of hydroxylamine sulphate to cyclohexanone pro
duces cyclohexanone oxime which is converted to caprolactam by the Becknreamgeraent.

4.3.42 Methodological issues
According to the activity data provided by enterprpesducers and by the State Enterprise
"Cherkasky NIITEKHIM", caprolactarhas not been produced since 2044 the emissions in this

category were not estimateebr estimation of D emissions from caplactam productiofor 1990
- 2013 2006 IPCC Guidelines [Lusing Tier 1 methodith default emission factor was used.

4.3.43 Uncertainties and timeseries consistency
According to the activity data provided by producing enterprises atitelfytateEnterprise

"Cherkasky NIITEKHIM', caprolactam has not been produced since X theuncertaintiesn this
category were not calculated.

4.3.44 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissicapriolactam
production.

4.3.45 Categoryspecific recalculations
In this category, no recalculations were made.

4.3.46 Categoryspecific planned improvements

In thiscategory, no improvements are planned.
435Car bi de Production and Use (CRF cat
4.3.51 Category description

Calcium carbide Cafs obtained by calcination of a mixture of limestone with coal dust in
electric furnaces and subsequent recovery of lime. Silicon carbidediggeibin electric furnaces at
2000-22 00e C from t he mi %5%), coke (3F0%)qgvithahe adtionofsodidm ( 5 1
chloride (£5%) and sawdust {50%). In this category, C&missions occurs from limestone in pro-
duction of CaGand SiC, as well as in the lime recovery process and calcium carbide utilization. In
production of silicon carbide, also ocsuCH; emissionsThe data abougilicon and calciuncarbide
produdion in Ukraine is confidentiallable 4.4 shows data on C{emissions from production and
use of calcium carbide and @Emissions from silicon carbide production.

Table 4.4. The basic dta on the results of GHG inventory in carbide production and use in

2021.
Category code 2.B.5

Carbide Production and Use, kt C
Greenhouse gas g [o 14
Emissions, kt 48.06 0.21
Change in emissions compared to the previous year,y 148.78 14878
Change in emissions compared to the baseline year,% -60.63 40.93
Emissions, % of the total emissions in the sector 0.096 0.13
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Elrg;s;é?grs, 0% of the total direct action GH@issions in 0.082 0.000
The key category No

Detall level (Tier) 1 1
Method for determination of the emission factor D D
Uncertainty of activity data, % 5 5
Uncertainty of the emission factor, % 10 10
Uncertainty of theemission estimation, % 11.180

4.3.52 Methodological issues

The data of calcium and silicon carbide production were provided by the enteprades-
ers and5SSU[2]. For calculation of emission factors of €and CH for silicon carbide production,
as well as in calcium carbide using, the default factors werk[like

4.3.53 Uncertainties and timeseries consistency

The uncertainty of the default GOCHs emission factors is taken at the level of 10%e
uncertainty of the data of calcium and silicon carbide production provided by the enteppothes
ers istaken at the level of 5%.

Thus, the total uncertainty of G@nd CH emissions in calcium carbide and silicon carbide
production amounts to 11.180%.

4.3.54 Categoryspecific QA/QC pro cedures

General QA/QC procedures were applied for estimation of @hi&sions in production
and use of calcium carbide.

4.3.55 Categoryspecific recalculations
In this category, no recalculations were made.

4.3.56 Categoryspecific planned improvements
In this category, no improvements are planned.

436Ti tani um Dioxide Production (CRF <cat

4.3.61 Category description

Titanium dioxide (TiQ) is one of the most commonly used white pigments. The main use
is in paint manufacture followed by paper, plastics, rubber, ceramics, fabrics, floongppenting
ink, and other miscellaneous uses.

There are three processes that are used in the production.ahat@®ad to process green-
house gas emissiornstanium slag production in electric furnaces, synthetic rutile production using
the Becheprocess, and rutile Té&production via the chloride route. Titanium slag used for produc-
tion of anatase Ti®is produced from electric furnace smelting of ilmenite. Where titanium slag is
used the acid reduction step is not required as the electric éusnaglting reduces the ferric iron
contained as an impurity in ilmenite. Rutile Biay be produced by further processing of the ana-
tase TiQ..

Process emissions arise from the reductant used in the pfesdsction of synthetic rutile
can give rised CQ, emissions where the Becher process is used. This process reduces the iron oxid
in ilmenite to metallic iron and then reoxidige$o iron oxide, and in the process separates out the
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titanium dioxide as synthetic rutile of about 91 to 93 percent purity (Chemlink, 1BI8¢k coal is
used as the reductant and thex@@issions arising should be treated as industrial process @msissi
The main route for the production of rutile Bil® the chloride route. Rutile Tids produced through
the carbothermal chlorination of rutile ore or synthetic rutile to produce titanium tetrachloridg (TiCl
and oxidation of the TiGlvapours to TiQ. Table4.15 shows the basic data on the results of GHG
inventory in titanium dioxide production.

Table 4.5. Thebasic data on the results of GHG inventory inxdle titanium production
in 2021.

Category code 2.1.6
Titanium Dioxide Production, kt 123.28
Emissions of CQ kt 165.2
Ch a n g e;eiissions fompared to the previous year,% 3.19
Ch a n g ezemissions fompared to the baseline year,% -27.00
Emissions, % of the total emissions in the sector 0.33
Emissions, % of the total direct action GHG emissions in the s¢ 0.28
Thekey category No
Detail level (Tier) 1
Method for determination of the emission factor D
Uncertainty of activity data, % 6
Uncertainty of the emission factor, % 15
Uncertainty of the emission estimation, % 16.155

4.3.62 Methodological issues

Data oftitanium dioxide production was obtained froine enterpriseproducerswith using
analytical study, which includes different approaches, particularly extrapolation, expert judgement
and other mat h a dd9foradjustimansfthéamauhts antjtanibnodibzide pro-
duction in20177 2021. For estimation of C®emissions from titanium dioxide production, 2006
IPCC Guidelines [1] with default emission factors were used.

4.3.63 Uncertainties and timeseries consistency

The uncertainty of poduction data is estimated &06The uncertainty of the default GO
emission factors is set at 15%hus, the uncertainty of G@mission from titanium dioxide produc-
tion in Ukraine amounts to 15.81%.

4.3.64 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in production of
titanium.

4.3.65 Categoryspecific recalculations

In this category, no recalculations were made.
4.3.66 Categoryspecific planned improvements

In this category, no improvements are planned.

437Soda Ash Production (CRF category 2.

4.3.71 Category description
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In Ukraine, soda ash production takes place at one plant with Solvay process (the synthesi
process)which involves capturing carbodioxide released during the occurrence of side reac-
tions(such as calcining limestone with metallurgical grade coke or anthracite) and return it to the
process, assessment of £#missions from the production process does not performes, which does
not disagee with the requirements of the IPCC, according to research "Beskelopment of the
method of calculation and determination of GHG emissions in the chemical industry with the con-
struction of particular timseries" [].

4.3.8.Petrochemical and Carbon Black Production (CRF category 2.B.8)

4.3.81 Category description

In this category, estimation chrbon dioxide andhethane emissions in carbon black, eth-
ylene and methanol production, as welpascursorgCO, NO, NMVOCs) ard SQ in manufacture
of chemical products: carbon black, ethyleviayl chloride monomermethanal polystyrene, pro-
pylene, polypropylene, polyethylene, sulfuric acid, and phthalic anhydride was made.

According to the data obtained framterprisegroducerscarbon blackn Ukraine produces
with using (default) furnace black with thermal treatment process asesis a reinforcing compo-
nent in production of rubbers and other plastic masses. In production of carbon black occurs emissior
of COp, CHg, and allprecursor$§sHGs- NOy, CO, SO, and NMVOCs. Since 2007, statistics of carbon
black production in Ukraine is ofidential. Data otarbon black production in 2@ were provided
by the enterpriseproducers

Ethylene (GH4) is a product of oil and natural gas refining. It used as a raw material in
production of polyethylene, ethyl alcohol, and polyvinyl chlorideethylene production occurs GO
CHs, and NMVOC emissions. Since 2003, statistics of ethylene production in Ukraine is confidential.
According to the data obtained from only one plant producer of ethylene in Ukraine there was nc
productionin 2009andsince 2013 till 2016, in 20172021 production resumed he lack of produc-
tion in 2009 is explained by the global financial and economic crisis in-220@ and the economic
decrease as a result of the political crisis in Ukraine that began in 2013, \akibtladha significant
impact on production in major industries.

According to the data obtained froenterprisegproducersmethanol (methyl alcohol)
CHsOH wasproducedwith using(default)conventional steam reforming without primary reformer
processiltis used for denaturing ethyl alcohol, formaldehyde production and as a solvent and reagen
in organic synthesis. In production of methanol occurs &@dCH,4 emissions. Since 2006, statistics
of methanol production in Ukraine is confidential. ®af methaol production in 201 wasprovided
by the enterpris@roducer

According to the data obtained franterprisgoproduce’VCM (vinyl chloride monomeérin
Ukraine produces with using (defauttdlanced process for VCM production with integrated VCM
productionplantwhich is used for further production of polyvinyl chloride vinyl chloride mono-
mer production occurs C§£ CHs, and NMVOC emissiondata about vinyl chloride monompro-
duction in Ukraine is confidentiahccording to the data obtained from only one plant producer of
vinyl chloride monomemn Ukraine there was no production2009and since 2014ll 2016, in 2017
- 2021 production resumed he lack of production in 2009 is explained by the global findacid
economic crisis in 20082009 and the economic decrease as a result of the political crisis in Ukraine
that began in 2013, which has had a significant impact on production in major industries.

Polystyrene is obtained by catalytic dehydrogenaticettoflbenzene in the presence of cat-
alysts and it is used in plastics and synthetic rubbers production. In production of polystyrene occur
only NMVOC emissions. Since 2008, statistics of polystyrene production in Ukraine is confidential.
Data d polystyrene production in 2P1 were povided by enterprisegroducers.

Propylene (GHs) is found in cracking, petroleum pyrolysis gases, in coke gases. It is ob-
tained by extraction from oil refinery gases, as well as through catalytic dehydrogenation of propane
light gasolines. It is used as a raw material in the petrochemical industry, in plastics, rubber, moto
fuel and solvents production. In propylene production only NMVOC emissions take place. Since
2003, statistics of propylene production in Ukraine is confidé Since2013 till 2016 propylene

115



' 1IN} AYSQ& DInBroywy K®@RIS DI &

has not been produced in Ukraideg to lack of raw materials for production causedtypyhe eco-
nomic decrease as a result of the political crisis in Ukraine that began innf20dl3 was confirmed
with data providd by theSE "Cherkasky NIITEKHIMAccording to the dtaprovided by enterprise
producerandSSSU[2] propyleneproduction in2017- 2021 was resumed

Polypropylene is obtained by polymerizing propylene in the presence of metal catalysts. It
is used fofilms (especially packaging ones), containers, pipes, technical equipment parts, householt
items, electrical insulation and n@voven materials production. In production of polypropylene, only
NMVOC emissions take place. Since 2005, statistics of polypeopyproduction in Ukraine is con-
fidential. Since 2013l 2016, polypropylene has not been produced in Ukrailue, to lack of raw
materials for production caused by the economic decrease as a result of the political crisis in
Ukraine that began in 28 which was confirmed with data provided by tB& "Cherkasky
NITEKHIM" , in 2017- 2021 polypropyleneproduction resumedaccording to data obtained from
SSSU[2].

Polyethylene is produced by polymerization of ethylene at high temperatupeessdre in
the presence of catalysts. It is used primarily as a packaging material. In polyethylene production onl
NMVOC emissions take place. Since 2005, statistics of polyethylene production in Ukraine is confi-
dential information. Data gfolyethyleneproducton in 2021 was received from the enterpHpeo-
ducer.

Sulfuric acid (HSQy) is produced by catalytic oxidation of $@n Ukraine, sulfuric acid
produces by chemical, coke enterprises and metallurgy ones. It is used in mineral fertilizers, variou
salts and acids production, in organic synthesis, in petroleum, metal, textile, and leather industries. |
production of sulfuc acid only SQemissions take place. To assess GHG emissions of sulfuric acid
production, data provided by ti$SSU[2] was used.

Phthalic anhydride is a raw material for a wide range of plasticizers -sa@tdile polyester
resins production, the ramaterial for which is orthoxylene or naphthalene. In 2010, phthalic anhy-
dride production from naphthalene use was stopped in Ukraine. In 2011, phthalic anhydride was prc
duced only from orthoxylene. In production of phthalic anhydride only NMVOC emissakes t
place. Since 2006, statistics of phthalic anhydride production in Ukraine is confidential. Since 2013,
phthalic anhydride has not been produced in Ukraine, which was confirmed with data provided by
the SE "Cherkasky NIITEKHIM".

Table 4.5 shows the bgic data on the results of GHG inventory in this category.

Table 4.5. The basic data on the results of GHG inventory in the category Petrochemical
andCarbon Black Production in 20

Category code 2.B.8
Gases g [ H 14 N [z CO |NMVOC| SO,
Emissions in production, kt 78418 | 134.22 144 2388 131 9.18
Change in emissions compared to the previous yea| 16.05 14.10 1364 | 1364 | 1790 | 1421
Change in emissions compared to the baseline yeal -60.04 | 46532 | -63.15 | -63.15| 9167 -82.02
Emissions, % of the total emissions in the sector 157 86.1 5.81 79 1.18 16.03
Emissions, % of the total direct action GHG emissio] 1.34 5.75
in the sector
Key category ("I'"- level, "t" - trend) No L/T
Detail level (Tier) 1 1 1 1 1 1
Method for determination of the emission factor D D D D D D
The uncert aemssign estirhatidn e 3.39
The uncert aenmssign estirhatidn e 10
The total uncertainty for the category,% 10.56

GHG emission datéhroughout the entire time series in this category are shown in Table
A3.1.18, Annex 3.1.1.

4.3.82 Methodological issues

For calculation of C@and CH emissions from the petrochemical industry 2006 IPCC
Guidelines [1] with the default emission factevasused. Indirect GHG emission estimation in the
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category was conducted incacdance with 2013 EMEP/EEEmission Inventory Guidebook [6]
(Tier 2 methodpnd the scientificesearch workDevelopment omethods for calculation and deter-
mination of GHG emissions in the chemical industry with the construction of particular time se-
ries'{7] performed byState EnterpriseUkrainian Research Institute of TranspMedicine" of the
Ministry of Health of Ukraine, using the method of calculation of Cherkassy NIITEKHIM. The ac-
tivity data were provided by the enterpriggeducersSE "Cherkassy NIITEKHIM"andSSSU[2],

with usinganalytical study, which includes tfent approaches, particularly extrapolation, expert
judgement and ot her rm3foradjuatmehof the amountsofgirochamicalmj t
products production in 2014

4.3.83 Uncertainties and timeseries consistency

Out of GHGs, inthis category carbon dioxide and methane emissions from carbon black,
ethylene, and methanol production are accounfée uncertainty of C®emission estimation is
3.39%%, that of CH - 10%. The total unagainty of the subcategory is 10%6

4.3.84 Category-specific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in chemical pro-
duction.

4.3.85 Categoryspecific recalculations

In this category, no recalculations were made.

4.3.86 Planned improvements
In thiscategory, no improvements are planned.

4.3.9 Fluorochemical Production (CRF category 2B.9)

In accordance with the scientdiesearch works: by the Ukrainian Research Institute of
Medicine and Transport of the Ministry of Health of UkralBevelopment of methods of estimation
and determination of emissions of hydrofluorocarbons, perfluorocgrandsulfur hexafluorid¢7]
and by Cherkasy NIITEKHIM* "Development of methods of estimation and determination of emis-
sions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafluorideth@® is ndluorochem-
ical production in Ukraine, therefe emissions in this category are not estimated.

4.4 Metal Industry (CRF category 2C)

Emissions in this category are the result from the production of metalasuain, Steel
Sinter, Pellets, Ferroalloys, Aluminium, Lead and Zineduction, as weklslimestone and dolomite
use The main C@emissions occurs in all this categorasswell asCHs emission fromiron, Sinter
and Ferroalloygroductionand PFCs emissions from Aluminium productidhe precurs@and SQ
emissions occursnly from Iron ad Steel productianThe key sources emissions &an, Steeland
Ferroalloysproduction with C@ and CHs emissions respectively where the emmisions are related
with the production processes, the correlation of emissions we@éhd amounts of these products
prodution are shown on fig@l.
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Emissions from Sinter, Pellets, Aluminium, Lead and Zinc production are not shown on the

fig 4.6.due to the fact thaheir contributions to the emissiomsMetal industrycategory are not as
significant as those indicatéa graphaboveandtheyare not keycategories.
The activity data collection, nteodological issueas well aQA/QC procedurestc. by the

categoies included irMetalindustryare shown by each subcategory in relevant chapters.

4411 ron and Steel

4.4.11 Category description

Category Iron an®teel productions the key category and the largest source of GHG emis-

sions in the sector.

The greatest emissions occurs from pig iron production, which is produced by reduction of

Producti o

n

( CRFE

cat e

iron ore in blast furnace process. Carbon contained in coke is used both as fuelaaaduwing
agent. In accordance with 2006 IPCC Guidelines [1], emissions from energy aedargg use of
coke in the blast furnace process for iron production were accounted in the seaistridl Pro-
cessesind Product UseTable 4.F shows the basidata on the results of GHG inventory in iron and

steel production.

Table 4.7 Basic data on the results of GHG inventoryromiand steel production in 20

Category code 2.48.1
Iron production, kt 2116500
Steel production, kt 21366.00
Sinterproduction, kt 32917.00
Pellet production, kt 2013392
Consumption of natural gas, M m3 242
Limestoneuse, kt 77264
Dolomite use, kt 20.0
CH, (pig | CHy (sin-
Gases AllGHGs| d [, iron) ter) NOy | CO |[NMVOC| SO
Emissionskt 3729942|3676561| 19.05 2.30 193 (2757 7.08 42.4
5:;”%8 in emissions compared to the previd - 5 g5 | 588 | 458 | 317 |523|458| 373 | 459
;3:;”%8 in emissions compared to the basell 550, | 5385 | .5289 | -4507 |-52.92-52.85 -4951 | -52.92
Emissions, % of théotal emissions in the sec 75.09 12.22 148 7.79 | 75.64| 6.34 74.06
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Em_lss_lons,_ % of the total direct action GHG 63.91 63.00 0.82 0.0

emissions in the sector

Key category ("I"- level, "t" - trend) L/T No No

Detail level (Tier) 3 1 1 1 1 1 1
Emission factor fopig iron, t/t 159 0.0009 | 0.00007

Emission factor for steel, t/t 0.13

Emission factor for limstone kg/t 0.433%

Emission factor for dolomite, kg/t 0.4645

Method for determination of themission factor CSs D D D D D D
Uncertainty of activity data, % 5.06 5

Uncertainty of the emission factor, % 4.58 20

Uncertainty of the emission estimation, % 6.82 20.6

Thedecreasén emissions from iron ansteel production in ZfL compared to the baseline
year was due to reduction in the volume of their production after the collapse of the TU&SR.
growthof emissions in 221 compared to 220 - to aincreasen theiron andsteelproduction, as well
as in c&e consumption foiron productionand as a result, the afrowth pulverized coaconsump-
tion after isapplication at metallurgical enterprises of after the 2008/2009 crisis. Activity data, emis-
sion factors, and GHG emissions for the entire time series in this categorytedeirisTables
A3.1.19, annex A3.1.14

4.4.12 Methodological issues

4.4.12.1 Iron Production

In GHG inventory, Tier 3 method was used in this category in accordance with 2006 IPCC
Guidelines [1]. The activity dataf the amount of iron producesdere obtained fron$SSU P]. The
amounts ofcoke, coal, and natural gasnsumptiorfor iron productionweretaken with using ex-
trapolation method, based on datdhad growth of pig irorproduction in Ukraine in 202Q0210b-
tained fromAssociation "Metallurgprom"in accordance with 2006 IPCC Guidelines, Chapter 5.3
Resolving data gaps [1].

The carbon coent in iron and coke was taken in accordance with the data obtained from
the enterpriseproducers. In the calculations, the national value of carbon content in natural gas was
used, the determination method and the value of which are presented in AnExe2net calorific
value of natural gas was taken in accordance to passports, certificates of physical and chemical pro
erties of natural gas in gas production and gas transportation companies of Ukraine. The carbon co
tent of coal was taken ondlbasisof thevaluesof net calorific value of coal and sulfur content in
coal with the corresponding net cafarivalue in accordance with data obtained frive enterprises
producers The ore used for iron production in Ukraine does not contains carbore éstilmation
assessment, the scientifiesearch works were used: "Development of methods of estimation and
prediction of GHG emissions at the metallurgical enterprises of Ukraine" [10] and "Development of
the method of estimation and determination of cartioxide emissions in iron and steel production”
[13]. Use of these scientifikesearch works made it possible to specify all the details of production
components at each Ukrainian enterprise. Since iron production processes in Ukraine are characte
izedby use of fuel resource (coke) directly within the production boundaries of the single enterprise,
emissions from energy and nrenergy use ofake in iron productiofi in suldivision into raw ma-
terial and energy use of the coke were accounted in thigacgtand in order to avoid double ac-
counting &cluded from category 1.A.2.&Qergy sector).

Annex 3.1.3 presents the method of determining the emission factor when usiagdoal
coke, and Annex 3.1.4the carbon balance in the blast furnace processlaj@ed as a result of the
research [10] conducted for2D

The methane emission factor in iron production, in accordance with [3], was assumed to be
0.9 kg per ton of pig iron. The emission factorsgdgcursorsn this category were taken as equal to
the defalt values in 2013 EMEP/EEEmission Inventory Guidelok [6].

119



' 1IN} AYSQ& DInBroywy K®@RIS DI &

4.4.12.2 Steel Production

Emissions from steel production were determined in accordance with the Guidelines [1] for
each type of steel production (in basic oxygen furnaces (BOF), electric arc furnaces (EAF), and ope
hearth furnaces (OHF)), talg into account the specific consumption of iron and carbon content in
each type of steel (Tier 3 methad)accordance with data obtained fremterprisegproducersand
Association "Metallurgprom"For 2016 the analytical study, which includes differeqproaches,
particularly extrapolati on, expert 19 wab taleeme n't
into account in adjustment of amountsstdel production and iron, scrap metal and carbon electrodes
consumptionAs a result of conducted sciéit-research work [10], it was found out that in the steel
production, it is also necessary to account the carbon that enters to steel making furnaces with scr.
metal. Therefore, the calculation was extended with the component that takes into aeccanitch
entering the furnace with scrap mefthe amounts of irgrand scrap metal consumption for steel (in
basic oxygen furnaces (BO&hdelectric arc furnaces (EARroductionwere determinated by using
specific values of these amounts for emissanudations in 2021 due to theck of all data received
from manufacturers 2021

As a result of conducted scientHiesearch work was identified the national emissions fac-
tors in steel production, which are within the ranges:

- (in 2021 - 138 kg/t) - for steel produced ithe OHF;

- (in 2021 - 141 kg/t) - for steel produced in tROF;

- (in 20217 8.9 kglt) - for steel produced in theAF;

- (in 2021 - 133 kg/t) - the average for all types of steel.

The emission factors for precursors in ttagegory were taken as equal to the default values
in 2013 EMEPEEA Emission Inventory Guidebook [6].

4.4.12.3 Sinter and Pellet Production

In statistical reporting Form-MTP[20], coke consumption in sintand pelletproduction
is shown along with d@ consumption for iron production. Therefore, emissions from samer
pelletproduction are accounted together with the emissions from iron production.

Estimation of methane emissions from sinter production was carried out in accordance with
therecommendations [1] using the default factor. According to 2013 EMEP/CORINAIR Emission
Inventory Guidebook [6], assessment of NMVOC emissions from sinter and pellets production with
the default factors was conducted, the emissions were combined wittatlemtssions of precursors
in the category.

4.4.12.4 Limestone and Dolomite Use

This category accounts G@missions from limestone and dolomite use as fluxes in sinter,
pellets, iron, and steel production, which were combined with the total in #gocat The amount
of limestone, dolomite limestone, and dolomite used in metallurgy was taken on the basis of dat:
obtained from the iron, steainterandpellets enterprisegroducers.

In the estimations in the category, the scientifisearch works are used: "Development of
methods of estimation and prediction of greenhouse gas emissions at the metallurgical enterprises
Ukraine" [10] and "Development of the method of estimation and determination of carbon dioxide
emissions in limestone and dolomiise" [8] developed by SE "State Ecology Academy of Postgrad-
uate Education and Management" and SE "UkrRTC "Energostal". The obtained results of these sc
entific-research works made possible to specify the details of all components used as fluxes in me
allurgical production at each Ukrainian enterprise, as well as data of the content afad@G@CQ
in limestone, dolomite limestone, and dolomite, on the basis of which the emission factors,and CO
emissions were identified. The activity data and estimation results are presented in Annex 3.1.2.

The value of the total C{emission factor in limestone and doliteuse n 21 increased
0.433 t/t.
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4.4.13 Uncertainties and timeseries consistency

The key factors that impacted on the value of the uncertainty of the activity data for iron and
steel production are:

1 accuracy of measurements of the mass/volume of reducers and manufactured products;

1 uncertainties caused by the recalculation of masses

1 uncertainties caused by generalization of activity data.

The key factors that impacted on the value of the uncertainty of emission factors for iron and

steel production are:

1 uncertainty of the data of carbon content in raw materials, neglagents, and manufac-
tured products;

1 accuracy of determining the net calorific value of the fuel used as a reducing agent;

1 uncertainty caused by the representative nature of the sample for measurement;

1 uncertainties caused lgeneralization of data on physical and chemical properties of
reducing agents and the products.

The findings of study10] made possible to estimate the uncertainty of the activity data
obtained for irorproduction athe leel of 2.19% and of steel at the level of (84%.

The uncertainty of emission factors for iron and steel production is estimahedetelof,
respectively, 2.3% and 175%.

Taking into account emissions from iron and steel production, the total uncertainty of the
activity datafor production of ion and steel i5.06%, the unceginty of emis®n factors- 4.58%,
and the uncertainty of emission volumds82%.

The uncertainty of the methane emission factor in iron production is taken to be 20%. Given
the uncertainty of the agity data (5%), the total uncertainty of the methane emission estimation in
iron production amounted to 20.6%.

4.4.14 Category-specific QA/QC procedures

General QA/QC procedures were applied to estimation of carbon dioxide emissions from
iron and stegbroduction, including:

1 analysis of the timseries of the activity data (iron and steel production volumes) and
emission factors;

1 comparison of data of iron productiabtained fromSSSU P] with those provided by
Association "Metallurgprom®;

1 carbon balare analysis in the blast furnace process (Annex 3.1.4);

1 analysis of the coke balance in Ukraine (Annex 2.8).

4.4.15 Category-specific recalculations

In 2021, recalculation of C@and NMVOCemissions for20191 2020 was made due to
correction of theellets productioraccording to the data obtainfdm enterprisegproducers

Table 4.8 Recalculation of emissions from ironasteel production i2021.
2.C.1 Iron and Steel Production | 2019 | 2020
CO:2

Emissions (before recalculating), k| 3890944 |3590327
Emissions (after recalculating), kt |38 91001 |35 90481
Difference, % 0.001 0.004
NMVOC
Emissions (before recalculating), k| 6.7071 6.820
Emissions (after recalculating), kt |6.7077 6.822
Difference, % 0.009 0.024
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4.4.16 Category-specific planned improvements

In this category, no improvements are planned.

442Ferroal l oys Production (CRF categor

4.4.21 Category description

Ferroalloys are senfinished metal production productsron alloys withsilicon, manga-
nese, chromium, and other elements used in steel production (for deoxidation and alloying of stee
binding of harmful impurities, ensuring the desired metal structure and properties). Ferroalloys differ
in content of the key elements, carband impurities. Ferroalloys are obtained through pyrometal-
lurgical methods of basic metal and iron oxides reduction. The most common method of producinc
ferroalloys is the electrothermal one. By the typéhe reducing agent, it is sdivided into carbo-
reduction one, producing carbon ferroalloys (8.5% C) and all silicon alloys, and rtletaiital one
(conventionally including the silicothermic one), which produces alloys with low carbon content
(0.02-2.5%C). Ferroalloy smelting is carried out in thpFase electric ore reduction and refined
furnaces of the open and closed types.

The alloys production technology provides for a continuous process with periodic releases
of smelting products. Solid pure coke and coal carbon is used as a reducing ageotdance with
the direct reduction technology. Thus the reduction product is carbon-oxadeand dioxide (CO
and CQ). There are only ferrosilicon, ferromangandserosilicomanganese (silicon manganese) and
ferronickel poduction in Ukraine. Table #9 shows the basic data of GHG inventory for carbon
dioxide and methane in productionfefroalloys in Wkraine

Table 419. The basic data on the results of GHG inventofgiroalloys production in ZA1.

Category code 2.4.2
Ferroalloys Production, kt 10178
Limestone use, kt 14.12
Gas g o 14
Emissions, kt 160613 0.092
Change in emissions compared to the previous year,% -5.61 53.43
Change in emissions compared to the baseline year,% -47.68 -84.81
Emissions, % of the total emissions in the sector 3.21 0.059
Emissions, % of the total direct action GHG emissions in the s{ 2.75 0.09
Key category ( "I'- level, "t" - trend) L
The level of detail for ferroalloys (Tier) 3 1
Emission factor, t/t 1.58 0.001
Method for determination of the emission factor for ferroalloys | CS D
Uncertainty of activity data, % 10.6 5.25
Uncertainty of the emission factor, % 5 31.25
Uncertainty of the emission estimation, % 117 31.68

Activity data, emission factors, and GHG emissions throughout the entire time series in this
category are shown in Table 3.11,.Annex 3.1.1.

4.4.22 Methodological issues

As the activity data in #gninventory of emissions in this category, statistical data of ferroal-
loys prodution provided bySSSU[2] and the five largest Ukiaian ferroalloy enterprises wensed,
with usinganalytical study, which includes different approaches, particularly potaon, expert
judgement and ot her nif fohadjesment of amaunts af feriroallayks pronj t
ductionfor 2014

The national emission factors are determined on the basis of the data of ferroalloys produc
tion, the weight of the used ore, concentrate, sinter, reducing agent&retagy materials and
waste, as the carbon content in reducing agents, ore, concesitrizie and ferroalloys obtained from
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the five largest ferroalloys enterprisgoducers. The amounts of of ferroalloys production, the
weight of the used ore, concentrate, sinter, reducing agentfostaigg materials and waste, as the
carbon contenin reducing agents, ore, concentrate, sinter, and ferroalloys production for one of this
enterprisesnanufacturers were determinated by using specific values of these amounts for calcula
tions in 2021 due to the lack of data received from this manufactu2é21.

The methodology of calculating emissions in this category corresponds to Tier 3, described
in [1]. In calculations, the scientifiesearch work "Development ofethodological recommenda-
tions of greenhouse gas emission factors assessment by refiniragettoé the composition of reduc-
ing agents used in ferroalloys production and the carbon content in oréretegg materials, and
waste" [9] was used, applying the calculation methodology of the SE "UkrRTC "Energostal”, which
made possible to clarify thietails of all components used as reducing agentsfaiagng materials,
waste, and fluxes in production of various types of ferroalloys at all entesrpritkkraine. In fer-
roalloys production, limestone is used as flux, emissions from the use of avhielccounted in the
total emissions from femalloys production in Table 01Besides emissions from use of limestone
in ferroalloys productiomre presented iA3.1.2 Determination of the amount of limestone and do-
lomite use.

For estimation of CkHemissions from ferroalloys production, 2006 IPCC Guidelines [1]
with default emission factors were used.

4.4.23 Uncertainties and timeseries consistency

The key factors that determine uncertainty of the inventory results in this category are the
uncertainy of:
activity data of the enterprises (production of ferroalloys by type);
data on the weight of the reducing agent used, of slag materials and waste, as well as o
the carbon content in them;
statistical activity data.
The uncertainty of activity data tfie enterprises is estimated H.6%. The uncertainty of
the data to estimate the weighted average rate of carbon dioxide emissions in ferroalloys productio
at all enterprises ahe sector is estimated a¥%5 The uncertainty of data to estimate therage
weighted methane emission factor in ferroalloys producti®125%. The uncertainty of activity
data for methane emission assessment is estimate2bi. 5 he uncertainty of estimates of carbon
dioxide emissions in pduction of ferroalloys fo2021 was11.7%. The uncertainty of estimates of
methane emissions in productionfefroalloys for 2@1 was 31.68%.

4.4.24 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation ofséonis in ferroalloygroduc-
tion:
1 analysis of the timaseries of activity data (ferroalloy production volumes) and emis-
sions

4.4.25 Categoryspecific recalculations

In 2021 in this category recalculation of G@missions fo2019-2020was made due to
adjustment of thelataof raw materials consumption for ferroalloys product@acording to the data
obtained from enterprises

Table 420 Recalculation o£0O, emissions fom ferroalloysproduction in 2@1.
2.C.2 Ferroalloys production | 2019 | 2020
CO2

Emissiongbefore recalculating), k| 184873 | 130811
Emissions (after recalculating), kt| 184865 | 131308
EF (before recalculating}/t 15615 | 1.53
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2.C.2 Ferroalloys production | 2019 | 2020
CO2

EF (after recalculating)/t 15614 | 154
Difference,% -0.005 0.38

4.4.26 Categoryspecific plannedimprovements
In this categoy, no improvements are planned.

443A1 umi num Production (CRF category 2

4.4.31 Category description

This section is dedicated &uminiumproductionwhich is a potentially important souroé
carbone dioxide (C¢), and CFs and GFs emissions in the countries where they are produkiithe
only aluminum pant in Ukraine from 20110 21, aluminum production was stopped due to lack
of costeffectivenass and high cost of electricitiEstimation of GHG emissignfrom 2011till 2021
was no performed in this categomhe data aboutluminiumprodudion in Ukraine is confidential.

4.4.32 Methodological issues

Data ofaluminiumproduction waprovided by the enterprigaroducer According t02006
IPCC Guidelines [1Tier 1 method for estimation €O, emissionsand Tier 2 method for estimation
of CF and GFs emissionsrom aluminiumproduction,wereused.

4.4.33 Uncertainties and timeseries consistency

According to the activity datarpvided by producing enterprisduminium has not been
produced since 20180 theuncertaintiesn this category were not calculated.

4.4.34 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissi@isnmnium
production.

4.4.35 Categoryspecific recalculations
In this category, no recalculations were made
4.4.36 Categoryspecific planned improvements
In thiscategory, no improvements are planned.
444Magnesi um Production (CRF category .

There is no magnesium production in Ukraine, therefore emissions in this category are no
estimated.

445Lead Production (CRF category 2.4.5

Y

4.4.51 Category description
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Lead is one of the softest and most ductile heavy metals. Lead uses in manufacture of prc
tective sheaths of electric cables, sulfuric acid production equipment. Lead alloys are used for mant
facture of bearings, batteries, they areduse a basis for manufacture of printing metal. The smelting
process represents the reduction reaction of the lead oxide which producds @@ category,
calculations of C@emissions were performed for the entire time series since Tab& 421 shows
the basic data of GHG inventory for carbon dioxide in lg@diuction in Ukraine

Table 421. The basic data on the results of GHG inwenin lead production in 2

Category code 2.4d.
Lead Production, kt 28.82
Gas g [o
Emissions, kt eq. 14.99
Change in emissions compared to the previous year,% -3.30
Change in emissions compared to the baseline year,% -32.17
Emissions, % of the total emissions in the sector 0.03
Emissions, % of the total direct action GH@issions in the sectg 0.026
The key category No
The level of detail for lead (Tier) 1
Emission factor, t/t 0.52
Method for determination of the emission factor for lead D
Uncertainty of activity data, % 10
Uncertainty of the emissidiactor, % 50
Uncertainty of the emission estimation, % 50.99

4.4.52 Methodological issues

Data of lead prduction were obtained frol8S3J basing on data dhdex of industrial
production2021 For estimation of C&emissions from lead production, 2006 IPCC Guidelines [1]
with default emission factors were used.

4.4.53 Uncertainties and timeseries consistency

The uncertainty of activity data of the enterprises is estimated at 10 %. The uncertainty of
data of thedefault carbon dioxide emission factor in lead production is estimated at 50%. The uncer-
tainty of estimates of carbon dioxide enss inlead production for 221 was 50.99%.

4.4.54 Categoryspecific QA/QC procedures
General QA/QC procedures were apglfor estimation of emissions from lead production.
4.4.55 Categoryspecific recalculations

In this category, no recalculations were made.

4.4.56 Categoryspecific planned improvements
In this category, no improvements are planned.

446ZincProduction (CRF category 2.4.6)

4.4.61 Category description

Zinc is brittle metal, it melts at 419AC
extracted from polymetal ores containing% of Zn in the form of sulfide. Possessing aatiroson
properties, zinc uses for galvanizing steel sheet, telegraph wires, pipes for various purposes, it is
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component of some pharmaceuticals..@@issions from zinc production form during #raelting
process.The data about zinc prodiam in Ukraine isconfidential.Between 1998 and 2005, there
was no zinc production inkdaine.Table 422 shows the basic data of the inventory for carbon diox-
ide in zirc production in Ukraine

Table 422. The basic data on the results of GHG mteey in zinc productiomn 2021.

Category code 2.4d.
Zinc Production, kt o
Gas g [
Emissions, kt eq. 1.013
Change in emissions compared to the previous year,% -3.30
Change in emissions compared to the baseline year,% -95.82
Emissions, % of the totamissions in the sector 0.0@
Emissions, % of the total direct action GHG emissions in the s¢ 0.0017
The key category No
The level of detail for zinc (Tier) 1
Emission factor, t/t 1.72
Method for determination of the emission factor for zinc D
Uncertainty of activity data, % 10
Uncertainty of the emission factor, % 50
Uncertainty of the emission estimation, % 50.99

4.4.62 Methodological issues

Data of zinc poduction were taken frol8SSUbasing on the data of Index of industrial
production 2021For estimation of C@emissions from zinc production, 2006 IPCC Guidelines [1]
with default emission factors were used.

4.4.63 Uncertainties and timeseries consistency

The uncertainty of actity data of the enterprises is estimated at 10 %. The uncertainty of
data of the default carbon dioxide emission factor in zinc production is estimated at 50%. The uncer
tainty of estimates of carbon dioxide emisss in zinc production for@0is 50.99%.

4.4.64 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of emissions in zinc production.
4.4.65 Categoryspecific recalculations

In this category, no recalculations were made.
4.4.66 Categoryspecific planna improvements

In this categoy, no improvements are planned.

4.5 Non-energy Products from Fuels andSolvent Use(CRF category 2D)

Emissions in this category are estimating as a result of the first use of fossil fuels as a produc
for primary purposes such as LubricdPdyaffin Wax Asphdt and Solvent se The main CQemis-
sions occurs only from Lubricant aRaraffin Waxuse.In other categories onlyhe precurs@and
SO emissions occurs. Th&eubcategories in this category are notkég source®f emissions.The
activity data collection, ntbodological issueas well aQA/QC proceduresgtc. by the categories
included inthis ategoryare shown by each subcategory in relevant chapters.
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45.1Lubricant Use (CRF category 2.D.1)

4.5.11 Category description

Lubricants are mostly used in industrial and transportation applications. Lubricants are pro-
duced either atefineries through separation from crude oil or at petrochemical facilities. They can
be subdivided into (a) motor oils and industrial oils, and (b) greases, which differ in terms of physical
characteristics (e.g., viscosity), commercial aggilons, ancenvironmental fateThe interannual
deviations that occurs inbricants use for 1996, 1997, 198@s assosiatedith start of the impor-
tation to Ukraine of lubricants use since 1%86well aghe changes in 200xhich occureddue to
sharp growth of pragttion and importation of lubricants in Ukraid@ble4.23 shows the basic data
on the results of GHG inventory in lubricant use

Table 4.3. The basic data on the results of GH@eintory in lubricant use in 2Q.

Category code 2.D.1
Lubricant Use, TJ 891559
Emissions of CQ kt 130.76
Ch a n g e;emissions fompared to the previous year,% -1.58
Ch a n g ezeinissions fompared to the baseline year,% -57.10
Emissions, % of the total emissions in the sector 0.26
Emissions, % of the total direattion GHG emissions in the secto| 0.22
The key category No
Detail level (Tier) 1
Emission factor, t/t 0.59
Method for determination of the emission factor D
Uncertainty of activity data, % 9
Uncertainty of the emission factor, % 50.09
Uncertainty of the emission estimation, % 5089

Activity data, emission factors, and GHG emissions throughout the entirsdines in this
category are shown in Tab8.1.1.13, Annex 3.1.1.

4.5.12 Methodological issues

Estimation of emissions from lubricants use was carried out in accordance with 2006 IPCC
Guidelines (Tier 1) with applicatioof ODU and the default carbon content factor [Lhe data of
lubricants norenergyconsumption in 2021 was taken with using extrapolation method, based on data
of crude oil production in Ukraine in 202ZD21, in accordance wi006 IPCC Guidelinehapter
5.3 Resolving data gap$]. To avad double counting between the Energy anBURectors, data
of lubricants norenergyconsumption fromi990 till 2020are not accounted in emission estimations
in the "Energysectolt. For 2014- 2021, the analytical study, which includes different approaches,
particularly extrapolation, expertjudgee Nt and ot her mat hl9wasdakesat a't
into account in adjustment of amounts of lubricants consumption.

4.5.13 Uncertainties and timeseries consistency

The uncertainty of data of lubricants consumption obtained Bwtistical data is taken at
9%. The uncertainty of the default ession factors (ODU) is set at 50%9The uncertainty of C®
emissions from lubricant use Ukraine amounts to 502%.

4.5.14 Categoryspecific QA/QC procedures
General QA/QC procedes were applied for estimation for GHG emissions in lubricant use.
4.5.15 Categoryspecific recalculations
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In this category, no recalculations were made.

4.5.16 Categoryspecific planned improvements

In this category, no improvements @tanned.
452 Paraffin Wax Use (CRF category 2.D.2)
4.5.21 Category description

This category includesuch products as petroleum jelly, paraffin waxes and other waxes,
including ozokerite (mixtures of saturated hydrocarbons, solid at ambient temperature). Paraffir
waxes are separated from crude oil during the production of light (distillate) lubricdinBamaffin
waxes are categorised by oil content and the amount of refinédadidtparaffins are recovered from
crude oil production in production of light (distillation) lubricating oils, and they areckasgsified
based on oil content and purity. Wesxare used in a number of different applications, for example,
in applications such as: candles, corrugated boxes, paper coating, board sizing, food production, we
polishes, surfactants (as used in detergents) and many others. Emissions from thexse dérive
primarily when tke waxes or derivatives of parai$ are combusted during use (e.g., candlesble
4.24 shows the basic data on the results of GHG inventory in wax use

Table4.24. The basic data on the results of GH@intory in solidoaraffinwax use in 201.

Category code 2.D.2
Solid Paraffin use, TJ 71009
Emissions of CQ kt 1041
Ch a n g eemissions fompared to the previous year,% -0.41
Ch an g ezemissions §ompared to the baseline year,% -9152
Emissions, % of the total emissions in the sector 0.02
Emissions, % of the total direct action GHG emissions in the s¢ 0.018
The key category No
Detail level (Tier) 1
Emission factor, t/t 0.590
Method for determination of the emission factor D
Uncertainty of activity data, % 6.00
Uncertainty of the emission factor, % 100.12
Uncertainty of the emission estimation, % 100.305

Activity data, emission factors, and GHG emissitiieughout the entire timseries in this
category are shown in Tabk8.1.1.4, Annex 3.1.1.

4.5.22 Methodological issues

Estimation of emissions from solid paraffins use was carried out in accordance with 2006
IPCC Guidelines (Tier 1) with applicatiari ODU andthe default carbon content factor [1]. Data of
solid paraffins usevere determinedbased on data of production, exports, and imports of paraffin
waxes obtained fror8SSU[2, 22]. For 2014- 2021, the analytical study, which includes different
approaches, particularly extrapolation,1l9% xpe
was taken into account in adjustment of amounfsacéffinsconsumption.

To convert consumption data in mass units into the conventional energyTuijtdefault
coefficients of calorific value according to the Guidelines in Section 1.4.1.2, Chapter 1, Volume 2
(Energy) were used.

4.5.23 Uncertainties and timeseries consistency
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The uncertainty of data of production, exports, and imports of lutis@btained from at
tistical data is estimated a¥%6 The uncertainty of the default factors (ODU) and the carbon content
is taken at the levadf 100.126 due to the fact that the factors are associated with highly limited
information of national use ob8d paraffins.Thus, the uncertainty of G@mission from solid par-
affinsuse in Ukraine amounts to 100.305

4.5.24 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in paraffin wax
use.

4.5.25 Category-specific recalculations

In 2021in this category recalculation of G@missions fo2020was made due @djustment
of thedataof paraffin waxesisein accordace with data obtained fr&8SU[2, 22].

Table 4.25%Recalculation of C@emissions fom Paraffinwax usein 2021.
2.D.2 Paraffin Wax Use | 2020

CO2

Emissions (before recalculating), | 10.03
Emissions (after recalculating), kt| 10.45
Difference,% -4.081

4.5.26 Categoryspecific plannedimprovements
In this category, no improvements are planned.

453 Asphalt Production and Use (CRF category 2.D.3)

4.5.31 Asphdt roofing (CRF category 2.D.3.a.}

4.53.1.1 Category description

Petroleum bitumen is produced by oxidationre$idual products of direct distillation of
crude oil and their mixtures with asphalts and extracts of oil production. Therefore, this bitumen is
also called oxidized bitumen.

For roofing materials production, treating and coating oil bitumen are ust#te process
of their production emissions of CO and NMVOCs occurs. No GHGs occurs in this category. Table
4.26 shows the basic data of the results of GHG inventory in construction and roofing bitumen pro-
duction.

Table 4.5. The basic data on thesults of GHG inventory in construction anafiag bi-
tumen production in ZZ1.

Category code 2.D.3al
Bitumen Productionkt o
Gases g [ NMVOC
Emissionskt 0.00025 |0.000013

Change in emissions compared to pihevious yeards| -1.94
Change in emissions compared to the baseline % -9993
Emissions, % of the total emissions in the sector |0.000@69 |0.000M12

Method for determination of the emission factor D D
Detall level (Tier) 1 1
Emissionfactor, n/t 0.00001 0.000005
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4.53.1.2 Methodological issues

Data of production volumes of construction and roofing bitumen separately were obtained
from enterpriseproducers. Data of road petroleum bitumen and bitumen for special purposes pro-
duction, as well as general information about petroleum bitumen prodwgopresenteith SSSU

[2].
Estimation of CO and NMVOC emissions was conducted in accordancd 94 IPCC
Guidelined5] (section 2.7.1.1), using the default emission factors for oxidized bitumen.

4.53.1.3 Uncertainties and timeseries consistency

The uncertainty of CO and NMVOC emission estimation results was not determined in this
category.

4.53.1.4 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions from construc-
tion and roofing bitumen production.

4.53.1.5Category-specific recalculations
In this category, no recalculationsrenade
4.53.1.6 Category-specific planned improvements
In this category, no improvements are planned.

4.5.32 Road paving wih asphalt (CRF category 2.D.3.a.p

4.53.2.1 Category description

In the category Road pavingpad bitumen is accounted for, whictpr®duced byxidation
of products of direct oil distillation and selective separation of petroleum products (asphalts at
deasphalting or selective purification extracts), as well as at compounding of these oxidized and nor
oxidized products, or as a resedaf direct oil distillationGHG emissions take place in road bitumen
production at enterprises and when paving asphalt. In road bitumen productioNCXOCO, and
NMVOC emissions take place, and while laying asphalily NMVOC. No GHGs oaars in ths
category. Table 422shows the basic data on the results of GHG inventory in road paving with as-
phalt.

Talde 4.2Z7. The basic data on the results of GHG inventorsoad paving with asphalt in

2021.
Category code 2.D.3.a.2
Production of road bitumen, kt 75.1
Gases NOXx CO NMVOC | SO,
Emissions from production, kt 0.0027 0.015 0.0017 0.0013
Emissions from paving, kt 1.2

Change in emissions compared to the previous yeal 44.98
Change in emissions compared to the baseline yeal -96.41
Emissions at production, % of the total in the sector| 0.011 0.041 0.0015 0.0023

Emissions at paving, % of the total in the sector 1.08

Method for determination of the emission factor D D D D

Detail level (Tier) 1 1 1 1
Emission factor at production, t/t 0.0000356 0.0002 |0.000023 | 0.0000177
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| Emission factor at paving, kg/t 0016 |

4.53.2.2 Methodological issues

Road bitumen production volumess obtainedrom SSSUJ[2]. In accordance with 2013
EMEP/EEArecommendation®] the default emission factors of GHG emissions for asphalt produc-
tion were used.

4.53.2.3 Uncertainties and timeseries consistency

Theuncertainty ofNOx, CO, NMVOC andSG; emission estimation results was not deter-
mined in this category.

4.53.2.4 Categoryspecific QA/QC procedures

The general quality control and assurance procedures were applied to estimation of GHC
emissions at roadgping with asphalt.

4.53.2.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.53.2.6 Categoryspecific planned improvements

In this category, no improvements are planned.
454 Solvents Use (CRF categor2.D.3.b
4.5.41 Category description

Thecategory Solvents Usaccounts emissions from paints and solventsruselustry and
households. Solvents and paints contain substances, use of which results in emissions into the air
nortmethane volatile organic compounds (NMVOC). Besides, this sector also includes NMVOC
emissions from production and processing ofaserthemical products.

In the current inventory, in GHG emission estiimas for the period of 199R2014results
obtained in the framework of tteeientificresearclhwork "Development of methods for estimation
determination of greenhouse gas emissions fuge of varnishes and paints" (the perforriano-
vation Center "Ecosystem[)4] were used.

NMVOC emissions in the Solvents Usategory in 201 amounted t&®0.58 kt, having de-
creased compared to the baseline 1990 (B#4)dy -81.57%. The significat reduction in emissions
is due to the sharp decline in oil processing and consumption of paints and varnishes for industri
and household purposes.

4.5.42 Varnishes am Paints Use (CRF category 2.D.3.b)1

4.54.2.1 Category description
Thecategory Varnishes and Paints Ulsgdudes emissions occurring in manufacturing pro-

cesses associated with paints, varnishes, enamels, fillers, and primers use. The key sectors, technc
gies that involve use of these processes in Ukraine are: machinesgimgine’ood processing, repair
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and construction, and textile industry. As a result of doing business in these sectors, N&Wi©Cs
tedinto the air as vapor of volatile organic solvents at paintia@30%, while drying the rest of
the volatile componerjt-6].

Use of paints and varnishes (coatings) in Ukraine is in general technologically homogene-
ous. NMVOC emissions from the use of coatings depend of the following factors: the coating method
productivity of the production equipent, and coatings comptien. They are calculated separately
for decorative and industrial coatings, due to sigaift technological differencg$5].

In accordance to results of the current inventory, NMVOC emissians faints use in
Ukraine in 2@1 amounted t89.55 kt, having decreased compared to laseline 1990 @4.16 kt)
by 74.34% due to the significant reduction in activities related to use of coatings of all types with the
exception of those used for painting rolled metal.

4.54.2.2 Methodological issues

In this inventoryfor the time series of 19902021 NMVOC emissions from use of paints
was estimated in accordance with the Methodology for determination of greenhouse gas emissior
from use of varnishes and paints, developed in 2013 within the scieaiBarch work [4], which
was implemented by the Innovation Center "Ecosystem”.

The basis of NMVOC emission calculations in this category, in accordance jitiwgs
the principles described in 20EBIEP/EEA [6], and the emission equation, which meets the require-
ments and methodological approaches of Tier 2. NMVOC emissions are calculated according to th
equation:

0 00— 0— 03—30— , (1)

where:Q; - volume of NMVOC emissions in the inventory year, t;

P - set amount of coating consumption;

Korg - Sshare of organically soluble coatings in the product consumption structure;

Kw- share of water solubkatings in the consumption structure;

Kprorg - NMVOC emission factor for organically soluble coatings;

Kpw - NMVOC emission factor for water soluble coatings.

Due to the nature of coating use and characteristics of the industry structure in Ukraine, as
well as in view of EMEP/EEA recommendations, in equation (1) the optimal format for disaggrega-
tion of activity data in the category of coating use into subcategories is used, namely:

1 by the key uses of coatings, which at the same time are the key aiapwlut this
category: decorative coatings (construction and building, household use), as well as in-
dustrial coatings (protective coatings for metal surfaces, treatment and painting of tim-
ber, automotive, repair of motor vehicles, painted rolled metady atldustrial use);

1 by solvent type (organibased coatings, watéased coatings);

1 by the coating use structure according to the type of use and the type of solvent;

1 by the inventory numben the timeseries of 1992021.

The basis of the activity data data of the amount of coating somption in Ukraine in

1990- 2021 taken based on production, exports, and importsatdtanedfrom SSSU[2, 22].

NMVOC emission factors (krgand Kew). Given that after work using coatings NMVOCs
contained in theoatings get into the air in full, the NMVOC emission factor is their content in coat-
ings. In Ukraine, there is no regulatory or technical documentation that would regulate the limit pa-
rameters of volatile organic compounds in coatings. The only exceptiems paints, for which the
ceiling standards of the volatile matter are set in accordance with GOST-105G®ST 829:85.

For thickmilled oil paints, the figure is between 6 and 11%, for ready to use oil pdiota 12 to

19%. For oil paints, theolatile substance is mostly an organic solvent. Accordingly, we assume that
the limits of volatile substance content in oil paints meet the limits of volatile organic substances in
the commercial product. At the same time, starting from 2007, accoulithg tState Classifier of
Industrial Products SCIP 01897, a number of adjustments were introduced into the statistical re-
porting on the commodity group "Paints and Varnishes Dissolved in a Different Medium®”, for statis-
tical reporting of organically sohle coating producers.
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Scientificresearch work [4] analyzes and systematizes the state standards, as well as pro-
ducers data of the content of volatile organic compounds in paints in Ukraine, the results of the re
seach are summrized in Table 42

Tabe 4.28. Content of volatile organic compounds in coatings in Ukraine

The sector wher . NMVOC emission factor, g/kg

Type of coating | the coating is ap| Organically | Water soluble
plied soluble(Kporg) (Kpw)
Decorative coat I* 230 33
ing [* 230 33
Mn* 740 33
I\V* 800 33
Industrial coating v 500 33
VI* 720 33
VII* 480 33
VIII* 740 33

**| - for construction and building (professional coating);Hbusehold use of coating (non
professional coating); IHprotective covers for metalrfaces; I\- treatment and painting of timber;
V - automotive; VI- repair of motor vehicles of all kinds; Vilpainted rolled metal; VIIF other
industrial coating.

4.54.2.3 Uncertainties and timeseries consistency

For emissions in thisategory, uncertainties were not estimated.

4.54.2.4 Categoryspecific QA/QC procedures
For estimation of emissions in the category, the following quality control procedures were
applied:

1 comparison of activity data from different sources;
1 comparison of emission along the tiseries and analysis of activity data trends;

4.54.2.5 Categoryspecific recalculations

In this category, no recalculations were made.

4.54.2.6 Categoryspecific planned improvements

In this category, namprovements are planned.
4.5.43 Degreasing anDry Cleaning (CRF category 2.D.3.2)

4.54.31 Category description

NMVOC emissions in this category are related to technical kerosene and white spirits use
for degreasing, as well as tachlorethylene and tetrachlorethylene (perchlorethylene) use by dry
cleaning companies. NMVOC emissions from degreasirdy ¢y cleaning processes in 20
amounted t@.14 kt, which is 8.38% less than the same indicator for 1990 (18.41 kt). Emissian dat
for the entire time series are displayed in Fi@. 4.

Decrease of emissions is due to a sharp decline in white spirit and technical kerosene prc
duction, which is not seiff by the slight increase of imports in this commodity group.
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Figure 47. NMVOC emissions from degreasing and dry cleaning

4.54.3.2 Methodological issues

To calculate NMVOC emissions from degreasing processes, data on final consumption in
Ukraine of the most common degreasing means are needed: white spirit and technical Kemesene.
data of white spirit and technical kerosemeere taken fron5SSUbasing onthe data of Index of
industrial production 2021Data of trichlorethylene and tetrachlorethylene (perchloretieylean-

ports were provided b$SSU[22]. The NMVOC emission factor for degreasing agents was taken as
default value of 1.0; for chemicals useddry cleaning 0.8, according to [d].

4.54.3.3 Uncertainties and timeseries consistency

For emissions in this category, uncertainties were not estimated.

4.54.34 Category-specific QA/QC procedures

General QA/QC procedures were applieddstimation of emissions in the category.
4.54.35 Categoryspecific recalculations

In this category, no recalculations were made.
4.54.3.6 Categoryspecific planned improvements

In this category, no improvements are planned.
4.5.44 Chemical Products: Production andProcessing (CRF category 2.D.3.b)3

4.54.4.1 Category description

The category covers NMVOC emissions from production and processing of various chemi-
cal products. In this inventory, estimation of NMVOC emissions fteenfollowing industries are
included:

1 oil refining;

1 production of benzene and xylene;

9 production of paints and varnishes;
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9 production of chemical fibers and threads;

1 manufacture of glass fibers

9 production of rubber products, tire, and rubfoetwear.

Due to the fact that Ukraine has a wadlveloped chemical industry, NMVOC emissions in
this category are significant (petrol oil, cyclohexane, aeetoyclohexanone, etc.). In2) NMVOC
emissions from production and processing ohaical products amounted 8.89kt, which is 9127%
less in relation to the baseline 1990 (101.9 kt). The emissions decrease in the periods 200090
and 2004 2021 are due to the persistent downward trend in oil refining in Ukraine. Detailed infor-
mation of emissions in the category is presented in Fg&). 4.
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Figure 48. NMVOC emissions from chemical production and processing

4.54.4.2 Methodological issues

The data of volumes of chemical production and were taken accdaa®8SU[2]. The
amounts ofprimary oil refiningand chemical glass fibevgere taken from SSSU basing on the data
of Index of industrial production 2021.

Due to the fact that there issufficient information regarding the calculation of the national
emission factors in this category, to assess NMVOC emissions, emission factors by industry type

listed in the inventory of the Republic of Belarus (Table 37])[tvere used, which are sirail to
Ukrainian chemical industry technologies.

4.54.4.3 Uncertainties and timeseries consistency

For emissions in this category, uncertainties were not estimated.

4.54.4.3 Categoryspecific QA/QC procedures

General QA/QC procedures weaapplied for estimation of emissions.

4.54.45 Category-specific recalculations
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In 2021in this category recalculation 8iMVOC emissions fo2017- 2020was made due
to adjustment of thelataof chemical fibers and threadsascordace with data obtashérom SSSU

[2].
Table 4.® Recalculation oNMVOC emissions fom Chemical Products: Production and
Processingn 2021.

2.D.3.b.3 Chemical Products: Production and Processing | 2017 | 2018 | 2019 [ 2020
NMVOC

Emissions (before recalculating), kt 751 |7.762 | 819 |863
Emissions (after recalculating), kt 750 | 7.756 | 817 |861
Difference,% -0.17 | -0.07 | -015 | -0.16

4.54.46 Category-specific planned improvements
In this category, no improvements are planned.

4.6 Electronics Industry

In Ukraine, the electronics industry, which includes production of flat panel displays on thin
film transistors (TFTFPD) and photovoltaic cells (PV) are absent. Ukraine only conducts SKD as-
sembly of photovoltaic panels. There are no emission assessnt@atdategory.

4.7 Product Uses as Substitutes for OzorBPepleting Substances(CRF cate-
gory 2.F)

In this section, estimation of HFC emissions used in refrigeration and air conditioning sys-
tems, foam blowing agents, fire protection, aerosols, and ssives made.

Inventory of HFC and PFC emissions in this category was conducted in accordance with the
scientificresearch works: by the Ukrainian Research Institute of Medicine and Transport of the Min-
istry of Health of UkrainéDevelopment of methods oftasation and determination of emissions of
hydrofluorocarbons, perfluorocarbons, and sulfur hexafludiifl@hd by Cherkasy NIITEKHIM*
"Development of methods of estimation and determination of emissions of hydrofluorocarbons, per-
fluorocarbons, and suif hexafluoride” [13]. The studies clarified the details of all components used
as refrigerants, blowing agents, fire protection agents, and gas propellants, as well as to clarify activit
data and emission factors as a result of their application in ax@otd, installation, and operation of
the equipment where they are used.

Since HFCs and PFCs are not produced in Ukraine, potential emissions of these gases a
determined only by their imports and exports.

4.7.1 Refrigeration and Air Conditioning Systens
4.7.1.1 Refrigeration Equipment

4.7.1.1.1 Category description

The category of refrigeration equipment includes domestic, commercial, industrial, and
transport (including maritime) equipment (systems, installatiomshmery, plants, etc.)n 2021,
the level of disaggregation of the refrigeration equipment category was deepened to four-key suk
categories.

In 2021 in subcategory of domestic refrigerators only manufacturer in Ukraine, which as a
refrigerant used isobame R600a and HF€134a to check tightness of evaporator units of domestic
refrigerators ceased its activities, therefon 2@1 refrigerants for domestic refrigerators were not
consumed.
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More than 20 producers in Ukraine manufacture commercial and industrial refrigeration
equipmentAs part of the NIR preparatiomdustrial activity of producers of cooling systems whose
production structure is dominated by autonomous systems was analyzed.

In production of autonomous commercial equipment, they use +8#2@ and HF€04a, in
centralized systems of commercial and industrial refrigeration equipment they use primarily HFC
404a, which is the threeomponent mixed cooling agent of HARQ5/HFG143aHFC-134a.

As the refrigerants in trapert refrigeration HFE€L34a,HFC-404aand since 2017 HE
406a are used

In accordance wittprovisional main findings identified by the ER&Iculations of emis-
sions from disposah commercial, domestic and transport refrigeration weaee

Data on activities in the refrigeration equipment category are based on data received fron
refrigeration equipment manufacturers, as \wslthe data obined from SSSUTable 430 summa-
rizes results of GHG inventory in production and operation of refrigaraguipment in Ukraine

Table 430 Basic data on results of GHG inventory in production and operation of refriger-
ation equipment in Ukraine ia021.

Category code 2.F.1A 2.F.1B 2F.1C 2F.1D
Types of refriger- Commercial Domestic Industrial Transport
ation equipment
Gas* HFC- | HFC- | HFC- | HFC- | HFC- | HFC- | HFC- | HFC- | HFC | HFC- | HFC-
134 125 143a 134a 134 125 143a 134 -125 | 143a 32

Activity data

Filled intonew
manufactured prod
ucts (primary fill- 75.00 5.1 6.00 0.0 1144 | 0.0014 0.0016 23 0.77 0.91 0.0
ing + tightness
test), t
HFC-balance after
the initial filling, t
Amount of HFC in
exported equipment

Amount of HFC in
imported equip- 16.93 8.53 6.76 24.03 18 0.35 0.28 0.004 | 0.043 | 0.05 0.0
ment, t

73.50 5.04 5.88 0.0 111 0.0013 0.0016 2.3 081 | 0.96 0.0

13.51 | 0.0068 | 0.0B8 0.0 2.55 - - - - - -

In operating sys-
tems (average an- | 37531 | 7112 | 60.97 | 107191 | 445 3.14 1.87 5.63 32 371 0.001
nual stocks)

Category characteristics and estimated factors

Key category L/T

Detail level (Tier) 20 2a 20 2b 2b 20 2b 2a 2a 2a 2a
Method for deter-

mination of the D D D D D D D D D D D

emission factor

Emission factor at
primary (initial) 2 2 2 0.5 3 3 3 2 2 2 2
filling,%

Emission factor
when testing equip-
ment for tight-
ness,%

HFCs are not applied 100 HFCs are not applied

Emission factor at
operation of the 15 15 15 0.5 25 25 25 15 15 15 15
equipment,%

Disposal emission

factor.% 80 80 80 70 100 100 100 50 50 50 50

Average life of

. 15 15 15 18 25 25 25 15 15 15 15
equipment

GHG emissions

HFCs emissions ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Category code 2F.1A 2.F.1.B 2.F1.C 2.F.1.D
Types of refriger- Commercial Domestic Industrial Transport
ation equipment
Gas* HFC- | HFC- | HFC- | HFC- | HFC- | HFC- HFC- | HFC- | HFC | HFC- | HFC-
134 125 143a 134a 134 125 143a 134¢ -125 143a 32

at the primary (ini-
tial) filling of the
equipment(from
manufacturing), t

15 0.1 0.12 0.0 0.34 | 0.000G12 | 0.000@48 | 0.46 | 0.015 | 0.018 0.0

at exploitation of
the equipment(from 56.3 10.66 9.15 5.36 1113 0.785 0.468 0.845 | 0.48 | 0.556 |0.00@1
stocks), t

from liquidation of

: 46.06 4.94 5.62 7531 - - - 0232 | 033 | 0.388 -
the equipment, t

Emissions of HFCs
in the refrigeration
equipment cate-
gory, total, t

1039 | 15.71 | 14.88 80.67 11.47 0.785 0468 112 0.823 | 0.962 |0.00@1

Global Warming
Potential (GWP), t | 1430 3500 4470 1430 1430 3500 4470 1430 | 3500 | 4470 675
COpeq. /t
GHG emissions, kt
of COreq

Change in emis-
sions comparedto | 0.75 -3.53 -3.96 2557 -1.64 -1545 -11.45 -2655 | -423 | -422 -50.0
the previous year,9?

1485 | 5498 | 66.53 | 11535 16.4 275 209 161 2.88 4.3 0.00a

Emissions, % of thq
total direct action
GHG emissions in
the sector

0.46 02 0.036 0.015

Uncertainty level estimation

Uncertainty of ac-

tivity data, % 34.02 26.13 39.78 39.49
Uncertainty of the 24.37 20.6 32.78 24.37
emission factor, %
Total uncertainty of
the emission esti- 41.85 33.27 51.54 46.40

mation, %
* Mixed fluoro-gases are represented by components.

4.7.1.1.2 Methodological issues

4.7.1.1.2.1Commercial, domestic and industrial refrigeration

Estimation of hydofluorocarbon emissions from domestic, commercial and industrial re-
frigeration for productionpperationand liquidationof refrigeration equipment &g performed with
using method 2and 2b

As a methodological basis, "The methodologycalculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg §6the national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is base@0#i6 IPCC Guidelines
[1] and2000 IPCC Guidelies[4].

Activity data were obtained or calculated on the basis of the raw data obtained from enter-
prisesprodwcers of refrigeration equipmenincreasen the use of HF€134g HFG-125and HFC
143ain 2@1 explains byincreasan imports of HFGcontaining guipmentaccording to the statistics
of imports of theStateCustomService of Ukraine

For 2014- 2021, the analytical study, which includes different approaches, particularly ex-
trapol ation, expert judge men tl9 wastadkendntoraecountmat h
adjustment of amounts bdrofluorocarbongonsumption, export and import.
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Estimation of HFC emissions in production was based on data of the enteppodesers
on the amount of HFCs used for initial filling and tightness tgsifrthe equipment (if such technical
operation was executed). When calculating the total of HFCs in the current stock of equipment, th
average factor of filling a piece of equipment with refrigerant is used, which was adopted taking into
account the aman of filling for each type of cooling systems. Estimation of emissions from opera-
tion of imported equipment, which constitutes the current HFC bank in the refrigeration equipment
category, was made based on the stock of refrigeration equipment imptotetkiaine by the key
types of equipment and the estimated total content of the cooling agent based on the relevant facto
The calculations of emissions from disposal in domestic refrigeration was calculated using the defaul
factor, in accordance with IPCC 2006 guidelinesiddl scientifieresearch work [13].The calcula-
tion of disposal emissions from domestic refrigerati@s performed since 2017 in relation with use
of assumed life time of the domestic equipment as 18 years, what is related with unstable econom
situation in Ukraine which influenced on the reducing of the purchasing ability of the population and
accordindy the increase of average lifetime of the refrigerators due to the lack of replacement of
refrigerators and an increase in the amount of services provided to the population for the repair c
domestic refrigerators in accordance with expert assessngrif[the scientific research institute
Cherkassy NIITECHIM what allow to use of 18 years as lifetime which does not contradict with
IPCC 2006 ranges from 12 to 20 years.

4.7.1.1.22 Transport refrigeration

Estimation of emissionsom manufacturingexplatation and disposah transport refriger-
ation was carried out in accordance with IPCC 2006 guidglinascording to the Tier&using the
default factorThe activity data were obtained from the main companies using HFCs as a refrigerant
in automobileandrailroad refrigerators for 20142021, such as "Ukrzaliznytsia" andrgest certified
companie®f the installation of refrigerain equipment on motor vehiclesith using the method of
extrapolation to determine the amount of used HFCs in R@&W4 in accordance with IPCC 2006,
Chapter 5: Time series consistency, Section 5.3 Resolving data gaps.

Emissions in 1990999 years did not occurred because according to customs statistics HFCs
used as refrigerant in refrigerating equipment to Ukraine maramported, as indicated in scientific
research work [13].

4.7.1.1.3.Uncertainties and timeseries consistency

The uncertainty level of the activity data and emission factors in the refrigeration equipment
category was determined based onNfethods of determination and results of calculations for esti-
mating the uncertainty of activity data and emission factors of hydrofluorocarbons (HFCs), perfluoro-
carbons (PFCs), and sulfur hexafluorided)3i the major categories (SE "Cherkasky NIITEKHIM"
Cherkasy 2012) [13], based on the specific characteristics of sourcalanmidted data formation in
2020.

The calculated uncertainty of the activity data in the category of donretigeration
equipment in 2P1 amounted to 26.13%, of commercial rgération systems34.02%, of industrial
cooling systems 39.79% and transport refrigeratior89.49%. The uncertainty of the default HFC
emission factors used in the subcategory of domesfiigeration equipment in 20 was 20.6%,
commercial refrigeation systems 24.37%, industrial cooling system82.78% and transport refrig-
eration- 24.37%. The total emissicestimation uncertainty in 20 made up in the domestic refrig-
eration sukcategory- 33.27%, commercial refrigeration systenmé1.85%, indstrial cooling sys-
tems- 51.54% and transport refrigeratio®6.40%.

4.7.1.1.4. Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.
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4.7.1.1.5. Categoryspecificrecalculations

In 2021 in this category recalculation of HFT25emissions for the(020 was made due to
correctionof themechanical misprint occurred by enterohgta ofimport of HFC and HF&ontain-
ing equpmentfor industrialrefrigeration systems

Table 431 Recalculation of emissionsoim Industrial refrigerationn 2000
2.F.1C Industrial refrigeration 2020
HFCs
Emissions (before recalculating), | 24.37
Emissions (after recalculating), kt| 22.29
Emissiondifference,% -8.55

4.7.1.1.6. Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR

4.7.1.2Mobile Air -Conditioning

4.7.1.21 Category description

The object of HFC emission estimates in this category is mobieoaditioning systems
(SAC) for road, railway, and maritime transport. The key consumer niche in this category is mobile
air-conditioning systems for road transport (99%).

In 2022, 11 velicle manufacturers operated in Ukraine (passenger cars, trucks, and buses).
The level of capacity utilization of the existing enterprises and, accordingly, the volume of production
and sales of domestically produced vehicles in th@geainder review in@sed by 4% compared
with the previous year. Manufacture of vehicles equipped witbaaditioningdecreasedn the re-
porting year.

The refrigerant used in automotive and bus air conditioning systems was exclusively HFC
134a.

In accordance witlprovisioral main findings identified by the ERZlculation of emissions
from disposal ifMobile Air Conditioning was made.

In Ukraine, production of transport aionditioning (for railway transportation, heavy vehi-
cles in the construction and mining industrieg)erformed by six companies, three of them use-HFC
134a, HFC407Cc in production of aiconditioning systems.

Manufacture of air conditioning systems forer and marine vehicles in 20in Ukraine
was performed by 2 producers. They mainly used fresbawvater as refrigerants for main air cool-
ing.

In autonomous aiconditioning systems for ma and river vessels, HF®7cand R22
prevail as refrigerants. The second commodity producer filled air condgisggtems with refriger-
ant R22.Table 432 summarizes results of GHG inventory in production and operaif vehicle
SACs in Ukraine.
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Table 432 Basic data on results of GHG inventory in production and operatigahitle
SACs in Ukraine in 221
Category code 2.F.1E
Mobile Air Conditioning Systems

Category (type ofequipment)

for auto- for railway transport for sea

motive and

vehicles river

transport
Gas HFC- HFC- HFC-
134 ¢ HFC32 125 13440
Activity data
fLijlﬁr?gc))f :he refrigerant in SAC manufacturing (primary 2189 0.066 0.056 0141 NA
HFC stock after the initial filling, t 2178 0.056 0.056 0.140 NA
Amount of HFCs in exported SACs as parts of vehiclg 0.0 0.00029 | 0.00032 0.0036 NA
Amount of HFCs in imported SACs as parts of vehicl§ 313 0.0065 | 0.0069 0.0012 NA
HFC stock in exported SACs as parts of vehicles, t 331131 0.182 0.160 115 NA
Category characteristics and estimated factors

Key category L/T
Detail level (Tier) 20 20 20
Method for determination of the emission factor D D D
Emission factor at primary (initial) filling,% 0.5 0.5 0.7
Emission factor when testing equipment for tightness, HFCs are not used
Emission factor at operation of the equipment,% 15 15 5
Disposal emission factor,% 70 70 70
Average lifetime of thequipment, years 18 25 15

GHG emissions

HFCs emissions

at the primary (initial) filling of the equipment, t 0.011 0.0028 | 0.00028 0.0007 NA
at operation of the equipment, t 49.67 0.027 0.024 0.172 NA
at liquidation of the equipment, t 4374 - - - NA
Emissions of HFCs in category, total, t 93.42 0.0276 0.024 0.173 NA
GWP,t COpeqlt 1430 675 3500 1430 NA
GHG emissions, kt of CQq 133.59 0.019 0.085 0.247 NA
Change in emissions compared to the previous year,| 26.52 24.12 3253 -3.57 NA
Erglzzgcnj, % of the total direct action GHG emissions 023 0.00G6 NA

Uncertainty estimation

Uncertainty of activity data, % 26.13 34.33 NA
Uncertainty of the emission factor, % 23.45 29.15 NA
Uncertainty of the emissiosstimation, % 35.11 45.04 NA

4.7.1.22 Methodological issues

Estimation of emissions of hydrofluorocarbons in the category of mobiaditioning
systems was performed for production and operation of air conditioning systems as parts of vehicle
using Tier 2a approach. Desaggregation objects in this categoeyS#ets for vehicles and rail
transport.

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg é6the national level (State En-
terprise "Cherkasky NIITEKHIM"2012) [13] was used, which is based2006 IPCC Guidelines
[1] and2000 IPCC Guidelinegt].

Estimation of emissions in production was based on data of the producing companies on thi
amount of HFCs used for initial SAC filling and tightnéssting of the equipment (if such a technical
operation was executed). When calculating the total of HFCs in the current stock of vehicles, the
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average coefficient of filling a piece of equipment with refrigerant was used, which was adopted
taking into acount the amount of filling for each type and class of SAC. Estimation of emissions
from operation of SACs imported are part of vehicles, which constitutes the current HFC bank in this
category, was made based on the stock of vehicles imported into Uliyatine key types of equip-

ment and the estimated total content of HFCs in it based on the relevant tastionstion of emis-

sions fromliquidation of equipmentwas carried out in accordance with IPCC 2006 guiddllijes
using the default factor.

Official data ottheSSSU22] were used to calculate HFC emissions from imported vehicles.
The calculation did not include automobiles "VAZ", "GAZ", "UAZ", "Daewoo" produced in Russia
or Uzbekistan, as well as cars of domestic and foreign brands produced ireUkrain

Activity data for the SAC subategory for rail transport and heavy machinery were calcu-
lated based on input national statistics on exports and imports, as well as on production of rail vehi
cleq1, 23]. According to the data obtained from enterpris@820 there was no HF225 and HFE
32 usdor primary filling in rail transport and heavy machinehy 2021 the use of the HFZ25 and
HFC-32 for primary filling in rail transport and heavy machinagsumed in accordance with data
obtained from enterpres For 2014 2021, the analytical study, which includes different approaches,
particularly extrapolati on, expert 19 wab tpkeeme n't
into account in adjustment of amountshgtirofluorocarbongonsumption, export and import.

Calculation of emissiornfer railway transportfrom production was performed on the basis
of the data of the amount of HFCsedsfor the initial SACifling. When calculating the total HFC
stock in the operated fleet of railway transport, the maximum refrigerant filling of the equipment unit
factor (6 kg) was used, which was adopted taking into account data obtained from experts in the fiel
of air condtioning and ventilation systems in railway transport.

The use of the 18 years as the assumed life time for automotive vehicles in estimates fo
subcategory Mobile Air Conditioning is related to the fact that, according statistical studies, in the
currentunstable economic situation in Ukraine, the small sales of nesaaad the insignificant im-
portaion of old cars into the country led to a significant aging of the vehicle fleet, resulting in an
average lifetime of cars from 17 to 20 yeadraking into acount the national circumstances like
unstable economic situation after the collapse of the USSR in 1991 automobile vehicles in Ukraing
were producted at only one plant, which does not produces cars witbnditioned equipment till
2000. In accordanceith scientific research work [13] the import of the air conditioned cars in
Ukraine starts in 1998. Due to the fact that data of imports of HFCs in automobile vehicles in Ukraine
for 19981999 are not available, the data obtained from SSEWPthe totalimport of cars from
Europe and other countries were used, which covers all imports, both public and private. Since th
import of cars in 19981999 compared to 2000 was not significant, and accordingly the use of HFC
in automotive air conditioners wassalinsignificant, a conservative decision was taken into account
for HFCs emissions use from autotbite airconditioners beginning from 2000, since there was
more accurate information starting from the year 2000. And according to the data receiveafrom th
SSSU [2], import of cars before 1998 was very insignificant, it was assumed that cars with air
conditioners containing HFCs were not imported to Ukraine until 1998. But, according to
recommendation of ARR 2017 (1.16, 2017) basing on information ofntiperit of cars in 1998
1999, obtained from SSSUZPRand using extrapolation methods, the calculation of emissions from
Mobile air conditioning systems in automotive vehicles foréeod of 1998 1999 was madd& he
values of the bank in existing eqmpnt for 2000 was calculated taking into account the estimates of
HFCs included in imported automobile vehicles in 1998 and 1999 basing on the data of the tota
import of cars obtained from the SSS2][ih accordance with scientifieesearch work [13].

4.7.1.23. Uncertainties and timeseries consistency

The uncertainty level of the activity data and emission factors in the mobderalitioning
system (SAC) category was determined based on the Methods of determination and results of calc
lations for estimating the uncertainty of activity data and emission factor of hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride) (fBRhe major categories (SE "Cher-
kasky NIITEKHIM", Cherkasy 2012) [13].
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For each SAC category (roadjlway vehicles), the specific uncertainty factors that affected
calculation of the uncertainty level of the activigta and emission factors inZl0were determined.
The uncertainty level of activity data in the SAC subcatgfrthe roadransport in 201
amounted to 26.13%, that of default emission fadtd3.45%, the total emission estimation uncer-
tainty for the SAC category for road transport accounted for 35.11%.
The uncertainty level in the SA@tor for road transport in 20 remaned at the level of
the previous year: the uncertainty of activity dat26.13%, the default emission factér23.45%,
the total emission estimation uncertainty in the-sategoryi 35.11%.
The key factors contributing into uncertainty of activity degéimation in the SAC subcat-
egory of railway transport are:
1 the difficulty of assessing the amount of actually operated railway vehicles with HFC
containing air conditioning systems during the reporting year,
1 the difficulty of identifying the amount ofmported railway transport vehicles
equipped with SACs with HFC refrigerants.
The uncertainty level of activity data in the SAC subcategorytte railway transport in
2021 amounted to 34.33%, that of default emission fadtd28.15%, the total emissiorstanation
uncertainty for the SAC category for railway transport accounted for 45.04%.

4.7.1.24. Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.

4.7.1.2.5. Categoryspecific recalcuations

In this category, no recalculations were made.

4.7.1.26. Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR

4.7.1.3 Stationary Air Conditioning

4.7.1.31 Category description

The currently available in Ukraine stock of equipment for stationary air conditioning (SAC)
includes: stationary domestic (residential), semdustrial, and industrial air conditioning systems
(for nondomestic purposes).

The key type of aiconditioningequipment is domestic split systems. They are not produced
in Ukraine, and the consumer demand in this market segment is met entirely due to importation c
the equipment. In small volumes, domestic mobile floor air conditioners are imported to Ukraine.

To determine GHG emissions froexploitationof imported domestic, seamdustrial, and
industrial air conditioning systems, we used data from enterprises.

The customs sampling object was stationary air conditioning systems of various types
namely:
domestic split systems and mobile floor air conditioners;
semtindustrial conditioning systems (external units, systems containing refrigeration
units);

7 industrial air conditioning systems, including autonomous (with a-buifrigeration

unit) ones.

In accordance witlprovisional main findings identified by the ER@&lculation of emissions

from disposal in Stationary Air Conditioning was madke input data characterizing the status of

T
T
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the stationary air conditioning category, as well as dat reslis of the GHG inventoryn 2021 in
Ukraine are summarized in Table33.

Table 433 Basic data on results of GHG inventory in production and operation ofnstiatio
air-conditioning equipnent in Ukraine in 2P1.

Category code 2.F.1.F
Domestic air conditioners Semtindustrial air conditioners
Category (type of equipment) (split systems, floor domestic
air-conditioners)
Gas* HFC- HFC- HFC- HFC- HFC- HFC- HFC-
32 134d 125 32 125 1344 143

Activity data

Use of a refrigerant irquipment manufac-
turing (primary filling + tightness test), t - - - - - - -
When testing tightness, HFCs are not us¢

HFC-balance after the initial filling, t - - - - - - p

Amount of HFC in exported equipment, t

Amount of HFC inimported equipment, t | 51009 388.24 | 4327 29.55 16.79 0.0

HFC balance in operated equipment, t 536079 36.54 31445 | 37489 | 217.49 150.82 3.2

Category characteristics and estimated factors

Key category L/T

Detail level (Tier) 20 20 20 20 20 20 20
Method for determination of the emission D D D D D D D
factor

Emissionfactor at primary (initial) filng,% 0.7 0.7 0.7 1.0 1.0 1.0 1.0

Emission factor when testing equipment f

tightness,% HFCs are not used

Emission factor at operation of the equip-

5 5 5 15 15 15 15
ment,%
Disposal emission factor,% 70 70 70 70 70 70 70
Average lifetime of the equipment, years 15 15 15 25 25 25 25

GHG emissions

HFCs emissions

at the primary (initial) filling ofthe equip-
ment (from manufacturing), t

S"’t‘gg’(‘g)'ofa“on of the equipment(from | oo, | 183 | 15722 | 5623 | 3262 | 2262 | 0480

from liquidation of the equipment, t 13.76 112 13.8 - - - -

Emissions of HFCs in the atonditioning

281.8 2.95 17102 | 56.23 32.62 22.62 0.480
category, total, t

GWP, tCOzedt 675 1430 3500 675 3500 1430 4470
GHG emissions, kt of CRQq 190.21 4.213 598.58 | 37.96 114.18 32.35 2144
Change in emissions compared tothe pre g 95 | 4521 | 1515 | -391 | -164 | -435 | -14.8
ous year,%

= 5 - -
Emissions, % of the total direct action GH 136 0.2

emissions in the sector

Uncertainty level estimation

Uncertainty of activity data, % 20.80 44.44
Uncertainty of the emission factor, % 14.14 29.93
Uncertainty of the emission estimation, % 25.15 51.96

* Mixed fluoro-gases are represented by components.

4.7.1.32 Methodological issues

Estimation of emissions of hydrofluorocarbons in this category was carried out using
method2a.
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As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg &6fe national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is base@Qf)6 IPCC Guidelines
[1] and2000 IPCC Guidelinept].

Activity data were obtained frofBtate Custom &vice of Ukraineon import and export of
air-conditioning equipment in 20 and from companies producing conditioning equipnieot 2014
- 2021, the analytical study, which includes different approaches, particularly extrapolation, expert
judgement and other m a9 was takandintosatcauntiinsaidjustnant of mj
amounts ohydrofluorocarbongonsumption, export and import.

When calculating the total of HFCs in the current stock of equipment, the average coeffi-
cient of filling a piece of equipment with refrigerant is used, winels adopted taking into account
the amount of filling for each type and capacity class of SAC. For domestic air conditioners, the factol
of 1.5 kg/unit was used, for sefnidustrial and industrial ones kg/unit of equipment.

Estimation of emissions fro operation of imported equipment, which constitutes the current
HFC bank in this category, was made based on the stock of equipment imported into Ukraine by th
key types of equipment and the estimated total content of HFCs in it based on the relewant fac

Estimation of emissions frofiquidation of equipmentvas carried out in accordance with
IPCC 2006 guideling$] using the default factor.

Decrease in the use of HFt34aand and HF€EL43a, as well as an increaseHFC-125,
HFC-32in 2021 explains ly changesn importationof HFC-containing equamentaccording to the
statistics of imports of th8tateCustomService of Ukraine

4.7.1.33. Uncertainty factors and timeseries

The uncertainty level of the activity data and emission factors iaitte®nditioning system
category was determined based on the Methods of determination and results of calculations for est
mating the uncertainty of activity data and emission factors of hydrofluorocarbons (HFCs), perfluoro-
carbons (PFCs), and sulfur hexalflide (Sk) in the major categories (SE "Cherkasky NIITEKHIM",
Cherkasy 2012) [13].

For each sulzategory of stationary air conditioning systems, the specific uncertainty factors
that affected calculation of the uncertainty level of the actiata dndemission factors in Z were
determined.

In the subkcategory of domestic agonditioning systems, the main uncertainty factors were:

1 complexity of statistical data samples for identification of the commquidgluct range

and establishing import volureef stationary air conditioning systems with HEGh-
taining refrigerants;

1 complexity of identification of equipment for domestic, industrial, and sedustrial
air-conditioning in analysis of customs statistics, in particular for those manufacturers
ard trade marks where there is a diversified range of commodities and consumer equip-
ment;

1 possible inaccuracies in determination of the average lifetime of equipment for stationary
air conditioning in Ukraine with HFC refrigerants, taking into account tffiereint con-
ditions of operation of the equipment.

The calculated unetainty of activity data in 221 was 20.8% in the category of domestic
air-conditioning systems, of the default coefficients usktl 14%, the combined uncertainty of GHG
emission estnation is 25.15%.

The key uncertainty factors for activity data in the-sategory of semindustrial and in-
dustrial air conditioners were:

1 lack of official statistical reporting on production in Ukraine of s@mustrial and in-

dustrial airconditioningsystems;

1 complexity of identification of industrial and seimidustrial airconditioning equip-
ment, the absence of unambiguous criteria for grading of such equipment;

1 high levels of individualization of technical and consumer parameters ofrseusirial
and especially industrial SACs (selection of the refrigerant type, the period of filling the
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system with refrigerant, high conditionality of typical emission factors at system filling
and operation, etc.);
1 difficulty of establishing the average operatfmeriod of the equipment in Ukraine.
The calculated uncertainty level of activitgita in the suloategory in 201 was 44.44%, of
the default coefficients used29.93%, the combined uncertainty of GHG emission estimation is
51.96%. The high uncertaintyel of the activity data is due to complexity of analyzing foreign trade
statistics, which in the reporting year are often fragmented and do not allow for an accurate count c
the number of air conditioning equipment imported to Ukraine.

4.7.1.34. Categoy -specific QA/QC procedures

General QA/QC procedures were applied for estimation of GHG emissions in HFC use.

4.7.1.35. Categoryspecific recalculations
In this category, no recalculations were made.
4.7.1.36. Categoryspecific plannedimprovements

See in Annex A8.2 Improvement plan for NIR

4.7.2 Foam Blowing Agents (CRF category 2.F.2)

4.7.2.1 Category description

Disaggregation of activity and GHG emission data in this category was based on productior
and imports of altypes of foam materials and products based on them where hydrofluorecarbon
based foaming agents are used. These subcategories are:

1 onecomponent polyurethane foams (OPF);

1 panels and sandwich panels made of rigid polyurethane foams (RPUF);

7 rigid polyurethae foam (PUF insulation by spraying, pouring, injection);

1 extruded polystyrene foam (XPS).

In 2021, hydrofluorocarbons HFQ@34a, HFG245fa, HFC365mfc HFC-227eaHFC-152a
were used as blowing agents for production and in composition of imports of foam materials (prod-
ucts).

In the subcategory of oromponent polyurethane foams in 2Done producer operated,
which used as a blowing agent a mixture of progautane, FreonR-22 and R406. Imports of OPFs
containing HFCs were minimal.

In the subcategory of PUF panels and sandwichlpane2@®1, out of the 15 producers
operating 10 companies used as blowing agentgH20), pentane, HCFC 14ihased polyols. Im-
ports of PUF paels and sandwich panels comprising HFC as the blowing agent were estimated or
the basis of an analytical sample of customs statistics data and expert estimates.

In the subcategory of rigid insulation PUF produced by spraying, pouring, injection, in
Ukraine there are around 160 enterprises in various fields of specialization that carry out technologi
cal and production work forming rigid polyurethane foam insulation for various purposes: for ware-
house and industrial premises, electrical products, refrigarajuipment, automotive industry, and
others.

In the subcategory fPS, in 2@1 2 manufactures of XPS plates operated and used as the
blowing agent carbon dioxide alone or as a mixture with ethyl alcohol, and a mixture of chlorofluoro-
carbons and hydrochlorofluorocarbons (R2242, R406) with isobutane f800A.

Formation of activity data in theategory of foamed materials (products) production was
based on data obtained directly from manufacturers, as well as from other representative source

146



' 1IN} AYSQ& DInBroywy K®@RIS DI &

They included data on the amounts of hydrofluorocarbons use for production of foamed materials
(producty, trademarks and formulations of HFGntaining polyols, etcTable 434 summarizes re-
sults of GHG inventory in production and use of foarH&eC-containing materials.

Table 434 Basic data on results of GHG inventory in production and use of foatR€d

containing materials in Z1.
Category code 2.F.2

Panels and sand-

Type of foamed | wich panels

RPUF insulation by spraying, pouring, | Extruded foamed

materials (prod- made of PUE injection polystyrene
ucts)
Gas HFC- | HFC- | HFC- | HFC- | HFC- HFC- HFC- | HFC- | HFC-

134 134| 245fa| 13 4| 245fa | 365mfc | 227 | 13 4] 1520
Activity data

HFC amount used
in production of
foamed materials
(products), t

HFC amount con-
tained in exports o
foamed materials
(products), t

HFC amount con-
tained in imports
of foamed materi-
als (products), t
HFC stock as of
the end of 202X

0.0 23.5 0.0 69.59 0.0 0.0 18.82 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

51.47| 1.16 1 0.0 0.0 0.0 0.0 0.472 | 1290

0.0 | 28.76| 19.4 | 433.46| 135.42| 138.54 | 105.52| 146.9 | 16123

Category characteristics and estimated factors
Key category No No No No No No No No No

Detail level (Tier) 20 20 20 20 20 20 20 20 20
Method for deter-
mination of the D D D D D D D D D
emission factor
Emission factor for|
the first year,%
Emission factor

100.0| 125 12.5 25.0 25.0 25.0 25.0 40.0 | 40.0

from the stock, % 0.0 0.5 0.5 15 15 15 15 3.0 25.0
Average service
life of the material 1 50 50 50 50 50 50 50 o

(product) during
operation, years

GHG emissions

HFCs emissions
in manufacture of
foamed materials | 0.0 2.94 0.0 17.4 0.0 0.0 4.71 0.0 0.0
(products), t
in operation of
foamed materials | 51.47| 0.144| 0.097 | 6.502 | 2.031 2.08 1.58 | 4.407 | 4038
(products), t
Emissions of HFCS 54 47| 308 | 0.007 | 239 | 2081 | 208 | 629 | 4.407 | 403.08
in category, total, t

GWP, t CQqlt 1430 | 1430 | 1030 1430 | 1030 794 3220 | 1430 | 124
GHG emissions, ki 7361 | 44 | 0.0® | 3418 | 2002 | 1.65 | 2025 | 6302 | 49.98
of COp.eq
Change in emis-
sions compared to
the previous year | 16.7 15.81 15.695 7.004
(increase/decreass
rate),%
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Category code 2.F.2

Panels and sand-

Type of foamed OPF wich panels

RPUF insulation by spraying, pouring, | Extruded foamed

materials (prod- made of PUE injection polystyrene
ucts)
Gas HFC- | HFC- | HFC- | HFC- | HFC- HFC- HFC- | HFC- | HFC-

134 134| 245fa| 13 4| 245fa | 365mfc | 227 ] 13 4| 1520

Emissions, % of
the total direct ac-
tion GHG emis-
sions in the sector

0.13 0.008 01 0.096

Uncertainty estimation

Uncertainty of activ

ity data, % 22.07 28.35 29.15 11.70
Uncertainty of the | -, 36.05 32.02 20.0
emission factor, %
Uncertainty of the
emission estima- | 22.63 45.86 43.30 23.17

tion, %

4.7.2.2. Methodological issues

Estimation of hydrofluorocarbon emissions in the category of foam blowing materials was
performed by subcategories using 2a method. Alsthxategories, except for caemponent poly-
urethane foams, are closed pore foams.

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg §6the national leal (State En-
terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is base@@f)6 IPCC Guidelines
[1] and2000 IPCC Guidelinegt].

Activity data were obtained or calculated from the raw data of enteqmiedscers and an
data of Index ofndustrial production 202a&btained fromSSSUfor production of foamé 2021as
well asfrom State Custom &vice of Ukraineon importof HFC-152afor Extruded foamed polysty-
renein 2021.

To estimate the volume of HFC imports in composition of polyolsesentative data on
the composition of polyol blends of the set trademarks were used.

To calculate the scope of HFC imports as part of foamed materials (products), a variety of
estimation factors were used depending on characteristics of eacategby.

In some foamed maetial subcategories, amountsusually minor- of imports with an uni-
dentified foam blowing agent were detected. The concession method was applied to them based ¢
expert judgment regarding the proportion of foam materials that coatdin hydrofluorocarbons as
blowing agents.

For each sulcategory of foamed materials, default emission factors for production and op-
eration were applied, as well as the average data on the lifetime of the materials (products).

The calculation of the HF@52a emissions from its use kxtruded foarad polystyrene
production was performed for the first tinlhe default emission factors for production and opera-
tion, as well as the average data on the lifetime of the materials (prodecespppliedor HFC-
152a emission calculan in accordance witB006 IPCC Guidelinefl]. The calculations of HFC
152a emissions fromaxtruded foamed polystyremeoduction were performed only for 2012021
accordingto thedata of HFC152a imporfprovidedby StateCustom ®rvice of Ukraineln accord-
ance with databtained fom State Custome8vice of Ukrainghe import of HFC152a forExtruded
foamed polystyrenproductionfor 19901 2010was absent

4.7.2.3. Uncertainties and timeseries consistency

The uncertainty levels of the activity data and emission factors in the foamed materials cat-
egory and its subcategories were determined based on the Methods of determination and results
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calculations for estimating the uncertainty of activity data andseam factors of hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride) (@Rhe major categories (SE "Cher-
kasky NIITEKHIM", Cherkasy 2012) [13].

For each subcategory of foamed materials, the specific uncertainty factorsebiecdchtfal-
culation of the uncertainty level of the activity data and emission factors, as well as the total emissiol
estimdion uncertainly levels, in 20 were determined and applied.

The general uncertainty factors in almost all subcategories of foamatedials (products)
were: difficulty of identifying foam blowing agents in general and H¥&Sed ones, in particular in
imports of polyols, foam blowing materials (products).

The range of the activity data uncertainty levels in the category of foamedatsatethe
context ofindividual subcategories in 20 was from 11.70 to 29.15%; of default HFC emission
factors- from 7.07 to 36.05%, of emission estimaté®m 22.63 to 45.86%.

4.7.2.4. Categoryspecific QA/QC procedures

General QA/QC procedures meapplied for estimation of GHG emissions in HFC ése.
expertjudgementfrom a group of experts of SE "Cherkasky NIITEKHIM" was obtained for this
category.

4.7.2.5. Categoryspecific recalculations

In 2021 in this category recalculation of HF&nissionsin 2011- 2020for Foam Blowing
Agentswas made due taccountingof theHFC-152aemissions thatwere calculated for the first
time in accordance witB006 IPCC Guidelined] and data obtained from State Custoem&e of
Ukraine

Table 4.3 Recalculation oHFC emissionsn foamblowing agentsin 2011-2020
2.F.2Foam Blowing Agents 2011 [ 2012 | 2013 | 2014 [ 2015 [ 2016 | 2017 | 2018 [ 2019 [ 2020
HFCs
Emissions (beforeecalculating), k| 97.15 | 69.12 | 77.60 | 7250 | 6170 | 7372 | 8252 | 97.17 | 10668 | 12374
Emissions (after recalculating), ki 10032 | 7266 | 8807 | 9376 | 8523 | 10270 | 11584 | 13434 | 147.14 | 16984
Emission difference,% 327 | 512 | 1349 | 2932 | 3813 | 39.31 | 4037 | 3825 | 37.93 | 37.26

4.7.2.6. Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR

4.7.3 Fire protection (CRF category 2.F.3)
4.7.3.1 Category description

In the fire extinguisher category, usehyfdrofluorocarbons as extinguishing agents in gas
(flooding) extinguishing systems was considered.
Out of the list of hydrofluorocarbons permitted for use in Ukraine as an extinguishing agent
in gas fre-extinguishing system, in 2@ only HFG125 and HFE227ea were applied.
Manufacture of firefighting equipment using HFCs adiee extinguishing agent in 20
was carried out only by specialized enterprises.
Formation of activity data in the fire extinguisher category was based on data obtained di-
rectly from manufacturers of gas extinguishing systems, namely:
1 information on the amount of use of fluorine gases (by type) for production of gas fire
fighting modules (GFFM);
1 information on the amount of filling with fluorine gases fire fighting modules of variou
sizes derived from technical specifications.
Documented activity data were provided by producers of GFFMs.
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Enterprise data were used to determine the HFC stock and emissions from operation of th:
existing fleet of gas extinguishing systems in Ukraine.

The object of the sample was charged gas extinguishing unitsrdogtHFG125 and HFE
227eaTable 436 summarizes results of GHG emission inventory in production and operation of gas
extingushing systems using HFCs.

Table 4.%. Basic data on results of GHG inventory in production and operation of gas fire
fighting modules (GFFMs) in ZA1.

Category code 2.F.3
Type of equipment Gas fire fighting modules (GFFMs)
Extinguishing agent (gas) HFC-125 | HFC227]
Activity data
Useof HFCs in equipment production, t 22.28 211
Amount of HFC in exported equipment, t - -
Amount of HFC in imported equipment, t 9.61 9.33
HFC stock in the operatemjuipment as of the end of Z0) t 20206 19294
HFC stock in the operatestjuipment as of the end of20) t 225.87 21566
Category characteristics and estimated factors

Key category No No
Detail level (Tier) 10 10
Method for determination of the emission factor D D
Emission factor at operation of the equipment,% 4 4
Average life of equipment 15 15

GHG emissions

HFCs emissions

at operation of the equipment, t 9.03 8.63
at liquidation of the equipment, t 0.0 0.0
Emissions of HFCs in category, total, t 9.03 8.63
GWP, t COueqlt 3500 3220
GHG emissions, kt of CQq 31.62 27.78
Change in emissions compared to the previous year (increase/d 11.78 1178
crease ratefo
Emissions, % of the total direct action GHG emissions in the seq 0.054 0.048
Uncertainty level estimation
Uncertainty of activity data, % 16.70
Uncertainty of the emission factor, % not performed
Uncertainty of the emission estimation, % 16.70

4.7.3.2 Methodological issues

Estimation of hydrofluorocarbon emissions in this category was performed for production
and operation of gas fire extinguishing systems using l1a level method.

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFC}¥ perfluorocarbons (PFCs), and sulfur hexafluorides\ 8Fthe national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is base@0#6 IPCC Guidelines
[1] and2000 IPCC Guidelinegt].

Activity data in 2@1 in the category of fire fighting systems were obtained or calculated on
the basis of input data:

1 on volumes of equipment production and the content of thexitiaguishing agent re-
ceived from firefighting equipment manufacturing enterpriseglto the statistics of
imports of the State Custom Service of Ukraine

1 on HFC volumes imported to replenish available GPPSs with fire extinguishing agents.

The sampling object was a gas fire extinguishing unit (production, export, import) charged
with fire extinguishing hydrofluorocarbon agents (HA@5 and HFE227ea).

4.7.3.3 Uncertainties and timeseries consistency
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The uncertainty level of the activity data and emission factors in the fire extinguisher cate-
gory was determined based on the Methods of determination and results of calculations for estimatin
the uncertainty of activity data and emission factor of hydoobcarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (§kn the major categories (SE "Cherkasky NIITEKHIM", Cher-
kasy 2012) [13], based on the specific characteristics of input andiatattdata formatiom 2021.

For the category ofas fire extinguishing, specific of activity and emission data uncertainty
factors were established, which were included into the formula for calculating the combined uncer-
tainty level.

The key causes of activity data uncertainty assessment the gas ifguiskter category
were:

1 complexity of obtaining data on the amount of HFC use for maintenance of existing gas

extinguishing systems (the current period);

1 complexity of identifying and calculating the data on the volume of HFC imports into

Ukraine (by tye) as part of gas fire extinguishing systems.

Activity data in the gas fire extinguisher category were provided by the manufacturing en-
terprises.

When calculating emissions in this category, the default emission factors recommended by
the IPCC were used.

The calculated total uncertainty of activity data and emission estimates in the category o
gas fire extinguishers in 20 was 16.70%.

4.7.3.4 Categoryspecific QA/QC procedures
General QA/QC procedures were applied for estimation of GHG emissiofsdruse.
4.7.3.5 Categoryspecific recalculations

In 2021in this category recalculation of HF&nissionsn 2018 - 2020for Fire protection
was made due tadjustment of theataof theuse of HFCs in equipment productionaccordance
with data obtained frorenterprises

Table 4.3 Recalculation oHFC emissionsn foamblowing agentsin 2018-2020.
2.F.3Fire protection 2018 | 2019 | 2020
HFCs
Emissions (beforeecalculating), kt | 39.68 | 4331 | 47.03
Emissions (after recalculating), kt | 41.78 | 48.00 | 5314
Emission difference, % 5.307 | 10.823 | 12989

4.7.3.6 Categoy-specific planned improvements

See in Annex A8.2 Improvement plan for NIR

4.7.4 Aerosols (CRF category 2.F.4)

4.7.4.1 Category description

In 2021 in Ukraine use of hydrofluorocarbons (HAG4a) in this category was observed
exclusively in production and consumption of medical aerosols for inhalation and for other purposes
(metereddose aerosol inhalation, aerosols for external use, etc.).

In Ukraine, three producers of aerosols faedital purposes operatedd621, which used
HFC-134a in production as a propellant gas. Ukraine only imported inhalation and other aerosol med
ications containing HC-134a as the propellant g&#-C-152a was not importeto Ukraine.
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Formation of activity data for production of aerosol formulations for medical purposes was
based on data obtained directly from the manufacturers. They included data on production volume
of aerosols for medical purposes containing HIEBda {(n aerosol bottles and in tons by product
names), HFC volumes used in manufacture of medical aerosols, the content of the propellant ga
Documented activity data were obtained in this category from all manufacturers.

In 2021, only HFG134a was used in pdaction and importation of aerosol formulations for
medical purposes, HFZ27ea was not included into the comifios of the imported aerosol$able
4.38 summarizes results of GHG inventory in production and usé=aF¢bntaining aerosols

Table 4.8 Bast data on results of GHG inventory in production and us#-@i-containing
aerosols in 281.

Category code 2.FA4
Aerosols
Category Aerosols for medi-| Aerosols for industrial
cal purposes purposes
Gas HFC-1 34 © | HFC-1 3 4] HFC-1 5
Activity data
HFC amount used in production of aerosols, t 21.25 - -
HFC amount contained in exports of aerosols, t 3.47 - -
HFC amount contained in aerosol supplies for the domestic marlk - - -
HFC amount contained in imports of aerosols, t 53.16 - -
Net consumption of HFCs contained in aerosols, t 7106 - -
Category characteristics and estimated factors

Key category No - -
Detail level (Tier) 20 - -
Method for determination of the emission factor D - -
Emission factor for the first year,% 50 - -
Emission factor from the stock,% 50 - -
Average service life of the material (product) during operation, y¢ 2 - -

GHG emissions

HFCs emissions

at aerosol use, t 83.96 - -

Emissions of HFCs ipategory, total, t 83.96 - -

GWP, t CQeqlt 1430 - -

GHG emissions, kt of CQq 120.07 - -

Change in emissions compared to the previous year (increase/d¢ - ) )

crease rate),%

Emissions, % of the total direct action GHG emissions irsdutor 0.21 - -
Uncertainty estimation

Uncertainty of activity data, % 6.70

Uncertainty of the emission factor, % 5.39 Not determined

Uncertainty of the emission estimation, % 8.60

4.7.4.2 Methodological issues

Estimation of emissions dfydrofluorocarbons in the category of aerosols was carried out
using 2a level method.

As a methodological basis, "The methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg é6the nationdevel (State En-
terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines
[1] and 2000 IPCC Guidelines [4].
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The calculation of the volume of production, exports, and imports of aerosols for medical
purposes included coungrof the number of produced, exported, and imported products by trade
names of the drugs in vials and in tons (gross weight).

Estimation of GHG emissions in this category was based on calculation of net consumption
of HFCs in composition of aerosols in th@rent period based on the default emission factor for the
propellant gas of 50% during the first year, and the HFC stock as of the beginning of the year (50%
from the previous year's indicator).

In 2021, thedecreaselynamics in HFC emissions from thategory of aerosol products for
medical prposes in Ukraineesuned This trend is likely to be situational and is dueaddition to
the purchasing power, to the administration of the domestic pharmaceutical market.

4.7.4.3. Uncertainties and timeseries consistency

The uncertainty levels of the activity data and emission factors in the aerosol category were
determined based on the Methods of determination and results of calculations for estimating the ur
certainty of activity data and emission factofshydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (§kn the major categories (SE "Cherkasky NIITEKHIM", Cher-
kasy 2012) [13].

The key uncertaintfactors in this category in 2Q were:

1 a certain complexity of calculation ambssible discrepancies in analytical data pro-
cessing when converting the quantitative volume of imports of aerosol formulations for
medical purposes into the identical measurement units (spray bottles), if another unit is
specified in the customs declacat (weight, value);

1 unclear identification of data on the composition of aerosol formulations for medical
purposes for individual commodity items and the weight fraction of the propellant gas
per unit of accounting (spray bottle) contained in the druglasementation.

Obtaining comprehensive input datarh producing companies for 2Don the composition

of aerosol formulations for medical purposes ensured the lowest level of uncertainties in this category

The total uncertainty of activity data in ther@sol category was 6.70% in 20 the uncer-
tainty of the default HFC emission factor for this category was 5.39%. The total uncertainty of emis-
sion data in the aerosol category was 8.60%.

4.7.4.4. Categoryspecific QA/QC procedures

General QA/QC procedes were applied for estimation of GHG emissions in HFC use.
4.7.4.5. Categoryspecific recalculations

In this category, no recalculations were made.
4.7.4.6. Categoryspecific planned improvements

See in Annex A8.2 Improvement plan for NIR

4.75 Solvents (CRF category 2.F.5)

In Ukraine, homogeneous solvents and/or mixed (heterogeneous) solvents using HFCs a
the primary solvent or blenalvent were not produced in 20 Andysis of the statistics for 20
confirmed that solvents were not impatt® Ukraine. Therefore, estimation of GHG emissions in
this category was not performed.
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4.7.6 Other Applications of Substitutes for OzoneDepleting SubstanceCRF cat-
egory 2.F6)

As a result of the analysis of imports and domestic sales of HiCsulfur hexafluoride in
2020, no data on use of these gases used in other industries were obtained..
Therefore, estimation of GHG emissions in this category was not performed.

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

Emissions in tls category are estimating from sulphur hexafluorides\&Bm the manu-
facture and use of electrical equipment and a number of other praddasnissions of nitrous oxide
(N20) use for medical purpose$he mainSFs emissions occurs only froiits use ingasinsulated
equipmentind NO from itsusein surgical operations'he subcategories in this category are not the
key sources of emissions. The activity data collectionhoumlogical issueas well aQA/QC pro-
ceduresetc. by the categories includedthns categoryare shown by each subcategory in relevant
chapters.

4.8.1 Electrical Equipment (2.G.1 CRF)

4.81.1 Category description

Sulphur hexafluoride (Skis used for transmission and distribution of electric power in
switching systems and high voltage equipment38@ kV), as well as in medium voltage systems
(10-52 kV).

Ukraine has no own production of sulfur hexafluoride (SHE/®Hs imported to Ukaine
in volumes necessary for production of own-gesulated equipment, annual assembly and installa-
tion of new equipment, as well as for repair and normal operation of the existing fleeirdigated
equipment.

A bulk of imported sulfur hexafluoridéover 65%) is used for repair and operation of the
available fleet of gassulated equipment at electrical substations of the Ministry of Energy and
Mines, the Ministry of Infrastructure, industrienterprises in other secto.ound 20% of Skim-
portedto Ukraine was used in production of gasulated equipment: transformers and-gasilated
switchgears. Ukraine has no own production ofigaslated circuit breakers. Industrial consumption
SFs is mainly concentrated in the two segments: producticcoofplete gasnsulated switchgears,
production of complete gassulated transformer substations, and production efrgagated ctrent
and voltage transformer$able 4.3 summarizes results of GHG inventory in production and opera-
tion of gasinsulatedequipment.

Table 4.3 Basic data on results of GHG inventory in production and operatigasif-
sulated equipment in 20Q.

Category code 2.G.1
Category (type of equipment) Gasinsulated equipment
Gas Sulfur hexafluoride
Activity data
Theamount of Skimported into Ukraine in 221, t 27.21
Number Sk used in production of gaasulated equipment (filling stage), t 1.007
Amount of Sk in exported gasnsulated equipment, t -
Amount of Sk in imported gasnsulated equipment, t 26.69

Amount of Sk in installed gasnsulated equipment (hameplate capacity of newpeq
ment put into operation in 20), t
Amount of Sk in operated gagsulated equipment (nameplate capacity of operate
equipment as of the end of 1), t
Amount of Sk in operated gagsulated equipment (nameplate capacity of operate

) 42621
equipment as of the end of 20), t
Category characteristics and estimated factors

50.95

377.15
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Key category No

Detail level (Tier) 20, 30
Method for determination of themission factor D

Sk emission factor in production of gassulated equipment (the filling stage),% 0.5

The emission factor at assemblage (installation) ofigmdated equipment,% 0.0
Emission factor at operation of gasulated equipment,% 0.5
Average lifetime of the equipment, years 30-40

GHG emissions

Sk emissions

at manufacture of the equipment (the filling stage), t 0.005
at installation (assembly) glsinsulated equipment, t 0.011
at operation of gagisulated equipment, t 213
Sk emissions in the gaigsulated equipment category, total, t 215
GWHP, t CQelt 22800
GHG emissionskt of COe 48.94
Growth/reductionoEmissions compared to the previous yeat) 4/ 11.6
Emissions, % of the total direct action GHG emissions in the sector 0.084
Uncertainty level estimation
Uncertainty of activity data, % 34.104
Uncertainty of the emission factor, % 18.0
Uncertainty of the emission estimation, % 38.56

4.81.2 Methodological issues

Estimation of sulfur hexafluoride emissions in this category was conducted at production
and operation of gassulated equipment with Tier 2a assessment method and partially the mass
balance Tier 3a method, based on the need.

As a methodological basisThe methodology of calculating emissions of hydrofluorocar-
bons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg §6the national level (State En-
terprise "Cherkasky NIITEKHIM", 2012) [13] was used, which is based on 2006 IPCC Guidelines
[1] and2000 IPCC Guidelines [4].

The activity datan 2021 in this category were obtained from manufacturers of-hgtage
gasinsulated switchgears, QML0 kV gasinsulated transformers, and gasulated equipment using
companiesandusing the method of sabtution due to the lack aoncretely data for Z1 in accord-
ance with data obtained froStateCustomService of UkraineData on actual volumes of sulfur
hexafluoride used in production gasinsulated equipment in 2@ were also obtained from the en-
terprisesproducerswith usinganalytical study, which includes different approaches, particularly ex-
trapol ation, expert | udgemen 9 faradustroentloferolumesa t h
of sulfur hexafluoriden 2014- 2021.

During the inverary in the subcategory, the &E&mission factor (0.5%) in production of
gasinsulated equipment was used, which was established on the basis of factual data obtained fro
manufacturers using Tier 3a method (the rzEdance method).

In accordance with théMethodology for calculating emissions of hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride) (&Rhe national level" (State Enter-
prise "Cherkasky NIITEKHIM", Cherkasy, 2012) [13], thes®fnission factor in operation was es-
tablished on the basis of data from gasulated equipment producing and supplying enterprises.

For complete gasisulated switchgear, as a rule, the zereeéhrission factor during opera-
tion is applied (for the exception of emergency equipment repaira)factor not more than 0.1%.

For some imported secoigeneration gagisulated equipment (current and voltage trans-
formers), the Sfemission factor is set at less than 0.1%.

To calculate SfFemissions during operation of gasulated egipment in this category in
2021, the average factor of 0.5% was applied.

4.8.1.3 Uncertainties and timeseries consistency
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The uncertainty level of the activity data and emission factors in thegidste equipment
category was determined based on the Methods of determination and results of calculations for est
mating the uncertainty of activity data and emission factors of hydrofluorocarbons (HFCs), perfluoro-
carbons (PFCs), and sulfur hexafluorided)$fthe major categories (SE "Cherkasky NIITEKHIM",
Cherkasy 2012) [13], based on the specific characteristics of input and ealalddd formation in
2016

Activity data in the gasnsulated equipment category were submitted by the producing com-
panies, onsumer companies, and importers of the equipment for the domestic market.

In 2021, the key activity data uncertainty factors in the category ofrgagated electrical
equipment were:

1 the difficulty of obtaining comprehensive data on availability ofghsinsulated ele-

ment with Sk in gasinsulated electrical equipment imported to Ukraine (for individual
production companies);

1 possible partial identification of the consumer range and data collected from enterprises

consuming gamsulated electrical egqument;

71 possible inaccuracies in calculation of the nameplate capacity of newly installed and op-

erated gasnsulated equipment.

The calculated activity data uncertainty level in the category cingatated equipment
amounted to 34.104 for the period indated.

The uncertainty of the default emission factors in the category ehgaksited egipment in
2021 was 184.

The overall uncertainty of sulfur hexafitide emisgn estimation was 38.56% in2D

4.81.4 Categoryspecific QA/QC procedures
General QA/QC procedures were applied firmeation of GHG emissions inFsuse.

4.8.1.5 Categoryspecific recalculations

In 2021 in this category recalculation &F emissionsvas made due tadjustmenof the
data ofthe anount of SF6 in installed gamsulated equipmerior 2019 - 2020 according to the data
obtained from enterprises.

Table 440 Recalculation o65F emissionsn gasinsulated equipmenni2(19-202Q
2.G.1 Electrical Equipment 2019 2020
Sk
Emissions (before recalculating), ki 38.67 4316
Emissions (after recalculating), kt | 38.79 43.35
Emission difference,% 0.30 0.44

4.8.1.6 Categoryspecific planned improvements
See in Annex A8.2 Improvement plan for NIR.

4.82 SFs and PFCs fromOther Product Uses(CRF category 2G.2)

In accordance with the scientdiesearch works: by the Ukrainian Research Institute of
Medicine and Transport of the Ministry of Health of Ukralbevelopment of methods of estimation
and determin@on of emissions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafljatide"
and by Cherkasy NIITEKHIM* "Development of methods of estimation and determination of emis-
sions of hydrofluorocarbons, perfluorocarbons, and sulfur hexafluorideagl8jell as frontdata
obtained fronStateCustomService of Ukrainghere isno Sk and PFCs from other product uses in
Ukraine, therefore emissions in this category are not estimated.
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4.83 N20O from Product Uses (2.G.3 CRF)

4.8.32.1 Category description

In this category, nitrous oxide emissions from its use for medical purpossthésia) are
estimatedNitrous oxide emissions in 2@ amounted to @51 kt.

Medical nitrous oxide at ambient temperature and atmospheric pressure is a gas. In produc
tion, transportation, and up to the direct application in hospitals, it is storedliquéied form in
bombs under high pressure. The bombs are 10 liter seamless hermetically sealed containers of cark
steel in accordance with GOST 949 with the base material content of 6.2 kg. All nitrous oxide
used in medical institutions fully getsto the air, since after its use as an inhalation anesthetic the
gas is exhaled by the patient (eliminatidi®0%) with no utilization, and 100% of its volume releases
into the environment.

4.8.32 Methodological issues

In this inventory, for thdirst time in the time seas of 1992021, estimation of nitrous
oxide emissions from its use for medical purposes is done under the algorithm developed by the Sta
Enterprise "Ukrainian Research Institute of Transport Medicine of the Ministry of Hdé&l#raine"
and described in the scientHiesearch work "Development of methodological recommendations on
definition of indicators of nitrous oxide use for medical purposes; {ith using national emission
factors.

In accordance with the algorithm,raral nitrous oxide emissions from its use for medical
purposes are determined according to equation:

00 OO 0606 U, (2)

where:Q(t) - the volume of nitrous oxide emissions from its use for medical purposes in
yeart, kt;

XO - the number of surgeries conducted, surgeries/yeatr;

IA - the share of inhalation surgeries in the structure of the total number of surgical proce-
dures performed,;

IAn0 - the proportion of nitrous oxide use as an anesthetic in the structure of inhalation
surgeries made;

N - the amount of nitrous oxide used pehalation surgery with its application, kg.

The data on surgical operations performed imdifle in the period of 19902021 were
analyzed and systematized in the expstimatiori in accordance with data obtained from the Min-
istry of Health of Ukraine with using data from official statistith usinganalytical study, which
includes different approaches, particularly extrapolation, expert judgement and other math and statis
ticalmj t h d49 @r adjustment ohumber of surgical operatioms 2014- 2021. The detailed in-
formation is presented in Tablefd.below. In general, the number of surgical operattas gradu-
ally decreasedrom 4280.605thousand in 199@ 2960356 thousandn 2020, as well as ir2021 i
3086921 thousand. This trend from 19902621 is due to a number of reasons: an increase in the
general morbidity rate in the populatiantil 2013 the growing number of patients who require sur-
gical operations, the numbef detected tumors, diseases of the blood circulatory system and the
urinary tract, as well as introduction into the surgical practice of new technologies in line with an
increase in the scope of planned surgical ead accordingly, a decrease for teeeasons from
2014 to 202.

The share of inhalation surgeries (IA). The value of the IA fdotdhe timeseries of 1990
2021 was calculated in the expedtimationt, according to which this factor gradually increased from

4 A. Fedoruk,MD, Professoiof Surgery and Urologpepartment,Bukovysky State MedicdUniversity, deputy chief
physician at the medical unit of Chernivtsi city hospital.
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0.15in 1990 andeiached the value of 0.51 inZQwhich is displayed in table 4 below. This trend
is typical for the majority of countries in the world and was supported by improvement of the material
and technical base of medical and preventive treatment facilitiddsraine: only in the last few years
Ukraine received and distributed more than 800 anesthesia and respiratory devices, which allows fc
inhalation anesthesia.
The proportion of nitrous oxide use as an anesthetic{)AThe value of the 1Ao factor
for the timeseries of 199@2021 was calculated in the expagstimation, according to which this
factor gradually increased from 0.100 in 1990 and reached the value of 024, iwhich is dis-
played in table 4.1. This trend is due to the relatively lowst of using nitrous oxide as an anesthetic.
The amount of nitrous oxide used per inhalation surgery (N). In the scientific research work
[18], it was found that the average weight of nitrous oxide used per inhalation surgery is 0.8 kg. The
value of the fator is based on the analysis of nitrous oxide use ime@ith facilities of Ukraine.

Table 441. Use of nitrous oxide for medicpurposes in Ukraine, 199@021.

The total number of The share ofinhalation | The proportion of inha-
Year surgical operations anesthesia lation anesthesia using
(X0), thousand (1A) N20 (IAN20)
1990 4280.605 0.15 0.100
1991 4395.58 0.15 0.100
1992 4799.39 0.15 0.100
1993 4768.744 0.15 0.100
1994 4709.829 0.15 0.100
1995 4608.056 0.15 0.100
1996 4555.423 0.15 0.100
1997 4379.378 0.15 0.100
1998 4488.427 0.15 0.100
1999 4569.398 0.15 0.100
2000 4905.764 0.15 0.150
2001 4840.657 0.15 0.150
2002 4860.692 0.15 0.150
2003 4973.975 0.15 0.150
2004 5026.678 0.15 0.150
2005 5044.089 0.15 0.150
2006 5053.335 0.18 0.263
2007 5112.678 0.18 0.263
2008 5481.381 0.18 0.263
2009 4915.107 0.51 0.279
2010 4951.215 0.51 0.279
2011 4934.49 0.51 0.279
2012 4907.676 0.51 0.279
2013 4894.296 0.51 0.279
2014 4277.608 0.51 0.279
2015 4300.679 0.51 0.279
2016 4280.791 0.51 0.279
2017 4256.299 0.51 0.279
2018 4171.564 0.51 0.279
2019 3862.909 0.51 0.279
2020 29%60.356 0.51 0.279
2021 3086.921 0.51 0.279

4.8.33 Uncertainties and timeseries

The range of activity data aremission factor uncertainty estimates in the category Other
Applications is displayed in table £24and was determined in accordamneth 2006 IPCC Guidelines

[1].
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Table4.42. The range of uncertainty estimates

Estimated uncertainty
Parameter o
Activity data
The number of surgical operations, XO 5 5
(?ompleteness of the sampling and data processing time 78 78
ries
The balance of domestic consumption of nitrous oxide 10 10
Uncertainty of activity data 13.63 13.63
Emission factors

Theshare of inhalation surgeries, IA 10 10
The proportion of nitrous oxide use as an anesthetigol A 26.42 26.42
Uncertainty of nitrous oxide emission factors 28.25 28.25
Standard uncertainty of & emissions 31.37 31.37

4.8.34 Category-specific QA/QC procedures

For estimation of emissions in the category, the following quality control procedures were
applied:

1 comparison of activity data from different sources;

1 comparison of emission along the tiweries and analysis of actiyitlata trends;

4.8.35 Category-specific recalculations

In 2021 in this category recalculation of: emissiongrom Other poductuseswas made
due toadjustmentf the data ohumber of surgical operatiois 2020 according to the data ob-
tainedfrom enterprise.

Table 4.8 Recalculation oemissions fom NO in Other poductusesin 2020.
2.G.3 N20 from Product Uses 2020
N20
Emissions (before recalculating), | 0.3389
Emissions (after recalculating), kt| 0.3370
Emissiondifference,% -0.57

4.8.36 Category-specific planned improvements

In this category, no improvements are planned.
4.9 Other (CRF category 2H)

Emissions in this category are estimating from pulp, paper, food and beverages production
In this categories onlyhe precursa@and SQ emissions occurs. The subcategories in this category
are not the key sources of emissions. The activity dataction, méhodological issueas well as

QA/QC procedurestc. by the categories included in this category are shown by each subcategory in
relevant chapters.

49.1Pul p and Paper Production (CRF cat e
4.9.11 Category description

Pulpand paper industry produces various types of paper and cardboard manufacturing tech
nology of which consists in obtaining paper mass from fibrous matgndp. The raw material for
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paper pulp is wood. In pulp and paper production emissions of NMVOGs XD and S@occurs.
Sinae 2011 pulp has not beegproduced in Ukraine. Table 4.4hows the basic data on the results of
GHG inventory in paper production.

Table 444. The basic data on the results of GHG inventory pepand pulp production in

2021.
Category code 2.H.1

Gases N [z CO NMVOC SO,
Emissions from production, kt 1.087 5.976 2.173 2173
Change in emissions compared to the p

. 0 5.60
vious year,%
Change in emissions compared to the 12953
baseline year,%
Emissions, % oémissions in the sector 4.39 | 164 | 1.96 | 38
The key category No
Detail level (Tier) 1 1 1 1
Method for determination of the emissiol D D D D
factor
Emission factor at production, t/t 0.001 0.0055 0.002 0.002

4.9.12 Methodological issues

Emissions of NMVOC, N CO, and S@in paper manufacture were determined in ac-
cordance with 2018MEP/EEArecommendationf5]. Data on the amounts of paper production in
Ukraine were obtainefilom SSSU2]. The default GHG and S@mission factors were ed.

4.9.13 Uncertainties and timeseries consistency

Since in pulp and paper production GHG emissions do not happen, the uncertainty of emis
sion estimation results in this category was not calculated.

4.9.14 Categoryspecific QA/QC procedures

General QA/QC procedures were applied to calculation of GHG emissions from paper pro-
duction.

4.9.15 Categoryspecific recalculations

In this category, no emission recalculations were made.
4.9.16 Categoryspecific planned improvements

In this category, no improvements are planned

492Food and Beverages I ndustry (CRF cai

4.9.21 Category description

The food industry produces a wide range of products based on application of various tech:
nological processes. Foa@dmposition includes organic substas that during processing enmto
the atmosphere as NMVOCs. The greatest amount of NMVOCs is emitted in production of alcoholic
beverages, bakery products, edilbhts, meat and fish produc®&able 445 presents activity data,
emission and NMVOC emission factors at production of foatlmverages in Ukraine
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Table 445. NMVOC emissions in producn of food and beverages inZ20

Category code 2.H.2
Food Production, kt 11437.64
BeverageProduction, 1®hl 2020119
Gas NMVOC
Emissions from products, kt 30.72
Emissions from beverages, kt 11.14
Total emissions, thousand tons 41.86
Change in emissions compared to the previous year,% 13.03
Change in emissions compared to the baseline year,% -70.01
Emissions, % of emissions in the sector 37.66
The key category No
Detail level (Tier) 1
Method for determination of the emission factor D

Activity data, emission factors, and GHissions throughout the entire time series in
this categry are shown in Table A3.1.77JAnnex 3.1.1.

4.9.22 Methodological issues

Estimation of NMVOC emissions in food and beverage industries was made in accordance
with the recommendations incd®n 2.15 of 2013 EMEP/EE&uidelines [6] using default emission
factors. NMVOC emission estimation was performed for production of bread and bakery products,
flour confectionery products, fodder for animals, margarine and solid edible fats, sugar, meat, fist
and poultry, spirits, wine and beer. The data used for the estimation of emissions were provided b
the SSSUZ2], with using data from official statistiwith usinganalytical study, which includes dif-
ferent approaches, particularly extrapolation, expertgjue ment and ot her mat h
[19] for adjustment ohumber offood and beverages in 2012020.

4.9.23 Uncertainties and timeseries consistency

Since in food andbeverages production GHG emissions do not happen, the uncertainty of
NMVOC emission estimation results in this category was not calculated.

4.9.24 Categoryspecific QA/QC procedures

General QA/QC procedures were applied for estimation of NMVOC emssatdiood and
beverage production.

4.9.25 Categoryspecific recalculations

In 2021in this category recalculation 8iMVOC emissions fod990-2020was carried out
due totheadjustment otheamountsof food andoeverageproductionaccording to the datobtained
from SSSU[2].

Table 4.46Recalculation of emissionsoim Ammonia Productionn 2021.

2.H.2 Food and Beverages Industry 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
NMVOC

Emissions (before recalculating), kt 13955| 11492| 10204| 11127| 9590 | 97.60| 7526 | 60.17
Emissions (after recalculating), kt 12890| 11016| 99.04 | 10812| 9332 | 9459 | 73.60| 5896
Difference, % 826 | 432 | 303 | 292 | 277 | 318 | 225 | 206
2.H.2 Food and Beverages Industry 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Emissions (before recalculating), kt 5363 | 4821 | 4826 | 4970 | 4959 | 6312 | 7175| 69.10
Emissions (after recalculating), kt 5247 | 5178 | 4854 | 5216 | 50.61 | 6348 | 7059 | 67.83
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Difference, % 221 | -6.88| -057| -472| -201| -057| 164 | 187
2.H.2 Food andBeverages Industry 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Emissions (before recalculating), kt 7425 | 68,07 | 6714 | 6596 | 7190 | 73.04 | 6861 | 54.90
Emissions (after recalculating), kt 7326 | 6701 | 6479 | 6365| 69.76 | 7219 | 6750 | 53.69
Difference, % 135 | 158 | 362 | 363 | 306 | 117 | 164 | 225
2.H.2 Food and Beverages Industry 2014 | 2015| 2016 | 2017 | 2018 | 2019 | 2020
Emissions (before recalculating), kt 6289 | 50.78 | 5512 | 5881 | 5330 | 4419 | 3923
Emissions (after recalculating), kt 60.14 | 49.66 | 54.17 | 5818 | 5328 | 4334 | 37.03
Difference, % 458 | 226 | 176 | 107 | 003 | 198 | 592

4.9.26 Categoryspecific planned improvements

In this categoy, no improvements are planned.
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5 AGRI CULTURE (CRF SECTOR 3)

5.1 Sector Overview

The following emission source categoraemsiderd in the Agriculture sector:
1 3.A Enteric Fermentation;

i3.]1] Manure Management ;

1T3.4 Rice Cultivation;

1 3.D Agricultural Soils;

1 3.E Prescribed Burning of Savannas;

1 3.F Field Burning of AgricultudaResidues;

1 3.G Liming;

T 3.H Urea Application.

Total emissions of direct GHG (GOCHs, N2O) in the sector and by categories i@gorted
in Table5.1. In categories 3.E Prescribed Burning of Savannas and 3.F Field Burning of Agricultural
Residues, erssionsnot estimated, since thawannas ecosystem does not exist in the territory of
Ukraine, and burning of crop residues in Ukraine is legally prohibited under the Code of Administra-
tive Offenses (ar77-1) and the Law of Ukraine On Air Protection (d, 22).

Table 5.1. Changes in GHG emissions in the Agriculture sector

Emissions, kt CQ-eq. Trend, %
Category

1990 2020 2021 by 1990 | by 2®0
3.A Enteric Fermentation 39 311.34 7 447.05 7 047.92 -82.07 -5.36
3.1 Manure Manageme| 677476 1944.66 1907.75 -71.84 -1.90
3.4 Rice Cultivatio 216.43 82.99 74.84 -65.42 -0.82
3.D Agricultural Soils 37678.18 | 34467.41 | 31845.54 -0.27 17.99
3.E Prescribed Burning of Savannas * NO NO NO T T
i}*.F Field Burning of Agricultural Residues NO NO NO T T
3.G Liming 2 592.08 131.35 176.23 -93.20 34.17
3.H Urea Application 270.14 23551 235.60 -12.79 0.04
Total for the sector 86 84292 | 41687.10 | 47 017.37 -45.86 12.79

* | the emissions not estimated
** i field burning of cropresidues prohibited by the Ukrainian legislation.

The total GHG emissions in the sector have decreaselb B$% compared to the base
year However, asignificant growthof GHG emissiongmore than 12.8%) hasoccurredn 2021in
comparison withprevious year (TablB.1). There are several reasons for tieserved increase in
emissionsbut the growth of amount of applied synthetic fertilizers @amaual amount o in crop
residuesare the main factors.

The highest emissions in the agricultural sector of Ukraine in reported year observed in 3.D
Agricultural Soils and 3.A Enteric Fermentation categories, which makédg2 and 14.99%
(Fig.5.1). The next largest category is 3.B Manure Management, wbetuats for4.06% of the
emissions. Contribution of the other categories is negligible and accounts far.@3Hpo.

The key gases in the sector are methane and nitrous oxid®.@igwhich accounted for
49.55and47.16% in 1990, and 7.24and81.88% of the emissions in reported year, respectively.

The reduction in emissions of GHG over the period of 1B®1 is primarily due to the
decrease in the number of livestock, in the amount of fertilizer applied to soils, as well as to a chang
in treatmenhof animal manure as a result of the collapse oBthaet Uniorand the ensuing economic
crisis.
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One of the reasons for the emissions growth in 22 by comparison with 2000 was
stabilization of swine livestock due to renewed operation of someapitsf procurement from other
countries of breeding animals, and increased subsidies. In 2003, as a result of impact of natural ar
economic factors, the livestock of animals in household farms declined sharply. In particular, com-
pared with the previous yeahe average annual livestock of cattle decreased 8¢, Jdigsi by
10%. The determining factor for the reducing population of animals in 2003 were extreme weather
conditions (extreme cold and small amount of snow), which led to deep freezing obtind gnd
the subsequent decrease in the yield of harvested acreage of forage crops for livestock. In gener
2003 characterized by rapid changes in sales prices for live animals, feed grain, and other fodder.

i
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@ Enteric fermentation methane emissions H Manure management methane emissions

i Manure management nitrous oxide emissions i Rice cultivation methane emissions

H Agricultural soils direct nitrous oxide emissions H Agricultural soils indirect nitrous oxide emissions
L1 Liming carbon dioxide emissions H Urea application carbon dioxide emissions

Fig. 5.1. GHG emissions by categorieshid Agriculture sector, KEOz-eq.

The growth in direct BD emissions from agricultural soils in 2008 was due to an increase
in the amount of crop residues going into the soil, which in turn is due to the highest in the period o
Ukraine'sndependence gross harvest of grain and leguminous crops, which amountedva 8.3
addition, in 2008021there was an increase in the standardly introduced nitrogen fert{ezeept
2009 and 2015)

One of the main reasons of methane emissiongnédal the 3.B Manure Management cat-
egory in comparison with emissions in the other categories is partial replacement from liquid system
to solid storage in the manure management structure atrzasileg enterprises. Thus, the percentage
of cattle mante stored in liquid systenat agrienterprises 1990 was 21.% of the total manure
produced. In 2P1, the corresponding proportion of manure in liquid systems was approximately
5.6%, and the rest of the manure mostly remained on pasture/range/paduhosddiol storage. Since
the potential of methane production in liquid systems is significantly higher than in case of solid
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storage, emission factors for the period of 22991 sharply reduced. At the same time, methane
emissions in the category in qties in the reporting period decreased/iy9%.
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Fig. 5.2. The ratio of direct GHG emissions in the Agriculture sect@Okteq.

5.2 Enteric Fermentation (CRF category 3.A)

5.2.1. Category description

Inventory of methane emissions framtericfermentation in Ukraine includes such types of
farm animals (Tabl&.2) ascattle, sheep,swine, andother animals goats,horsesmules andassses,
rabbits,fur-bearing animalssamels andbuffaloes).Ruminants (such as cattle) produce a largest part

of CHs emissions from enteric fermentatidmissions fronpoultry are not estimated, as 20606CC
Guidelineq1] offer no methodology for their calculation.

Table 5.2. Review of category 3.A Enteric Fertation

Method Emission The key Emissions, kt Trend,
Category . Gas
applied factor category 1990 2021 %

3.A.1 Cattle U2 CSs 1461.46 | 255.81 -82.50
3.A.2 Sheep U2 Cs 60.91 7.20 -88.17
3.A.3 Swine ul D 14 Level/Trend 29.53 8.99 -69.54
3.A.4 Other animals ul D 20.55 9.91 -51.79
fur-bearing animals vl D 0.14 0.09 -33.23
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Method | Emission The key Emissions, kt Trend,

SR applied factor e category 1990 2021 %
rabbits vl D 4.27 3.37 -21.01
camels vl D 0.03 0.04 41.67
mules andasses vl D 0.19 0.12 -37.04
buffaloes vl D 0.05 0.01 -88.82
horses ul D 13.43 3.53 -73.71
goats vl D 2.45 2.75 12.12

Next data collected for GHG emissiogstimating

i the type of animals (TabE3, Annex3.2.1) and their number;

i the type of the digestive system of the animals;

i feed digestibility

i feeding situation: confined, grazing, pasture conditions

I animal weight and their average weight gain per day;

i milk production and fat content;

I wool growth;

I animal aawity andaverage amount of work performed per day

I percentage of females that give birth in a year and number of offspring

Table 5.3. Characteristics of animal species and their sources

Animal species Data source Reporting form Note*
Cattle SSSU Livestock of the animals at January 1 Annex3.2.1.2.1
Sheep SSSU Livestock of the animals at January 1 Annex3.2.1.2.2
Swine SSSU Livestock of the animals at January 1 Annex3.2.1.2.3
Fur-bearing animals SSSU Livestock of the animals d@anuary 1 | Annex3.2.1.2.5
Rabbits SSSU Livestock of the animals at January 1 Annex3.2.1.2.5
Buffaloes Regional state administration| Livestock of the animals at January 1 Annex3.2.1.2.5
Goats SSSU Livestock of the animals at January 1 Annex3.2.1.2.5
Camels FAO Average annual population Annex3.2.1.2.5
Horses SSSU Livestock of the animals at January 1 Annex3.2.1.2.5
Mules and asses FAO Average annual population Annex3.2.1.2.5
Poultry SSSU Livestock of the animals at January 1 Annex3.2.1.2.5

* | found in Anne.2 Agriculture

EF for cattle sevage groups and sheep calculated in accordance with corresponding meth-
odology (Annex3.2.8, Table#\3.2.8.1 and A3.2.2). Cattle and sheefEF fluctuations mainly
caused by change$energy expensesdotherseveral data (live weight, milk yield, wool prodion
etc.).

Methane emissions from enteric fermentation in the base, several intermediate and last yeal
reported inAnnex3.29 (TableA3.2.9.1)
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Fig. 5.3. Contribution of animal groups into the total methane emissions
from enteric fermentation, %

Analysis of TableA3.2.9.1leads to the conclusion that the highest emissions in this category
produced by cattle enteric fermentation, providingdeer 9 % of the total GHG emissions in this
category. The next largest source of methane emission is enteric fermentation of sheep, swine at
other animals, the total contribution to the overall emissions of which is much smallés. 8ig.

5.2.2 Methodlogical issues

5.2.2.1. The methodology for Chlemissions estimation from cattle enteric fermen-
tation

Methane emissions frooattleenteric fermentatio(Annex3.29, TableA3.2.9.1) estimated
according tdlier 2 from 2006IPCC Guideline$l]. Institute of Animal Science of the NAAS&ince
1985 explores different methadbgies for calculation GHG from cattle enteric fermentation hold
their adaptation with theonditions of UkraineWe will be able tamprove quality of emissions
estimation from cattle enteric fermentatidteatesting the results of their research

Equation10.19[1] used for GHG emissions calculation from cattle enteric fermentation (Ta-
ble 5.4).

CattleEF (Annex3.2.8, TableA3.2.8.]) calaulatedin accordance witkquation10.21[1].

Gross energy intakeCalculation of GHAnnex3.22, TableA3.2.2.1), according tdEqua-
tion 10.16[1], required definition of the following components:

i net energy required by the animal for maintengigeation10.3[1]);

I net energy for animal activiffequation10.4[1]);

i net energy for lactatiorEQuation10.38 [1]);

I net energy required for pregnan&g(ation10.13[1]);

i ratio of net energy available in a diet for maintenance to digestiblgyernensumed
(Equation10.14[1));

i net energy needed for growthquation106 [1]);

i ratio of net energy available for growth in a diet to digestible energy cons{i#ged-
tion 10.15[1]);

i digestible energy expressed as a percentage ¢T&ite5.4).

Activity data sources that used for cattle-sgje groups gross energy estimation reported in
Table5.4.

Table 54. Characteristics of AD sources for cattle GE estimation
AD name Symbol Source Note

Weight coefficient for each cattlg cf 2006IPCC Guidelines | Table10.4
sexage group
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AD name Symbol Source Note
Coefficient corresponding to ani-
mal 6s feeding ¢ Ca 20061PCC Guidelines Table10.5

cattle sexage group

A coefficient with a value
C 2006IPCC Guidelines of 0.8 for females, 1.0 for
castrates and 1.2 for bulls

Coefficient forlive body weight
of an adult animal

Weight (forEqua-
tion 10.3) or BW
(for Equation10.6)

Average live body weight of the
animals in the population

Country specific standardy Annex3.2.2,
[3-5] TablesA3.2.2.2- A3.2.2.4

Mature live body weight of an
adult animal in moderate body MW
condition

Average daily weight gain dhe

Country specific standardy Annex3.2.2,
[3-5] TablesA3.2.2.2- A3.2.2.4

Country specific standardy Annex3.2.2,

animals in the population WG [3-5] TableA3.2.2.5
SSSU (AMil k ANnex3.2.2
Amount of milk produced Milk Table No.15) andnalyti- N
TableA3.2.2.6
cal study{2]
. Annex3.2.2,
Fat content of milk Fat SSSuU TableA3.2 2.6
Pregnancy coefficient C pregnancy 2006IPCC Guidelines Tablel10.7
SSSU;
Digestible energy DE expertjudgmentirom the | Annex3.2.2,

NAASU (C 137 006 1 TableA3.2.2.7
on 13Dec2016

Livestock In line with the requirements of [1], data of the SSSU used as the information
base to estimate the average annual cattle live§i@ke5.3; Annex3.2.1.3, TablseA3.2.1.3.1and
A3.2.1.32).

Methane conversion factoMethane conversion factor Y for cattle (for dairy cows and
other cattle as 6.%) used from Tabl&0.12[1].

5.2.2.2. The methodology for Chkl emissions estimation fromsheep enteric fer-
mentation

Tier 2 used for methane emissions from sheep enteric fermentation calculationddijdA
ing to them, to estimate methane emissions, it is necessary to determine:

I the amount of GE intake (Ann&x2.2, TableA3.2.2.8);

i number of sheeprable5.3; Annex3.2.1.3, TablA3.2.1.3.1);

I methane conversion factfrable10.13[1]).

Estimation of methane emissions from sheep enteric fermentafionex3.29, Ta-
ble A3.2.9.]) carried out according tBquation10.190f 2006 IPCC Guidelined ].

Sheep Eby sexage groupgalculated in accordance willguation10.21[1] andreported
in TableA3.2.82 (Annex3.28).

Gross energy intak€alculation of GE, according tquation10.16[1], required definition
of the following components:
i net energy required by the animal for maintengicgiation10.3[1]);
net energy for animal actty (Equation10.5[1]);
net energy for lactatiorEquation10.9[1]);
net energy required for pregnan&g@ation10.13[1]);
ratio of net energy available in a diet for maintenance to digestible energy consumed
(Equation10.14[1]);
I netenergy needed for growtkdquation10.7[1]);
i net energy required for production of wool during a y&guétion10.12[1]);
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i ratio of net energy available for growth in a diet to digestible energy consfliiged-

tion 10.15[1]);

i digestible energy expssed as a percentage of @Ggble5.5).

Activity data sources that used for seep-agg groups gross energy estimation reported in

Table5.5.

Table 55. Characteristics of AD sources fdregp GE estimation

AD name Symbol Source Note
Weight coefficient for each shee ci 2006IPCC Guidelines | Table10.4
sexage group )
Coefficient corresponding to ani-
mal 6s feeding ¢ Ca 2006IPCC Guidelines Table10.5
sheep sexage group
Coefficient forlive body weight . A coefficient with a value
of an adult animal C 20061PCC Guidelines of 0.8 for females, 1.0 for
castrates and 1.2 for bulls
Average live body weight of the Weight Country specific standard:s ¢Q_nex3.2.2,
animals in the population 9 [6-7] blesA3.2.2 9- A3.2.2 12
The weight gain WG jamb 2006IPCC Guidelines Equation10.7
The live bodyweight at weaning BW; Ef;l]ntry specific standard:s See description below
The live bodyweight at-Year old .
or at slaughteflive-weight) if BW Eé(?;l]ntry specific standard See description below
slaughtered prior to 1 year of agt
Constants for sheep net energy | a, b 2006IPCC Guidelines | Table10.6
growth calculation
SSSU (AaMi Il Kk
Amount of milk produced Milk Table No.15) andnalyti- ?28;133'22'22' 9
cal study{2] T
The net energy required to pro- 4 Country specific standard <
duce 1 kg of milk EV ik 9] 4.75MJT kg
Annual wool production per Production, SSSU 0] andanalytical | Annex3.2.2,
sheep | study[2] TableA3.2.2.9
The energy value of each kg of A A default value of
wool produced EV wool 20061PCC Guidelines 24MJT kgt
Pregnancy coefficient C pregnancy 20061PCC Guidelines Table10.7
Expertjudgmentfrom the
Digestible energy DE NAASU (C 2000497 1 67.5%
on 04Aug 2017

For the purposes of the inventory, average values of live weight of ewes and rams were use
[6-7], estimated based on the average live weight of sheep by breeds and breed types, their bre
composition structure.

Weaning of lambs for the purpose of feeding and fattening is done at the age of 3 months
(live weighti 24 kg). The live weight of lambstaveaning at the age of 4 months for the purpose of
herd replacement on average ikg0 of young replacement stock at the age of 1 year (mostly female
lambs)i 50kg, of feeding livestock at slaughfeapproximately 4%g, and of wethers 60kg [6-

7].

Information about the method of sheep feeding obtained based on anjudgeentof the
National University of Life and Environmental Sciences of Ukraine.

Maintenance of sheep characterized by long (on average about 270 days) grazing in larg
pasturesSheep grazing is accompanied by constant migrations (several kilometers a day), as a col
sequence they spend a considerable amount of energy to receive fodder. The rest of time sheep s
in sheep pens, around which they arrange a fold for the animalsigesnd walking (the pasture
stall system). A number of farms in the steppe zone of the country successfully apply the pasture
semistall system with partial grazing of sheep in wintetathgcold weather with temperatures down
to-8 AC on wi ntur@ pasturas,cswasnps. Ewas a month before calving and for 3 weeks
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after, as well as youngsters, not gra&ktbep pasture system not practiced in Ukraine due to the high
rate of land plowing§].

Milking capacity of ewes depends on the breed, individhakacteristics, age (yields in-
creased up to the age of five years and then go down), maintenance conditions, and8eddieg [
lactation period of sheep in the conditions of Ukraine is on average 4 months. According to the SSSLU
the milking herd of enefouncedin theseverakey regions: Vinnytska, lvanBrankivska, Odeka,
Chernivetska Oblast, and the Autonomous Republic of Crimea.

To estimate the rate of sheep mil k produc
t i oTalbde,No.15) andnalytical study[2] were used, but with adjustments to account for the sheep
milk used in the suckling period for feeding lambs. In particular, in the estimations it assumed that
the amount of milk consumed by lambs prior to weaning from ewes on averag&ggespert
assessment based on materials of the Ukrainian literature refAgiv The energy value of sheep
milk taken in accordance wit®][as equal to 4.751J/kg.

There are no statistics in the country on the proportion of sheep that give lané, tiovo,
or three lambs in the total population of ewes, which are required to determine the net energy require
for pregnancy NE). Therefore, itassumed that all the ewes during the year are pregnant, and the
coefficient corresponding to the averagemfber of lambs born in a year defined based on Ta-
ble A3.2.29 (Annex3.22). The average value of the pregnancy coefficient:dfrancy= 0,087290)
was calculated using the default values from TaBI&[1].

The value of digestibility of fodders for shee@or good pastures, well preserved forages and
feeding regimes based on forage with the addition of greas)takeras67.5% on base oexpert
judgmentfrom the NAASU (- 20009/16017 on 04Aug 2017).

Livestock SSSU data used as the information basestomate the average annual sheep
livestock(Table5.3; Annex3.2.1.3, TablA3.2.1.3.1)

Methane conversion factobDefault methane conversion factors from Taldel3 [1] used
for GHG estimation. According to this table, the metheoeversion factor is 0.06%l. units for
animals older than 1 year, and for youngsters it is 0@ &nits. Since the livestock of sheep fatten-
ing are both youngsters (834 and adult animals (16%) [6], the weighted average calculated,
which corresponds to the mark 0.048&. units.

5.2.2.3. The methodology for ChHemissions estimation fronother animals enteric
fermentation

Estimation of GHG emissions from the vital activity of animal speciesgdeds,horses,
swine, mules andasses,rabbits, fur-bearing animalscamels andbuffaloes (Annex3.29, Ta-
ble A3.2.9.1)was performed under Tidrmethod Equation10.19) with the default emission factors
(Table10.10) [1]. The emission factors used to calculate emissions reported inABabI@3 (An-
nex3.28).

The values of the horses, goats, swine, mules and asses, rabliesrfog animals, camels
and buffaloes average annual population used in the GHG inventory reported iM3&ble3.1
(Annex3.2.1.3.

Data on the live weight ahbbits were obtained from analysis of literature mater@larid
make up 3.&g (the average for all breeds bred in Ukraine). The value of the live weight-of fur
bearing animals of 4 kg was calculated as average between the data on the weight of 1Ritiks),
polar foxes 5.0kg, foxes 4.9kg, and nutrid 6.5kg [8]. As animals with a similar digestive system
for rabbits were mules and asses, whose live weight i«d,3for furbearing animal$ swine (the
live weighti 50kg).

5.2.3 Uncertairty and time-series consistency

Uncertainty estimaid in accordance with th€ier 1 methodologyfrom 2006 IPCC Guide-
lines[1].
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The uncertainty of emission estimation in category 3.A Enteric Fermentation is determined
by uncertainties of AD and ERangesand sources of uncertainty of input data used in calculation
of national EF from cattle and sheep enteric fermentation reported ing@ble

Table 56. The uncertainty of input data used in calculation of national emission factors from
cattle andgsheep enteric fermentation, %

Indicator Meai%ri?ment Uncertainty Source
Cattle
Statistical data on livestock thsd. head 6 Expert judgment based on SSSU data
Cf coefficient MJT day*T kg 20 2006 IPCC Guidelinef]
Cacoefficientcorresponding 5 5
to ani mal 0s MJT dayl kg* 20 2006 IPCC Guidelinel]
tion
C coefficient dimensionless 20 2006 IPCC Guidelinef]
Average live body weight Range of averageody weight values de-
dataof the animals in the kg 1-35 pending on the breed and sage indica-
population(Weight/BW) tors, according to data of {3 11]
MW mature live body Range of average body weight values dg¢
weight of an adult animal in kg 1-35 pending on the breed and sage indica-
moderate body condition tors, according to data of {3, 11]
WG average daily weight Range of average body weight values dg¢
gain of the animals in the kg 1-35 pending on the breed and sage indica-
population tors, according to data of {8 11]
?Li?isc;[:]cal datan milk pro- kgl day!l head! 6 Expert judgment based on SSSU data
Fat content of milk % 6 Expert judgment based on SSSU data
g:ig;gtnancypregnancy coeffi- | Gimensionless 20 2006 IPCC Guidelinel]
DE digestible energy % N 20 2006 IPCC Guidelinef]
Sheep
Statistical data on livestock thsd. head 6 Expert judgment based on SSSU data
Cf coefficient MJT day!l kg? 20 2006 IPCC Guidelinefd]
Cacoefficient corresponding 5 _
to ani mal 0s MJT dayl kg* 20 2006 IPCC Guidelinel ]
tion
C coefficient dimensionless 20 2006 IPCC Guidelinefl]
Range of average body weight values dg¢
WG amb Weight gain kg 1-35 pending on the breed and sage indica-
tors, according to data of {8

BWi I!ve bodyweight at kg 4-7 Values depending according to [9]
weaning
BW: live bodyweight at 1 . .
year old or at slaughter kg 10-18 Values depending according to [9]
a, bconstants for sheep nef
energy for growth calcula- dimensionless 20 2006 IPCC Guidelinefd]
tion
gltji'ilisot:]cal datan milk pro- kgl day!l head! 6 Expert judgment based on SSSU data
EV mik net energy required S .
to produce 1 kg of milk MJ1 kg 16 Value range according to data of [7]
g&i?g%cal datan woolpro- kgl day'l head! 6 Expert judgment based on SSSU data
EV wool €nergy value of S - S
each kg of wool produced MJ1 kg N 20 2006 IPCC Guidelinef]
gg;?[nancypregnancy coeffi- dimensionless 27 2006 IPCC Guidelinefd]
DE digestible energy % N 20 2006 IPCC Guidelinel]
Methane conversion factor rel.u 7-9 2006 IPCC Guidelined]
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Estimation of GHG emissions for the reporting period carried out with the same method and
the same degree of detdllime seriegdata collecéd and procesedaccording to the agreed proce-
dures.

The significant reduction in the population of cattle atagdtiral enterprises as a result of
the collapse of the Soviet Union and the subsequent restructuring of the agricultural sector led to th
situation where the key impact on the trend of methane emissions from enteric fermentation is exerte
by livestock gnamics in householdd-ig. 5.4). Fig.5.5 illustrates the dependence of the methane
emission trend in category 3.A Enteric Fermentation on the cattle population, which is the major
factorto regulake emissions.
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Fig. 5.4Cattle livestock distribution between differen’ Fig. 55 Dependence of methane emission trends in ¢
kindsof farms gory 3.A Enteric Fermentation on cattle popigat

5.2.4 Categoryspecific QA/QC procedures

Quality control and assurancarried out with general and detailed procedures, which in-
clude comparisons of activity data with similar FAO data, check of national EF by comparing them
with the respective default coefficieriid and coefficients of countries with similar conditionts, e

Check of the GE values calculated for eachag group of cattle and sheep carried out by
means of their conversion into food consumption units in the dry mattérdag* 1 head') and
comparison with live weight values of the correspondingecattbups. According to results of the
estimations conducted, daily dry matter intake for all groups of cattle and sheep is within the range
specified in 2006PCC Guidelines [1].

Table 5.7 Comparison of methane emission factors from enteric fermenteitioemission
coefficients of Central and Eastern Europe countriest, kgad' I yr?

Federal
. : . French Czech Slovak
Indicator Ukraine Réapubllc of Republic Republic Republic Hungary
ermany
Mature dairy cattle 114.03 140.79 126.61 159.45 122.17 128.96
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Federal
. . : French Czech Slovak
Indicator Ukraine Republic of ; . ) Hungary
Germany Republic Republic Republic
{\I"eii”re nordairy cat- 45.72 48.44 52.94 58.95 61.24 55.70
Sheep 8.76 6.36 12.@ 8.00 10.74 8.00

* Source: NIR of the Central and Eastern Euragmeintries, data for 220, Ukrainei 2021 data.
** For reporting, Ukraine usesption B, therefore the emission factors shown for growing cattle, given its dominant share in
structure of nordairy cattle herds.

Methane emission factors from enteric fermentation of mature dairy cattle according to the
CRF data compared with the default factor [1]. The difference in the estimations is due to difference:
in input data and the approaches used to estimate them.

A comparison of enteric fermentation EF for dairy and-dairy cattle with the similar co-
efficients of Central and Eastern Europe countries has shown that they are in the sariBarange
ble5.7).

Also, a crossanalysis of factor time series and the totals ossions from enteric fermen-
tation of cattle was conducted according to CRF data H6y.
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Fig. 56. Emission values and methane emission factors dynamics from cattle enteric ferme

The results of comparison of national EF from sheep eriegnentation according to CRF
data with the default factors indicate the discrepancy witlthiR20 % (the average for the reporting
periodi 6 %) . Furthermore, the foregoing compari s
the similar coefficient®f Central and Eastern Europe countries has shown that they are in the same
range (Tablé&.7). The discrepancy of the factors in this case may be explain by the significant
changes in the sheep livestock structure along the time series. In particuyparctr@age of ewe and
gimmers 1 year old and older population in the total herd structure in all categories of farms increase
from 42% in 1990 up t®7.2% in 2@1 with the proportional decrease in the share of growing sheep,
to which the lowest EF appl
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Fig. 57. The dependence of ewes EF on milk yield in 3.A Enteric Fermentation

The coefficients of methane emissions from enteric fermentation of ewes and gimmers is
directly dependent on the amount of milk production, as slowng. 5.7.

5.2.5 Categoryspecific recalculations

Methane emissions 3.A Enteric Fermentatiooategorywere recalculated and reported in
Annex3.210 (TableA3.2.10.1)

There are several reasons for the methane emissions recalculation in the current categon
but the main of them islavestockdataclarificationby the FAO (camels, mules and as$der 2017
2020).

5.2.6 Categoryspecific planned improvements
Thelnstitute of Animal Science of the NAAS&iInce 198%xplores different methadbgies
for calculation GHG from cattle enteric fermentation hold their adaptation withathéitions of

Ukraine We will be able tamprovequality of emissions estimation from cattle enteric fermentation
after testing the results of their research

5.3 Manure Management (CRF category 3.B)

5.3.1. Category description

An important area of stoekaising is manure management, which leads to emissions of var-
ious GHG (Tablé.8), namely: methane (G nitrous oxide (MO), and normethane volatiler-
ganic compounds (NMVOCs).

Table5.8. Review of category 3.B Manure Management

— Method ap- | Emission | The key | Emissionskt | Trend,
gory plied factor category 1990 | 2021 %
3.B.1 Manure Management| CS, T1, T2 CSs,D o 14 No 140.04| 39.41 | -71.86

174



' 1IN} AYSQ& DInBroywy K®@RIS DI &

Method ap- | Emission The key | Emissionskt | Trend,
Category ; Gas
plied factor category 1990 | 2021 %
3.B.2 Manure Management| CS, T1, T2 CS, D N20 No 10.99 | 3.10 | -71.82
3.B.2 Manure Management ul D NMVOC No 198.77| 60.15 | -69.74

As a result of vital activity of a complex set of microorganisms in anaerobic conditions,
methandermentation takes place (the decomposition process of organic substances to end product
in particular to methane and carbon dioxide). The level of methane emissions from manure depenc
on the following key factors
I manure storage conditions (in thguid or solid form);

i type of climate (cold, temperate, or warm);

i composition of feed rations for animals;

i type of manure (cattle, swine, sheep, poultry manure, etc.);
i dry matter content in manure.

While agricultural enterprises Wkraine mainly comply with the practice of manure storage
in the liquid and in solid form, in the private sector manure is only stored in the solid form in clamps
or remains in pastures. Methane emissions from solid storage are much lower than in dfe case
liquid storage, since a large part of it decomposed under aerobic conditions. However, such conditior
become favorable for formation of another GH®I20O. This gas can be produced both when there
is access of oxygen as a result of oxidative procegdel onitrification into NG, and in anaerobic
conditions due to recovery denitrification processes.

There is a big fluctuation of GHG emissions in 3.B Manure Management category for a
reporting periodAnnex3.2.9,TableA3.2.9.2)

Along the 20B-2021 period, a sharp reduction of Gldmissions from manure compared to
the base 1990 observed. Primarily, this explained by the reduction in the main livestock species an
groups due to the economic crisis in Ukraine that followed the collapse of the USSiRsBése
downward trend of emissions in this category determined by the change in the manure manageme
practice over the time series.

The main source diitrous oxide emissions is the mandhatis stored in the solid form.

The significant reduction iN2O emissions from all MMS during the reporting period was due to the
reduced population of animals and decreased amount of nitrogen in the composition of manure store
in the solid form.

Fluctuation key for NMVOC emi ssions i s al

5.3.2 Methodological issues

5.3.2.1 Methane emissions from Manure Management

Research paper fADevel opment of the method
oxide emissions as a result of manure management of animal and poultry: the finaneoonple-
tion of the I 1 (seconIX)wastdndustezio avdluattndtienalapmodue ar c
nities for estimation of ClH emissions from manure management. IPCC methodologies, some na-
tional methodological approaches, country specificanddef t EFO6s recommende:

Emissions of methan@nnex3.2.9, TableA3.2.9.2)from manure estimated according to
Equation10.22 of 2006 IPCC Guidelines [1] and determines by the emission factor and livestock
population(Table5.3; Annex3.2.1.3,Tables A3.2.1.3.1andA3.2.1.32).

The information base on the population of animals for; @hhissions estimationAQ-
nex3.2.1.2) are statistical materials (Findings of cattle registry, Table Stafistical reported data:
ANumber of agricultural animlma s o f J a n uSatistycal Bullebnin [THh&] st at us o
i n Uk [13;Statistidalyearbook i Ani mal Pr o d[dd]andaoalytica $tudy2lk r a i
Cattle, swine, sheep, and poultry livestock at agrienterprises and housgtetddizatiorby cate-
gories performed in accordance with Tables A3.2.1.1.1 and A3.2df. Arthex3.2.1.1.

175



' 1IN} AYSQ& DInBroywy K®@RIS DI &

Cattle, sheep, swine, and poultyet hane EFO6s c alce with &uae d
tion 10.23[1] and reported in Annel.2.8 (TableA3.2.84). Default EF from Tables 10.2410.16
[1] used for estimation methane emissions from manure management of other anoin@ported
in Annex3.2.8 (TableA3.2.83).

The next componés used for EF estimation:

I maximum methane producing capacitynfiex3.2.3, TableA3.2.3.J);

i volatile solid excretion rateg@uation10.24[1] for cattle and sheep and Equatmd
for swine and poultryAnnex3.2.3, TableA3.2.3.3;

I methane corersion factors{able10.17[1]; Table5.10);

I manure management system usgigenex3.2.3 TableA3.2.3.2.

Maximum methanproducing capacity of the manuréxpert judgment was a source base
for values ofmaximum methangroducing capacity for manure produceddaytle, sheep, swine,
and poultrylivestock (Bp). Its valuesreported inTableA3.2.3.1 of Annex3.2.3.

Volatile solid excretion r& The amount ofolatile dry substancesvhich emitted from the
cattle and sheep manuoajculated according tquation10.24 [1].For swine and poultrythis factor
obtained withEquation5.1.

OY 000 p b6°Y0 (5.1)

where:

VSi volatile solidexcretion per day on a drganic matter basis, kg VS dagAnnex3.2.3,
TableA3.2.3.3)

MDMexi amount of manurexcreted by animai® dry mattey kg of dry mater day (An-
nex3.2.3, TableA3.2.3.1);

ASHT the ash conter{inorganic component)f manure calculated as a fraction of the dry
matter feed intakAnnex3.2.3, TableA3.2.3.1).

Estimation of attle sheepswine and poultrv'S required definition ofgross energydi-
gestible energyurinary energyash contenandamount of manurexcreted by animaldts sources
reported in Tabl®.9.

Table5.9. Characteristics of AD sources for VS estimation

AD name | Symbol ‘ Source Note
Cattle
Gross eneray intake GE 3.A Enteric Fermentation category| Table5.4
9y (Chapters.2.2.1) TableA3.2.2.1 (Annex3.2.2)
Digestible energy DE stpselrth;'udgmemfrom the NAASU Table5.4
(C 137 006 0f D3Dec2016 TableA3.2.2.7 (Annex3.2.2)
Urinary energy expressed ¥ . 0.04
as fraction of GE UET GE | 2006 IPCCGuidelined(1] (Equation10.24 description)
. Annex3.2.3
ASH content of manure ASH Expert judgment TableA3.2 3.1
Sheep
Gross enerav intake GE 3.A Enteric Fermentation category| Table5.5
9y (Chapter5.2.2.2) TableA3.2.2.8 (Annex3.2.2)
. : Expertjudgmentfrom the NAASU o
Digestible energy DE C 200 0-970f 04Aug 2017 67.5%
Urinary energy expressed < - 0.02
as fraction of GE UET GE | 2006 IPCC Guidelinefi] (Equation10.24 description)
. Annex3.2.3
*
ASH content of manure ASH Expert judgment TableA3.2 3.1
Swine
. Annex3.2.3
ASH content of manure ASH Expert judgment TableA3.2 3.1
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AD name Symbol Source Note
Amount of manure ex- Expertjudgmentfrom the NAASU Annex3.2.3
creted by animals in dry MDMex | ( = 3 0 4 312 dn2&ov2017) .

TableA3.2.3.1
matter ** rrk
Poultry

. Annex3.2.3
ASH content of manure ASH Expert judgment TableA3.2 3.1
Amount of manure ex- Expertjudgmentfrom the NAASU Annex3.2.3
creted by animals in dry MDMex | ( = 3 0 4 312 dn2&ov2017) 4
matter N TableA3.2.3.1

* | to determine the proportion of ASH in sheep manure, data on the content of organic substances in sheeg
(28 %) and its moisture content (6246) resulting from the conducted studies-A@ were used;

** T for swine at househds, in accordance with the standards [14], the amount of manure excreted in dry ma
30% more than for agricultural enterprises, due to the peculiarities of feeding (diets of swine at agricultural e
prises dominated by concentrated fodders, wisdrehouseholdé multi-component fodders);

*7Tthe source of swine and poultry MDMex -i7@oh ues i
28Nov2017), where they show an algorithm of its ca
cd desilglno [ 14

Methane conversion factobefault values oimethane conversion factor (MCF) for each
manure management system (MMS) used fromTeide10.17[1]. MCF values for cattle, swine,
sheep and poultry, that determined by current manure management systems, reportedbitOlable

Table5.10. The kinds of manure management systertisat usedin various types of live-
stock ownersind theirmethane conversiofactor value$

Animal species MMS type MCF value, %
Liquid system with natural crust cover 10
) i Solid storage 2
Cattle at agrienterprises —
Pasture/Range/Padddck 1
Composting 0.5
Cattle at households Solid storage — 2
Pasture/Range/Padddck 1
Uncovered anaerobic lagoon 66
Liquid system with natural crust cover 10
Swine at agrienterprises Solid storage 2
Composting 0.5
Aerobic treatment 0
Swine at households Solid storage 2
Sheep Solid storage 2
(at all types ofivestock owners) Pasture/Range/Padddtck 1
i i Poultry manure without litter 1.5
Poultry at agrienterprises ,
Composting 0.5
Poultry manure without litter 15
Poultry at households —
Pasture/Range/Padddck 1
Buffaloes Solid storage
(at alltypes of livestock owners) Pasture/Range/Padddck
Horses Solid storage
(at all types of livestock owners) Pasture/Range/Padddck
Goats Solid storage
(at all types of livestock owners) Pasture/Range/Padddck
Mules and Asses Solid storage
(at all types of livestock owners) | Pit storage below animal confinements
Camels Solid storage
(at all types of livestock owners) | pit storage below animal confinements
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Animal species MMS type MCF value, %
Rabbits Solid storage
Fur farming Solid storage

* | the manure management systems characteristic accordi2@0® IPCC Guidelinefl];
** 1 in this table reported onlgattle, swine, sheep and poultry MCF values;
*** 1 emissions from manure Pasture/Range/Paddoeke reported in 3.D Agricultural Soils.

Manure management systefine main institution that collected all kinds of agricultural data
is SSSU. But SSSU do not colledtMS data {raction of livestock cagory manure handled using
manure management system. estimate these data tbepert judgmentrom National University
of Life and Environmental Sciencesed as an alternative source fioe time series MMS values
estimation(Annex3.2.3, TableA3.2.32).

There is a necessity to verify this expert judgment, because ERT has some important com
ments to it (ARR2019, A11-A 13 on p.16; ARR2017, A10 on p.19, A23 on p47 and other). To
solve this issue, MEPR has an offer to include a relevant resstarbhto the List of higipriority
improvementsHowever, due to theifficult political and economic situatian the country, conduct-
ing of this study isurrently impossible and its timing is unknowt. That is why for current MMS
estimation this expejudgment used as main source with only one correction

* According to recommendation from ¢Potenti al Probl en
annual submissions of Ukraine and of the report to facilitatecttieulation of the assigned amount for the second com-
mitment period (1&eptembe2 0 1 6) ¢ MMS types for cattl e nuncoweredanaranag
obic |l agoono, t hat recommended by e xrpaeaordangenitrdaffiones ne-t w
sponses from several largestttle enterprisek

This judgmentbased on épartmental standards of technological design of livestock MMS
operating on the farms and complex@sll, 1416] and used some indirect SSSU data.
Due to lack oflata the cattle and swinmanure distribution by systerastimated in accord-
ance with thdollowing sources
SSSU data of the agricultural animals livestock (Findings of cattle registry, Table No.7;
St ati st i c alNumbermfaagritubudal midhalsasof Jarfuar 1 0 ; Ht&@ifi¢al bulletin:

AThe status of I|livestock in Ukraineo [13]);
SSSU data of the statistical collection on the grouping of enterprises based on the availabl
cattle and swine |livestocUc(iStatobstUkanai gyear

StatisticaNasfteerom ANO. 1
Departmental standards of technological design of livestock MMS operating on the farms
and complexes [11, 146].

A departmental standards of technological design [16] determines a cattle and swine manur
management systems planning at agrienterprises. The introduction of livestock enterprises is not &
lowed without the simultaneous introduction of MMS, which musta@on to the manure character-
istic and amount of its allocation. The amount and properties of manure depend on the type, age, di
and method of animals keeping and litter using.

According tostandard$16], systems for manure managing have consideredtiétmext
marks:physical compositionremoval methodstoring method and duratigrusing method.

The manure with litter, manure without litter and slurry manwaeetdd according tahe
method animalkeeping

Manure removal is carried by mechanicalnfeeyors, scraper installations, bulldozers) and
hydraulic (uninterrupted gravitffowing and periodic gravitflowing systems) methods. Their using
depends on period of manure storage, and animals keeping and feeding.

The storage period of all types of mae depends on the structure, humidity and technology
of its storage and ¥ 8 months for cattle manure aBd12 months for swine manure.

Cattle and swine manure mostly used as nafertilizer, and for biofuels production.
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The choice of cattle andvine manure managing systendstermined by thepecificfea-
sibility studyand finallyis a typical indicator of farm specializatiand capacity.

Cattle and swine enterprises have several directions: dairy (only for cattle), beef, preg-
nancy/maternity, teeding etc. However, it is typically, that agricultural enterprises have a combined
specialization, where these directiare combined. As a result, several manure managing systems
cansimultaneouslysein a particular farmBut, only one specializatias a basic directioand de-
fines the typef farm main manure managing systesthér types of system can be igngred

A farm capacity, except their specialization, i#ner criterionfor MMS determination.
Feasibility studydetermineg11, 14 16] operating conditionsf farms with different capacity (Ta-
ble5.11). SSSiprovides a specific classification of cattle and swine enterprises (ABrieg.4,Ta-
ble A3.2.14.1) in accordance with their capacithéy are grouped to simplify the report

A judgmentanalysis statethat manure storage practices at agricultural enterprises is signif-
icantly differ from manure storage practicgfousehold¢Table5.10) Thus, theagricultural enter-
prises mainly comply with the practice of manure storage itighil and in solid forrs, andin the
private sector manure is only stored in the solid form in clamps or remains in pdstthisstegard,
the data fothesecategories of farms estimated separately.

Table5.11. Cattle and swine manure managing systdarmonization with the farm capac-
ity [16]

Farm capacity

Manure removal | Manure managing
system [16] system [1]
Cattle at agrienterprises
Stable and stablpasture types of cattle
No more than 999 head Mechanical Solid storage keeping withapplication of litter outdoor

keeping; calves keepingaternity
Cattle keeping without littessilage, root
More than 999 heads Hydraulic Liquid system crops, bard, pulp and green massd for
feeding

Swine at agrienterprises
Swine keeping with litter; keeping technol

Note

No more than 4999 Mechanical Solid storage ogy provides, that f_eedmg waste (mainly
heads stems and tops) mixed with manuneater-
nity

Liquid and dry compound feeds used for
feeding (without silage and green mass);
keeping technology provides, that any fee
ing waste dondt mix
Liquid and dry compound feeds used for
Uncovered anaero| feeding (without silage and green mass);
More than 5999 heads Hydraulic bic lagoor/ Aero- | keeping technology provides, that any fee
bic treatmat ing waste dondt miXx
lates for biofuel production

50005999heads Hydraulic Liquid system

Solid and liquid systems, compostjramnd pasture/range/paddoeke typical for cattle ma-
nure managing at agrienterprises. Manure stored in unconfined piles or stacks for a several montt
processed in solid systems. That manure fraction, which stored as excreted or with some minim:
addition of waer in either tanks or earthen ponds without mixisgprocessed in liquid systems
According to expert judgmeiit 25334/10160n110ct2016), he period of manure storage in lig-
uid systems is mainly up to 6 months.

Swine manure at agrienterprises mathgn solid and liquid systems, by composting and
aerobic treatment or uncovered anaerobic lagoons. There is typical manure specification for solid an
liquid systems. Liquid manure with either forced or natural aeration or without aeration in lagoons
properly stored in aerobic (aerobic treatment) and anaerobic (uncovered anaerobic lagoons) lagoon

It is country specific that solid systems graksture/range/paddocised for cattle and only
solid system$ for swine manure managing at households.
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At agricutural enterprises, poultrypanureusually removed mechanically by a belt conveyor
or a delta transporter in case the poultry kept in coop, and with the help of a bulldozer in case of floo
keeping, and it is stored in piles or manure pits in the solid.form

For other types of animals (shebpffaloeshorses, goats, rabbits, fbearing animalssam-
els, mules and asgethere is also the common practice of manure management in the solid storage,
pit storage below animal confinements, gadture/range/paddock

Manurein households is kept exclusively in clamps wlitter (straw, sawdust, peat), or
remains in paddocks\fter several months of storage, the rotten manure brought to thei@ld |
Therefore, thdivestock and poultrynanurerateby the MMS in householdsstimatedaccording to
expert estimation.

Duration of the grazing period depends on the regions whareanimals kept, while the
average for Ukraine is 165 dayis[. According to P, 11, 1416], approximately 506 of the annual
amount ofcattle and poultrynanure remaimn pasture rangeor paddock The same value for the
amount of manure gpasturerangeor paddockused in the calculations for goats, horses, and buffa-
loes (expert judgmeritom National University of Life and Environmental Scierjcéss a fact that
the majority of sheep, camels, mules and asses kept in Steppe, which haverobgjhn average
annual temperature, the calculations reflect the fact théd @fithe annual amount of sheep manure
and 92% of camels, mules and asseanureremain orpasturerangeor paddock(the IPCC default
data on distribution of manure of thesenaals by systems are representative for the Ukreoneli-
tions).

5.3.2.2 Nitrous oxide and NMVOC emissions from Manure Management

5.3.2.2.1 Nitrous oxide emissions from Manure Management

Direct and indirect emissions estimateda full N.O evaluatiorfrom manure management
systemgAnnex3.2.9,TableA3.2.9.2)

Research paper fADevel opment of the method
oxide emissions as a result of manure management of animal and poultry: the final report on comple
tonoft he 11 (second) ph&Zbwascanfuctedb evaluatenatienaloppgohiu- wo r
nitiesfor estimation of NO emissions from manure management. This paper recommends the IPCC
methodologies, some national methodological approaches, countryicspadidefaulEF.

Direct NbO emissions from manure management systems

Direct NbO emissions from MM@&stimatedaccording tdequation10.25[1]. Thus, the esti-
mate of nitrous oxide emissions in this category requires determination folldveng indicators:
livestock of cattle and poultrgmount of Nex in the composition of animal mansteres of animal
manure distribution by MMSmission factors for each MMS.

Default [1] ntrous oxide EF from MMS reported in TaA3.2.85 (Annex3.2.9).

The information base on the population of animalsNe® emissions estimation (An-
nex3.2.1.2andTables A3.2.1.3:A3.2.1.3.20f Annex3.2.1.3 are statistical materials (Findings of
cattle registry, Table No.St at i st i ¢ al Numlpabagricudtutal athiendlsas:of Janu-
ary0 1 0 ; pteBiidal bulletinA The st at us of [13]; StatissidalpearBookii A nJ Kk r
i mal Pr oduct l0pandarmlyticalstudya)i Catiepswifie, sheep, and poultry livestock
at agrienterpriseand householdspecializatiorby categories performed in accordance with Tables
A3.2.1.1.1 and A3.2.1.1.@& Annex3.2.1.1.

The same values of MMS for each animal grofiprex3.2.3,TableA3.2.32) reportedin
Chapters.3.2.1 Methane emissions frdvtanure Management

Based on the data available in Ukraine, the amount of Alexex3.2.3,TableA3.2.3.9 in
manure composition of cattlkeexage groupsvas calculated in accordance whuatiors 10.31
10.33.CattleGE valuegfAnnex3.22, TableA3.2.2.1) for this estimation used from 3.A Enteric Fer-
mentation (see Chaptbr2.2.1). Crude protein fraction in diet of each cattleagxgroup calculated
according to thgudgment from theNAASU (* 13700/1016 on 13Dec2016)and reported in Ta-
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bleA3.23.7(Anex3. 2. 3) . Database of mi |l kNod5: Wik praduci o n
ti ono, emahtinfmilkd expesd judgment, which reported in Tald.2.2.6 of Annex3.2.2.
Typical values of live weight for each sagecattle groups reported finnex3.2.2 (Tables A3.2.3.
and A3.2.%4) . These values used for fAMature Dairy
Cattleo |live weiJ32RtTadew3l2.22).1 ati on ( AnnexX

Fodder consumption structuf&nnex3.23, TableA3.2.3.6) at all livestock owners and ra-
tio of cattle sexage groups at agrienterprises and households are the key drivers for Nex estimation
Agrienterprises and householdave a fundamental difference in @egtlediet structure. The share
of concentrated andusculent fodders at agrienterprises is ovef®(more than 30 of each type
of fodders). Other fodders share mainly not more tha¥ 1@nother situation is typical fonouse-
holds, where the share of concentrated fodde9%6, succulent fodders 12 %, coarse fodders
30 % and other foddefis 49 %.

Sheep, swine and poultry Nex estimation based on the amount of manure excreted in dn
matter and the proportion of nitrogen in it. These values calculated in accordance Vitiuthe
tion 5.2 andreported inAnnex3.2.3(Annex3.2.3,TableA3.2.3.5)

0 000 Q¢ oo, (5.2

where:

Nexi annual average N excretion per head, kg N antyiat;

MDMexi amount of manurexcreted by animai® dry mattey kg of dry mater day (An-
nex3.2.3, TableA3.2.3.1)

fnT fraction of nitrogen in manure dry matter from species/group of anidiaiensionless
(Annex3.2.3,TableA3.2.3.5)

The values of the amount of manure excreted in dry matter for swine and poultry were the
same as those thased in Chaptes.3.2.1 Methane emissions from Manure Management (also, see
Table5 . 9) . Their source i s a | u-dgom28Ndv20L7), wmeret h e
they show an algorithm of its cal cul adicalden ac
S i g n-&6]. The dource of sheep MDMex valy@snex3.2.3, TableA3.2.3.]) is a NAASU judg-
ment( = 1 3 7 €16 dn1Ll3Dec2016).

The values of nitrogen fractions in dry maii&nnex3.2.3, TableA3.2.3.5 of sheep, swine
and poultry manurare standardd, 1416, 21.

For goats (Nex=17.987) horses (Nex=41.282) mules (Nex=14.235) camels
(Nex=30.098) andbuffaloes(Nex =44.384)valuesof annual average N excretion per hessti-
mated in accordance with Tables 10.19, #)AL0A9 ard Equationl0.30[1]. Nex for rabbits
(Nex=8.1) takes from Tabl&0.19 [1].

National statistics do not provide data to determine the population-be&rmg species
before 2004 (only total number of foearing animals for 1992003, and fubearing ivestock by
speciesfrom2004naccor dance with t heARERISTabled, A.12) tane n ¢
weighted average Nex was calculated forldaaring animals from 2004. Furthermore, it is possible
to calculate only average Nex for 192003. Therewvas a big difference between Nex values for
19902003 and 2004resent. That is why Nex rates for 192003 have been revised with consider-
ation with ERT recommendatidARR 2016 Table3,A9)and t aken as 4.6 %262
"1, Nex values for 1999resent period reported in Ann@x.3 @nnex3.2.3,TableA3.2.34).

The amount N excretion determination per each MMS was performed using animal livestock
values, the amount of Nex per dea [ gnd the proportion of manure processed in the corresponding
system. Nex for cattle, sheep, swine and poultry was calculated on a more disaggregdtegevel
arately for each gender and age groups of animals in the various farms categorigurohchaakes
into account the characteristics of different manure managesaeand age groups of animals in the
agricultural enterprises and households (T&hl6), the corresponding average annual number of
livestock and NeXAnnex3.2.3, Tables A3.2.3.4-A3.2.35), and MMS typical share of processed
manure Annex3.2.3,TableA3.2.32).
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Indirect NO emissions from manure management systems

Indirect NO emissions includethe number of emissions that have occurred as a result of
GHG leaching and volatilization from MMS. There is no national factor of N losses due to runoff and
leaching during solid and liquid storagehat is why, thendirect NO emissions estimated from
MMS volatilization only.

Manuremanagement pO indirect emissions estimated accordingeuation10.27, where
EF4 7 default value, antll voiatiizationmms calculationsbased orEquation10.26 [1].

Default value of fractiomf managed manure nitrogerr fivestock category that volatilizes
as NH and NG& in the manure management systased forN volatiizationmmvs €Stimation.SSSU
sources wused for ani mal 6s | i vAnsex32cdRankTalles ma t
A3.2.1.3.21A3.2.1.3.20f Annex 3.2.1.3.Annual average N excretiotalues used from previous sec-
t i dmectmO emissions from manure management systemeuifrentchapter.The same values
of MMS for each animal group (Annéx2.3, TableA3.2.32) appliedin Chaptel5.3.2.1Methane
emissions from Manure Management

5.3.2.2.2 NMVOC emissions from Manure Management

To determine emissions of nonethane volatile organic compounds (NMVOC) from ma-
nure management systems, Tiemethod was use®Z]. In accordance with the methodological
guidelines, estimation of NMVVOC emissions from manure carried out accordiggabion5.3 [22]:

O . . 00 ‘ (5.3)

where:

Epoliutant_animali pollutant emissions for each livestock category, toris(#nnex3.2.9, Ta-
ble A3.2.9.2);

AAPznima T Nnumber of animals of a particular category that are present, on average, within
the year;

EFpoiutant_animail €mission factor for edclivestock species/category.

The information base on the population of animals for NMVOC emissions estimation (An-
nex3.2.1.2 and Tables A3.2.1.343.2.1.3.2 of Annex3.2.1.3) are statistical materials (Findings of
cattle registry, Tabl e No. 7; icuurahdnimalg as ofaldnu-r e |
ary0 10 [38]; Statistical bulletin: AThe status
i mal Product i on armaliyticalstudyad]i Catdepswihel shdep, and poultry livestock
at agrienterprises drhouseholds specialization by categories performed in accordance with Tables
A3.2.1.1.1 and A3.2.1.1.2 of Ann&2.1.1.

Table5.12. Tier 1 EF forNMVOC by default

: Tier 1 default EF for NMVOC, kg AAP. a*
Livestock —— - - . .
with silage feeding without silage feeding
Dairy cattle 17.937 8.047
Other cattlé 8.902 3.602
Fattening swine - 0.551
Sows - 1.704
Sheep 0.279 0.169
Goats 0.624 0.542
Horses 7.781 4.275
Mules and asses 3.018 1.470
Laying hens (laying hens and parents) - 0.165
Broiler chickens (broilers and parents) - 0.108
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: Tier 1 default EF for NMVOC, kg AAP. a*
Livestock —— - - . .
with silage feeding without silage feeding
Other poultry (ducks, geese, turkeys) - 0.489
Fur-bearing animals - 1.941
Rabbits - 0.059
Reindeet - 0.045
Camels - 0.271
Buffaloes 9.247 4.253

1Includes young cattle, beef cattle and suckling cows
2 Includes piglets from 8 kg to slaughtering

3 Based on data for turkeys

4 Assume 100% grazing

Tier 1 standardized emission factors for NMVOC used by default [34] and reported in Ta-
ble5.12.

5.3.3 Uncertainty and timeseries consistency

Uncertainty assessmetdlculated according fbier 1 method [1].

Uncertainty of the inventory results in this category is determined by: the population of an-
imals; the amount of volatile solglibstances and nitrogen the composition of manure; the maximum
methane producing potential; manure distribution by manure management systems; methane conve
sion factors; nitrous oxide emission factors; emission factors for NMVOCs.
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Fig. 5.8. Emission tends in category 3.B Manure Management, and those of cattle, swine, p
and other animal sbé popul ati

The uncertainty of statistical data on the population of cattle and pewialyatedat the
level of 6%. According to the expert judgment, the accuracy of standards of manure and litter excre-
tion in the dry matter, of nitrogen fractions and ASH in it, as well as of data on manure distribution
by species ansexage groups of animals in the public and pieveectors corresponds to the statistic
uncertainty. Default uncertainty of methane emissions factors for goats, horses, camels, buffaloe:
asses and mules, as well as rabbits antddaring animals is 3% [1].
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The accuracy of national data on the nunidfeemissions of volatile solid substances and
nitrogen in the composition of manure/litter of cattle, pigs, sheep, and poultry calculated based on th
standards corresponds to the mark &6.7

Table5.13 shows uncertainties of the input data for estingatimethane emission factors
from manure and their sources.

Table5.13. The uncertainty of data for calculation of national factors of €hission from
Manure Management, %

Indicator Measurement unit Uncertainty Source
Excretion of manure and litter kg/head per day 5 State regulatory data
The proportion of ASH in manure and litter rel. u 5 State regulatory data
The proportion of volatile solid substances rel. u 5 Expert judgment
and nitrogen in sheep manure
The maximum potgntlal of methaeenission mlkg of VS 15 2006 IPCC Guidelines
from manure and litter
Metha_ne conversion factor for uncovered i rel. u 56 2006 IPCC Guidelines
aerobic lagoons
Methane conversion factor for solid storag rel. u 50 2006 IPCC Guidelines
M_ethaneconversmn factor for liquid systen rel. u 42 2006 IPCC Guidelines
with natural crust cover
Methane conversion factor fpas- rel. u 50 2006 IPCC Guidelines
ture/range/paddock
Distribution of manure and litter by system rel. u 5 Expert judgment

Theaccuracy of default nitrous oxide emission factors based]@nfl constitute®0.0%,
and the estimated uncertainty of methane emission factors from manut@,\a%o.

Estimation of methane and nitrous oxide emissions in category 3.B Manure Management i
the reporting period was performed based on the same method, with the same level of detail. Fc
activity data collection and processing for the entire time series, the SSSU applied harmonized mett
odologies. Fig5.8 shows diagrams of methane and nitroxgle emissions from manure manage-
ment, as well as that of the main types of livestock farm animals during the reporting period.

Against the background of the catastrophic decline in cattle population iepbeingpe-
riod (approximately 5 times), a growth of poultry and swine population observed in recent years.
Such divergent population trends are largely due to higher competitiveness of swine and poultry me:
products in the market.

5.3.4 Categoryspecific QA/QC procedures

The general and detailed quality control and assurance procedures were applied to estimatic
of emissions in category 3/anure Management. In particular, according to the recommendations
[1], a crosscheck of the national values of volatilgliss and nitrogen excreted during the reporting
period was held by means of their comparison with the respective default ve2088 i CC Guide-
lines[1].

As part of the quality control procedures, national methane emission from manure factors
were compared with the factors of Comparison of methane emission factors from enteric fermentation
with emission coefficients of Central and Eastern Europe countries (3.48)e The main reasons
of the EF6s differences ar e tdhheirrangepe of manu

Table5.14. Comparison of emission factors in 3vBanure Management category*, kg/head

er year
Emission factor Ukraine Federal Republic | French Republic of Czech Slovak Hunaar
of Germany Republic Austria Republic | Republic gary
3 . Manure Management (methane emissions)
Mature dairy cattle 4.20 23.24 11.06 17.12 13.28 8.33 30.50
Other mature cattle ** 1.32 7.66 3.37 6.81 3.55 2.14 9.87
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Federal Republic | French Republic of Czech Slovak

SAEHE EEEr e of Germany Republic Austria Republic | Republic ILIREERY
Sheep 0.24 0.28 0.35 031 0.19 0.39 0.29
Swine 3.04 478 4.14 1.26 2.00 2.58 353
Otherlivestock 0.05 0.04 0.03 0.4 0.1 0.03 0.03
3.1 Manur e Ma mérguearideamissiqns)i r e c t
Mature dairy cattle 0.30 0.62 040 0.80 0.58 0.7 118
Other mature cattle ** 0.12 0.33 0.18 048 0.32 0.5 0.49
Sheep 0.2 0.3 0.2 0.07 0.04 0.09 0.07
Swine 0.09 0.06 0.004 0. 0.05 0.07 0.6
Other livestock 0.0 0.0 0.001 0.008 0.004 0.002 0.004
3.1 Manur e Man aigoasozidedmisgions) di r ect
Atmospheric deposition  0.02 0.02 0.02 0.02 0.02 0.02 0.02
rNu'g‘c’)%e” leaching and | NO 0.01 NO 0.01 NA 0.01

* Source: NIR of the countries, data forZl) Ukrainei 2021 data.
** For reporting, Ukraine uses option B, therefore the emission factors reported for growing cattle, given its dominaint she
thestructure of nordairy cattle herds.

The key factor determining trends of emissions from manure management of the main type:
of farm animalg cattle and swiné is the degree of utilization of liquid and anaerobic systems at
agricultural enterprises. Meover, a correlation analysis was conducted for national methane emis-
sion factors from manure of cattle and swine and the shares of these animals' manure by liquid ar
anaerobic systems for the reporting period (5ig.and 510).

400 0.25
= a
= £
& F
g g
2 1 E
= 3.50 z
= g
2
tll..:
| 0.20 £
\ || =
|\
|
| ‘l
2.50 ‘I
| 015
|
| i |
2.00 ¢ | ‘
M) ‘
i |
0.10
1.50
1.00
i 0.05
) —
0.50 |
1
0.00 0.00
PN P PP PN F AN P A A O T FTFLETRR D VDO LLED DD
C PR AR R i R L A & & Q' N DAY Y Y Y Y Ly Yy Y Y Qv
DN DRV A A A A A A A A AR AR AR AT AR A AR AR AR AP

lod Cattle emission factor

Fraction of cattle manure handled using liquid slurry

185



' 1IN} AYSQ& DInBroywy K®@RIS DI &

Fig. 5.9. Comparison of cattle emission factors and the shares of manure in MMS

Based on its results, it can be note that the trends of the emission factors and manure shar
managed in anaerobic lagoons are closely related.

It should be noted that since 2005 (R®), there is a certain growth observed in the share
of cattle manure in anaerobic systems in the manure management system distribution structure in
public sector (except for the last year). This pattern is due to the trend emerging in the @sent ye
of expansion and construction of new large specialized dairy farms. Moreover, since 2006 there he
been a clear trend of an increase in the share of swine manure processed in the liquid form, which
associated with the leading rate of swine popufaiticrease at large complexes with the capacity of
5,000 heads and more and manure storage systems in lagoons and manure pits in the slurry for
against the background of the total population of swine at agrienterprises.
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Fig. 5.10. Comparison of swmemission factors and the shares of manure in MMS

As part of quality assurance procedures, an independent expert review of the approaches at
source data used to calculate emissions in categoryl&Bire Management performed.

5.3.5Category-specific recalculations

Time series GHG emissions in 3MBanure Management category recalculated and reported
in Annex3.2.10 (TableA3.2.102).

Recalculations in the 3.Enteric Fermentation category is a reason for recalculations in the
currert category.

5.3.6 Categoryspecific planned improvements

Detailed MMS data for cattle, swine and poultry at agrienterprises manure distribution are
not available. Becial research is requiréd improve report in this category. To solve this issue,
MEPR has an offer to includa relevant research study to the List of hgylority improvements.

This studyshould resolve the following issuddMS determination in accordance with 2006 IPCC
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Guidelines; quantitative indicators of cattewvine and poultrymanure (tones), and its distribu-
tion (%).

Due to thdlifficult political and economic situation the country, conducting of this study
is currently impossible and its timing is unknowet. Howeverall availabledata colleatdas a pre-
liminary stage othis study.

5.4 Rice Cultivation (CRF category 3.t

5.4.1. Category description

Rice cultivation is one of minor methane sources in Ukrghmmiex 3.2.9,TableA3.2.9.3)
This fact explains the negligible GHG in categoryRiCe Cultivation (Tablé.15).

The annual amount of methane released from rice cultivation areas [1] depends on factor
such as the area of rice fields, rice variety, the number of harvests, the duration of the culture cultive
tion, the water regime befoesnd during the period of cultivation, the fertilization system, soil type,
temperature. The key factor that affects the emissions volume is the area of rice fields2rhex
TableA3.2.4.1).

Table5.15 Review of category 3C Rice Cultivation

Cateqor Method ap- Emission Gas The key Emissions, kt Trend,
gory plied factor category 1990 2021 %
Rice Cultivation vl D 14 No 8.66 2.99 -65.42

In Ukraine, areas of rice fields are negligible. They were the lowest2ih &t amounted
to 10100 hectares, and the largésh 2011, 29,600 hdn general, Ukraine has reducing rice culti-
vation areas. Changes in the rice harvesting areas dicecthghe dynamics of methane emissions
in the entire time series (Fi§.11) anddetermine the trend.

A sharp reduction in harvested rice acreage in Z20P4 was due to absence of activity in
the Autonomous Republic of Crimea.

5.4.2 Methodological issues

Methane emissions from rice cultivation were calculated accordifgetd of the 2006
IPCC Guidelines [1] based on SSSU data (AnBi@x4, TableA3.2.4.1) on rice harvested area and
the number of organic fertilizers brgiot into the soil for this crgms CH emissions from rice culti-
vation are not the key category.

Baseal on information obtained from rice farms, rice fields in Ukraine characterized as con-
stantly flooded ones. The commonly used types are those where the vegetation period is 120 day
Rice harvested once a year. Soil types used for rice cultiviatkaline and brownstone alkaline.

Compost used as an organic fertilizer for rice (fermented fertilizers). Data on application of
organic fertilizers for rice in 1991992 and 1994995 are not available from statistics, se ither-
polation method was appli€gdnnex3.2.4, TableA3.2.4.1).

A basicEquation5.1 [1] usedfor calculations, and an adjusted daily emission factor (An-
nex3.2.8, Table3.2.86) was determined based Bquation5.2 [1] of the 2006 IPCC Guidelines

As a startpoint for calculatios of the adjusted daily emission factor, the basic emission
factor for fields without flooding for less than 180 days prior to rice cultivation and those continuously
flooded during the rice cultivation period without organic fertilizerscEiSed. Itsdefaultvalueis
1.30 kg of CH ha' per day (with the error range of 0.B@.20,Table5.110f 2006 IPCC Guidelines)

[1].

Several factors used for calculations:

I scaling factor to account for differences in water regimes during the cultivation period
(SFw) usedasdefaultdatafrom Table5.12 [1}
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i scaling factor to account for differences in the water regime before the season, before the
cultivation period (SFj i from Table5.13 [1}

i scaling factor both for the type and amount of organic fertiliapmied (Sk) thatwas
calculatedaccording tdequation5.3. (Table5.14) [1].
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Fig. 5.11. Methane emissiorend harvested area values fluctuation in 3C Rigkiv@tion category

Theinput datawhich usedor methane emissions estimation froige cultivation, reported
in Table5.16.

Table5.16 Activity data for estimation of methane emissions from rice cultivation

Indicator 1990 1995 2000 2005 2010 2015 2020 2021
The baseline emission factor fepntinu-
ously flooded fields without organic fertiliz 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
ers (ER), kg of CH: ha' per day
The scaling factor to account for differenc
in water regime during the cultivation perig 1 1 1 1 1 1 1 1
(SFw)
Thescalingfactor to account for the differ-
ences in water regime in the pgeason be-| 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9

fore the cultivation perio¢SF)
Thescaling factor should vary for both tyy

and amount of organic amendment appll 1.0544 | 1.0132 | 1.0021 | 1.0000 | 1.0009
(Sk)

Theadjusted daily emission factor for a pa

ticular harvested arg&R), kg of CH: hat 2.60 2.50 2.48 2.47
per day

Thecultivation period of ricdt), days 120 120 120 120

1.0000 | 1.0000 | 1.0000

2.47 2.47 2.47 2.47

120 120 120 120

5.4.3 Uncertainty and timeseries consistency
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Uncertainty estimation performexh baseof Tier 1 method according to the methodology
set out in Section 5.5.4, Volume 4 of the 2006 IPCC Guidelines [1].

The sources of uncertainty related to methanessions from rice cultivation are various
indicators (Tablé.17).

Table5.17. Uncertainties in category 3.C Rice Cultivation

Indicator Uncertainty, %

Thescaling factor should vary for both type and amount of organic amendment gftjed 35.0

The baseline emission factor for continuously flooded fields without organic ferti{(EE¢s 47.0

The scaling factor to account for differences in water regime during the cultivation &figd 23.0
Thgsce}ling faptor to account for the differencasaiater regime in the preeason before th 14.0
cultivation periodSFKy)

Theadjusted daily emission factor for a particular harvested(&fea 15.14
Thecultivation period of ricet) 5

The annual rice harvested af@d 6

To calculate the uncertainty of the conversion factor for compost, the basic emission factor
for continuously flooded fields, the scaling factor to account for water regimes differences during the
period of rice cultivation, and the scaling factor to actdar differences in water regimes before
the season, before the cultivation period, the corresponding error tsegefom Bbles5.11-5.14
of the 2006 IPCC Guidelines [1].

Over the entire reporting period, the same approach to collection of therjasication
applied, and calculation of GHG emissions hahdbased 6 Tier 1 procedure from the 2006 IPCC
Guidelines [1], which allowed forming consistent time series.

5.4.4 Categoryspecific QA/QC procedures
The general quality control and assurapaecedures were applied to estimation of methane
emissions as a result of rice cultivation.

Comparison of data on rice harvested areas with the same values used for estimation c
emissions in the LULUCF sector showed that these data coincide.

5.4.5 Categoy -specific recalculations
Any recalculatios of GHG emissions performed in the categ8@y/. Rice Cultivation.
5.4.6 Categoryspecific planned improvements

Any improvements planned this category

5.5 Agricultural Soils (CRF category 3.D)

5.5.1. Category description

Nitrous oxide emissions from soils occur naturally as a result of the microbial processes of
ammonification, nitrification, and denitrification. However, application of nitrogenous fertilizer (ni-
trogen fertilizers, manure, crapsidues) contributes into an increase in the amount of nitrogen in-
volved in the processes of ammonification, nitrification, and denitrification, and ultiniaaethpunt
the NO emitted P3]. N2O emissionsn category 3.DAgricultural Soilsreported in Thle A3.2.9.4
of Annex3.2.9(also see Tabl6.18).

Table5.18. Review of category 3.Bgricultural Soils
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e Method | Emission | | The key cat- Emissions kt Trend,
gory applied factor egory 1990 2021 %
3.D.1.1 Inorganic N Fertilizers ul D N2O 28.89 | 31.40 8.66
3.D.1.2 Organic N Fertilizers vl D N2O 7.78 1.97 | -74.63
3.D.1'.3 Ur|r)e and Dung Deposited by 51 D N,O 1059 | 317 | -70.10
Grazing Animals
3.D.1.4 Crop Residues CS D N.O | Level/Trend| 46.26 | 37.59 | -18.74
3.D.1.5Mineralization/Immobilization
Associated with Loss/Gain of Soil Or{ v 2 D N20 NO 19.91 NO
ganic Matter
3.D.1.6 Cultivation of Organic Soils vl D N2O 5.99 5.93 -1.07
3.D.2.1 Atmospheric Deposition u 2 D N2O 6.93 5.29 | -23.64
- - Level/Trend

3.D.2.2Nitrogen Leaching and Ruoff vl D N2O 19.99 | 20.83 421

During the observation period, there was redistribution of the share of emissions among
sources in category 3.Bgricultural Soils (Fig5.12).

e
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Fig. 5.12. Emission distribution in categoB/D Agricultural Soils
The key reasons for redistribution of shares of emissions in the category are the increase i
emissions from crop residues and the reduction in other GHG sources, especially use of inorganic
fertilizers.

5.5.2 Methodological issues

5.5.2.1 Direct nitrous oxide emissions from agricultural soils

Sources of direct nitrous oxide emissions 2@} [
i applicationinorganic N FertilizergFsn);
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i application organidN Fertilizers(Fon);

i urine and dung deposited by grazing aninigi&p);

I crop residues, including nitrogen fixati¢ffcr);

i N mineralization associated with loss of soil organic matter resulting from change of land
use or management of mineral s¢fsow);

I cultivation oforganic soil{Fos).

Research paper fiDevel opment of the methoi
sions from agricultural soils: the final report on completion of the Il (second) phase of the research
wor ko [ 23] c o nmhtiorakoppdrtutities far estmatiom db® emissions from agri-
cultural soils. This paper recommended IPCC methodology [1], some national methodological ap-
proaches anAnnekd2.8TableA3.2BH.0 s (

Direct emissions of PO estimated in accdance with Huationll.1 from 2006 IPCC
Guidelinedq1].

Annual direct NO-N emissions from N inputs to managed soils

To calculate annual direct emissions @ONN as a result of nitrogen application to managed
soils,Equation11.1[1] used.

This equation will provide the values o§nN- Fon, Fcr and Fsowm for rice and the other crops.
Activity data for determining the annual amount of inorganic N fertilizergroegN fertilizers, N of
crop residues and the N of mineralized soils for crops (and separately rice) are given in appropriat
forms and SSSU bulletin and the resultsuodlytical study2].

According toEquation11.1[1], the indicators of the annual aomt of nitrogen from inor-
ganic fertilizers anthanure, compost, sewage sludge and other organic nitoogeaining additives
brought under rice and the annual amount of nitrogen in crop residues of rice allocated separately ar
markedasFR.

according to methothatbased on data frothe datistical bulletin A The appl i cati or
organic fertilizer s f[2randanalyticalestsidy?]. A0 datalttp:/aar| t u

stat.fao.ory and interpolation (Annef.2.5, TableA3.2.5.2) used for the years for which there are
no statistical data (1991992 ad 19941995).For managed soil application several types of syn-
thetic N fertilizers used in Ukrainemmonium hydroxidecalcium nitrate, ammonium nitrateg-
dium nitrate, ureand othersHowever, SSS@rovide only total annual amount values of these syn-
thetic fertilizers (without their division into specigs)19962017 and from 2018 reports more de-
tailed data where includes main kinds of simple and comigléartilizers. The calculation of the
annual amount of inorganic N fertilizers does not provimanting losses of nitrogen in the ammo-
nia and NQ compounds form as the correction occurs during the EF determingtion [

nitrogencontaining additives introdudeinto soils was determined based Equation11.3[1]. It
should be noted that organic fertilizers{}Jconsist only fromannual amount of animal manure N
(Fam) and compost NFcowmr;, N2O emissions from applied to soils compost N are reported in CRF
Table3 . D aa BirectifO emissions from managed sdi[8. Organic N fertilizers®] [c. Other
organic fertilizers applied to sojlso According to SSSU data sewage(féew) and N from other
organic amendments that used as fertil{Eepa) not appled on managed soils.

The annual amount of nitrogen in introduced into soils manure determindstun/
tion 11.4[1]. Calculationof the amount of nitrogen in treated manure introduced into the soil, used
for feeding, as fuel, or in construction basedbgpation10.34[1]. National statistics do not keep
records of the amount of treated manure used for feeding, construction, and as fuel,rsep,Frac
FracrueL, and Fraenst not usedor Nvwms_avb €stimation.

Estimation of the amount of N in tmeanaged manure, which inputted into the soil, carried
out without considering Composting MMS as compost taken into account when calculating the an-
nual total amount of N in the composidme.
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Moreover, the SSSdoes notollect a dataf the amount of N irsewagethatintroduced
into soils (kew). Also, theydo not haveadata on the amount of other organic improvketused as
fertilizers (Fooa). Thus, these figures were not taken into accéurgstimation of the annual amount
of manure, compost, sewagledge, and other organic nitrogeontaining additives introduced into
soils (Fon).

Nitrogen, which inputted with the compost, taken into account onlgdmd=Thus, the total
annual amount of N in the composidwr includes a compost that producednfrplant residues and
compost obtained through the managed manure.

The amount of N in compogtatapplied to soil€alculated according tequation10.25[1]
using the values and the coefficient for then{posting MMS.

methodology, based on data on the biomass of plant residues plowed into the soil and the nitroge
content in them. Estimations of the amount of crop residues plowed into the soil carried ouhbased o
Levin's method quoted in the research pa@éf ¢n the bas of yield data for the key agricultural

crop products. The amount of crop residues in crop sowed depends on biological properties of th
cultivated plants, ecological (mainly soil and climatehditions, the agricultural technologies and
productivity levels, ways of sowing, seeding rates, and a number of other reasons. Therefore, whe
conducting the research, the results of which shown in Levin's paper, an attempt made to take int
account thedctors indicated above. For that sake, regression equations developed to determine th
mass of plant residues based on the key product yields. The dependence of the amount of plant re
dues on crop growth is not always straightforward, so the biomasgistraad the equations calcu-
lated for two yield level$ high and low. The advantage of Levin's method is that it provides for not
only determination of the mass of sigeducts (hay, straw, tops, etc.) and surface residues (stubble)
of crops, but also thmass of roots, making it possible to more comprehensively account for nitrogen
in crop residues returned to soil. The values of the amount of plowed iprsidiects, stubble, and
roots (in kilograms per hectare) for each crop calculated using thesiegresjuations were then
multiplied by the corresponding proportions of nitrogen and the total harvested area under the cro
to assess the volume of nitrogen mineralized in soils in composition of plant residues in the nationa
scope.

The number of sideroducts entering the soil was accounted for based on findings of the
studies that showed that plowed in spteducts are those of corn for grain, soybeans, potatoes, veg-
etables, sunflowers, as well as food and fodder melons. Straw, tops, and otipeodtidés of other
agricultural crops are harvested as forage or bedding for animals.

Estimation of nitrogen emissions as a result of crop residue return into soil was performed
based orkEquation5.4 [25):

Fer = Z{[(ﬂi X P; + b;) X fai X (1 = Fracgemove) + (¢; X P; + d)] X fai + (x; X Py + ¥;) X fyi} X §; X 107 (54)

where:

i T agricultural crop typéndex;

P 1 yield of crop i, kg hd;

Si total harvested area under crop i with correction to the area that affected by the fires, ha

a andb;i 1 regression coefficients for siggoducts of crop i;

G andd; T regression coefficients for surface regdwf crop i;

xi andy; T regression coefficients for roots of crop i;

fai T the proportion of nitrogen in the mass of spteducts and surface residues of crop |,
rel. u;

fi T the proportion of nitrogen in the mass of roots of crop i, rel. u;

EF. T nitrous oxide emission factor for mineralization of plant residues in soil, kg@f N
N kg?!N;

Fracremovel the number of sid@roducts residues of a crop removed for feeding, bedding,
and construction, kg of N Kgof N;
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44/28i the stoichiometric ratibetween nitrogen content in@®-N and NO.

The values of yield and total harvested area of agricultural crops taken fr@tatisécal
bulletim. A The area, gross harvesting anahdapalygchld s
study[2]. The statistical bulletin contains data on all agricultural enterprises whose activities aimed
at production of marketable agricultural products.

The estimations assumed that abou®®25f harvested areas under perennial grasses and
herbage of cultivated ptures and hayfields renewed annually][ Similarly, to herbs, it assumed
that each year 5% of areas under biennial vegetables for seeds are renewed.

The sources of data on nitrogen fractions in underground and-gbawed residues of most
crops weraational publicationsl]7, 2830]. For melons, coriander, broad beans, clgeks, lathyrus
and mung bean, spring rye, rice, barley, rape seeds, mustard and camelina, tobacco and wild tobac
castoroil beans, soybeans, sorghum, beans, and lupine dataagen content were used in accord-
ance with 1] or based on expert judgment.

For the crops where Levin's method offers no regression coefficients, the same data for bio
logically similar crops used. The information base for determining taxonomic siyndacrops was
the reference book for identification of crop plar8%-82]. In particular, for soybean, vicia, beans,
lupine, broad beans and chipkas, lathyrus, mung bean data on pea (the legume family) used, for
spring ryel data on winter rye wenesed, for ricd barley data, for sorghuiindata on millet (the
family of cereals), for crown flak data on flaxfiber (the flax family), for tobacco and wild tobacco
I potato data (the Solanaceae family), for rape seed, mustard, and cdndgliaaon anual grasses
(the cruciferous family). In the absence of regression coefficients for the food and feed melons (the
gourd family), the calculation based on vegetables. For vegetables, regression coefficients for cori
ander (Umbelliferae) used. Castor (thepkRorbiaceae family) correlated with sunflower (oilseed
crops). In hayfields and managed pastures in the general herbage, there are perennial gramineous
leguminous grasses, so the corresponding regression coefficients used in the estimations.

Fires events stratified by timing of burning: before or after crop harvesting. If fires occurred
before the cropbavebeen harvest that is accounted by SSSU irStaestical bulletin[26], where
areas and yield of harvested crops reported. In the case of fires after crop harvest, regional depa
mentsof the SESUprovided data of areas, which used for harvested area adjustment.

Regression coefficients depending on the crop yields, asas/éile proportion of nitrogen
in sideproducts, stubble and roots reported in T#8e2.53 (Annex3.2.5).

In the inventory, it assumed that the entire nitrogen accumulated by nifigigpgrhizobia
in roots of legumes accounted for when estimating €omns from mineralization of plant residues
in soil.

estimation according to Equatidi.8 [1]. More detail information abougév estimation reported in
Chaper6.3and Annex3.3.2.

Mineralized N Country specifiiC: N rati o of the soil ®Ww gan

For NbO-Nn input direct emissions, calculatiarefaultfactors usedrom 2006 IPCC Guide-
lines [1]

Annual direct NO-N emissions from managed organic soils

The 2013 Wetlands Supplement contains updated EFs for di@&missions from drained
organic soils in all land usédowever, country specific AD not harmonized wit@13 Wetlands
SupplemenEFs. That is why estimation of GHG emissions from managed organic soils can based
only on 2006 IPCC Guidelines.

The annual dect emissions of JO-N from cutivated organic soils calculatiormsed on
histosols area datand default EF (Tablgl.1 of 2006 IPCC Guidelinesgjccording toEqua-
tion 11.1[1].
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Data on areas of peat soils covering all of their types obtained fromates Rjency of
Water Resources of Ukraine. They are the most reliable ones, because they are based on informati
obtained directly the regional offices (Anng&x2.5, TableA3.2.5.4).

Annual direct NO-N emissions from urine and dung inputs to grazed soils

Emissions of NO-N from animal manure on pastures(Nprp estimatedn accordance
with Equation11.1[1]. In general, the methodology for estimating emissions in this category is sim-
ilar to calcuation of emissions from the other systems within categoryMiaBure Management.
However, since manure from animals on pasture remains unharvested, emissions from this sour
should be estimated under category Bdpicultural Soils.

The annual amount afitrogen from urine and litter deposited on pasture, range, and pad-
dock by grazing animalwas calculatedaccording toEquation11.5[1], which is based on use of
national data on the amount ofh theMMS composition of manure (see Chaes.2).

Theamount of nitrogen excreted in manure composition of species/catdgmttle, sheep,
swine, and poultry (M) was calculated based on the amount of manure excreted in dry matter and
the proportion of nitrogen in it using tlguations {0.3%£10.3 from[1] and 52), as presented above
(see Chaptes.3.2.2.1) and reported rables A3.2.31-A3.2.35 of Annex3.2.3.

The applied values of the proportion of total annual nitrogen emissions for each cattle spe-
cies/category, which remains on pasture or pad{/d&ksS (r, prr) Were the same as in 3.BManure
Management (methane emissions) category (see AhBeX TableA3.2.32).

To estimate the emissions of@®N from animal manure on pastures\Nrrp), a default
EF for NO emissions from nitrogen urine and manure left by animals on pasture, range, and pad-
dock was usedl].

5.5.2.2 Indirect nitrous oxide emissions from agricultural soils

Research paper fADevelopment of the met hod
sions from agriculturasoils: the final report on completion of the Il (second) phase of the research
w o r R3 corfductedo evaluateationalopportunitiesfor estimation of NO emissions from agri-
cultural soils. This paper recommended IPCC methodology [1], country spedfic ahe f a u | t
(Annex3.2.8,TableA3.2.87).

In addition to direct MO emissions from managed soils that happen directly from soil re-
ceiving nitrogen, MO emissions also occur through two indirect pathwags nitrogen deposition
from the atmosphere in the form of Blahd NG, and by leaching/runoff of introduced or deposited
nitrogen.

The following sources of nitrogen for indireci® emissions from maged soils that occur
as a result of agricultural nitrogen introduction consideed positions

N of syntheticfertilizers (Fn);

N of organicmatterthatapplied as fertilizer (6n);

N of urine and dung deposited on pasture, rangeaddock by grazing animalsegp);

N in crop residues (abovand belowground), including Nixing crops and forage/pasture
renewal returned to soils£k);

N mineralization associated with loss of soil organic matter resulting from change of land
use or management on mineral soilsdj.

The type of N sources and their characteristjmortedabove inChapters.5.2.1Direct ni-
trous oxide emissions from agricultural soils.

Volatilization

Assessment of indire®l20 emissionsas a result of depi®n from the atmosphere of ni-
trogen volatilized from managed soilss conducted according Eguation11.1[1].

Values of the annual amount of N fr@ynthetic(Fsn) and organic (6n) fertilizers, and N
from urine anddungleft on pasture, range, and paddock by animalssfealculated according to
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the corresponding equations, as describéthapter 5.5.2. Direct nitrous oxide emissions from ag-
ricultural soils.

To estimate indirdd\>O emissionss a result of deposition from the atmosphere of nitrogen
volatilized from managed soilspuntry specific share of nitrogen syntheticfertilizers, which is
volatilized as NHandNOx, used[33]. A spring application ofynthetic N ferfizers is a widespread
practice of its using, because inputting N, which inputted in autumn, leached in nitrate form. Gaseou
losses of N make up-24 % [33] when fertilizers apply under the crop. A counspecific middle
value (14.9%) of this diapasonsed for GHG emissions calculatiphnnex3.2.8,TableA3.2.87).

The share of nitrogen in organic nitrogen fertilizers introduced and nitrogen from urine and
dungleft by grazing animalswhich volatilized as NklandNOx and the EF for BD emissions esti-
mation from N volatilizatiortaken as default values from 2006 IPCC Guidel[dgs

Leaching/Runoff
N20 emissions from leaching and runoffintroduced or deposited nitrogestimated using
Equation11.10 [1].
As described irChapter 5.5.2.Direct emissions of nitrous oxide from agricultural soils
according tahe respectivequationghe next values amalculate
Fsn (N from syntheticfertilizers),
Fon (organicfertilizers),
Fere(N from urine and dundeposited by grazing animaia pasture, range and paddpck
Fcr (N returned to soils with crop residues, including fronfidhg crops;
Fsom (@annual amount of N in mineral soils that is mineralized, in association with loss of
soil C from soil organic matter as a resultbfinges to land use or management

To estimate indirecN2.O emissionsfrom leaching and runofbf introduced or deposited
nitrogen,defaultvalues(Annex3.28, TableA3.2.87) of the share ahe total nitrogen added to man-
aged soils or mineralized inltivated soils that is lost through leaching and rurenfjEF for NbO
emissions from nitrogen leaching and runoff were appli¢d

5.5.3 Uncertainty and timeseries consistency

Uncertainty assessmetdlculated in accordance wither 1 method1].

The accuracy of emission data by source-catiegories within category 3.Agricultural
Soils depends on the AD and EF uncertainty. The uncertainty of statistical data on the amount o
introduced mineral nitrogen fertilizers, crop yields, and hardestep areas camsedat the level of
6% [2].

Table5.19 shows uncertainties of the values nitrogen loss shares and their sources.

Table5.19. The uncertainty of data of the fractions of nitrogen losses in categoAgsi-D
cultural Soils

Indicator Uncertainty, % Source
The fraction of nitrogen lost as Nldnd NG at Value range according to data[88] and
S . . . . 66 |
application ofsyntheticN fertilizers into soil expert judgment
The fraction of nitrogen lost as Nldnd NG at 75 Value range according to data[88] and
manure storage in anaerobic lagoons expert judgment
The fraction of nitrogen lost as Nldnd NG at 38 Value range according to data[88] and
liquid systems expert judgment
The fraction of nitrogen ldsas NH and NG in 33 Value range according to data[88] and
solid storage expert judgment
The fraction of nitrogen lost as Nldnd NG at 33 Expert judgment
manure storage in other systems
The fracyon of nitrogen Iost. as Nlnd NG at 50 2006 IPCC Guidelinefi]
manure introduction into soil
;I'he fraction of nitrogen lost as Nldnd NG 50 2006 IPCC Guidelinefi]
rom manure on pasture
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The fraction of nitrogen lost through leach-
ing/runoff from introduced mineral nitrogen fe 10 Expert judgment
tilizers in thePolissia

The fraction of nitrogen lost through leach-
ing/runoff from introduced mineral nitrogen fe 35 Value range according to data[88]
tilizers in thewooded Steppe

The fraction of nitrogen lost through leach-
ing/runoff from introduced mineral nitrogen fe 60 Value range according to data[88]
tilizers in theSteppe

The fraction of nitrogen lost through leach-
ing/runoff from organic fertilizers introduced

43 Value range according to data [#3]

Uncertainties of activity data and default emission factors in categord¥ibultural Soils
reportedn Table5.20.

Table5.20. Activity data and emission factors uncertaintiesegorting yeain category
3.D Agricultural Soils, %

Name of the emission source Activity data Emission factors
Direct NbO emissions 3.43 84.14
Indirect NO emissions 6.39 55.90

The samanethod with the same degree of detsied for theentire time series direct emis-
sionsestimationn 3.D Agricultural Soils category. The coordinated procedures for activity data col-
lection and processing that used at the SSSU during the reporting pesiod a good succession of
time-series.

5.5.4 Categoryspecific QA/QC procedures

General and detailed quality control and assurance procedures applied for estimation of di
rect and indirect BD emissions from agricultural soils. In particular, in accocgawith the recom-
mendations of [1], a comparison of data of the SSSU on the amount of N fertilizers introduced in the
country with the same data from FAO was held. The comparison showed that during the years fo
which there is a statistical database, S38J FAO data on the amount of N fertilizers introduced
virtually coincide for 19961999 (the difference is within 09) and closely coincide for 199¥B95
and 20052008. At the same time, for 1993, 262004 and 2002021 these AD differ by 512 %,
whichmay be due to use of the SSSU's preliminary data.

Such SSSU data as the amount of nitrogen introduced into soil as a component of fertilizer
crop yields and harvested areas are in line with the same data used in estimations for the LULUC
sector.

Moreove, the calculations performed analyzed the correlation between direct and indirect
emissions, as well as between emissions from atmospheric deposition of nitrogen and leaching/runot
The analysis showed that these data are-aggkted (the correlation dbieient in the both cases is
close to one).

Assurance of the quality of direct emissions from agricultural soil estimations ensured by
independent peer review of the national methodologies to estimate emissions at mineralization c
plant residues by spedized experts.

5.5.5 Categoryspecific recalculations

Time serieslirect and indirect BD emissions in 3.DAgricultural Soils categorgecalculated
as reported iTableA3.2.10.3 (Annex3.2.10)

Recalculations in thd.B Manure Managemeriategory is a reason for recalculations in the
current category.
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5.5.6Category-specific planned improvements

Information about number of applied sewage sludge and other organic amendments are nc
availableon database of SSSU and regional state dgrralidepartments. The issue of sewage sludge
and other organic amendments using as an alternative type of organic fertilizer sttitiescientific
articles. However, i nf or mat isomplenaebtationtis not bvaila-e S
ble.lt is planned to collect more data and improve this issue.

5.6 Prescribed Burning of Savannas (CRF category 3.E)

Estimation of GHG emissions in category BEescribed Burning of Savannas is not per-
formed due to the fact bebrotexistis thesterritonyafdJérairees an

5.7 Field Burning of Agricultural Residues (CRF category 3.F)

As abovementionedn the text Chapter5.1), burning of agricultural residues in Ukraine is
prohibited under the Code of Administrative Offenseg.(A7-1) and the Law of Ukraine On Air
Protection (Art16, 22).

In croplands, there are periodical fires that lead to burning of biomass from residues of var-
ious agricultural crops and, consequently, GHG emissions. The cause character of fires gshows th
we have classified them as wildfires. That is why emissions boming ofagricultural residues
biomass on agricultural soils accounted in Cropland category of the LULUCF. sector

5.8 Liming (CRF category 3.G)
5.8.1. Category description

Thecontribution of category 3.Giming in total GHG emissions is insignificant, which al-
lows for estimation of C®emissions with Tiel methodology (Tabl&.21; Annex3.2.9, Ta-

ble A3.2.9.5).

Table5.21. Review of category 3.Giming

- Method ap- | Emission | | Thekey Emissions, kt Trend,
gory plied factor category 1990 2021 %
Liming vl D CO No 2592.08 | 176.23 | -93.20

Emissions of carbon dioxide (GJdrom the liming of agricultural soils (Fi¢.13) decreased
significantly over the time series.

The dynamics of emission reduction clearly demonstrate a sharp reduction from 1990 to
1991 and stabilization till 1995. From 1995 till 1997 there was the next stage eh@€3ion reduc-
tion. The reduction focarbon dioxide emissions continued till 2003, but with smoother dynamics.
Since 2004, there was a trend towards a gradual increase in them@X3ions. In comparison with
the previous year, in 20 carbon dioxi@ emissions icreased by4.17%; this wascaused by the
dynamicsof annual inputted linmg materials Annex3.2.6, TableA3.2.6.1).
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Fig. 5.13. Carbon dioxide emissions from liming of agricultural saitgl theirdependence on the amount of intro
duced liming material

Liming used taeduce soil acidity and improve plant growth in managed systems fiicr par
ular on agricultural soils and in managed forests.

In accordance with the letters from National Academy of Agrarian Sciences of Ukraine
(12881/5/ 20 of 28. 08§15202921) inmproding th8 dudlity & Acitlio Jois 1
in Ukraine is carried out by their liming with lime fertilizers. The raw materials for the lime fertilizers
production are natural limestone rocks and industrial waste.

Natural limestone rocks are repeased by hard (limestone, dolomite, chalk) and swftc{
sinter, marl, clay marlpowderdolomite)rocks. Also used products of processing of natural limestone
rocksi quicklime andslaked lime.

As a raw for the lime fertilizers production used sdinels of industrial waste, which contain
# & and Md?, such as defecation dirt, shale and peat ash, cement kiln dust, ets.

5.8.2 Methodological issues

Emissions estimation performed in accordance to Equafict? of the 2006 IPCGuide-
linesTier 1 pracedure [1].

The input data that used for the relevant calculations were:

i the annual amount of liming materials (Anrg2.6, TableA3.2.6.1);

i the active substance share;

i emission factor.

Sources of data on liming materials (lifegtilizers) that applied to acidic agricultural soils
wereSt ati sti cal bull etin: AThe application of
t ur al cr oapaytical ftly] Foatmose years where statistics are not availal@dantir-
polation method used. However, national statistics do not collect a data about kinds of liming ferti-
lizers that used for liming acidic agricultural soils (collected data only in full weiglihe materi-
alg). So, information aboutctualkinds of iming fertilizers, their number, which was applied, and
content of inert materials in them are not available for all report period.
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